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ORIGINAL ARTICLE

CONTENTS

Healthcare fraud in the United States of America and Ukraine:
A comparative legal research
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ABSTRACT

Aim: To conduct a comparative legal study of healthcare fraud in the United States of America and Ukraine.

Materials and Methods: This study is based on the analysis of the US federal regulatory legislation (False Claims Act, Anti-Kickback Statute, Stark Law); data
from the Fraud Section of the US Department of Justice for the last five years; case law in Ukraine (more than 30 court verdicts were analysed); data from the
National Health Service of Ukraine. Dialectical, hermeneutic, comparative, analytical, synthetic, and systems analysis research methods were used.

Results: The criminal legislation acts that provide for criminal liability for healthcare fraud under the laws of the United States and Ukraine are analysed; the
criteria for identifying types of healthcare fraud and related criminal offences are defined. It is determined that healthcare fraud has a multidimensional nature,
which can manifest itself in different ways, but the common purpose in these manifestations of criminal behaviour is deception or intentional distortion of
facts to obtain money or property that is under the control of or owned by any healthcare benefit programme (in the US) or medical guarantees programme
(in Ukraine). There are various illegal manipulations with the state programme of medical guarantees. Starting from 2021, the judicial practice of Ukraine lacks
a single acceptable approach to the criminal legal assessment of such illegal manipulations.

Conclusions: The experience of the United States in determining the types of criminal offences that constitute healthcare fraud and establishing criminal

liability for their commission is appropriate to borrow.
KEY WORDS: fraud, drugs circulation, criminal offence, liability

INTRODUCTION

Over the past five years, healthcare fraud in the USA
has become a serious problem, as the amount of dam-
age from committing this type of white-collar crime
increases every year, which also causes an increase in
the cost of healthcare programmes for the US federal
government. The consolidated report of the Fraud Sec-
tion of the US Department of Justice (2024) states that
the average loss from fraud per person charged in the
USA was over $35 million [1]. According to estimates
by the National Health Care Anti-Fraud Association,
financial losses due to healthcare fraud in the USA
amount to billions of dollars every year [2]. The United
States has developed effective mechanisms to combat
healthcare fraud. Ukraine began the transformation of
the healthcare sector in 2017, and the state’s purpose
was to change the financing model in order to create
a competitive environment in the circulation of medi-

Wiad Lek. 2025;78(6):967-973. doi: 10.36740/WLek/207347 (DOl

cal and pharmaceutical products. The National Health
Service of Ukraine was created as a manager of budget
funds, the main task of which was the implementation
of the medical guarantees programme in Ukraine. Ju-
dicial practice indicates the presence of fraud schemes
with funds allocated by the state within the framework
of the medical guarantees programme. Borrowing the
experience of other states is extremely important for
Ukraine, which seeks to move away from the model
that existed before. And the experience of the USA will
be invaluable in the further development and recon-
struction of Ukraine.

AIM

The aim of the study is to conduct a comparative legal
research of healthcare fraud in the United States and
Ukraine.
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Table 1. Data on healthcare fraud in the United States for 2020-2024

Year Amount of damages (in USD)

Total accused (individuals)

Individuals convicted by pleading guilty in court

2024 3,33 billion 147 165
2023 3,83 billion 143 186
2022 2,3 billion 158 217
2021 1,76 billion 202 205
2020 3,77 billion 167 144
MATERIALS AND METHODS viduals and companies (usually federal contractors) who

This article is based on the analysis of acts of US fed-
eral regulatory legislation (False Claims Act (1868),
Anti-Kickback Statute (1986) and Stark Law); data of
the Fraud Section of the US Department of Justice for
the last 5 years (2019-2024), as well as the legislation of
the US states (such as California, New York, Texas, New
Jersey, etc,, a total of 15 states); case law in Ukraine
(more than 30 court verdicts taken from the Unified
State Register of Court Judgments of Ukraine were
researched); data of the National Health Service of
Ukraine; data from the official website of the Office of
the Prosecutor General of Ukraine. Dialectical, herme-
neutic, comparative, analytical, synthetic and system
analysis research methods were used.

ETHICS

The authors declare that in preparing the article
“Healthcare fraud in the United States of America and
Ukraine: comparative legal research” all ethical princi-
ples and rules of academic integrity were observed.

RESULTS

In recent years, healthcare fraud has become more
complex, resource-intensive, and costly than ever
before. This is supported by data collected through
publicly available information on healthcare fraud in
the United States over the past 5 years, provided by
the Fraud Section of the US Department of Justice. The
systematized data is provided in Table 1.

Fig. 1 presents quantitative figures for trials and con-
victions in trials provided by the Fraud Section of the
US Department of Justice for 2018-2023 [1].

Analysis of this data shows that healthcare fraud in the
United States is a nationwide problem and that there
is a statistically significant trend of increasing both the
number of such cases and the amount of losses, which is
dueto the increase in spending on federal government
healthcare programmes.

The regulatory laws that define the types and penal-
ties for healthcare fraud in the United States are: 1) the
False Claims Act (1868), which imposes liability on indi-

968

defraud government healthcare benefit programmes.
Experts estimate that up to 10% of all healthcare costs
are the result of false claims [3]; 2) Anti-Kickback Statute
(1986), which prohibits financial payments or induce-
ments for patient referrals or healthcare decisions.
This federal law is codified in Title 42 Public Health and
Welfare U.S. Code [4], and provides for criminal liability
for those who knowingly and intentionally offer, solicit,
receive, or pay any form of compensation in exchange
for a referral to obtain services or products (including
drugs) under any federal healthcare programme. The
Statute is one of the most important healthcare fraud
laws in the United States; 3) the Stark Law is a set of
rules that define the federal prohibition on receiving
“self-referrals” (self-referral prohibition), regulated by §
1395nn. Restrictions on Referrals from Certain Therapists,
Title 42 U.S. Code.

These laws provide the US legislature with an un-
derstanding of the variations of fraud that show the
main schemes that offenders use to avoid liability for
illegal acts with healthcare benefit programmes (such
as Medicare, Medicaid, etc.).

Types of healthcare fraud in the United States range
from theillegal activities of an individual to large-scale
operations by medical or pharmaceutical companies.
The following criteria have been proposed for dividing
types of healthcare fraud in the US: 1) violations of laws
prohibiting kickbacks and certain financial arrange-
ments; 2) manipulation of clinical trials/fraud against
the Food and Drug Administration; 3) risk adjustment
fraud; 4) compounding fraud; 5) illegal substitution of
drugs; 6) Medicaid best price fraud; 7) fraud by pharma-
cy benefit managers; 8) prescription drug programme
fraud (Medicare Part D fraud); 9) abuse of the 340B drug
discount programme for low-income and uninsured
patients; 10) fraudulent billing for services in violation
of the False Claims Act; 11) off-label marketing of pre-
scription drugs; 12) telemedicine fraud.

Fig. 2. presents the most common types of healthcare
fraud in the United States.

In Ukraine, the transformation of the healthcare sys-
tem began after the adoption of the Law of Ukraine
“On State Financial Guarantees of Medical Services



Healthcare fraud in the United States of America and Ukraine: A comparative legal research

Fig. 1. Data from the Fraud Section of the US Department of Justice for 2018-2023 [1] (A — shows the number of court proceedings in a given year;

B — shows the number of court decisions in a given year)

Fig. 2. The most common types of healthcare fraud in the United States

for the Population” (2017) [5]. This law established
financial guarantees from the state at the expense of
the State Budget of Ukraine for the provision of nec-
essary medical services and drugs of proper quality to
patients within the framework of the reimbursement
programme. These are components of the medical

guarantees programme, which has been in effect in
Ukraine since 2017, the emergence of which was due to
the beginning of the Medical Reform [6]. An important
component of the medical reform was the implementa-
tion of the Concept for the Development of Electronic
Health Care in Ukraine [7].
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Fig. 3. Data on complaints received from patients regarding the medical guarantees program for 2023 from the National Health Service of Ukraine [8]

Fig. 4. The most common fraud and related criminal offenses in healthcare in Ukraine

The National Health Service of Ukraine (created in
2017) records complaints about violations of patients’
rights; most of them are considered in the procedure
of claims work (Fig. 3).

In order to respond to such complaints, the National
Health Service of Ukraine monitors the implementation
of contracts under the medical guarantees program.
This procedure established by the Resolution of the
Cabinet of Ministers of Ukraine “On Contracts for
Medical Services of the Population under the Medical
Guarantees Program” (2018) [9]. Clause 28 of this Res-
olution stipulates that if, during the monitoring, facts
are identified that may indicate the commission of a
criminal offense or violations of the terms of provision of
medical services, the consideration of which is outside
the contractual relations between the provider and
the customer and the rights of the customer under the
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contract, the customer shall transmit information about
such facts to the relevant state and law enforcement
agencies. If such facts are a criminal offence, criminal
liability may arise for their commission.

The most typical criminal offenses with the medi-
cal guarantees program include: 1) entering into the
e-health system a declaration on the choice of a doctor
who provides primary medical care (family doctor) with
a patient in the absence of his will and consent or will
and consent of his legal representative; re-concluding
the declaration on the choice of a doctor who provides
primary medical care with a patient who has already
concluded it; 2) demanding from the patient payment
for medical services provided or payment for drugs, the
cost of which is reimbursed by the National Health Ser-
vice of Ukraine under the medical guarantees program
in accordance with the agreement on state financial



Healthcare fraud in the United States of America and Ukraine: A comparative legal research

guarantees for medical services for the population
concluded with a healthcare institution or an individual
entrepreneur doctor; 3) provision of primary medical
care and specialized medical care to deceased persons,
issuing electronic drug prescriptions for deceased
persons; 4) entering unreliable information into the
e-health system about medical services provided to
the population under the medical guarantees program,
which may include: a) formation of fictitious reports on
medical services provided; b) issuing referrals for labora-
tory diagnostics, which the patient was not aware of or
which were not free of charge; ¢) drug prescribing under
the “Affordable Drugs” program to those persons who
did not actually apply for an electronic prescription; d)
erroneous clinical coding; 5) acceptance of an unlawful
benefit by a doctor for interference in the operation of
the e-health system; 6) appropriation of drugs received
free of charge by health institutions under the medical
guarantees program under agreements with the Na-
tional Health Service of Ukraine and their further sale.

As arule, the criminal intent in such criminal offenses
is aimed at obtaining from the state the right to receive
additional funds provided for the encouragement of
the doctor who provides primary medical care for con-
cluding a declaration with the patient on the choice of
a doctor. In order to clarify the way the state responds
to such criminal offenses, judicial practice was analyzed.
But suchillegal acts will not always be classified as fraud.
Itis necessary to distinguish fraud from related criminal
offenses in healthcare in Ukraine. The analysis showed
that the share of criminal offenses with the medical
guarantees program belongs to actions of entering
declarations on the choice of a doctor who provides
primary medical care into the e-health system in the
absence of the will and consent of the patient or his
legal representative. These offenses are committed by
persons who have the right to access electronic media
using a service computer and a personal key with an
electronic digital signature and an access identifier to
the National Health Service of Ukraine database and
are mainly classified under Part 1 or 2 of Article 362 of
the Criminal Code of Ukraine [10].

Fig. 4 presents the most common fraud and related
criminal offenses in healthcare in Ukraine.

DISCUSSION

Healthcare fraud has a multidimensional nature, which
can manifest itself in different ways, but the common
purpose in these manifestations of criminal behavior is
deception or intentional distortion of facts in order to
obtain money or property that is under the control or
owned by any healthcare benefit program (in the US)

or medical guarantees program (in Ukraine). According
to the criminal law of Ukraine, healthcare fraud should
be distinguished from related criminal offenses in
healthcare.

In search of a definition of the concept of fraud, let us
turn to the Dictionary of Criminal Justice Data Termi-
nology of the US Department of Justice, which states
that fraud (fraud offense) is a criminal type comprising
offenses sharing the elements of the practice of deceit
or intentional misrepresentation of facts, with the in-
tent of unlawfully depriving a person of his property
or legal rights [11].

Healthcare fraud, as part of white-collar crime in the
US, can be traced in the research of such American
scholars as G. Becker (1968) [12], P. Kalb (1999) [13], R.
Goel (2020) [14], K. Drabiak & J. Wolfson (2020) [15].

In Ukraine, fraud is considered to be the taking of
another person’s property or the acquisition of property
rights through deception or abuse of trust (Article 190
of the Criminal Code of Ukraine) [10]. It has been the
subject of consideration by a number of scholars, but
healthcare fraud has only been considered indirectly
[16-20].

Federal charges of healthcare fraud are based on §
1347. Title 18, US Code, which provides for criminal
liability if a person knowingly and intentionally carries
out or attempts to carry out a scheme or ruse to defraud
any healthcare benefit program by making false claims,
statements, or promises to obtain money or property
under the control or ownership of any healthcare ben-
efit program [21]. The mechanism of fraud may vary
depending on the type of benefit program involved
or the purpose of the fraud - either to obtain money
or to obtain a valuable service. It is a criminal offense
in the US. The punishment depends on the qualifying
characteristics.

Healthcare fraud occurs when a person, company, or
provider commits fraud under a federal government
healthcare or insurance program. In the US these pro-
grams include Medicare, Medicaid, TRICARE, or similar
programs, and the result is often unfair competition. For
example, Medicare (a U.S. government program that
provides hospital and voluntary health insurance for
people aged 65 and older and certain disabled people
under age 65; effective January 1, 1992 [22]) and Med-
icaid (a federal, state, and local government-funded
hospital and health insurance program for people of
all ages and income levels) help their beneficiaries pay
for prescription drugs [23]. There are different types of
Medicare fraud, all of which have the same purpose: to
illegally obtain reimbursement from Medicare or Med-
icaid or similar programs. In Ukraine information about
the services provided is recorded in the e-health system,
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which is administered by the state enterprise“Electronic
Health”. Unauthorized access to the e-Health system,
improper record keeping, and filing illegal claims for
payment for medical services are the most common
manifestations of unlawful behavior regarding the
state health care guarantee program, which constitutes
healthcare fraud or is related to other criminal offenses.

CONCLUSIONS

1.

The experience of the United States in determin-
ing the types of criminal offenses that constitute
healthcare fraud and establishing criminal liability
for their commission is appropriate to borrow.
Healthcare fraud in the United States is fraud with
government healthcare benefit programs (the most
common among them are Medicare and Medicaid),
which, as a negative phenomenon, emerged in the
US almost immediately after the introduction of
these programs (in particular, since 1992, when the
Medicare program was implemented in the US, and
later — other programs). The US law enforcement
system was faced with manifestations of healthcare
fraud, and medical and pharmaceutical companies,
doctors, pharmacists, and intermediaries (such as

pharmacy benefit managers) began to implement
fraudulent schemes. The experience of the US in
combating fraud at both the regulatory and en-
forcement levels deserves to be borrowed, especially
considering the fact that in Ukraine, as part of the
healthcare reform, its own healthcare program be-
gan to operate in 2017, which is called the medical
guarantees program.

. An important difference between the US and

Ukrainian healthcare systems is the lack of manda-
tory health insurance in Ukraine, as well as the pres-
ence of a less developed drugs circulation market
and significantly less funding in the state healthcare
sector. There are various illegal manipulations with
the state medical guarantee program, which is
financed from the State Budget of Ukraine, and by
their nature, these are healthcare fraudulent actions
(in particular, the dispensing of prescription drugs
under the “Affordable Medicines” program, medical
“kickbacks,” and other manifestations of monetary
compensation). However, starting from 2021, the
judicial practice of Ukraine has lacked a single ac-
ceptable approach to the criminal-legal assessment
of such illegal manipulations. Therefore, there is an
urgent need for such a criminal-legal assessment.
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ABSTRACT

Aim: The aim of this study was to evaluate the microbial contamination of dental unit waterlines (DUWLs) and characterize the microbial communities of
biofilms in dental chair units (DCUs) from different specialties in Ukrainian dental clinics.

Materials and Methods: A multicentre study was performed between January 1, 2020, to December 31, 2022. Dental water samples and biofilm samples
were obtained from 191 DCUs at eighteen dental clinics from seven regions of Ukraine. The genomic DNA of the biofilm samples was extracted, then 16S rDNA
were amplified and sequenced.

Results: A total of 1,146 dental water samples were collected, of which 57,4% samples did not meet microbiological parameters of Ukrainian National Standard
on drinking water. Sequencing results showed significant differences in bacterial community structure between dental specialties. The largest specific weight
of biofilm samples with high bacterial concentrations were detected from orthodontics (54.2%), prosthodontic (47.5%), and oral surgery (44,3%). The 165
rDNA gene sequencing showed high diversity of bacteria (311 genera) were detected in the biofilm samples. Amount of potential human pathogens were
detected in the biofilm samples, including Pseudomonas aeruginosa (33.7%), Escherichia coli (27.3%), Enterococcus faecalis (17.4%), Enterococcus faecium
(9.5%), Serratia marcescens (6.8%), Stenotrophomonas maltophilia (5.9%), Staphylococcus aureus (5.1%), Burkholderia cepacia (4.3%), Acinetobacter Iwoffii
(4.8%), Enterobacter cloacae (4.6%), Klebsiella oxytoca (4.2%), Streptococcus pneumoniae (3.9%), Streptococcus pyogenes (2.6%), and Streptococcus sp, (1.9%).
Conclusions: The most water quality of the DUWLS tested failed to reach the Ukrainian drinking water standard. Furthermore, most DCUs contained pathogens

which poses a risk of infection for patients.

KEY WORDS: dental unit waterlines, contamination, microorganisms, biofilm, Ukraine

INTRODUCTION

In the literature, the transmission of pathogens to
patients during dental treatment has been a topic
of discussion for many years. This is because using
high-speed handpieces without cooling can cause
irreversible damage to teeth, spraying water both to
clean the working area and to cool the modern dental
unit. A complex network of interconnected dental unit
waterlines (DUWLs) supply water to dental instruments.
Aerosols from dental instruments increase the risk of
infection for both the patient and the dentist, due to
the constant increase in the germs in the dental office.

Several previous studies showed that the water which
reached the dental chair units (DCU) failed to meet
national drinking water standards in various countries.
The most studies on biofilm formation in DUWLs have
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focused on a range of individual DCUs. According to
the literature, DUWL output water is often becomes
contaminated by high densities of microorganisms,
principally Gram-negative environmental bacteria in-
cluding Pseudomonas aeruginosa [1, 2] and Legionella
species, but sometimes contain Staphylococcus aureus
[3], and Acinetobacter species [1]. A wide variety of
approaches, many unsuccessful, have been proposed
to control a complex network of interconnected plastic
dental unit waterlines bacterial biofilm [3]. In Ukraine
no studies focused on the water quality and formation
of biofilm in dental chair unit waterlines system or
individual dental chair units. Therefore, microbial con-
tamination of water from DCUs and the prevalence of
opportunistic microorganisms in this water in Ukrainian
dental clinics is unknown.


https://wiadlek.pl/06-2025/
https://www.doi.org/10.36740/WLek/207349

Microbial contamination of dental unit waterlines systems in Ukraine: results a multicenter study (2020-2022)

AIM

The aim of this study was to evaluate the microbial
contamination of dental unit waterlines (DUWLs) and
characterize the microbial communities of biofilms in
DCUs from different specialties in Ukrainian dental clinics.

MATERIALS AND METHODS
STUDY DESIGN AND SETTING

A multicentre study was performed between January
1, 2020, to December 31, 2022. Our study included
eighteen dental clinics from seven regions (Kyiv, Zhy-
tomyr, Kharkiv, Odesa, Mykolaiv, Kherson, and Lviv) of
Ukraine. Of these, five were state-owned and seven
were private dental clinics. Dental unit waterlines
(DUWLs) include air/water syringe, ultrasonic scaler,
and narrow-bore plastic tubing that carry water to
the dental instruments. The dental chair and ancillary
equipment at all dental clinics are used for routine
general oral healthcare procedures. These procedures
include oral examinations, dental extractions, end-
odontics, prosthodontic procedures, restorations and
prophylaxis among others. All dental clinics used a
closed system, where the reservoir bottles were filled
with distilled water and attached to the DCUs or fitted at
adesignated location within the oral healthcare facility
to ensure water supply. Inclusion criteria: all participants
had to be perform routine dental procedures; dental
clinics willing to partake in the study who completed
the questionnaire were included in the study. Exclusion
criteria: none. In this study a different number of DCUs
were included in sampling.

SAMPLING PROTOCOL

All dental clinics participating in the study signed a
letter of consent. The microbial contamination of water
samples and presence of biofilm associated organisms
from swab samples were collected at eighteen dental
clinics from seven regions of Ukraine. All dental clinics
used closed system DCUs and samples were collected
from outlets of municipal taps, dental handpieces,
distiller bottles and reservoir bottles. None of the
DUWLs are treated with chlorine products or other
disinfectants. However, in dental clinics surfaces and
the handpieces are routinely treated with disinfectants
between patients or are autoclaved.

COLLECTION OF WATER SAMPLES
In this study the exterior surfaces of taps, fast hand-
pieces and DCU tubing were disinfected with an alco-

hol swab. Water samples were collected aseptically in
wide-mouthed sterile glass bottles. The municipal water
source water (tap) to the DCU in the dental clinic and
water exiting the fast handpieces was allowed to run
for one minute before a water sample was collected.
Distilled water was used to fill reservoir bottles. Dis-
tilled water was used to fill reservoir bottles that were
attached to the water system DCUs to supply water to
the handpieces. Water samples were collected from
distiller bottles as well as from reservoir bottles that
were used for DCUs. Water samples were placed in a
cooler box on ice and transported to the Zarifa Aliyeva
International Center of Medical Science Laboratory and
processed within 24 hours.

COLLECTION OF BIOFILM SAMPLES

In this study the conventional swabbing method of field
testing with a cotton swab on surfaces for detecting
pathogenic bacteria was used. The exterior surfaces of
taps, fast handpieces and DCU tubing were disinfected
with an alcohol swab. Swab samples were collected
from the internal surfaces of distal outlets of taps and
the fast handpieces of DCUs, and from internal surfaces
of empty distiller bottles and reservoir bottles. Swabs
of internal surfaces of sampling sites were collected
aseptically using a pre-moistened cotton swab. Swab
samples were placed in a cooler box on ice with a tem-
perature not exceeding 4°C and were transported to the
Zarifa Aliyeva International Center of Medical Science
Laboratory and processed within 24 hours.

MICROBIAL ANALYSIS

In this study water and swab samples were measured
against the Ukrainian National Standard, Drinking wa-
ter, Requirements and control methods of quality DSTU
7525:2014 (2015) for heterotrophic plate counts (HPC)
microbial drinking water quality and total coliforms. In
this study the water sample was platted onto agar using
the constant function of the ScanStation automatic
plater (interscience) and spreading it evenly over the
agar. This procedure was performed for all water sam-
ples. After incubated period all colonies were counted
using the ScanStation Automatic colony counter (in-
terscience) and reported as colony forming units, as
stipulated in DSTU 7525:2014 (2015). In our study the
membrane filtration technique was performed for the
propagation and enumeration of total coliform bacte-
ria. Each water sample was filtered through a Millipore
Filtration assembly with a sterile membrane nitrocel-
lulose grid filter. The membrane filters were placed on
agar, which consists of a chromogenic medium and a
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selective supplement. The samples were transported
refrigerated to the Lab of the Zarifa Aliyeva International
Center of Medical Science (Ukraine) and immediately
analyzed. All samples were processed according to EN
12780:2002.

MOLECULAR ANALYSIS

In this study the biofilm samples were centrifuged and
the sediment was collected. Then, DNA from biofilm
samples was extracted using QIAmp” DNA Mini kit
(Qiagen, Hilden, Germany) following the manufactur-
er’s instructions. The quality of DNA extraction was
measured by agarose gel electrophoresis. In this study
DNA was quantified by ultraviolet spectrophotometer.
Extracted genomic DNA was amplified using a set of
primers targeting bacterial 16S5rRNA genes. Molecular
analysis was conducted in the Lab of the Zarifa Aliyeva
International Center of Medical Science (Ukraine).

ETHICS

The Ethics Board of the Ukrainian Association of Infection
Control and Antimicrobial Resistance has approved the
protocols of this study. All participants (dental clinics)
were assured of their privacy and anonymity throughout
the study and in subsequent reports and articles.

STATISTICAL ANALYSIS
In this study microbiological data were collected in
Microsoft® Excel (Microsoft Corporation, WA, USA).
Descriptive statistics were conducted. All the data
are presented as numbers and percentages. Levels of
microbial contamination were summarised using de-
scriptive statistics (mean, standard deviation, minimum,
median, maximum) separately by type, location, and
system. A p-value <0.05 was considered statistically
significant. Where the p-value was less than 0.05 (<0.05),
the hypothesis was rejected.

RESULTS

WATER QUALITY

During the study period (2020-2022), a total of 1,146
dental water samples were collected, of which 57,4%
(95% Cl: 55.9-58.9) samples did not meet microbial pa-
rameters. Only 42.6% of the water samples had bacterial
concentrations below the threshold of Ukrainian Nation-
al Standard DSTU 7525:2014 (2015) and to requirements
of the State Sanitary Norms and Rules of the DSanPiN
2.2.4-171-10, section “Indicators of Epidemiological
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Safety of Drinking Water” (heterotrophic plate counts
<100 CFU/mL). In 2022, compared to the baseline level
(2020) for the dental water quality there was an increase
in the number of non-standard water samples for micro-
biological indicators. During study period the share of
non-standard dental water samples on microbiological
parameters in 2022, 2021, and 2020 was 57.4%, 29.7 %,
and 30.4%, respectively. The largest specific weight of
non-standard (on microbiological parameters) water
samples from DUWLs systems was detected in Mykolaiv,
Kherson, Zhytomyr region of Ukraine (Table 1).

In this study HPC in both water and swab samples
indicated mean counts significantly exceeding the
Ukrainian National Standard DSTU 7525:2014, which
stipulates that water should not contain more than 1
% 10% CFU mL of heterotrophic bacteria. The mean HPC
count for water quality in DUWLs system in Ukrainian
dental clinics was the high, 1.94 x 10* CFU mL for munic-
ipal tap waterand 6.91 x 10* CFU mL in water exiting the
handpieces. The average values HPC of DUWLs system
of distiller bottles in dental clinics was 4.71 x 10* CFU
mL and 5.88 x 10*CFU ml for reservoir bottles.

The high HPCs values in the supply water of dental
clinics create optimal conditions for the growth of
biofilm and the proliferation of opportunistic microor-
ganisms — potential pathogens of healthcare infections
(HAIs). These were indicated by the microbial load de-
tected in this study on the internal surfaces of municipal
taps, distiller bottles, reservoir bottles, and handpieces
in Ukrainian dental clinics. Number of HPCs of the inner
municipal tap surfaces of DCUs (4.1 x 10 CFU mL) and
inner surfaces of handpieces (3.93 x 10* CFU/mL) were
high exceeded the Ukrainian National Standard DSTU
7525:2014 recommendation for HPC of less than 1 x
103CFU/mL The inner surfaces of reservoir bottles and
distiller bottles were also not compliant with the DCTU
7525:2014 recommendation for HPC and was 8.1 x 10*
CFU mL and 2.4 x 10* CFU/mL, respectively.

In present study the total coliforms were determined
as an indicator organism of contamination and possible
detection of potentially pathogenic bacteria in the DCUs
at the various sampling sites. The Ukrainian National
Standard, DSTU 7525:2014, for total coliforms stipu-
lates that water should not contain more than 1 x 100
CFU/100 mL. However, the findings this study indicated
that municipal taps supplying DCUs (9.2 x 100 CFU/100
mL) and water exiting handpieces (8.63 x 100 CFU/100
mL) did not comply with Ukrainian National Standard,
DSTU 7525:2014 (2015). In this study the handpieces (6.2
x 100 CFU/100 mL), reservoir bottles (6 x 100 CFU/100
mL), and distiller bottles (1.36 x 100 CFU/100 mL) also,
exceeded total coliform counts the DCTU 7525:2014
recommendation of 1 x 100 CFU/100 mL.
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Table 1. The general information of sampling Dental Chair Units in Ukrainian dental clinics.

Number Age of DUWL
Region Specialty
of sample <3 4-6 7-10 1114 215
Endodontics 9 1 7 0 0
Orthodontics 18 1 4 6 5 2
Kyiv Periodontic 5 0 1 4 0 0
Oral surgery 27 2 6 16 2 1
Prosthodontic 22 3 5 9 2 3
Endodontics 3 0 2 1 0 0
Orthodontics 4 0 1 1 2 0
Kharkiv Periodontic 2 0 1 1 0 0
Oral surgery 5 0 2 3 0 0
Prosthodontic 3 0 2 1 0 1
Endodontics 2 0 0 2 0 0
Orthodontics 4 1 0 2 1 0
Mykolaiv Periodontic 1 0 1 0 0 0
Oral surgery 3 1 1 1 0 0
Prosthodontic 2 0 1 1 0 1
Endodontics 2 0 1 1 0 0
Orthodontics 4 0 0 3 1 0
Kherson Periodontic 1 1 0 0 0 0
Oral surgery 4 0 2 1 0 0
Prosthodontic 5 0 2 2 1 2
Endodontics 2 0 1 1 0 0
Orthodontics 8 1 3 4 0 0
Odesa Periodontic 2 1 1 0 0 0
Oral surgery 7 1 4 2 0 0
Prosthodontic 6 0 2 4 0 0
Endodontics 1 0 1 0 0 0
Orthodontics 6 0 1 3 1 1
Zhytomyr Periodontic 1 1 0 0 0 0
Oral surgery 3 0 1 2 0 0
Prosthodontic 3 0 1 1 1 0
Endodontics 2 1 1 0 0 0
Orthodontics 9 1 3 5 0 0
Lviv Periodontic 2 1 1 0 0 0
Oral surgery 6 4 0 0
Prosthodontic 7 2 5 0 0
Total 191 17 58 93 16 1

MICROBIAL COMMUNITY OF THE BIOFILM

A total of 764 biofilm samples from 191 DCUs of five
specialties (i.e., prosthodontics, orthodontics, endodon-
tics, oral surgery, and periodontics) in four time points
(i.e., internal surfaces of distal outlets of taps and the
fast handpieces of DCUs, and from internal surfaces
of empty distiller bottles and reservoir bottles) were
collected. The biofilm samples from dental specialties

had significantly different bacterial concentrations.
Sequencing results showed significant differences in
bacterial community structure between dental spe-
cialties. The largest specific weight of biofilm samples
with high bacterial concentrations were detected
from orthodontics (54.2%), prosthodontic (47.5%), and
oral surgery (44,3%). Older DCUs were affected more
frequently than those under five years of age. Biofilm
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Table 2. The overall relative abundance (%) of potential pathogenic microorganism - pathogens of healthcare associated infections (HAI) in dental

unit waterlines (DUWLS) system, Ukraine, 2020-2022.

Pathogen Overall relative abundance (%)
Pseudomonas aeruginosa 33,7
Escherichia coli 27,3
Enterococcus faecalis 17,4
Enterococcus faecium 9,5
Serratia marcescens 6,8
Stenotrophomonas maltophilia 59
Staphylococcus aureus 51
Burkholderia cepacia 4,3
Acinetobacter Iwoffii 4,8
Enterobacter cloacae 4,6
Klebsiella oxytoca 4,2
Streptococcus pneumoniae 3,9
Streptococcus pyogenes 2,6
Streptococcus sp, 1,9

samples with high bacterial concentrations from peri-
odontics and endodontics specialties, was 31.4% and
27.8%, respectively. The biofilm samples with high
bacterial concentrations were detected from the fast
handpieces of DCUs (43.1%), reservoir bottles (37.8%)
the internal surfaces of distal outlets of taps (29.1%),
and internal surfaces of empty distiller bottles (17.9%).

Genomic DNA of samples was extracted, and then 16S
ribosomal DNA (rDNA) were amplified and sequenced.
Microbial community with high diversity of bacteria.
In this study the 16S rDNA gene sequencing showed
that the bacterial communities of all samples covered
27 classes, 64 orders, 133 families, 311 genera, and 487
species. Microorganisms belonging to multiple genera
involved in human diseases were detected including 25
genera of bacteria. Amount of potential human patho-
gens were detected in the biofilm samples, including 7
genera of bacteria. The potentially human-pathogenic
genera of bacteria with relative abundance over 1%
were Pseudomonas aeruginosa (33.7+£2.2%), Escherich-
ia coli (27.3+£2.4%), Enterococcus faecalis (17.4+1.4%),
Enterococcus faecium (9.5+1.8%), Serratia marcescens
(6.8+1.7%), Stenotrophomonas maltophilia (5.9+1.4%),
Staphylococcus aureus (5.1+1.3%), Burkholderia cepacia
(4.3+0.9%), Acinetobacter Iwoffii (4.8+1.2%), Entero-
bacter cloacae (4.6+1.6%), Klebsiella oxytoca (4.2+0.6%),
Streptococcus pneumoniae (3.9+0.8%), Streptococcus
pyogenes (2.6%0.7%), and Streptococcus sp, (1.9+0.4%).
These pathogens were detected in al dental clinics of
Ukraine.The overall relative abundances (%) of potential
pathogenic microorganism - pathogens of healthcare
associated infections (HAI) and that among different
groups of DUWL biofilm samples were shown in Table 2.
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DISCUSSION

The aim of this study was to evaluate the microbial con-
tamination of DUWLs and characterize the microbial com-
munities of biofilms in DCUs from different specialties in
Ukrainian dental clinics. In present study for the first time
in Ukraine, microbial contamination of DUWLs and biofilm
in DCUs related to dental specialty was comprehensively
evaluated, with more abundance of bacterial communities
using high-throughput sequencing technology.

The findings of this study revealed that water from
DUWLs is heavily colonized by microbial communities.
57,4% of the DUWLs tested samples did not meet micro-
biological parameters of Ukrainian National Standard
on drinking water. Sequencing results showed signifi-
cant differences in bacterial community structure be-
tween dental specialties. The largest specific weight of
biofilm samples with high bacterial concentrations were
detected from orthodontics (54.2%), prosthodontic
(47.5%), and oral surgery (44,3%). The biofilm samples
with high bacterial concentrations were detected from
the fast handpieces of DCUs (43.1%), reservoir bottles
(37.8%) the internal surfaces of distal outlets of taps
(29.1%), and internal surfaces of empty distiller bottles
(17.9%). The 16S rDNA gene sequencing showed high
diversity of bacteria (311 genera) were detected in the
biofilm samples. Amount of potential human patho-
gens were detected in the biofilm samples, including
Pseudomonas aeruginosa, Escherichia coli, Enterococcus
faecalis, Enterococcus faecium, Serratia marcescens,
Stenotrophomonas maltophilia, Staphylococcus aureus,
Burkholderia cepacia, Acinetobacter Iwoffii, Enterobacter
cloacae, Klebsiella oxytoca, Streptococcus pneumoniae,
Streptococcus pyogenes, and Streptococcus sp.
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Several previous studies found that the water which
reached the DUWLs failed to meet drinking water
standards [4-8]. In our study a large proportion water
samples of the DUWLs tested did not comply with the
Ukrainian drinking water standards. According to the
findings of a United Nations survey, Ukraine is nine-
ty-fifth state in the ranking of drinking water quality
[9]. According to the statistical report of the Centres
for Disease Control and Prevention of the Ministry of
Health of Ukraine (CDCP) and the Ukrainian Association
of Infection Control and Antimicrobial Resistance, the
situation with the quality of drinking water in healthcare
institutions is not improving. In 2020, 2021 and 2022,
the share of non-standard water samples for micro-
biological parameters was 21.2%, 29.7% and 43.5%,
respectively [10].

Opportunistic pathogens such as P. aeruginosa, E.coli
and Enterococci are prevalent in dental unit water and
waterlines [5, 11-14]. In our study P. aeruginosa was
detected in the source water and handpieces of DCUs,
reservoir bottles and distiller bottles. It could be as-
sumed that the waterlines of DCUs were colonised by P,
aeruginosa to form biofilm. According to the literature,
the origin of bacteria that contaminate DUWLs can be
attributed to 2 factors: (1) contaminated municipal wa-
ter thatis used in DCUs, and (2) the suck back of patients’
saliva into the DUWL because of ineffective or faulty
anti-retraction valves [15]. Other authors reported that
the contamination may be caused by the water supply
[16], the retraction of biological fluids from the hand-
pieces used in oral cavities of patients [17], or probably
the continuous biofilm detachment or fragmentation in
the narrow waterline tubes [18]. Opportunistic patho-
gens such as Legionella pneumophila, Pseudomonas
aeruginosa, and Staphylococcus aureus have previously
been revealed in water samples from DUWL [19, 20].In
addition, other genera such as Stenotrophomonas were
also recovered in dental unit waters [21].

The biofilm was possibly sloughed off and was fed
into the water supply of the fast handpieces where it
contaminated the water at the distal outlets of these
instruments. However, there are no legislated param-
eters relating to the presence of these organisms and
microbial water quality. Their presence can encourage
the growth of other microorganisms. According to
requirements of the State Sanitary Norms and Rules
of the DSanPiN 2.2.4-171-10, section “Indicators of
Epidemiological Safety of Drinking Water”, Appendix
1, “E.coli” and “Enterococci” indicators should not be
listed. However, national statistical reports do not use
data on contamination associated with E. coli and oth-
er microorganisms. According to statistical reporting,
percentage shares of sub-standard samples of drinking

water are to be reported in terms of bacteriological
indicators. The water supply control and monitoring in
healthcare institutions are conducted by various Central
executive bodies, there is a need of interdepartmental
coordination and unification of relevant reporting un-
der water quality.

Legal regulation of drinking water in Ukraine is
governed by legal acts. The main regulatory legal acts
regulating the right to drinking water and its quality in
Ukraine are Law on Drinking Water and Drinking Water
Supply. Rationing of the quality and safety of drinking
water is related to the area of subordinate legislation,
butin Ukraine there are two standards at the same time:
SanPiN 2.2.4-171-10“Hygienic requirements for drink-
ing water intended for human consumption”and State
standards of Ukraine DSTU 7525: 2014 (2015)“Drinking
water. Requirements and methods of quality control”.
According to the Law of Ukraine “On Technical Regula-
tions and Conformity Assessment Procedures’, the use
of standards or their individual provisions is mandatory
for healthcare facilities, if the standards are referred to in
technical regulations. SanPiN 2.2.4-171-10 is a binding
normative legal act, agreed with all interested ministries
and departments. State SanPiN is applied to most water
sources. At the same time National standards of Ukraine
DSTU 7525:2014 (2015) are optional. Thus, SanPiN 2.2.4-
171-10 remains the main valid normative documentin
the area of drinking water supply and drinking water
quality in the Ukraine.

In European Union the quality and safety of drinking
water is regulated by Directive 98/83 / EC. The Direc-
tive determines that the parametric values shall be
complied with: in the case of water supplied from a
distribution network, at the point, within premises or an
establishment, at which it emerges from the taps that
are normally used for human consumption. In order to
reduce or eliminate the risk of non-compliance with a
parametric value, the Directive requires strict compli-
ance with the requirements of informing the public
about changes in the quantity and quality of drinking
water. However, in national legislation, insufficient at-
tention is paid to controlling the quality of equipment
and materials (pipes, containers, cranes, etc.).

The Ministry of Health of Ukraine currently has
no explicit requirements for the quality of water,
which is supplied to DCUs, and neither has it issued
an infection control policy that regulates to protect
their patients and healthcare personnel of dental
practice. The Ukrainian National Health Policy also
does not contain any regulations related to aspects
to curb the transmission of healthcare associated
infection or for infection control issues related to the
oral healthcare practice.
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STRENGTHS AND LIMITATION

In this study for the first time in Ukraine, biofilm in
DCUs related to dental specialty was comprehensively
evaluated, with more abundance of bacterial com-
munities. For the first time, biofilm in DUWL related
to dental specialty was comprehensively evaluated,
with more abundance of bacterial communities. The
findings of this study revealed that DUWLs are heavily
colonized by bacterial communities. There is serious
microbial contamination observed in DUWLs is due
to opportunistic pathogens. Our findings could help
better characterize and assess the cross-contamina-
tion risk of dental care.

A limitation of our study is that we studied water
samples and biofilm samples deriving only from
seven region (29.2%) of Ukraine and it cannot be
representative of the overall Ukrainian situation.
Further studies are required to address those limita-
tions.In the future, research should be focused on
the risks to patients and staff, surveillance of adverse
events related to dental treatment and importance
of following the advice of dental unit manufacturers.

On the basis of comprehensive research on biofilms
in Ukraine, further studies on prevention of biofilm
accumulation are essential.

CONCLUSIONS

Results this study showed that both patients and dental
staff are exposed to healthcare-associated infection
risks due to inhalation or spreading of aerosols pro-
duced during dental cares. The present study contami-
nation levels of DUWL water were high. The water qual-
ity of 57.4% of the DUWLs tested in the seven regions
failed to reach the Ukrainian drinking water standard.
Results of present study highlights the risk of contam-
inated source water that is supplied to DCUs, as well as
the risk of contaminated water that exits distal outlets
of fast handpieces of DCUs. Furthermore, most DCUs
contained pathogens which poses a risk of infection
for patients. Biofilm accumulation DCUs and multiple
kinds of opportunistic pathogen emphasized the risk
for healthcare associated infection during dental care
and the importance of biofilm control.
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Rational treatment of mild to moderate community-acquired
pneumonia in previously healthy children

Oleksandr H. Buriak, Yurii M. Nechytailo
BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE

ABSTRACT

Aim: To analyze the features of antibacterial treatment in children hospitalized for community-acquired pneumonia and the potential influence of dysbiosis.
Materials and Methods: The work analyzed medical records of 51 children, aged 2 to 13 years, who were hospitalized with community-acquired pneumonia.
Clinical symptoms, severity of the course, structure and duration of basic treatment measures, their cost, and signs of dysbiosis were studied in the patients.
Results: The average duration of hospital treatment for patients with community-acquired pneumonia was 13.3 £ 0.62 days, with 28 cases lasting between
14 and 30 days. Given the community-acquired nature of the infection, the initial use of cephalosporins was irrational and significantly increased the cost of
treatment. After one week, signs of intestinal swelling, increased peristalsis, and unstable defecation, assessed as gut dysbiosis, appeared. Some symptoms,
such as irritation in the throat, persistent cough, difficulty clearing mucus, shortness of breath, wheezing, and others, were regarded as signs of respiratory
dysbiosis. The use of probiotics was initiated.

Conclusions: The study established the irrational use of third- and fourth-generation cephalosporins as first-line antibacterial treatment. Symptoms of intestinal

discomfort and manifestations of mucociliary respiratory tract dysfunction should be regarded as gut-lung axis phenomena of dysbiosis.

KEY WORDS: community-acquired pneumonia, antibiotic treatment, microbiota, children

INTRODUCTION

Community-acquired pneumonia (CAP) among chil-
dren is a global health problem worldwide and one of
the leading causes of hospitalization and mortality [1,
2]. Over the past 20 years, there has been a substantial
decrease in the incidence of childhood pneumonia and
pneumonia-associated complications [3]. New vaccines
against Haemophilus influenzae type b and Strepto-
coccus pneumoniae have contributed to decreases
in complicated pneumonia cases and have reduced
mortality [4]. Unnecessary hospitalization also rep-
resents a significant and potentially avoidable burden
on the child, their family, and the healthcare system.
Indications for hospitalization of a child with CAP differ
significantly depending on the country, region, and hos-
pital. Even after evaluating the prognostic severity of
the disease and regional differences in the structure of
hospital establishments, the criteria for hospitalization
remain inconsistent between outpatient and inpatient
institutions. Nevertheless, CAP is still among the leading
causes of outpatient visits and hospital admissions [5].

The etiology of CAP in the pediatric population is
variable and changes according to factors such as age,
disease severity, and place of residence. A high percent-
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age of healthy children are colonized by S. pneumoniae,
H.influenzae, orinfected by various viruses. Numerous
studies have shown that clinical, laboratory, and radio-
logical criteria cannot reliably differentiate between
bacterial and viral etiologies in children with CAP [6, 7].
Therefore, treatment decisions should be based on the
expected pathogens according to the child’s epidemi-
ology and age. However, mixed bacterial-viral and viral
infections are common, which complicates pathogen
detection and effective treatment. The “gold standard”
for determining pneumonia etiology is the detection
of respiratory pathogens in specimens taken directly
from the lungs via bronchoalveolar lavage, pleural
fluid sampling, lung biopsy, or aspiration [8]. However,
because these methods are invasive and require anes-
thesia in children, they are rarely performed in clinical
practice [9].

The managing of etiological pneumonia treatment
remains a challenge nowadays because the empiric
antibiotic therapy is the first step after hospitalization
and could be sometimes law effective. S. pneumoniae
is the most common cause of CAP in Europe, but under-
estimation of its sensitivity to widely use antimicrobial
medication and use of high and long-lasting treatment
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leads to inappropriate results, which exacerbates the
problem of resistance to antibiotics [10, 11]. As some
cases of CAP in children could be viral, not every patient
with non-severe CAP and without risk factors needs to
be treated with high and long dose of antibiotics [12,
13]. The optimal duration of antibiotic treatment of
children even with known bacterial CAP still remains
unclear.Y. Gao et al. (2023) show that shorter-duration,
compared with longer-duration antibiotics use, do not
appreciably increase mortality and probably have little
or noimpact on the need for change in antibiotics [14].
This approach will also help reduce side effects, costs,
and the development of microbial resistance.

Longer duration of antibiotics treatment influence
normal intestinal microbiota with development of
different level dysbiosis. Host-microbiota interaction
plays fundamental roles in the homeostasis of mucosal
immunity [15, 16]. Dysbiosis of intestinal microbiota has
various immune changes and many multifactorial dis-
eases. Many years have been considered that the lungs
a sterile organ because microbiological culture tech-
niques had shown negative results [17]. Improvement
of culture-dependent and independent techniques
has facilitated understanding of lung microbiota that
not only exists in healthy lung but also play great role
in immune responses under both physiological and
pathological conditions. Understanding dysbiosis of the
respiratory microbiome and altered mucous immunity
in patients with different illness holds great promise
to develop targeted host-directed immunotherapy
to reduce ineffective treatment, to improve patient
outcomes [18]. It is now widely accepted that exist a
bi-directional gut-lung axis with connections of the
intestinal and pulmonary microbiota and that modula-
tion of both microbiota exist in health as in pathological
status. Isolated dysbiosis of the respiratory tract occurs
when the natural microbial balance of the upper or
lower airways is disrupted, often due to antibiotic use,
environmental factors, or underlying conditions [19].
This imbalance can increase susceptibility to infections,
activate inflammation, alter mucociliary clearance, and
cause other respiratory issues.

Chineseinvestigators D.Yang et al. (2020) discuss the
causal roles of pulmonary dysbiosis in disease settings
and suggest that the interaction between lung microbi-
ota and the host is critical for establishing immune ho-
meostasis in the lungs [20]. However, what constitutes
a”healthy” microbiota remains a topic of active debate.
Some authors hypothesize that the use of specific bac-
terial strains as “probiotics” could have positive effects
on hostimmunity and/or protection against pathogens,
potentially benefiting both the treatment of intestinal
disorders and pulmonary diseases [21].

AIM

The study aimed to analyze the features of antibacterial
treatment in children, hospitalized for acute community
acquired pneumonia and potential dysbiosis influence.

MATERIALS AND METHODS

The work analyzed medical records of 51 children in age
from 2 to 13 years that were in children clinical hospital
with mild or moderate CAP. In patients were studied clin-
ical symptoms, severity of course, structure and duration
of basic treatment measures, their cost, signs of dysbiosis.
Statistical analysis performed by means of Statistica pro-
grams (version 5.11, StatSoft Inc.) with calculating mean
(M) and its standard error (m). Multivariate cluster analysis
was used to analyze the relationship between clinical
signs and peculiarities of treatment. A p-value <0,05 was
considered as statistically significant.

The study was conducted in accordance with the prin-
ciples of the World Medical Association’s Declaration of
Helsinki «Ethical Principles for Medical Research Involving
Human Subjects». Informed consent to participate was
obtained from all those included in the study (parents
of children or their guardians), which emphasizes the
absence of invasive interventions. The study protocol was
discussed and approved at a meeting of the Biomedical
Ethics Committee of Bukovinian State Medical University.

RESULTS

The duration of hospital treatment was, on average,
13.3+0.62 days, with subsequent outpatient treatment
and rehabilitation. Antibiotics, antipyretics, mucolytics,
and, in some cases, antihistamines and corticosteroids
were used in the treatment. In 28 cases (54.9%), hospital-
ization lasted from 14 to 30 days. In these patients, after 5-7
days ofillness, body temperature was normal or subfebrile,
with low levels of intoxication and only slight fatigue or
general weakness.

According to clinical recommendations, Amoxicillin
should be the starting antibiotic for the treatment of CAP
in previously healthy children. However, in our study, it was
used in only one child (Fig. 1). The first line of antibacterial
treatment was primarily based on third- and fourth-gen-
eration cephalosporins. The most expensive medication
in the treatment was antibiotics, while the least expensive
were the antipyretics. Given the community-acquired na-
ture of the process, the initial use of cephalosporins was
irrational and significantly increased the cost of treatment.
The total average cost per case was 2346.9+145.7 UAH
(51.2+3.2 EUR).

Starting from the end of the first week, signs of intestinal
swelling, increased peristalsis, unstable defecation, and
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other symptoms appeared. In all these cases, the symp-
toms were assessed as gut dysbiosis, and probiotics were
prescribed. In this subgroup, some symptoms were noted,
which we regarded as respiratory dysbiosis from the upper
airways, such as frequent sore throat, persistent symptoms
of chronic nasal congestion, postnasal drip, mild pharyn-
gitis,and dryness or irritation in the throat. From the lower
respiratory tract, symptoms mostly included persistent
cough (dry or with minimal mucus secretion), difficulty
clearing mucus, shortness of breath, or wheezing. These
symptoms were assessed as dysbiosis of the respiratory
tract, where the natural microbial balance of the upper
or lower airways is disrupted. In all these cases, antibiotic
use lasted more than two weeks, with a switch to another
drug from the same group in the second line.

Multivariate cluster analysis of the relationship between
clinical signs and treatment patterns revealed three
distinct groups (Fig. 2). In the middle group, prolonged
antibacterial treatment was associated with the use of
probiotics. This suggests that prolonged use of antibiotics
induces dysbiosis phenomena in the bi-directional gut-
lung axis, linking the intestinal and pulmonary clinical
symptoms.
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DISCUSSION

There are alot of last days investigations which show a high
effectiveness of short course of antibiotics use. A. Dinh et
al.(2021) in double-blind, randomized, placebo-controlled,
non-inferiority have compared 5 days versus 10 days and 3
versus 7 days of antibiotic treatment of children with CAP
and reported that shorter duration was not inferior or even
superior to longer duration use [22]. The similar result was
shown by Canadian authors from McMaster University and
University of Ottawa [23, 24]. Authors also indicated on
absents symptoms of dysbiosis in short course treatment.
Other datawas presented by J. Bielicki et al. (2021) as results
of a multicenter, randomized, blinded, placebo-controlled
trial with Amoxicillin monotherapy comparing total daily
dose and duration (3 or 7 days) for treatment of childhood
CAP [25]. It was conducted in many hospitals in the UK
and Ireland and in this investigation was noted that dis-
ease severity at enrollment was not significantly different
among children from each clinical. In treatment analysis was
showed noninferiority for lower dose and shorter duration
(shorter vslonger). There was no significant association be-
tween dose or duration of amoxicillin and severity of cough
symptoms. From the other side, patients hospitalized with
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pneumonia often receive excess antibiotic therapy [26].
Excess antibiotic treatment was associated with patient-re-
ported adverse events [19]. Intravenous antibiotics play a
critical role in clinical care, particularly for severe bacterial
pneumonia. However, the inability of antibiotics to reach
target tissues causes serious side effects, including liver and
kidney damage, intestinal dysbiosis, cause gastrointestinal
infections. The gut microbiota plays a vital role in the devel-
opment of protecting against severe course of respiratory
diseases like pneumonia. It was demonstrated the existence
of the gut-lung axis and the interaction between the gut
and the lung, which is related to the better prognosis for
patients. Most of these studies recommended probiotic
supplementation of pneumonia treatment moreover,
probiotics suppress severe immune responses and inhibit
pathologic inflammatory conditions in the body via mod-
ulation of immune responses [17, 21, 271.

CONCLUSIONS

The study established that, despite existing guidelines for
the management of CAP in children, thereis an irrational
use of third- and fourth-generation cephalosporins as
first-line antibacterial treatment, which should not be ini-
tiated at the start of treatment. Regarding the indication
for inpatient care, the length of stay and the duration of
antibiotic treatment were excessively long. The risks of
antimicrobial resistance in these cases are high, and it is
advisable to use a shorter duration of antibiotics.

Symptoms of intestinal discomfort and manifesta-
tions of mucociliary respiratory tract function deterio-
ration should be regarded as phenomena of dysbiosis
within the gut-lung axis. Compared with research on
gut microbiota, our understanding of lung microbiota
is still limited, and a number of conceptual questions
remain to be answered.
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ABSTRACT

Aim: to analyze the possibilities to implement dispensing of medicines via vending machines.

Materials and Methods: A systematic literature review was conducted using PubMed, Scopus, and Google Scholar databases. A SWOT analysis of dispensing
medicines through vending machines was performed. Ukrainian legal framework and content analysis were used to assess feasibility, with an anonymous
survey of 106 respondents aged 20 to 70 gathering opinions on installing vending machines for over-the-counter medications in public places.

Results: The study showed the following: 1) strengths were: convenience, access to medicines in remote areas; 2) weaknesses: limited number of medicines,
lack of possibility to consult with a pharmacist, cost of vending machines; 3) opportunities: possibilities to use for prescribed medicines or for chronic diseases
medication; 4) threats: exclusion of pharmaceutical professionals from the process of ensuring access to medicinal products, self-medication and danger of
side effects. The 58 % of respondents supported vending machines, citing convenience, availability, and shorter pharmacy queues.

Conclusions: Dispensing medicines via vending machines presents a viable alternative to traditional methods. The main advantage is patient convenience,
but attention must be given to mitigating risks from self-medication. Licensing terms should be established for business entities involved in vending machine

operations, ideally those holding a retail license for medicinal products.

KEY WORDS: access to medicines; pharmaceutical regulation; pharmaceutical policy

INTRODUCTION

Access to medicines is a crucial aspect of public health. In
recent years, various forms of increasing access to medici-
nal products have become widespread, such as dispensing
medicines via vending machines. Vending machines are
widely used for food, drinks, small necessities, and many
other things. However, the use of vending machines in
the pharmaceutical sphere is a challenging area [1, 2].
Medicines are distinct from other commercial goods in
many ways: potential impact on health and life, potential
misuse or dangerous side effects, the requirement for a
prescription from healthcare professionals or pharmacist
consultation, sensitive storage conditions (temperature,
humidity, light protection), and others. Given these factors,
dispensing medicines via vending machines is not widely
used due to precautionary measures.

The idea of using vending machines for medicines
and other medical products was notably accelerated
by the COVID-19 pandemic [3], as both individuals and
healthcare systems sought possibilities to reduce virus
transmission risks, minimize contact, and increase con-
venience. This distribution form remained in demand
even after the pandemic period.

Wiad Lek. 2025;78(6):987-992. doi: 10.36740/WLek/207353 (DOl

Dispensing medicines via vending machines has po-
tential from an access to medicines (specifically, physical
accessibility) perspective [4]. It provides convenience,
especially for: availability outside regular pharmacy
hours; accessibility in remote areas; reducing waiting
times; urgent, but not emergency, situations; and
availability in places where many people are (airports,
train stations, shopping malls, etc.). However, concerns
regarding safety, regulatory compliance, and the scope
of medicines available through this distribution form
need to be addressed.

Legal regulations regarding the dispensing of med-
icines vary across European countries [1, 5], largely
depending on the possibility to dispense medicinal
products outside of pharmacies. However, legal regula-
tion of such distribution forms as dispensing medicines
via vending machines goes slightly beyond, raising the
question of whether it is possible to dispense medici-
nal products in this way at all. In this regard, Ukraine’s
experience in implementing online trade in medicinal
products, implementing “mobile pharmacy points,’
and the receiving medicines by mail pilot project may
be valuable.
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Fig. 1. SWOT analysis of automated medi-
cine dispensing

AIM

The aim of the study was to analyze the possibilities of
implementing the dispensing of medicines via vend-
ing machines. This article also considers the strengths,
weaknesses, opportunities, and threats of this method
of dispensing medicines.

MATERIALS AND METHODS

This study primarily relies on existing literature that
reviews different aspects of dispensing medicines via
vending machines. A systematic search was conducted
using PubMed, Scopus, and Google Scholar databas-
es. First, a SWOT analysis regarding the dispensing of
medicines via vending machines is proposed. Then,
based on the access to medicines approach and the
Ukrainian legal framework, including content analysis
as an example, the possible introduction of dispensing
medicines via vending machines was analyzed. The
study also employs the dialectical and hermeneutic
methods and incorporates perspectives from scientific
literature. Additionally, an anonymous survey of 106
respondents aged 20 to 70 was conducted to deter-
mine their opinions on installing over-the-counter
medication dispensing machines in public places.The
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material was statistically processed, with percentages
calculated.

COMPLIANCE WITH ETHICAL STANDARDS

The authors declare that all norms of academic
integrity and ethical standards of scientific activity were
observed in the preparation of the article “Dispensing
of medicines via vending machines.” References
to the works of other researchers have been made
through proper citation in accordance with copyright
legislation. The requirements of scientific citation ethics
have been met. All study procedures were conducted
in accordance with the ethical standards set by the
Declaration of Helsinki. Participants were informed
about the study’s objectives and provided voluntary
informed consent for participation. The survey was
conducted anonymously to ensure confidentiality.

RESULTS

SWOT analysis regarding dispensing of medicines via
vending machines. The SWOT analysis is conducted
considering the positions and interests of the stake-
holders, which include: state interests (including those
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of requlatory bodies and authorities), pharmaceutical
companies and pharmacies (including pharmacists,
dispensers, and other pharmaceutical sector represen-
tatives), and patients (Fig. 1).

STRENGTHS — AS CURRENT FACTORS THAT
COULD PROVIDE VARIOUS ADVANTAGES
Convenience for patients is driven by the need for more
accessible and efficient ways to provide medicines.

In several countries, the number of pharmacies is
regulated, with specific requirements established for
their opening and operation. Some countries, including
Ukraine, do not have such restrictions. It is quite com-
mon to have multiple pharmacies on the same street or
even within the same building. From the perspective of
a patient’s ability to access medicinal products, this is
very convenient. The use of vending machines for dis-
pensing medicines would further expand the number
of locations where patients can purchase medicines.
Alongside this, non-prescription vending machines can
increase patient satisfaction. For example, automated
machines provide on-demand medicines and medical
products at airports and train stations, reducing the
need for queuing at hospitals or pharmacies, thereby
increasing patient satisfaction [2].

Another aspect of convenience for patients is working
hours. The number of pharmacies operating at night
or on weekends and holidays is limited. The ability to
use vending machines for dispensing medicines allows
patients to access medications virtually at any time.

Additionally, using vending machines for dispensing
medicines could reduce waiting time. Medicines can be
purchased instantly without waiting in pharmacy lines.

Access to medicines in remote areas. Potentially,
vending machines for dispensing medicines could
be used in settlements where there are no stationary
pharmacies.

WEAKNESSES - AS CURRENT FACTORS
THAT COULD POTENTIALLY HAVE
DISADVANTAGES AND POSSIBLE RISKS
Limited number of medicines.\Vending machines could
handle limited number of medicines. Thus, it could be
used only for most frequently medicines. Any controlled
substances must be excluded.

The ability to consult with a pharmacist. In many
cases patients ask a pharmacist for some explanation
therefore buy some medicines. At vending machines
this option could be substituted with the possibility to
make a phone call or by pressing a button to connect
with an on-duty pharmacist.

Cost of vending machines. Vending machines by
themselves are quite costly machines. For businesses,
installing and maintaining such vending machines may
not be cost-effective

OPPORTUNITIES — AS POSSIBILITIESTO
GROW, IMPROVE PERFORMANCE AND GAIN
BENEFITS

Vending machines could be used not only for most
frequently used medicines, but also for prescribed
medicines or for chronic diseases medication. For ex-
ample, in Ukraine, state program“Affordable Medicines”
isintroduced, by which patients can receive medicines
they need free of charge or with a partial co-payment.
Currently, medicines under this government program
can be obtained, including through an electronic pre-
scription. The electronic prescription format consists
of a 16-character alphanumeric code. Theoretically, a
patient could enter this 16-digit code to receive the
prescribed medication or make an additional payment
using a payment terminal. Another option could be the
use of a QR or barcode code, which would be scanned
by the vending machine. Possibility to use different
mobile applications also should be considered.

THREATS - AS FACTORS WHICH COULD
NEGATIVELY IMPACT ON PROCESS OF
DISPENSING MEDICINES VIAVENDING
MACHINES

The key threat appears to be the potential exclusion of
pharmaceutical professionals, particularly pharmacists,
from the process of ensuring public access to medicinal
products.

SELF-MEDICATION AND SIDE EFFECTS
Anincrease in the availability of non-prescription vend-
ing machines will likely lead to arise in self-medication
practices, building on existing trend [2]. Self-medication
could take different forms: starting from misinterpreta-
tion of pain or other symptoms, leading to overdosing
or misuse of medicines. This may lead to polypharma-
cy, situations where patients inadvertently acquire
multiple medications that may interact adversely. It
should be noted that there is research indicating that,
on the contrary, the level of potential medical errors
decreases [6].

As part of the study, a survey was conducted among
106 respondents aged 20 to 70 years to assess their
attitudes toward the installation of vending machines
for dispensing medications.
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Fig. 2. Percentage distribution of respondents surveyed regarding the installation of over-the-counter medicine vending machines in public places

According to the survey, 68 % of respondents believe
that the lack of 24-hour pharmacies is a problem, es-
pecially in times of war. 85 % of respondents said that
they had at least once encountered a situation where
a pharmacy was closed at night or on a day off.

Key survey results: 58 % of respondents (61 people)
support the idea of installing pharmacy vending ma-
chines, highlighting their convenience, availability at
any time, and reduction of queues in traditional phar-
macies. 42% of respondents (45 people) were against it,
expressing concerns about the lack of pharmaceutical
consultation, potential misuse of medications, and the
technical limitations of such machines (Fig. 2).

Among respondents aged 40 and older, 100 % sup-
ported the initiative to introduce pharmacy vending
machines, citing the need for 24/7 access to medica-
tions and the convenience of purchasing them without
waiting in line.

DISCUSSION

The concept of“access to medicines”is multifaceted and
can be considered from various perspectives [4]. The con-
cept of access to medicinal products encompasses issues
of economic affordability, intellectual property protec-
tion, policy development, and ensuring the interests of
vulnerable population groups, different patient access
schemes, managed entry agreements, reimbursement is-
sues, pricing policies,among others. Additionally, access
to medicinal products includes the aspect of physical
accessibility. Usually, physical accessibility refers to the
availability and geographical accessibility of medicine for
those who need them for rational use [7]. In the context
of this study, the physical accessibility of medicines is
viewed more as the ability to access medicines not only
through traditional pharmacies.

In European countries it's a tendency towards the
ability to dispense medicinal products not exclusively
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in pharmacies [5]. In the context of our study, it is useful
to apply the following classification of non-pharmacy
trade [1] in European countries, with certain remarks:

1) no non-pharmacy trade;

2) thereis only a non-pharmacy trade in preparations
with a low therapeutic effect (e.g., herbal medicines), or
is under the supervision of a pharmacist or other person
qualified in pharmaceutical sciences;

3) a non-pharmacy trade exists and is regulated by
law and concerns selected active substances;

4) trade via non-pharmacy outlets.

The non-pharmacy outlets are defined as non-reg-
istered points of dispensing over the counter (OTC)
medicines, for which there is no need to obtain a license
for distribution and no need to fulfil inspection require-
ment for safe drug storage. The non-pharmacy outlets
include supermarkets, petrol stations, drugstores,
shops open to the public, and kiosks [1]. Obviously, if
certain business entities are allowed to dispense med-
icines without a license, then, potentially, medicines
could also be dispensed through vending machines.
The presented classification primarily focuses on the
location where medicines can be dispensed. However,
in the context of dispensing medicines via vending ma-
chines, itis more appropriate to discuss the necessity of
having or not having a relevant license for dispensing
medicinal products.

In many European countries and in Ukraine, dispens-
ing medicinal products is possible by business entities
based on the appropriate license. The presence of a
license indicates compliance with licensing conditions,
which include, among other things: organizational
requirements, requirements for premises, personnel
requirements, and adherence to relevant good prac-
tices (namely — Good X Practice). When discussing
vending machines, the question arises as to whether the
accepted approach, based on the applicable licensing
conditions, can be applied at all.
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If we adhere to the position that the dispensing of
medicines through vending machines remains subject
to existing licensing conditions, the following questions
arise regarding the organization of such activities:

1. Which business entities could dispense medicines
via vending machines. Only business entities that
hold alicense for the retail trade of medicinal products
(in other words, the operation of pharmacy estab-
lishments) should be allowed to engage in activities
related to dispensing medicines through vending
machines. The possibility of using vending machines
can subsequently be revoked when there are concerns.

This essentially means that the ability to dispense
medicines through vending machines, as well as the
specific requirements for conducting such activities,
must be enshrined in the relevant licensing conditions.
For example, in Ukraine, obtaining a license for retail
trade in medicinal products requires compliance with
specific requirements. If a business entity wishes to
manufacture medicines within a pharmacy, dispense
medicines via electronic remote trade mechanisms, or
use “mobile pharmacy points’, each of these subcate-
gories is subject to specific additional requirements.

It also means that licensing of dispensing medicines via
vending machines should meet all licensing procedure
requirements (including pre-inspection by recognized
regulatory authority) and compliance requirements.

2. Places, where business entities could install
vending machines. Nothing prevents a pharmacy
from installing a vending machine inside its own
premises. In Ukraine, some pharmacies from large
pharmacy chains are already using such machines.
Another option is installing vending machines out-
side the pharmacy premises.Vending machines can
be placed in shopping centers, stores, gas stations,
restaurants, educational institutions, residential
complexes, etc. Essentially, the key requirement
is that the location where the vending machine is
installed ensures the proper storage conditions for
the medicines inside. In this issue, they should be
connected to the main electrical supply.

Information about the location of the vending machine
must be entered into the relevant database, which records
business entities authorized to conduct retail trade in me-
dicinal products. This database should be administered by
the relevant state authority authorized to oversee business
activities in the field of retail trade in medicinal products.

Vending machines should be where they cannot be
accessed by unauthorized persons including children [2].
Thus, according to the legislation of Ukraine, the dispensing
of medicines to children under 14 years of age is prohibited.
This means that when using vending machines, a mecha-
nism for verifying the buyer’s age must be implemented to

prevent the sale of medicines to minors. Possible solutions

couldinclude identification through electronicdocuments

or verification via a bank card with age restrictions.

3. What medicines could be disposed via mend-
ing machines. The authorized state bodies must
establish a clear list of medicines that can be
dispensed through vending machines. It could be
every day medicines and associated items, including
aspirin, paracetamol, ibuprofen, and indigestion
and heartburn treatments readily available. Since
these medicines are often compact and adequately
wrapped, they can be distributed from small ma-
chines [2]. Furthermore, it should be restrictions
on the quantity of these medicines that can be
purchased at any one time from vending machines
to avoid any potential harm.

4. Requirement to consult pharmacist. Pharmacist,
who could be employed by business entities that
hold a license for retail trade of medicinal products
should be available to consult, on demand, remotely.

Automated medicine dispensing improves accessibility

and convenience, especially in areas with limited phar-

macy access or off-hours, enhancing healthcare delivery
and aligning with goals of better medicine access and ef-
ficiency [8]. Additionally, alcohol-related impairment may
affect medication purchases, especially in public areas like
airports and entertainment districts. Proper regulations
and buyer verification could help prevent such risks [9].

CONCLUSIONS

Dispensing medicines via vending machines is a viable
alternative to “traditional” ways of dispensing medicine.
Convenience for patients is the main strength of dispens-
ing medicines via vending machines. However, there are
also a number of potentially weak points and threats:
exclusion of pharmaceutical professionals from the
process of ensuring public access to medicinal products,
self-medication, and the danger of side effects. Special
attention should be given to minimizing risks associated
with self-medication without professional guidance.

Preferably, business entities that hold a license for retail
trade of medicinal products should be allowed to engagein
activities related to dispensing medicines through vending
machines. Licensing terms and conditions for dispensing
medicines via vending machines should be established.

The results indicate significant interest in the imple-
mentation of pharmacy vending machines, particularly
among older people. This suggests the potential for the
future development of such a method of medication
distribution, especially in regions with a lack of phar-
macies or in high-traffic areas (airports, train stations,
shopping centers, etc.).
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ABSTRACT

Aim: To improve the results of surgical treatment of patients with ischemic form of diabetic foot syndrome (IF DFS) with stenotic-occlusive lesion (SOL) of the
tibial segment arteries by creating an algorithm of diagnostic and treatment tactics.

Materials and Methods: An analysis of the surgical treatment outcomes of 137 patients with type 2 diabetes mellitus (DM2) and IF DFS with SOL of the tibial
segment arteries, critical limb ischemia, and ischemic foot necrosis was conducted.

Results: According to the obtained indicators of the popliteal artery debit after performing balloon angioplasty (BAP) of the tibial segment arteries, the
patients were divided into three groups. All patients, depending on the degree of increase in the popliteal artery debit after BAP (group A — <1,5 times; 1,5-2
times; >2 times), transcutaneous oxygen pressure (TcP02) and the option of revascularization according to the angiosomal concept, were assigned a certain
number of points and compared with the quality and timing of wound healing in the groups. It is considered that the calculation of quantitative changes in
the popliteal artery debit after performing BAP accurately determines the prospects for healing of foot wounds after necrotectomy in patients with IF DFS and
can be a criterion for formulating further treatment tactics.

Conclusions: Measuring TcP02 and determining the revascularization option based on the results of BAP allow the DM2 patients in groups A, B, and C to
be assigned the appropriate number of points, the sum of which shows the prognosis for healing of foot wounds and the timing of using other methods of
revascularization or performing amputation.

KEY WORDS: diabetes mellitus, balloon angioplasty, debitometry, necrectomy

INTRODUCTION

Diabetes mellitus remains one of the important prob-
lems of the healthcare system, and the prevalence of
diabetes in different countries ranges from 1,5 to 6%
and currently has a tendency to increase [1].

In people with diabetes for more than 20 years, the
frequency of lower limb artery damage exceeds 80%.
More than half of all non-traumatic lower limb ampu-
tations are performed in patients with diabetes, often
repeatedly A feature of diabetic damage to the arterial
bed is a multilevel stenotic-occlusive process in medium
and small caliber arteries (popliteal, tibial and foot ar-
teries) which leads to the development of chronic lower

Wiad Lek. 2025;78(6):993-999. doi: 10.36740/WLek/207355 DOl

limb-threatening ischemia (CLLTI) [2]. The presence of
CLLTlindicates an unfavorable prognosis, within a year
after the manifestation of CLLTI, only 25% of patients
recover, in 20% - symptoms persist; in 30% of patients
the limb is amputated, and 25% - die [3].

In 2011, the International Working Group on the Dia-
betic Foot (IWGDF) adopted the following recommen-
dation:“The goal of revascularization in these patients
is to restore direct pulsatile blood flow to at least one
artery in the foot, preferably the one supplying the ana-
tomical site of the ulcer."This statement was the result of
a number of studies that demonstrated the superiority
of the angiosomal principle of revascularization [4].
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AIM

The aim was to improve the results of surgical treatment
of patients with ischemic form of diabetic foot (IF DFS)
on the background of stenotic-occlusive lesions (SOL)
of the tibial segment arteries by creating an algorithm
of diagnostic and treatment tactics using intraopera-
tive debitometry, microcirculation assessment using
percutaneous measurement of transcutaneous oxygen
pressure (TcPO2) in foot tissues and using the angio-
somal concept.

MATERIALS AND METHODS

The results of surgical treatment of 137 patients with
type 2 diabetes mellitus, with IF DFS on the background
of SOL of the tibial arteries with threatening ischemia
of the lower limb and ischemic genesis necrosis of
the foot, who underwent treatment at the Center for
Vascular Surgery of the Clinical Hospital «Feofaniya»
State Administrative Department during 2014-2022
were analyzed. There were 86 men (62,8%), 51 women
(37,2%). The age of the patients ranged from 58 to 78
years.

Inclusion criteria of patients in the study were:

1. Grade IV footischemia with the presence of necrotic
tissue damage to the foot, which did not exclude the
restoration of the supporting function of the limb;

2. SOL of the tibial segment arteries;

3. Patency of the superficial femoral vein (SFV),
popliteal artery (PA), the presence of angiosome, or
at least one passing artery of the foot.

Exclusion criteria were as follows:

1. Presence of acute coronary syndrome. Myocardial
infarction, acute disruption of cerebral blood circu-
lation within the last 6 months;

2. Predicted life expectancy up to 12 months;

3. Disseminated purulent-necrotic lesions of the foot,
which required amputation;

4. Patients’unwillingness to perform the examination
and treatment procedures.

All patients underwent ultrasound duplex scanning of

the lower extremities arteries in the preoperative period

using “Flex focus” made by “BK Medical” (Denmark).

Angiography was performed by puncture of the SFV

outfall under ultrasound control (Ukrainian Patent

for Utility Model N2. 114970) using “Euroampli ALIEN”
angiographic system made by “EUROCOLUMBUS SRL”

(Italy).

All 137 patients underwent enovascular interventions
in the form of balloon angioplasty of the the lower leg
segment arteries. The PA debit rate was measured using
the following method: after installing a 6F introducer
in the distal direction through the SFV outfall, a 0,035"
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hydrophilic guidewire was passed into the PA, a 6F
catheter was passed through it, and 20 ml of “Ultravist
370" contrast diluted with saline in a 1:1 ratio was
injected into the catheter at a rate that excluded
overflow of the SFV with contrast discharge into the
deep femoral artery and branches of the common
femoral artery. For X-ray control, the angiographic
system “Euroampli ALIEN” made by “EUROCOLUMBUS
SRL” (Italy) was used. The time during which all the
contrast left the PA was determined and the PA debit
was calculated for 1T minute.

After that, endovascular intervention was performed
using the following technique: a hydrophilic J-shaped
guidewire 0,035" was inserted into the PA with
support from a straight or J-shaped catheter 5F and
led to the SOL zone. In the presence of SOL PA or
tibioperoneal trunk (TPT), a hydrophilic guidewire
0,035" was led beyond the SOL zone, and a dilation
catheter with a balloon with a diameter of 3,5-5 mm
was advanced through the affected area (depending
on the diameter of the artery that was planned to be
dilated). The balloon was inflated with a high-pressure
syringe with a manometer, gradually increasing the
pressure to 8-12 atm. Dilation was performed for 1-2
min with the introduction of 10 ml of a 1:200 heparin
solution into the introducer and the balloon catheter
channel. In the presence of residual stenoses in the
balloon angioplasty (BAP) zone of more than 30%, the
procedure was repeated 1-2 times until a satisfactory
result was obtained.

The technique for performing the tibial and foot
arteries BAP differed in that after passing the catheter
with a 0,035" guidewire into the PA, and entering
the target tibial artery outfall, the 0,035" hydrophilic
guidewire was removed, and instead a 0,014" straight
guidewire was inserted through the catheter. A balloon
dilation catheter with a 2,0-3,0 mm diameter and a 10-
22 cm length was passed through the 0,014" guidewire
to the target tibial artery (depending on the artery
diameter that was planned to be dilated and the length
of the SOL zone), leaving the end of the guidewire 2-3
c¢m long free. Using the balloon catheter as a support
for the guidewire, both were advanced simultaneously
in the distal direction through the lesion area and BAP
was performed according to the above technique.

In the foot, attempts were always made to restore the
connection between the posterior and anterior tibial
arteries by restoring patency of the external plantar
artery, the deep plantar arch, and the deep plantar
branch of the dorsalis pedis artery. After performing
BAP, the balloon catheter and introducer were removed
and manual compression was performed in the
projection of the artery puncture for 30 minutes.
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Fig. 1. Antegrade BAP of the arteries of the
popliteal segment:

A — stenosis of the PA (1), occlusion of the
branches of TPT (2);

B — PA BAP, 4,0 mm balloon;

(- restored patency of the PA, occlusion of
the initial section of the posterior tibial artery
(PTA) (1);

D — occlusion of the initial section of the PTA
recanalized with a 0,035" guidewire on a sup-
porting catheter;

E — BAP of the initial section of the PTA, 2,5
mm balloon;

F, G, J — patency of the PTA restored up to its
foot branches inclusive

Fig. 2. BAP of the anterior tibial artery (ATA)
and dorsalis pedis artery (DPA):

A — SOL of the distal third of ATA (1), the proxi-
mal third of DPA (2);

B, C— BAP of DPA and ATA;

D — restored patency of ATA and DPA;

E — contrasting of DPA branches: arcuate artery

(1) and metatarsal arteries (2)

Fig. 3. Retrograde BAP of ATA:

A — retrograde puncture and contrast of the
DPA (1) and arcuate artery (2);

B, C—retrograde BAP of the ATA;

D, E —restored patency of the ATA
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If it was not possible to pass the guidewire in the
tibial segment artery antegradely, retrograde puncture
of the distal segment of the tibial artery in the lower
third of the tibia or the corresponding foot artery was
performed with a 22G needle and a microcatheter of the
appropriate diameter was installed under ultrasound
guidance. If percutaneous puncture was impossible,
open surgical access to the target artery was performed.
A straight 0,014" guidewire was inserted through the
microcatheter and a balloon dilation catheter with
2,0-2,5 mm diameter and 10-22 cm length was passed
through it. The SOL zone was passed and BAP was
performed according to the above method. BAP was
considered successful if residual stenosis was <30%.
If residual stenosis was >30%, dilation was repeated
using a balloon catheter with a 0,5 mm larger diameter.
If surgical access to the tibial or foot artery was per-
formed, the introducer was removed after completed
intervention, the hole in the artery was sutured with
atraumatic Prolene 6-0 suture. The wound was sutured
with drainage. An aseptic bandage was applied.

Angiograms of performing BAP of the popliteal-an-
kle-foot segment arteries are shown in Fig. 1, Fig. 2, Fig. 3.

Immediately after performing the BAP, the PA debit
was determined using the above method, after which
the introducer was removed, manual compression of
the puncture area of the PA outfall was performed, and
a compression bandage was applied for 1 day.

In all patients, 3 days after BAP, TcPO2 was measured
using “TSM 4 Series” device, made by “Radiometer
Copenhagen” (Denmark) near the necrotic lesion area,
but in the area of viable tissues. Measurements were
performed over an area with a uniform capillary bed
without large arteries and veins, skin defects, and hair
cover. Placing the electrode directly over the bone may
lead to inaccurate results, especially if a change in body
position causes the skin to be stretched by the protrud-
ing bone. Significant swelling in the examination area
can also lead to inaccurate results.

During the examination, the patient was in a
horizontal position, was in comfortable conditions
and in a calm psycho-emotional state. Before the
start of the examination, the electrode was calibrated
with atmospheric air. The electrode was installed in a
fixing ring on the skin. The cavity of the fixing ring was
previously filled with 2-3 drops of electrolyte solution.

Three-five days after performing BAP, necrotectomy
was performed on the foot within viable tissues, vacuum
therapy methods were used, and a Tirsch or Reverden
free split-cutaneous perforator flaps was transplanted.

The end point of the study was considered to be
the healing of the foot wound after 1 and 3 months:
complete, partial, or absent.
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The study was carried out in accordance with the
fundamental principles outlined in the Council of
Europe Convention on Human Rights and Biomedicine,
the Declaration of Helsinki adopted by the World
Medical Association regarding ethical standards for
medical research involving human participants, as
well as current national legislation. The study protocol
received approval from the local ethics committee,
and written informed consent was obtained from all
participants.

RESULTS

According to the obtained indicators of PA debit after
performing BAP of the tibial segment arteries, patients
were divided into three groups. Group A included
29 patients in whom PA debit after BAP of the tibial
segment arteries increased up to 1,5 times. Group B
included 44 patients in whom PA debit after BAP of
the tibial segment arteries increased by 1,5-2 times.
Group C included 64 patients in whom PA debit after
BAP of the tibial segment arteries increased by more
than 2 times. According to the degree of increase in
PA debit after of the tibial segment arteries, patients
in group A were assigned 0 points, group B — 1 point,
group C — 2 points.

Three days after BAP, TcPO2 measurements were
performed according to the above method. In group
A, the TcPO2 index ranged from 0 to 20 mm Hg in 19
patients, from 20 to 40 mm Hg in 8 patients, and from
40 to 60 mm Hg in 2 patients. In group B, the TcPO2
index ranged from 0 to 20 mm Hg in 2 patients, from
20 to 40 mm Hg in 32 patients, and from 40 to 60 mm
Hg in 10 patients. In group C, the TcPO2 index ranged
from 0 to 20 mm Hg in 1 patient, from 20 to 40 mm Hg
in 20 patients, and from 40 to 60 mm Hg in 43 patients.
Patients with a TcPO2 index of 0-20 mm Hg were
assigned 0 points, 20-40 mm Hg - 1 point, and 40-60
mm Hg - 2 points.

The analysis of the results of BAP was carried out
according to the angiosomal concept. Restoration of
blood supply to the necrotic area of the foot through
the angiosomal artery - this option of revascularization
was considered as direct (DR). Restoration of blood
supply to the necrotic area of the foot not through
the angiosomal artery, but through the artery that has
the most developed anatomical connections with the
angiosomal artery - collateral revascularization (CR). If
no visible collateral branches to the necrotic area were
found, this option of revascularization was considered
as indirect (IR). In group A - the DR option was not
performed in any patient; CR - 5 patients; IR - 24 patients.
In group B - DR was performed in 16 patients; CR - 22
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Table 1. Management of diabetes mellitus patients with SOL of the tibial segment arteries*

Group of The increase of PA debit after BAP Princioles of management
patients of the tibial segment arteries P 9
. Bypass in the artery of the talocrural segment or amputation of the limb at
A <1,5 times . -
the optimal level for further prosthetics
Treatment of foot wounds for 1-3 months, in the absence of at least partial
B 1,5-2 times healing of foot wounds - bypass in the artery of the talocrural segment or
amputation of the limb at the optimal level for further prosthetics
Treatment of foot wounds for up to 3 months, in the absence of at least
C 2 times partial healing of foot wounds - bypass surgery in the artery of the

talocrural segment or amputation of the limb at the optimal level for further

prosthetics

Note: * — in the absence of the possibility of determining TcP02

patients; IR - 6 patients. In group C - DR was performed
in 54 patients; CR - 8 patients; IR - 2 patients. If there was
a DR variant, the patient was awarded 2 points; CR - 1
point; IR - 0 points.

In group A, 1 month after BAP and relevant foot
operations, complete healing of foot wounds was not
achieved in any patient, partial healing - 4 patients, no
healing - 25 patients; after 3 months: complete healing
of foot wounds in 1 patient, partial healing - 3 patients,
no healing — 25 patients.

In group B, 1 month after BAP and relevant foot
operations, complete healing of foot wounds occurred
in 12 patients, partial healing - 15 patients, no healing
- 17 patients; after 3 months: complete healing of foot
wounds in 22 patients, partial healing - 12 patients, no
healing - 10 patients.

In group C, 1 month after BAP and relevant foot
surgeries, complete healing of foot wounds occurred
in 45 patients, partial healing — 10 patients, no healing
- 9 patients; after 3 months: 53 patients had complete
healing of foot wounds, 6 patients had partial healing,
and 5 patients had no healing.

An example of calculating the number of points
scored by arandom patient from group A: belonging to
group A gives “0” points, TcPO2 within 20 - 40 mm Hg
gives “1” point, the variant of BAP - CR gives “1” point.
Thus, the sum of points = 2. The maximum sum of points
for a patient from group A = 3. In total, all 29 patients
from group A scored 17 points. The average number of
points per 1 patientin group A=17/29 =0,59.

An example of calculating the number of points
scored by a random patient from group B: belonging to
group B gives a“1” point, TcPO2 within 40 - 60 mm Hg
gives“2”points, the variant of BAP - CR gives a“1”point.
Thus the sum of points =4.The maximum sum of points
for a patient from group B = 5. In total, all 44 patients
from group B scored 150 points. The average number
of points per 1 patient in group B = 150/44 = 3,41.

Here is an example of calculating the number of
points scored by a random patient from group B:

belonging to group C gives a “2” point, TcPO2 within
20 - 40 mm Hg gives “1” point, the variant of BAP - PR
gives “2" points. Thus, the sum of the points = 5. The
maximum sum of the points for a patient from group
B = 6. In total, all 64 patients from group B scored 350
points. The average number of points per 1 patient in
group B =350/64 =5,47.

The percentage of complete healing of foot wounds
in group A was 0 % after 1 month and 3,5% after 3
months; in group B - 27,3% after 1 month and 50%
after 3 months; in group C - 70,3% after 1 month and
82,8% after 3 months. Given this, we concluded: with
a patient’s score of «5-6» - the probability of healing of
foot wounds is very high, in such patients itis advisable
to focus on local wound treatment. With a score of «4»
in the patient, the probability of healing of foot wounds
is moderate. In such patients, it is advisable to focus
on local wound treatment using more modern and
expensive materials (adhesive bandages, sorbents,
gel patches, polymer coatings, etc.) and the use of
Prostaglandin E1, deproteinized hemoderivative of calf
blood, alpha-lipoic acid, vitamin complexes, etc. With
a score of «3» in the patient, the probability of healing
of foot wounds is low. If such patients do not have at
least partial healing of foot wounds after 1 month, it
is necessary to consider the possibility of performing
bypass surgery in the artery of the talocrural segment or
amputation of the limb at the optimal level for further
prosthetics. If the patient’s score is «1-2», there is no
chance of healing the foot wounds. In such patients, the
question of the possibility of performing bypass surgery
in the artery of the talocrural segment or amputation
of the limb at the optimal level for further prosthetics
should be immediately raised.

Considering the average number of points per patient
in the selected groups: A - 0,59, B - 3,41, C - 5,47, we
believe that the determination of quantitative changesin
the PA debit after performing BAP sufficiently accurately
determines the prospects for healing of foot wounds
after necrotectomy in patients with diabetes mellitus
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with grade IV foot ischemia and, in the absence of the
possibility of determining TcPO2, may be a criterion for
formulating the further tactics, being proposedinTable 1.

DISCUSSION

The concept ofimproving the quality of life dictates the need
to preserve the supporting function of the lower limb in all
possible ways when treating patients with IF DFS, sincein the
case of high amputation, numerous studies have proven a
significant decrease in the quality of life [5, 6].

It should be noted that despite the widespread
implementation of endovascular methods for the treatment
of SOL of the lower limb arteries, a generally accepted
algorithm for diagnostic and treatment tactics in patients
with IF DFS with SOL of the tibial segment arteries still does
not exist [7, 8].

The current literature has not yet fully addressed the
issue of the informativeness of intraoperative debitometry,
determination of TcPO2 in foot tissues, and the value of the
angiosomal concept in making decisions about the tactics
of endovascular revascularization [9-11]. The treatment of
foot wounds after necrectomy in patients with IF DFS with
SOL of the lower leg segment arteries after BAP is carried
out without clear criteria for how long such treatment
should last and when to switch to more radical treatment
methods. This leads to an unjustified burden on budgetary
and extra-budgetary sources of funding, because the
cost-effectiveness of medical interventions is an important
component of organizing the provision of medical care to
patients with diabetes [12].

Inthis context, the issue of choosing the optimal method of
limb revascularization in patients with diabetes mellitus and
CLLTI due to damage to the arteries of the popliteal-ankle-
foot segment remains relevant. Existing approaches require

furtherimprovement and clarification of indications for their
use. In addition, the issue of choosing the optimal treatment
tactics in patients with high surgical risk and in the absence
of the technical possibility of performing revascularization
remains insufficiently developed.

CONCLUSIONS

Measurement of TcPO2 and determination of the revas-
cularization option (DR, CR and IR) based on the results of
BAP allows to assign to patients of groups A, B and C the
appropriate number of points, the sum of which shows the
prognosis of healing of foot wounds and the timing of appli-
cation of other methods of revascularization oramputation.
The average number of points per patient in the selected
groups:A-0,59,B-3,41,C-5,47.The probability of healing
of foot wounds: 5-6 points — high, 4 points - moderate, 3
points — low, less than 3 points — absent.

The division of patients into groups A, Band C, according
totheincrease in the PA debit after BAP of the tibial arteries,
allows us to determine the tactics and timing of treatment
of foot wounds in groups: A —there is almost no prospect of
healing of foot wounds (1 month - 0 %, 3 months — 3,5 %),
urgent bypass in the artery of the talocrural segment or
amputation of the limb at the optimal level for further
prosthetics is indicated; B - the prospects of healing of foot
wounds are doubtful (1 month - 27,3 %, 3 months - 50,0 %),
treatment of foot woundsiis indicated within T month, in the
absence of at least partial healing of foot wounds - bypass
in the artery of talocrural segment or amputation; C - the
prospects for healing of foot wounds are good (1 month -
70,3 %, 3 months — 82,8 %), treatment of foot wounds for
up to 3 monthsisindicated, in the absence of at least partial
healing of foot wounds - bypass surgery in the artery of the
talocrural segment or amputation.
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ABSTRACT

Aim: To analyze the state of readiness for health-promoting behavior among university students.

Materials and Methods: The methods of analysis of normative and scientific sources, systematic analysis and generalizations, the results of our own empirical
research, questionnaire materials, and active modeling of the formation of a caring attitude towards health of modern youth were used. One hundred students
of Preschool Education and Primary Education at the bachelor level of higher education took part in the survey.

Results: The results of the study allowed us to state that students of pedagogical specialties were aware of the importance of preserving and strengthening
their own health (90%). 70% of respondents adhered to hygienic standards of living. 56% of respondents followed a diet. 25% of respondents formed the
habit of doing physical exercises daily. 80% of respondents had bad habits, 78% tried to eliminate self-destructive habits from their own behavior. 15% of
respondents were addicted to smoking. 100% of respondents used gadgets for studying and in other areas of life. 56% of respondents used mobile applications
to lead a healthy lifestyle.

Conclusions: The results of the research work allow us to state that students of pedagogical specialties do not have fully formed health-preserving skills and
abilities. The need and importance of engaging in physical culture, changing the daily routine, and eliminating self-destructive habits from their own behav-
ior have not acquired personal meaning. In their process of implementing a system of values in life, the main component — the implementation of specific

health-promoting actions and deeds in their own activities is unstable.

KEY WORDS: health-promoting behavior, health-preserving skills, educational process

INTRODUCTION

The current state of development of society puts for-
ward new requirements for the development of higher
education. Obtaining education in higher education
involves not only ensuring the qualification compe-
tence of future specialists but also the personal growth
of students. Important tasks in training future teachers
include not only their study of the system of knowledge,
professional skills, and abilities but also the formation
of the teacher’s personality with clear worldviews and
values. Health itself is a high-quality and optimal pre-
requisite for the active life of every person. Therefore,
we consider it an important task of higher education
to ensure the continuity and comprehensiveness of
educational and upbringing influence on the student’s
personality.

On the other hand, a responsible attitude towards
one's own health is formed depending on the active life
position of the individual. After all, in light of modern
research in the fields of philosophy, medicine, psychol-
ogy, and pedagogy, the focus is on the person whose
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foundation of life is health [1-4]. Any shortcomings in
the process of forming a responsible attitude towards
one’s own health and activities related to its formation
can lead to negative health trends [5-7].

The pandemic that the whole world has had to face
has brought to the forefront a research area such as the
formation of health-preserving behavior, which affects
the lifestyle of different age and professional groups
of the population. At the same time, solving this issue
is related to the need to form healthy habits, primarily
among young people, since it is during this age period
that behavioral habits and skills necessary for life are
formed, which affect the quality of health in the future.
It is worth noting that the tendency to develop bad
habits is partly formed during student years. Student
life can be described as a kind of crisis stage, character-
ized by biological development and changes in social
roles, as well as behavioral changes related to health.
Studies by various scientists show that young people
are prone to an unhealthy lifestyle (tobacco use, im-
proper diet, increased stress, low physical activity, risky
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sexual behavior, injuries and violence, etc.) [8- 13]. Such
behavior not only affects overall health, but also affects
the educational process, which can subsequently harm
professional growth. Therefore, factors that negatively
affect the formation of health-preserving behavior of
students are insufficiently formed knowledge in this
area and an unformed health-preserving environment
of higher educational institutions [14]. The lifestyle of
a modern young person can be characterized by such
concepts and phenomena as: information overload,
psychological stress, physical inactivity, overweight,
chemical and non-chemical dependence, various food
addictions, lack of high moral and ethical ideals, loss of
purpose and meaning in life [15]. The problem, in our
opinion, is that it is very difficult for the higher educa-
tion system to balance the need to optimize activities
to preserve the health of students, on the one hand,
and increasing the intensification of the educational
process to improve the quality and increase the level
of formation of necessary competencies, on the other.
Of course, the educational environment is gradually
increasing the volume of preventive health programs
and learning algorithms that minimize harm to stu-
dents’ health. But the negative factors here are both
objective circumstances (for example, the introduction
of distance learning due to the spread of coronavirus
infection, the full-scale invasion of russian troops into
the territory of Ukraine, the occupation of certain ter-
ritories, the forced evacuation of residents and entire
institutions, etc.), and subjective aspects, since students
as a special demographic group are quite active, their
requests are constantly changing, so it is necessary to
develop new forms of work with them, which, of course,
does not allow to significantly minimize the risks of
health decline and increase the importance of factors
forming health-preserving behavior for students.

AIM

The purpose of the study was to analyze the state of
readiness for health-promoting behavior among young
students.

MATERIALS AND METHODS

To update the didactic aspects of the problem, we used
methods of analysis of normative and scientific sources,
system analysis and generalisations, the results of our
own empirical studies, questionnaire materials, and
active modelling of students’ health value formation.
We conducted experiments using an empirical method
of conducting scientific pedagogical research, namely
the survey method. We chose a half-open type of survey

(in addition to selecting an answer, respondents could
also express their own point of view).

To process the results, we used the mathematical
registration method, which allowed us to identify cer-
tain qualities in the analysed phenomena. To improve
clarity and the convenience of further analysis of the
findings, we used a graphical method of representing
experimental data. We also used methods of hypothe-
sis formulation, systemic analysis, and generalisation,
which enabled us to draw conclusions in our research.

The study was conducted using the questionnaire
method. One hundred students of Preschool Education
and Primary Education at the bachelor level of higher
education took partin the survey. These were students
in their first and second years of full-time study, who
had just begun studying academic disciplines from
the professional block. Junior year students study the
content component of the academic discipline“Human-
ities: Integrated Course”, which involves systematising
knowledge about the morphofunctional features of
the human body, health and its factors, the hygienic
foundations of education, disease prevention, and
the active role of the individual in building their own
trajectory towards a healthy lifestyle.

In the third year, students study academic disciplines
such as “Health-Preserving Technologies in Preschool
Education”and “Social, Health and Physical Education’,
with the aim of forming the professional competence
of future teachers in preserving and strengthening the
health of preschool and primary school children, and in
ideologically rethinking the priority of the problem of
health preservation.Itis worth noting that a large part of
students (70%) live in a dormitory or rent housing. That
is, students plan all processes of daily life independently,
make independent decisions to a certain extent, learn
independence and responsibility, cooperate with
teachers and peers, and adapt to new conditions of life,
learning, and communication.

The purpose of the questionnaire is to obtain infor-
mation regarding students'understanding of the need
to take care of their own health, analyze their physical
condition, the prerequisites for maintaining a healthy
lifestyle, and the ability to make daily health decisions.

The questionnaire included the following open and
closed questions:

1. Do you follow a sleep schedule? (What time do
you fall asleep, what time do you wake up? Do you get
enough sleep? Why?).

2. Doyouchange your daily routine because of the
exam session? (What changes are happening in your
daily routine?).

3. Doyou have a habit of washing your hands? (How
often do you wash your hands and why?).
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4. Doyouhave aneedand have you formed a habit
of doing physical exercises daily?

5. What is your motivation to exercise?

6. Doyouknow any physical exercises that help you
relieve your spine during prolonged sitting and relieve
blood stagnation in the pelvic organs? How often do
you perform them?

7. Do you follow a diet?

8. Whatfoods do you prefer? (dairy products, meat,
fish, fresh vegetables and fruits).

9. Doesyour behavior change during the epidemic,
when the incidence of influenza and SARS increases?
(taking vitamins, enriching your diet with fruits and
vegetables, washing your hands, using a medical mask,
clothing).

10. Do you practice eye hygiene? What do you do to
relieve stress?

11. Doyou practice good hearing hygiene? How long
do you use headphones during the day? Do you think
that using headphones negatively affects your hearing?

12. Forwhat purpose do you use gadgets? (studying,
games, communication, information, etc.).

13. How exactly do you use gadgets during learning
activities? (explain).

14. How much time do you spend on gadgets and
paper media (during a day or other period)?

15. Do you have any bad habits and what are they?

16. If you smoke, to what extent are you addicted to
this habit?

17. Do you try to eliminate self-destructive habits
from your own behavior (smoking, coffee, overeating,
laziness, negative emotions, gadget addiction, inactiv-
ity, etc.)?

18. Do you use mobile applications to lead a healthy
lifestyle? (specify which ones).

In this study, the authors adhered to the Ethical Prin-
ciples for Medical Research Involving Human Subjects
outlined in the World Medical Association’s Declaration
of Helsinki and current Ukrainian regulations. The study
protocol was approved by the local ethics committee.
Participation in the survey was voluntary and anonymous.

RESULTS

The results of the analysis of students’ responses to the
questionnaire were as follows. The vast majority of respon-
dents (70%) answered the first question that they do not
manage to follow the sleep schedule even with a great
desire and there is not enough time for sleep.Generalized
reasons for not following a sleep schedule are: studying
(the need to perform a significant number of tasks);
studying in two shifts; combining studying and working;
communicating with peers; addiction to gadgets, etc. Only
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30% of respondents affirmatively answered that they fol-
low this regime or try to ensure healthy sleep. It should be
noted that all students (100%) indicated disturbed sleep
or insomnia due to the war in Ukraine, constant air raids,
and missile and drone attacks from russia.

To the second question, 56% of respondents an-
swered that preparing for exams does not fundamen-
tally affect the routine of life processes. 44% of respon-
dents indicated certain changes in their daily routine:
going to bed later (preparing for the exam) and waking
up earlier, emotional experiences, postponing various
matters (personal, household) for later.

100% of respondents answered affirmatively to the
third question. In most of the students’ responses, we
found fairly thorough explanations of the importance
of frequent hand washing: taking care of your health,
maintaining your own hygiene, adhering to health
culture norms, and preventing diseases. Students also
noted that they washed their hands more frequently
and thoroughly during the COVID-19 pandemic.We
must explain why we included this simple question in
the questionnaire, because hand washing is a cultural
and hygienic skill that is formed from early childhood.
However, the experience of the authors of the article,
conversations with students, and observations allow
us to state that not everyone washes their hands thor-
oughly and correctly, although they are «convinced» of
the correctness of performing this procedure. But it is
precisely with this habit that the teacher demonstrates
to children a daily practical example of caring for their
own health and the health of others.

25% of respondents answered affirmatively to the
fourth question. 75% of respondents do not have a
habit of daily physical exercise. However, a significant
number of them need and dream or plan to engage in
physical education.

The students answered the fifth question as follows:
50% of respondents are convinced that physical exer-
cises help to be beautiful, slim, contribute to physical
perfection, and to receive aesthetic pleasure from
a beautiful body shape.The importance of physical
exercise for physical health and emotional relief was
indicated by 40% of respondents. 10% of respondents
noted that they are motivated by active recreation,
good health, energy for the whole day, the desire to
look and feel confident, become better and stronger,
and have a flexible body.

To the sixth question 24% of students answered that
they perform such exercises and that there is a need to
perform physical exercises for this purpose. The majority
of students (76%) indicated that they are not bothered
by prolonged static sitting for now, and they do not
have an urgent need to perform this type of exercise.
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Although they noted that they change body position
and take a dynamic break if necessary.

44% of respondents answered the seventh question
of the proposed questionnaire that they do not follow
a diet, 56% - follow a diet.

To the eighth question the answers were varied: 84%
of respondents said they like fresh vegetables and fruits;
62% of respondents consume dairy products; 87%
prefer meat; 53% like fish and seafood.

To the ninth question respondents answered that
they take vitamins (44%), enrich their diet with fruits
and vegetables (59%), wear masks, systematically wash
their hands, avoid crowded places (65%), and dress
warmer (71%). 12% of respondents do not take active
measures to prevent viral diseases.

To the tenth question 56% of respondents answered
affirmatively (they do eye exercises, use drops); 44% of
respondents do not do special eye exercises.

To the eleventh question 60% of respondents indi-
cated that they use headphones for a long time during
the day, although they consider prolonged use of
headphones harmful to hearing. 40% of respondents
indicated that they observe hearing hygiene, that is,
they rarely use headphones or try to spend as little
time in headphones as possible, and they respond to
mobile phone prompts about using the gadget with
headphones for too long.

To the twelfth question 100% of respondents an-
swered that gadgets are used everywhere: during
educational activities (100%), to obtain various infor-
mation (94%), for the game (43%), using gadgets to
communicate with friends, relatives, and classmates
(97%), for the work (6%), for watching movies, photos,
videos, listening to music (20%).

To the thirteenth question, 100% of respondents
answered that they use gadgets to view educational
content. Students noted that such use of gadgets is
effective and productive for optimizing educational
activities.

To the fourteenth question, 80% of respondents
answered that they spend significantly more time on
gadgets during the day than on paper media.

To the fifteenth question, 20% of respondents an-
swered that they had no bad habits, 80% of respondents
had bad habits. The most common bad habits were
addiction to smoking, coffee, gadgets, sweets, lazi-
ness, inactivity, nail biting, lip biting. One student (1%)
thought that she perceived bad habits as a temporary
need for the body when it wanted it.

The sixteenth question aimed to clarify students’
answers to the previous question and specifically ad-
dressed young people’s addiction to smoking. 15% of
respondents answered affirmatively that they smoke.

They noted that they smoke electronic cigarettes and
do not consider them harmful to health. Sometimes
they smoke to relieve stress.

The seventeenth question also concerned students’
bad habits and was aimed at determining their read-
iness to eliminate self-destructive habits from their
own behavior. 78% of respondents agree that smoking,
coffee, overeating, laziness, negative emotions, gadget
addiction, sedentary lifestyle, etc. are self-destructive
habits. They are trying to think about it and take steps
to reduce their dependence on these habits. 22% of
respondents indicated that they do not plan to change
their own lives because they are satisfied with them
and that certain bad habits do not affect their physical
and emotional state.

The following answers were received to the eigh-
teenth question: 56% of respondents use mobile apps
tolead a healthy lifestyle: <MindStrong Sport - training
for the mind», Calorie counters «EatFit», «Calorie table»,
«FatSecret», «Water tracker» - water consumption con-
trol, «Step Counter — odograph, «WOWBODY», <Home
Workout», - home workouts, «Flo Period & Pregnancy
Tracker» - lunar cycle. 44% of respondents said they
do not use it.

The summarized results of students’responses to the
questionnaire are presented in the Table 1.

DISCUSSION

The results of the analysis of education seekers’respons-
es, along with conversations with students, show that
they understand the importance of health for a happy
and active life. They recognise that the responsibility for
their own health lies with the individual. They are aware
of and acknowledge the significance of physical activity
for maintaining a healthy lifestyle [1, 6]. They under-
stand the importance of following a daily routine, en-
suring proper nutrition and sleep, adhering to hygiene
standards, and eliminating negative habits and desires
from their lives as part of the health-preserving process
[13]. Students in their first and second years have an
understanding of the hygiene of organs and systems
of the body, the importance of observing sanitary and
hygienic norms concerning various life processes and
learning. They have their own views on bad habits, their
causes, and ways to eliminate them. It is important to
note that students acknowledge that they make rela-
tively little physical, intellectual, and emotional effort
to engage in adequate health behaviours.

On the other hand, the results of the analysis of
students’responses to the questionnaire lead us to be-
lieve that students are not active subjects of their own
health-preserving activities. We record in them certain
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Table 1. Summary table of students’ responses to the questionnaire regarding readiness to be healthy

Ne Question Answers (%)
1. Maintaining a sleep schedule Adhere (70%) Do not comply (30%)
2 Change of daily routine due to preparation for the exam session Changes (56%) No changes (44%)
3. Hand washing habit Formed (100%) Not formed (none)
4 The habit of doing physical exercise daily Formed (25%) Not formed (75%)
Beautiful body shape (50%)
5. Motivation for exercise Health (40%)
Active recreation (10%)
Carrying out exercises for unloading the spine Doing exercises (24%) Have no need (76%)
Compliance with the diet Adhere (56%) Do not comply (44%)
Dairy products (62%)
Meat (88%)
8. Preferred products Fish (53%)
Fresh vegetables and fruits (84%)
Take vitamins (44%)
Enrich the diet with fruits and vegetables (59%)
9. Behavioral changes during viral disease outbreaks Wear masks, wash hands more often (65%)
Dress warmer (71%)
No changes (12%)
10. Eye hygiene Adhere (56%) Do not comply (44%)
11. Hearing hygiene Adhere (60%) Do not comply (40%)
Study (100%)
Searching for different information (94%)
. Games (43%)
12. Purpose of using gadgets Communication (97%)
Job (6%)
Movies, music, videos, photos (20%)
13. Using gadgets during learning activities Use (100%) Do not use (none)
14, The ratio of the use of gadgets and paper media Gadgets (80%) Paper media (20%)
15. Presence of bad habits Present (80%) Absent (20%)
16. Smoking addiction Addicted (15%) Have no dependencies (85%)
Trying to eliminate self-destructive habits from one’s own . o Do not consider it necessary
17. behavior Are trying (78%) (229%)
18. Using mobile apps to lead a healthy lifestyle Use (56%) Do not use (44%)

knowledge, understanding, ideas, desire, readiness for
health-improving behavior. However, we do not consid-
er the skills and habits of adequate health-promoting
behavior among junior students to be sufficiently devel-
oped to speak of a conscious choice of such behaviorin
all aspects of life. The information and knowledge that
students possess about the importance of making daily
health decisions has not acquired the status of con-
viction and conscious actions to improve life through
health formation. The above-mentioned position was
particularly clearly confirmed by the students’respons-
es regarding motivation to engage in physical exercise
and the exclusion of self-destructive habits from their
own behavior. A large number of students consider
smoking, alcohol, drugs, coffee addiction, and gadget
addiction to be bad habits. They don't think about
the fact that self-destructive habits include laziness,
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overeating, negative emotions, negative thinking, a
sedentary lifestyle, etc. The personal and motivational
attitude towards the realization of physical abilities is
not formed. There is awareness of the importance of
physical exercise for health, but there is still no internal
readiness to perform it systematically.

We are convinced that it is precisely through aware-
ness during educational activities, communication
with teachers, peers and different people, pedagogical
practice, and leisure that students acquire knowledge,
skills and abilities, and gain valuable life experience.
Only health-preserving skills formed on the basis of a
system of knowledge, awareness, ideas, understanding,
and systematic practice will enable students to con-
sciously use them in everyday life. So, we can claim that
health behavior skills are formed through awareness
of the importance of making health decisions, which
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is related to the emotional and sensory sphere and, of
course, volitional efforts.

PROSPECTS FOR FURTHER SCIENTIFIC
RESEARCH

In the context of this issue, promising areas of further
research are: the competence of a teacher at a higher
education institution in the field of forming a culture of
health for students; determining the motivation for stu-
dents’ readiness for health-preserving activities in a pre-
school educational institution as the basis for professional
training; improvement of the working training program
«Health-preserving technologies in preschool education;
development of the program of the selective educational
discipline «Practicum of health support for students».

CONCLUSIONS

The results of the questionnaire analysis indicate that
junior students of pedagogical specialties understand

the importance of good health as a personal and social
value. Students have certain knowledge, understand-
ing, and general ideas about the need to lead a healthy
lifestyle and adhere to the natural laws of human exis-
tence. However, there are not enough skills to convert
this knowledge into the need, ability, and determina-
tion to be healthy and harmonious, to build balanced
relationships with other people and the environment,
to live and act in accordance with one’s own health-pro-
moting worldview and based on the assimilation of the
cultural achievements of humanity or the nation. Junior
students do not yet have an orientation towards the
formation and preservation of health as an important
personal and motivational need.

In fact, the individual himself must understand that
knowledge, understanding, awareness and implemen-
tation into practice of daily health solutions are the
key points on which the fullness of life will depend.
Readiness for health-promoting behavior undoubtedly
depends on each person’s activity, level of aspirations,
interests, needs, awareness, and responsibility.
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ABSTRACT

Aim: To develop a prognostic algorithm, taking into account the blood concentrations of medium-mass molecules (MMM), pyruvic acid (PA), and lactic acid
(LA) as markers of metabolic intoxication (MI), in order to optimize the prediction of the clinical course and treatment effectiveness in patients with chronic
myeloid leukemia (CML).

Materials and Methods: The study was conducted on 97 individuals (45 men, 52 women). The main group consisted of 77 patients with CML, aged (M £
m) 47.5 = 1.4 years: 19 in stage | (chronic), 33 in stage Il (acceleration), and 25 in stage lIl (blast crisis). The control group included 20 healthy individuals,
aged 38.9 + 1.3 years. A sequential Wald analysis, in a modified version with a 0.05 p-level threshold, was performed based on interim study results (levels of
MMM, PA, and LA in blood, in addition to standard tests).

Results: The prediction algorithm aimed at identifying patients at high risk of CML progression and evaluating treatment effectiveness was developed,
considering the MI markers. Reaching the predictive coefficient threshold sum is a criterion for determining the risk: if equal to or lower than“—19.8," the risk
is high; if greater than“—19.8," but lower than “+19.8," the risk is uncertain; if equal to or greater than“+19.8," the risk is low.

Conclusions: The algorithm enables the stratification of patients with CMLinto risk groups. The incorporation of MMM, PA, and LA into the prognostic framework
has the potential to enhance the predictive capacity of the model regarding clinical deterioration, treatment failure, etc.

KEY WORDS: chronic myeloid leukemia, peptides, lactates, pyruvates

INTRODUCTION
Recent epidemiological studies in Ukraine highlight the
deterioration of health, particularly in the context of
COVID-19 and war-related factors, unhealthy lifestyles,
and insufficient access to personalized medical care,
underscoring the urgency of individualized diagnos-
tic and therapeutic strategies for vulnerable cohorts,
including those with hematologic malignancies such
as chronic myeloid leukemia (CML) [1-5]. It is one of
the most common clonal myeloproliferative diseases,
characterized by a specific genetic abnormality - the
formation of the chimeric gene BCR-ABL due to the
translocation t(9;22), which leads to the uncontrolled
proliferation of myeloid cells [6]. Despite significant
progress in the treatment of CML, particularly due to
the introduction of tyrosine kinase inhibitors [7], the
problem of assessing the state of metabolic processes
that accompany the development and progression of
the disease remains relevant [8].

In this context, the role of systemic metabolic dis-
turbances, including so-called metabolic intoxication
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(MI), has attracted increasing attention. While markers
such as medium-mass molecules (MMM), pyruvic acid
(PA), and lactic acid (LA) are nonspecific and cannot be
used for primary diagnosis by themselves, their poten-
tial as indicators of metabolic burden and predictors
of therapy resistance or disease progression warrants
investigation. These markers may reflect systemic met-
abolic stress secondary to leukemic proliferation and
tumor-associated catabolic states and could serve as
adjunctive parameters in the comprehensive assess-
ment of disease dynamics. Recent studies, including
our own preliminary observations, have suggested
that quantitative changes in MMM, PA, and LA levels
correlate with disease stage and hematologic response
[9, 10], which implies a possible pathogenic role of Ml
in modulating leukemic cell behavior or host tolerance
to therapy [11]. Therefore, a deeper understanding of
these biochemical alterations may enhance individu-
alized risk stratification and support therapeutic deci-
sion-making in already diagnosed CML cases.

In our previous stages of research and relevant pub-
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lications, the following interim results were achieved
[9, 10]. The study has enhanced the understanding of
the diagnostic and prognostic value of plasma levels
of MMM, PA, and LA (as well as a wide set of other bio-
chemical markers) in patients with CML and identified
early predictors of failure to respond to standard thera-
py.The correlation between MI markers and peripheral
blood parameters at various stages of CML progression
was assessed [9, 10]. Quantitative characteristics of
MMM, PA, and LA fluctuations were established, con-
firming stage-dependent Ml severity; specific changes
in these markers at stage Il were linked to the risk of
febrile neutropenia [9, 10]. The research confirmed that
Ml intensity varies by disease stage, gender, age, and
disease duration, justifying the correction of metabolic
changes. It also demonstrated the diagnostic value of
analyzing plasma and serum laboratory, morphological,
and biochemical indicators [11].

The findings support using specific peripheral blood
parameters to monitor metabolic status in CML patients
and inform the development of screening tools.

AIM

The aim of the study was to develop a prognostic algo-
rithm, taking into account the blood concentrations of
medium-mass molecules, pyruvic acid, and lactic acid as
markers of metabolic intoxication, in order to optimize
the prediction of the clinical course and treatment ef-
fectiveness in patients with chronic myeloid leukemia.

MATERIALS AND METHODS

The study was a clinical prospective cohort comparative
cross-sectional study involving 97 people: the main
group consisted of 77 patients (mean [M] + standard
error of the mean [m]) (aged 47,5 + 1,4 years, ranging
35-59 years; 35 men, 42 women) with CML (19 of them
in stage | chronic, 33 in stage Il acceleration, 25 in stage
Il blast crisis), the control group consisted of 20 practi-
cally healthy individuals (aged 38,9 + 1,3 years, ranging
20-59 years; 10 men, 10 womn) as a references source
for MMM, PA, LA values.

The following methods were used in the research:
clinical (history taking, physical examination, instru-
mental), general laboratory (complete blood count with
leukocyte formula, biochemical blood count, general
urinalysis); special research methods (bone marrow
puncture with myelogram calculation, cytochemical
examination of red bone marrow and peripheral blood,
immune phenotyping of blasts in red bone marrow and
peripheral blood, lumbar puncture with biochemical
examination of cerebrospinal fluid and morphological
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examination of centrifuged preparation); special bio-
chemical studies (fluorometric, enzyme-linked immu-
nosorbent assay); and statistical methods.

Quantitative indicators were evaluated based on
the analysis of central tendency, variability, reliability
of intergroup differences, and correlations, taking
into account the nature of the data distribution. In the
presence of a normal distribution, the arithmetic mean
(M) and error of the mean (m) were calculated and
expressed in the M £ m format. At the current stage
of the study, the analysis of the distribution of clinical
characteristics between groups was performed using
a sequential Wald analysis in a modified version. To
evaluate the prognostic significance of clinical signs, we
determined the strength of influence (n? %) and infor-
mativeness (P, bits) according to the standard method.
For all statistical calculations, the significance level was
setat p <0.05. All study data were stored and processed
in a specialized database using Microsoft Excel (from the
Microsoft 365 service; version 2503, build 18623.20178).
StatSoft Statistica (version 12) and IBM SPSS Statistics
(version 22.0) were used for statistical data processing.

The study was approved by the bioethics committee,
as it complies with the basic principles of bioethics
set forth in the Declaration of Helsinki of the World
Medical Association, as well as national regulations.
All patients involved in the study provided written in-
formed consent to participate, which meets the ethical
requirements for conducting research involving human
subjects.

RESULTS

In order to use the previously published results of the
MMM, PA, LA blood concentrations and other parame-
ters study [9-11] for risk stratification based on clinical
(anamnestic, physical), psychosocial and laboratory
parameters, the parameters of their prognostic value
and strength of influence were calculated using sequen-
tial Wald analysis in a modified version, which allowed
to determine the diagnostic significance, prognostic
value and strength of influence of individual factors
on intergroup differences, as well as to calculate the
corresponding prognostic coefficients.

The threshold value required to accept one of the two
hypotheses was 19,8, which was determined according
to the formula (1-a)/p. In this calculation, the parameter
a, which corresponds to the specified probability of a
first-type error (incorrect failure to detect a threatening
result), was set at a more stringent level of 0,01. The
parameter 3, which determines the probability of the
second type of error (incorrect prediction of an unfavor-
able outcome), was chosen to be less stringent — 0,05.
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Fig. 1. Methodology for assessing the prognostic power and clinical effectiveness of a method (algorithm) for clinical course predicting in patients

with chronic myeloid leukemia

Notes: MMM — medium-mass molecules; PA — pyruvic acid; LA — lactic acid; P — prognostic value of the indicator (pat); n — rank of the factor;
TP — true positive results; TN — true negative results; FP — false positive results; FN — false negative results; Sens — sensitivity; Spec — specificity;

PPV — positive predictive value; NPV — negative predictive value

Reaching the threshold sum of the predictive coeffi-
cients served as a criterion for determining the level of
risk. If the calculated value was equal to or lower than
—19,8, the risk was assessed as high. If the sum of the
predictive coefficients is bigger than —19,8 but did not
reach +19,8, the risk level was considered uncertain. If
the sum of the predictive coefficients was equal to or
greater than +19,8, the risk was classified as low.

An algorithm for predicting the effectiveness of treat-
ment in patients with CML was developed. For each
studied indicator, its presence or absence is determined,
and the corresponding values of informativeness are
added (Fig. 1).

The proposed algorithm aims to assess the individual
risk of an adverse clinical course in patients with CML
based on the set of indicators, including blood levels
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of MMM, PA, and LA as markers of MI. While these in-
dicators are not specific to CML diagnosis per se, they
reflect the systemic metabolic burden and allow for
supplementary stratification of patients’ phenotypes,
already diagnosed using validated hematological
and molecular criteria. This stratification, in turn, con-
tributes to personalized monitoring and therapeutic
optimization.

Stage 1 (datainitialization and risk score accumulation).
The algorithm begins with a standard clinical-laboratory
examination of the patient and additional determina-
tion of MMM, PA, and LA levels. This stage involves the
calculation of a cumulative prognostic score P, which
is initialized as zero (P=0, n=0, where n is the index of a
prognostic feature). Each feature (e. g., elevated MMM
or LA, reduced PA, etc.) is assigned a specific prognostic
coefficient Pn based on its statistical informativeness
(information value, P in bits). The score is updated
iteratively: P =P +P ., where n' is the next index. This
process continues until the threshold or all selected
features are incorporated. Based on the cumulative
score, risk stratification is performed:

- if P <—19.8, the clinical case is classified as“High risk’,
i.e., high probability of disease progression, suboptimal
response to therapy, or metabolic decompensation, etc.;

-if P = 19.8, the clinical case is considered as “Low
risk”, indicating stable status and favorable therapeutic
response likelihood, etc.;

-if=19.8 < P < 19.8, therisk is“Uncertain’, warranting
enhanced surveillance.

This stratification is not of diagnostic value but serves
for dynamic prognostic assessment and therapeutic
decision-making.

Stage 2 (forecast-reality comparison). Actual clinical
outcomes (e. g., disease progression, remission, com-
plications) are compared with the forecasted risk. Four
possible outcomes are assessed:

- "true positive” (TP) — high-risk prediction confirmed
by clinical deterioration;

- “true negative” (TN) — low-risk prediction confirmed
by clinical stability or improvement;

- “false positive” (FP): high-risk prediction not con-
firmed (i. e., patient remained stable);

- “false negative” (FN): low-risk prediction contradict-
ed by clinical worsening.

This stage is essential to evaluate the real-world
performance of the risk algorithm and is repeated iter-
atively during follow-up.

Stage 3 (estimation of predictive power). Operational
characteristics of the algorithm are calculated by repre-
sented standard formulas using the data from Stage 2:

- sensitivity — Sens=TP/(TP+FN) - ability to correctly
predict deterioration;
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- specificity — Spec=TN/(TN+FP) — ability to correctly
identify patients with no adverse events;

- positive predictive value — PPV=TP/(TP+FP) — prob-
ability that a patient classified as high-risk actually
deteriorates;

- negative predictive value — NPV=TN/(TN+FN) -
probability that a patient classified as low-risk remains
stable.

These indices quantify the diagnostic utility of prog-
nostic modeling, complementing standard molecular
monitoring.

Stage 4 (assessment of clinical applicability). If the cal-
culated indices (particularly sensitivity and specificity)
exceed 95 %, the model is deemed clinically applicable.
If this threshold is not met, the model is recalibrated
using larger datasets, refined variables, or adjusted
thresholds. This iterative refinement is essential for
increasing robustness and external validity.

Stage 5 (predictive model deployment and validation).
The final stage entails the development and deploy-
ment of a predictive model for prospective use in
clinical settings. It is applied to new patients with CML -
those who were not included in the original dataset.
This ensures validation on independent datasets and
tests the generalizability of the approach.

In clinical terms, for any new patient with a verified
diagnosis of CML, the levels of MMM, PA, and LA are en-
tered into the algorithm. The resulting score stratifies the
patient into one of three risk categories, thereby guiding
the intensity of monitoring, consideration of therapy ad-
justment, or early intervention to prevent complications.

While cytogenetic and molecular tests (e. g., BCR-
ABL1 quantification) remain the cornerstone of CML
diagnosis and monitoring, they may not fully reflect
the systemic metabolic stress or predict the likeli-
hood of treatment-related intolerance and febrile
complications. The inclusion of Ml markers provides a
supplementary layer of insight into the metabolic and
functional status of the patient. This can be particular-
ly useful in identifying subgroups (phenotypes) with
latent metabolic decompensation despite optimal
hematologic parameters; refining prognosis in elderly
or comorbid patients who are prone to metabolic tox-
icity; detecting early metabolic shifts preceding clinical
progression or treatment resistance.

To demonstrate the clinical utility of the proposed al-
gorithm, we provide examples of its application in three
representative patients with CML, whose biochemical
profiles of metabolic intoxication markers - MMM, PA,
and LA - were incorporated into prognostic modeling.
These cases illustrate how the algorithm facilitates risk
stratification and phenotypic pattern recognition be-
yond standard hematological parameters.
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Patient A - “high-risk” profile (Stage lll, “metabolic
decompensation phenotype”). A 54-year-old male
with blast crisis phase of CML presented with a mark-
edly elevated plasma MMM concentration (1,75 con-
ventional units (CU); reference range <1,2), increased
LA (5,2 mmol/l), and significantly decreased PA (0,72
mmol/l). These findings corresponded to a cumulative
prognostic coefficient (less than «—19,8»), classifying
the patient as high risk. This metabolic pattern reflects
a catabolicintoxication phenotype, characterized by
systemic metabolic overload, tumor lysis, and impaired
energy metabolism.The algorithm-guided assessment
allowed timely intensification of supportive therapy and
antifungal prophylaxis.

Patient B - “low-risk” profile (Stage I, “compensat-
ed metabolism phenotype”). A 41-year-old female in
chronic phase exhibited only a marginal increase in
MMM (1,32 CU), normal PA (1,12 mmol/I), and slightly
elevated LA (2,4 mmol/l). The derived prognostic co-
efficient exceeded «+19,8», consistent with a low-risk
category. The biochemical pattern indicated a com-
pensated phenotype, with minimal metabolic dys-
regulation despite the underlying neoplastic process.
This case supports the hypothesis that Ml markers can
provide early reassurance about therapeutic efficacy
and metabolic stability in favorable responders.

Patient C - “uncertain risk” profile (Stage ll, “tran-
sitional metabolic phenotype”). A 48-year-old male
in acceleration phase showed moderate elevation of
MMM (1,49 CU) and LA (3,6 mmol/l), with borderline PA
(0,91 mmol/l). The cumulative score yielded between
«-19,8» and «+19,8», placing the patient in the uncer-
tain risk category. This case exemplifies a transitional
phenotype, where MI markers signal subclinical insta-
bility. Based on algorithmic risk classification, intensi-
fied laboratory surveillance was implemented, which
allowed early detection of resistance and transition to
second-line therapy.

These representative cases illustrate how the inte-
gration of MI markers into the prognostic algorithm
enables refined patient stratification into distinct risk
and metabolic phenotypes, ranging from compensated
to decompensated profiles. Each risk category informed
therapeutic planning: “high-risk” cases prompted
proactive supportive interventions; “low-risk” profiles
allowed de-escalation of monitoring intensity; and
“uncertain-risk” patients triggered closer dynamic
reassessment.

In addition to conventional stratification models
relying solely on cytogenetic and clinical data, this
biochemical algorithm identifies subtle metabolic
shifts that often precede clinical progression or therapy
failure. Hence, the algorithm not only predicts outcome

probability but also aids in tailoring the therapeutic
landscape based on individual metabolic status.

Thus, in the context of modern clinical hematology,
a prognostic algorithm has been developed that takes
into account Ml indicators, expands the possibilities of
risk assessment, and increases the efficiency of predict-
ing the health status of patients with CML, with possible
patients’ phenotypes distinguishing. This confirms the
feasibility of its implementation in practical medicine
for use in similar clinical situations.

DISCUSSION

One of the key aspects of the identified disorders is the
relationship between the levels of metabolic markers
and the effectiveness of therapy. According to the re-
sults obtained in our study, elevated levels of middle
mass molecules correlate with reduced treatment effi-
cacy in patients with advanced disease, which is con-
firmed by data on the prediction of therapeutic failure
[10, 11]. These results indicate the need to include Ml
indicators in prognostic algorithms for assessing the
effectiveness of therapy.

As noted by Y. Wang et al. (2024) [12], an improve-
ment if Ml parameters is observed in patients who
respond well to treatment, while metabolism disorders
accompany progressive tumor intoxication. Our results
indicate the importance of taking this indicator into
account in monitoring the effectiveness of treatment
and predicting the complications [9, 11].

As previous studies have shown (J. M. Stempel et al.,
2024) [13], older patients have a higher level of Ml and
a poorer response to treatment, which is consistent
with our observations. In addition, special attention
should be paid to the management of pregnant pa-
tients with CML, since, according to E. Chelysheva et
al. (2024) [14], treatment during this period requires an
individualized approach, taking into account possible
metabolic changes.

Considerable attention in modern research is paid
to the development of prognostic models to improve
the accuracy of patient stratification. Predicting the
effectiveness of treatment allows for the consideration
of a wide range of factors and improves the accuracy
of diagnosis (S. Bernardi et al., 2024) [15]. In our study,
we proposed an algorithm that integrates laboratory
indicators of Ml into a risk assessment system.

Particular attention should be paid to achieving
remission without therapy in patients with CML. As
noted in the studies by H. Ureshino et al. (2024) [7] and
D. Cattaneo et al. (2024) [16], repeated attempts to dis-
continue therapy can have positive results if patients are
carefully selected and effective monitoring methods are
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used. The results obtained in our study [9-11] indicate
the importance of monitoring the levels of metabolic
markers as predictors of the possibility of successful
discontinuation of therapy, which is a promising area
for further research.

Undoubtedly, the importance of an integrated ap-
proach to the diagnosis and treatment of CML, taking
into account the level of MI, cannot be overstated.
Expanding existing prognostic models to include Mi
markers could potentially increase the effectiveness
of therapy and help timely identify patients at high
risk of developing complications. The actual prognostic
power of the algorithm for predicting the health status
of patients suffering from CML, based on dynamic ob-
servation, requires further studies.

CONCLUSIONS

1. The proposed algorithm enables stratification of
patients with CML into the risk groups of disease
progression based on the cumulative prognostic
coefficient derived from complex diagnostics, in-
cluding metabolic markers.

2. Theincorporation of MMM, PA, and LA into the prog-
nostic framework has a potential of enhancing the
predictive capacity of the model regarding clinical
deterioration, treatment failure, or complications
such as febrile neutropenia, etc.

Prospects for further research include evaluation of an

actual prognostic power of the algorithm on the basis

of dynamic observation with possible expanding the
analysis of Ml in patients with CML.
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The content of copper, iron and manganese in the saliva and
blood of individuals with generalized periodontitis working in
harmful industries

Zoryana B. Popovych, Volodymyr I. Sarapuk, Veronika Yu. Kateryniuk, Iryna Z. Chubiy, Iryna Z. Ostapyak,
Natalia M. Pavelko, Oleksandra V. Bazalytska
IVANO-FRANKIVSK NATIONAL MEDICAL UNIVERSITY, IVANO-FRANKIVSK, UKRAINE

ABSTRACT

Aim: Toinvestigate the content of Copper, Iron, and Manganese in the saliva and blood of patients affected by generalized periodontitis who have been working
in harmful industries for an extended period.

Materials and Methods: The study enrolled 133 employees of the Burshtyn Thermal Power Plant (TPP). A comprehensive examination was conducted in
125 individuals with chronic generalized periodontitis of | and Il degrees by clinical and biochemical methods. The study also enrolled 30 people not working
at the Burshtyn TPP, examined with intact periodontium (controls). We investigated the content of Copper, Iron, and Manganese in biological materials using
spectral analysis in 110 patients with chronic generalized periodontitis and 27 controls.

Results: The conducted examination indicated a disturbance in the content of Copper, Iron, and Manganese in the blood and mixed saliva of patients with
generalized periodontitis who were employees of the Burshtyn TPP. We observed a decrease in the level of Manganese and Iron and an increase in Copper’s
content in patients with generalized periodontitis (vs. controls), which may indicate a violated metabolism of trace elements upon chronic exposure to small
doses of heavy metal salts. The changes in the content of trace elements (particularly Copper and Manganese) were associated with the severity of the disease.
Conclusions: The changes in the level of particular trace elements in the saliva and blood of the examined individuals indicate their role in the development

of generalized periodontitis.

KEY WORDS: periodontitis, trace elements, ecology, blood, saliva

INTRODUCTION

Over the period of the last few decades, the occurrence of
dental diseases has beenincreasing.The latter is determined
by many factors such as unfavorable ecology, deterioration
of general health in adults and children, and worsening of
living conditions due to the ongoing war. According to many
observations, Ukraine is currently one of the most environ-
mentally polluted countries in Europe and in the world due to
the ongoing war. Environmental factors are considered one of
the triggerfactors which affect human health [1-7]. Therefore,
studying the role of bad ecology regarding the occurrence
and development of dental diseases remains relevant.

Numerous studies of the dento-maxillary system con-
ducted in regions of intense technogenic pollution are
gaining great importance; moreover, the question of
allocating a special section — ecological dentistry — is
being raised. In this aspect, the periodontium is regarded
as an important informative structure that can be used in
ecological monitoring.

Furthermore, the constant influence of man-made envi-
ronmental pollution and psycho-emotional tension leads to
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disruption of adaptation processes and disease occurrence
[2,4, 5].This problem s a part of extensive research directed
towards early diagnosis of pre-pathological conditions, and
justification of the principles and criteria concerning the real
and maximum permissible load of adverse environmental
factors on the population [8-10]. Such a system requires
fundamental investigation, taking into account achieve-
ments in the field of medical and biological sciences in
studying the mechanisms and patterns of the biological
effects of the environment on the organism [10, 11].

In the process of the research, we examined children
and adults from Burshtyn and surrounding villages (lva-
no-Frankivsk region, Ukraine). There is a powerful thermal
power plant here. According to the Ministry of Ecology
and Natural Resources of Ukraine, by 2021 the Burshtyn
Thermal Power Plant (TPP) ranked third in Ukraine in terms
of emissions of pollutants into the atmosphere. About 965
thousand tons of waste were generated here during the
year (pre-war period), of which about 158.6 thousand tons
were emitted into the air. The Burshtyn TPP was repeatedly
bombed during the war, as a result of which alarge amount
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of toxic substances found in slag ash dumps, as well as other
toxic compounds, were released into the air.

The syndrome of environmentally induced lowered resis-
tance leads to the development of disorders associated with
the influence of eco-toxins and social factors, and causes
elevated sensitivity of the body to adverse factors.

Copper is an element which is recommended for the
assessment of human health in case of exposure to heavy
metals [11]. This trace element enhances bone re-calcifica-
tion, promotes the reversal of osteoporotic processes, and
plays an important role in bone metabolism.

Cadmium ranks first in terms of toxicity among heavy
metals and significantly affects both specificand nonspecif-
ic changesin the human body.We have already reported on
the content of this trace element in our previous studies [6].

Iron is closely related to Cadmium. Its sufficientamount in
food prevents the absorption of Cadmium.Iron also plays an
important rolein metabolic processes in areas of osteoporosis,
in the formation of bone tissue, and has a positive effect on
the formation of hydroxylapatites in the osteoid substance.

Manganese also has a protective effect. It is part of the
active center in many enzymes, superoxide dismutase in
particular, which are involvedin protecting against peroxide
radicals. Manganese affects the activity of phosphatases,
which are involved in the metabolism of phosphorus-calci-
um compounds and influences the growth and maturation
of cartilage and bone tissue.

We would like to report on the results regarding the
content of trace elements (Copper, Iron, Manganese) in
biological fluids — blood and mixed saliva — in people
who have been employees of a thermal power plant for a
long period of time and who live near this enterprise as well.

AIM

The aim of the research is to study the content of
Copper, Iron, and Manganese in mixed saliva and blood
in those affected with generalized periodontitis work-
ing in hazardous production for a long time.

MATERIALS AND METHODS

There were 163 people enrolled in this study, namely:
133 employees of the Burshtyn TPP and 30 people who do
not work at the Burshtyn TPP. Among them were 109 men
and 54 women aged from 20 to 49 years. One hundred and
thirty-three employees of the Burshtyn TPP were diagnosed
with generalized periodontitis of |and Il degrees of severity,
of whom 125 were diagnosed with chronic periodontitis
and 8 were affected by acute periodontitis, which amount-
ed t0 93.98% and 6.02%, respectively.

A comprehensive examination was conducted in 125 pa-
tients with chronic generalized periodontitis of |and Il degrees

of severity (among them were 64 patients with generalized
periodontitis of | degree and 61 with generalized periodon-
titis of Il degree) using clinical (including periodontal pocket
depth, Ramfjord Index [RI], and bleeding index by Miihle-
mann), biochemical, and radiological research methods; and
there were also 30 people not working at the Burshtyn TPP ex-
amined with intact periodontium. The obtained results were
recorded in the patients’ outpatient charts. The examination
consisted of complaints, and medical, social, and life history.

Biochemical studies were conducted at the Center for
Bioelementology of lvano-Frankivsk National Medical
University (Head of the Department — Doctor of Biological
Sciences, Professor G.M. Erstenyuk).

Quantitative determination of micro- and macro-ele-
ments (Iron, Copper, Manganese) in biological material
was performed by the spectral method in 110 patients
with generalized periodontitis and 27 people with intact
periodontium. Biological fluids (blood and saliva) of patients
were collected before breakfast, then dried ata temperature
of 70-80°C. After drying, they were ashed ina muffle furnace
at a temperature of 450-500°C.

Mineralization was carried out until the ash was free of
coalimpurities. Determination of Iron, Copper,and Manga-
nese was carried out in ash solutions using an atomic ab-
sorption spectrophotometer C-115“Saturn”in accordance
with the requirements of the state standard and regulations.

All examinations were performed only with the voluntary
written consent of the patients and in compliance with all
bioethical norms, particularly the Declaration of Helsinki, and
according to Ukrainian legislative and regulatory documents.

The data were analyzed using Statistica v. 14.0 (TIBCO
Software Inc., USA) software. Quantitative variables were
presented as mean = standard error of the mean. We used
the Student’s t-test or ANOVA (with the Tukey’s HSD post
hoc test) forindependent samples (to compare two or three
independent groups of subjects, respectively). A p-value <
0.05 was considered statistically significant (considering the
Bonferroni correction).

RESULTS
The data on the clinical characteristics of patients with
chronic generalized periodontitis are presented in Table 1.
It was established that there was a significant increase
in the depth of periodontal pockets in patients with gen-
eralized periodontitis of Il degree by 25.16%, up to (3.83 =
0.04) mm, while in patients with generalized periodontitis
of | degree, this indicator was (3.06 £ 0.06) mm (p < 0.001).
The study of the Rl also showed its notable increase
depending on the severity of generalized periodontitis.
The Rl was (4.26 + 0.14) points in the case of generalized
periodontitis of | degree, increasing up to (4.63 + 0.06) points
in individuals with generalized periodontitis of Il degree.
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Table 1. Clinical characteristics of condition of periodontal tissues in patients with chronic generalized periodontitis

Patients with chronic generalized

Patients with chronic generalized

Indicators periodontitis of | degree periodontitis of Il degree P
n=64 n=61
Periodontal pocket depth, mm 3,06+0,06 3,83+0,04 <0,001
RI, points 4,26+0,14 4,63+0,07 <0,05
Bleeding index 1,330,09 2,250,10 <0,001

by Mihlemann, points

Table 2. The content of trace elements in the blood and oral liquid of patients with generalized periodontitis and controls with intact periodontium

People with intact

Patients with chronic generalized

Patients with chronic generalized

Indicators periodontium periodontitis of | degree periodontitis of Il degree
n=27 n=56 n=54
0,22+0,01
+
Copper’ Blood 0,1 7i0,01 0’;26%$1 p<0,001
mg% / ! p,<0,001
raw sub. - 20,34+0,99 21,43+0,96
Oral liquid 17,19+0,92 0<0,05 0<0,05
67,70+2,96 63,75%3,00
|r0n, Blood 79,68i2,93 p<0,05 p<0,00,|
mg% /
+
raw sub. Oral liquid 0,79+0,03 0,67+0,03 0.590,04
p<0,05
3,00+0,06
+
Manganese, Blood 3,90i0,06 3;)4;50_(())6916 p<0,001
mcg% / ' p,<0,001
raw sub. - 0,02+0,002 0,01£0,003
Oral liquid 0,03+0,002 0<0,05 0<0,001

Note: p — the significance of difference between the indicators of people with intact periodontium and patients with generalized periodontitis of | and
Il degrees, p1— the significance of difference between the indicators of patients with generalized periodontitis of I and Il degrees

When studying the Miihlemann bleeding index, its
growth was observed with the progression of the disease
(seeTable 1).In the group of patients with generalized peri-
odontitis of | degree, this indicator was (1.33 + 0.09) points,
increasing by 69.17%to (2.25 +0.10) points in patients with
generalized periodontitis of Il degree (p < 0.001).

Thus, the study of the clinical condition of periodontal
tissues in employees of the Burshtyn TPP suggests that
there was a significant increase in all indicators in patients
with generalized periodontitis as the pathological process
in the periodontium progressed.

The results of our study, concerning the level of trace ele-
ments in the blood and oral fluid (mixed saliva) of Burshtyn
TPPworkers and controls (those not working at the Burshtyn
TPP with intact periodontium), are illustrated in Table 2. The
data obtained indicate a disruption of the trace element sta-
tus, reflected in fluctuations of the statistical results. As can be
seen from Table 2, the level of Copper, Iron, and Manganese
in those diagnosed with generalized periodontitis is clearly
associated with the severity of the disease.

In particular, there was an increase in Copper in the
blood of patients with generalized periodontitis of degree
I, with its level rising by 11.76% compared to (0.17 = 0.01)
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mg%/raw sub. in subjects with intact periodontium (p <
0.01). In the case of generalized periodontitis of degree
I, the concentration of Copper in the blood increased by
29.41%, reaching (0.22 £+ 0.01) mg%/raw sub. (p < 0.001
vs. both periodontitis | degree and intact periodontium).

Similar changes were observed in the oral fluid (mixed
saliva). The amount of Copper in the oral fluid of patients
with generalized periodontitis of degree | was (20.34 +0.99)
mg%/raw sub., and of degree Il - (21.43 + 0.96) mg%/raw
sub.,, exceeding the corresponding indicator of people with
intact periodontium (17.19+0.92) mg%/raw sub. by 18.32%
and 24.66%, respectively (p < 0.05 for both comparisons).

When studying the amount of Iron in patients with
generalized periodontitis, it was found that its level de-
creased with the progression of the pathological process
(see Table 2). If in the blood of patients with generalized
periodontitis of degree |, its concentration decreased by
15.04%, then in patients with generalized periodontitis
of degree I, it also declined by 20.00%, compared to the
indicator in people with intact periodontium.

A significant reduction of Iron was detected in the oral
fluid of patients with generalized periodontitis of degreell,
down to (0.59 + 0.04) mg%/raw sub., which differed from
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the indicator in controls (0.79 £ 0.03) mg%/raw sub. by
25.32% (p < 0.05).

The study demonstrates that the amount of Manganese
also decreased in patients with generalized periodontitis,
namely: in the case of degree |, it lowered significantly by
11.54% in the blood and by 29.04% in the oral fluid; in the
case of degree ll, its level reduced by 33.33% in the blood
and by 66.67% in the oral fluid (data compared with the
corresponding indicators of individuals with intact peri-
odontium). Additionally, the patients with generalized
periodontitis of degree Il demonstrated a lower level of
Manganese, as opposed to those with degree | (Table 2).

Therefore, the results of the study show disturbances in
the levels of Copper, Iron, and Manganese in the biological
fluids of patients affected by generalized periodontitis, who
have lived nearby and worked at the Burshtyn TPP for an
extended period of time. There is a significant rise in Copper
andadeclinein Ironand Manganese levels in those affected
by generalized periodontitis.

DISCUSSION

There are notable changes in the microelement spectrum
foundin the blood and mixed saliva of the examined patients,
namely: a decreased amount of Manganese and Iron and an
increased amount of Copper, which may indicate a disturbed
metabolism of microelements under conditions of chronic
exposure to small doses of heavy metal salts. Therefore, it can
be concluded that the severity of generalized periodontitis
is caused by changes in the content of trace elements that
affect the permeability of cell membranes, the activity of en-
zymes responsible for compensatory mechanismsin tissues,
including the periodontium. The latter is confirmed by the
disordered microelement spectrum of blood and saliva in
cases of worsening of the disease. The results of our studies
are consistent with the studies of other scientists [12-15]. It
has also been proved that the imbalance of microelements
affects all organs and systems of the human body, causing

various pathological conditions such as diabetes mellitus [13]
and cardiovascular diseases [14]. The authors also indicate
that Copper is an essential trace element for normal cell
functioning; its deficiency has been reported to impair the
function of vital copper-binding enzymes, while its excess
can lead to cell death [13]. The precise and tight regulation
of Copper homeostasis is summarized, and recent advances
regarding the relationship between diabetes and plasma
Copper are discussed.

The influence of heavy metals on the course of cancer has
also been proven [9], as well as their effect on the develop-
ment of Alzheimer’s disease [15]. The authors admit that the
disease is a complex multi-factorial disorder in which the con-
vergence of polygenic, epigenetic, environmental, vascular,
and metabolic factors tend to enhance susceptibility to the
disease and shape ts course. One of the cofactors converging
with Alzheimer’s disease is brain metal dysregulation.

There is a correlation reflected in the results of our study,
which evidences the disturbances in Copper, Iron, and Man-
ganese content in biological fluids of patients with general-
ized periodontitis workingin poor environmental conditions.

CONCLUSIONS

The analysis of the gained results and the data of sci-
entific research allow us to suggest that generalized
periodontitis found in workers employed in hazardous
production and living in adverse environmental con-
ditions may be caused by technogenic microelemen-
tosis, which is characterized by an increased content
of Copper in biological fluids and a decreased level of
essential microelements (namely Iron and Manganese).
The established changes in the microelement spectrum
could lead to a disruption in the ratio of osteogenesis
and osteolysis, decreased synthesis, and increased col-
lagen breakdown, which weakens the mineralization
of the organic matrix of periodontal bone tissue and
enhances its resorption.
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Clinical and laboratory correlates of kidney function in
multiple myeloma patients
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ABSTRACT

Aim: To investigate the relationships of kidney function with clinical and laboratory parameters in multiple myeloma (MM) patients.

Materials and Methods: A cross-sectional study involved 105 MM patients. Data included clinical manifestations and standard laboratory parameters.
Kidney function was assessed via estimated glomerular filtration rate (eGFR), serum creatinine, urea, uric acid (UA), calcium (Ca), and albumin-to-creatinine
ratio (ACR). The markers of MM activity and burden included M-protein, beta-2 microglobulin (32m), albumin, hemoglobin (Hb), lactate dehydrogenase (LDH)
and platelets (PLT). Rank biserial correlation assessed associations between symptoms and laboratory parameters. Rank-based canonical correlation analysis
(RCCA) explored the multivariate relationship between six kidney function indicators and six MM-related markers.

Results: Common laboratory abnormalities included elevated p2m (90,5 %) and anemia (indicated by low Hb in 52,4 % of patients). Frequent symptoms
included bone pain (71,4 %) and weakness (68,6 %). Symptoms like weakness/breathlessness correlated significantly with (B2m, M-protein) and renal impair-
ment (creatinine, ACR, eGFR). RCCA identified one significant canonical correlation (R1=0,497; p=0,013), linking impaired renal function (characterized by low
eGFR, high ACR, creatinine and urea) with a myeloma profile indicative of disease activity and burden (high $2m, low Hb, low albumin, and high M-protein).
Conclusions: The study confirms a significant multivariate association between a profile of impaired renal function and markers reflecting MM activity, hema-
topoietic suppression and systemic burden. These findings underscore the multifactorial nature of MM-related kidney injury and highlight the clinical utility
of monitoring key laboratory markers (including eGFR, ACR, creatinine, 2m, Hb and albumin) alongside clinical evaluation for comprehensive assessment

and management of MM patients.

KEY WORDS: multiple myeloma, chronic kidney disease, anemia

INTRODUCTION

Multiple myeloma (MM) is a malignant hematological
disease characterized by the proliferation of plasma cellsin
the bone marrow and excessive production of monoclonal
immunoglobulin - the M-protein [1]. MM is a multi-stage
process that begins with the formation of a plasma cell
clone, which subsequently undergoes malignant transfor-
mation, leading to the development of plasma cell myelo-
ma - thefinal stage of the disease. The disease manifests as
anemia, recurrent infections, osteolytic bone lesions, and
hypercalcemia. One of the most frequent complications
of this disease is kidney damage, which occurs in 20-50%
of patients at initial presentation, and 10-13% of patients
require dialysis at the time of diagnosis.

This significantly increases morbidity and mortality
and limits treatment strategies [2, 3]. MM is associated
with the highest rate of kidney damage among all
cancer [4]. The mechanism of kidney damage in MM
is multifactorial; however, the most common basis of
“myeloma kidney” is the excessive excretion of free

Wiad Lek. 2025;78(6):1019-1025. doi: 10.36740/WLek/207359 € Dol

light chains that deposit in the distal and proximal
tubules of nephrons. Another cause that leads to im-
paired renal function is hypercalcemia and hypercal-
ciuria with subsequent hypovolemia, which leads to
prerenal renal failure. Hyperuricemia and tumor lysis
syndrome, amyloidosis, and microthrombotic lesions
are also significant. In addition, nephrotoxic cytostatic
drugs used in modern chemotherapy regimens, radio-
contrast agents, and nonsteroidal anti-inflammatory
drugs can lead to kidney dysfunction [5]. Additional
risk factors for chronic kidney disease (CKD) in MM are
the combined occurrences of hypertension and type 2
diabetes mellitus.

Despite the fact that this topicis well researched, it has
not lostits relevance due to advances in understanding
the pathogenesis of MM and CKD, as well as the devel-
opment of new treatments for both nosologies. And
the fact that CKD is one of the main causes of death in
patients with MM further justifies the importance of
timely intervention.

1019


https://wiadlek.pl/06-2025/
https://www.doi.org/10.36740/WLek/207359

Halyna R. Savuliak et al.

Table 1. Baseline characteristics of the study cohort (N=105)

Indicators Median [Q1; Q3] 95 % ClI
Body mass index (kg/m?) 27,3 [24,5;30,2] [26,1;28,3]
Systolic blood pressure (SBP, mm Hg) 135,0[120,0; 145,0] [130,0; 140,0]
Diastolic blood pressure (DBP, mm Hg) 90,0 [80,0; 95,01 [85,0; 90,01
Leukocytes (WBC, x10%/L) 4,9 [3,6; 6,4] [4,4;5,4]
Erythrocytes (RBC, x10'%/L) 3,9[3,6;4,2] [3,8; 4,0

Hemoglobin (Hb, g/L)

126,0[114,0; 135,0]

[121,0; 129,0]

Platelets (PLT, x10%/L)

196,0 [146,0; 241,0]

[177,0;216,0]

Erythrocyte sedimentation rate (ESR, mm/h) 24,0[12,0;37,0] [19,0; 28,01
ALP (U/L) 74,0 [49,8; 92,8] [61,6; 80,3]
ALT (U/L) 20,5 [15,5;30,0] [17,8; 24,3]
AST (U/L) 19,9[16,0; 23,6] [18,0;20,9]
GGT (U/L) 35,0 [25,0; 44,0] [32,0;37,0]
Glucose (mmol/L) 5,5[5,0; 6,0] [5,3;5,7]
Total protein (TP, g/L) 69,5 [63,8; 73,0] [67,8;70,7]
UA (umol/L) 278,7[216,7; 345,2] [246,0; 308,3]
Ca (mmol/L) 2,36 [2,27;2,48] [2,29; 2,37]
Urea (mmol/L) 541[4,3;71] [4,9;5,9]
Creatinine (umol/L) 80,1 [61,0; 95,4] [73,1;83,9]
eGFR (CKD-EPI, mL/min/1,73m?) 85,0[61,0; 101,0] [77,0; 92,0]
2m (mg/L) 3,7[2,2;6,1] [3,0;4,9]
Fibrinogen (g/L) 3,002,1;3,8] [2,4;3,2]
D-dimer (ng/mL) 320,0[220,0; 580,0] [250,0; 440,0]
Albumin (g/L) 40,8 [36,4; 43,8] [38,6;42,1]
M-protein (g/L)* 8,82[4,9; 23,7] [7,35;18,7]
ACR (mg/qg) 30,1 [5,6; 45,4] [114; 34,1]
LDH 285,1[246,0; 345,5] [269;310]
CRP (C-reactive protein) 6 [6; 6] [6; 6]

Note: * — M-protein was detected in 35 out of 105 patients (33,3 % [95 % (I 24,6-43,3 %)])

AIM

The aim of the study was to investigate the relationships
of kidney function with clinical and laboratory param-
eters in MM patients.

MATERIALS AND METHODS
The study included 105 patients with MM who were un-
dergoing treatment or observation at the State Institution
“Institute of Pathology and Cell Therapy of the National
Academy of Medical Sciences of Ukraine” (Lviv, Ukraine).
The diagnosis of MM was made according to NCCN Clinical
Practice Guidelines in Oncology, Version 2.2024 [6].
Inclusion criteria were: documented MM, age between
18 and 85 years, patient consent to participate in the
study, and ability to cooperate adequately during the
study process. Exclusion criteria were: patient refusal to
participate, age <18 years, evidence of acute infectious
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processes of any etiology, pregnancy and lactation, de-
compensated heart failure and mental disorders.

The study was conducted in accordance with the
Helsinki Declaration, the Convention for the Protection
of Human Rights and Biomedicine, and the legislation
of Ukraine, and was approved by the Ethics Committee
of Scientific Research of the Danylo Halytskyi Lviv Na-
tional Medical University: Protocol No. 1, dated January
23,2023. All patients signed an informed consent form
prior to the study.

The mean age of the subjects was 57,2+8,80 years
(mean = standard deviation [SD]). The cohort included
50 (47,6% [95% Cl 38,3-57,1%]) women and 55 (52,4%
[95% Cl 42,9-61,7%]) men.

All patients underwent a thorough collection of com-
plaints, medical history, and life history, as well as gen-
eral clinical and laboratory examinations. These exam-
inations included: a complete blood count, biochemical
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Table 2. Association of clinical manifestations with laboratory and demographic parameters in MM patients (rank biserial correlation coefficient [r]; N=105)

Parameter Weakness ?;;?: Lo;s’:i;l:‘:dy Iz:‘::tel;; Ne‘:;:;pa- Infections Diarrhea Co:\is::‘pa- Dy::)aep-
SBP 0,25% 0,15 0,40% 0,10 -0,04 -0,23 -0,09 -0,08 —0,29**
DBP 0,23* 0,16 0,06 0,09 0,04 -0,20 0,02 -0,18 -0,19

WBC 0,18 -0,02 0,37* —0,04 —-0,05 -0,13 0,18 -0,19 0,32%*
RBC —0,50%** —0,37** —0,50%* —0,75%** 0,13 0,05 -0,20 0,03 —-0,02
Hb —0,62%** —0,38** —0,47%* —0,90%** 0,16 0,05 —0,25* -0,03 -0,13
PLT —-0,06 -0,22 -0,05 —0,43%** 0,19 0,20 —0,00 -0,24 0,11
ESR 0,43%** 0,36** 0,36* 0,44%** —-0,09 —0,05 0,14 0,05 0,14
ALP 0,12 0,25% 0,61%** 0,17 -0,21 -0,30* 0,12 —-0,08 -0,13
ALT -0,10 -0,19 0,03 -0,03 -0,23* —-0,24* -0,10 -0,18 —0,07
AST 0,05 0,14 0,13 0,23 —0,24* -0,27* 0,11 -0,21 -0,08
GGT -0,09 -0,14 0,20 0,11 —-0,05 —0,01 0,03 -0,11 -0,11
Glucose —0,05 -0,06 0,04 —0,08 -0,03 —0,05 0,13 0,37* -0,09
TP 0,03 0,11 0,32 0,04 -0,02 -0,21 -0,11 0,28 0,02
UA 0,16 0,05 0,31 0,27* -0,03 —0,24* 0,16 -0,02 0,16
Urea 0,10 0,09 0,33 0,21 —-0,26* -0,15 0,07 -0,05 0,19
Creatinine 0,26* 0,06 0,31 0,39%* -0,13 —0,33** 0,08 0,15 0,17
eGFR -0,30* -0,15 -0,40* —0,46%** 0,19 0,31** -0,12 -0,01 -0,22
f2m 0,39%** 0,37%* 0,43* 0,42%** -0,11 —0,25* 0,20 -0,07 0,03
Fibrinogen 0,16 0,09 0,10 -0,02 0,13 0,14 —0,09 0,04 -0,18
D-dimer 0,04 0,17 0,12 0,20 -0,05 -0,10 -0,09 0,03 —0,08
Albumin 0,00 —0,08 -0,10 -0,17 0,11 -0,14 -0,01 -0,14 -0,02

M-—protein 0,44%** 0,31** 0,47%* 0,31** -0,07 —0,31** -0,11 —0,05 —0,01

ACR 0,29%* 0,18 0,26 0,29* -0,17 —0,29* 0,16 —0,05 0,33**

Note: * — p < 0,05; ** —p < 0,01; *** —p < 0,001

blood tests (alanine aminotransferase [ALT], aspartate
aminotransferase [AST], alkaline phosphatase [ALP],
gamma-glutamyl transferase [GGT], lactate dehydro-
genase [LDH], creatinine, urea, uric acid [UA], glucose,
calcium [Ca], beta-2 microglobulin [2m]), coagulation
profile, blood protein electrophoresis, determination of
immunoglobulin levels, and the determination of the
albumin/creatinine ratio (ACR) in urine.

Hematological and biochemical blood tests, and
coagulation profiles were performed using standard
methods. Serum protein electrophoresis was per-
formed on a Hellabio-Vitatron electrophoretic system
(Greece). The assessment of albumin and creatinine
excretion in urine was conducted using test strips from
MICROLABBU-PLAN (Czech Republic). To assess renal
function, the estimated glomerular filtration rate (eGFR)
was calculated using an online calculator, employing
the CKD-EPI formula (2021 modification) according to
the KDIGO 2024 recommendations [7]. Baseline char-
acteristics are presented in Table 1.

All statistical analyses were performed using R soft-
ware, version 4.4.2.

Descriptive statistics were calculated for baseline
patient characteristics. Continuous variables were
assessed for normality using the Shapiro-Wilk test.
Due to deviations from normality for most variables,
continuous data were summarized and presented as
median (1** Quartile [Q1]; 3 Quartile [Q3]). The 95%
confidence interval (Cl) for the median was also calcu-
lated. Categorical variables, including the presence or
absence of clinical manifestations, were described using
absolute (n) and relative (%) frequencies. The 95 % Cl
for these proportions was computed using the Wilson
score interval method.

Rank biserial correlation coefficient (r) was calculat-
ed to assess the pairwise association between clinical
manifestations and baseline laboratory, demographic
and disease markers.

To investigate the multivariate linear relationships
between groups of variables, rank-based canonical cor-
relation analysis (RCCA) was performed. One set com-
prised six kidney function indicators (eGFR, creatinine,
ACR, urea, UA, and Ca). The second set comprised six
indicators related to myeloma and its systemic effects
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(M-protein, f2m, aloumin, Hb, LDH, and PLT). The RCCA
was conducted on patients with complete data for all
variables included in the analysis. The overall signifi-
cance of the model and the sequential significance of
the canonical correlations were evaluated using Wilk’s
Lambda statistic with Rao’s F-approximation. Canonical
correlations and structure correlations (loadings) be-
tween the original variables and the derived canonical
variates were examined for interpretation. For all statis-
tical tests, a p-value < 0,05 was considered statistically
significant.

RESULTS

Analysis of laboratory parameters in the studied cohort
(N=105) revealed frequent abnormalities characteristic
of MM. Among elevated parameters, increased 2m
was observed in 95 (90,5% [95% Cl 83,4-94,7 %])
patients, followed by a high ESR in 76 (72,4% [95%
Cl 63,2-80,0%]) patients, and elevated total protein
levelsin 18 (17,1%[95% Cl 11,1-25,5%]) patients. Renal
impairment (indicated by elevated creatinine) was
detected in 21 (20,0% [95% Cl 13,5-28,6%]) patients,
and increased CRP was detected in 22 (21,0% [95% ClI
14,3-29,7%]) patients. Hypercalcemia was noted in 15
(14,2% [95% Cl 7,6-26,2%]) patients, while elevated
UA in 11 (10,5% [95% Cl 6,1-18,9%]) patients and
elevated LDH in 9 (8,6%[95% Cl 4,6-16,2%)]) patients
were less frequent.

Concurrently, the analysis showed significant rates of
decreased parameters. Anemia was highly prevalent,
with decreased Hb found in 55 (52,4% [95% Cl 42,8-
61,7%]) patients and reduced RBC observed in 52
(49,5% [95% C1 40,1-59,0%]) patients. Other cytopenias
included thrombocytopenia, occurring in 44 (41,9%
[95% ClI 32,9-51,5%]) patients, and leukopenia in 36
(34,3% [95% Cl 25,9-43,8%]) patients. Furthermore,
prognostically significant hypoalbuminemia was
detected in 35 (33,3% [95% Cl 25,0-42,8%)]) patients.
Collectively, these findings highlight the typical patterns
of paraproteinemia, hematopoietic suppression,
renal involvement, and altered protein metabolism
associated with MM in this patient group.

The frequency of major clinical manifestations of
MM was evaluated in the cohort (N=105). The most
common findings were bone pain, which was pres-
ent in 75 (71,4% [95% Cl 62,2-79,2%)]) patients, and
weakness, observed in 72 (68,6% [95% Cl 59,2-76,7%]
patients. Neuropathy occurred in 55 (52,4% [95% Cl
42,9-61,7%]) patients. Dyspepsia was reported by 47
(44,8% [95% Cl 35,6-54,3%)]) patients. Frequent infec-
tions affected 42 (40,0% [95% ClI 31,1-49,6%)]) patients,
followed by loss of body weight in 39 (37,1% [95% Cl
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28,5-46,7%]) patients, breathlessnessin 32 (30,5% [95%
Cl 22,5-39,8%]) patients, diarrhea in 28 (26,7% [95% Cl
19,1-35,8%]) patients, and constipation in 13 (12,4%
[95% Cl 7,4-20,0%]) patients.

Analysis using rank biserial correlation revealed sig-
nificant associations between clinical manifestations
and laboratory parameters in the studied cohort (Table
2). Notably, symptoms indicative of significant disease
burden and systemic impact, such as weakness and
particularly breathlessness, demonstrated strong pos-
itive correlations with markers of inflammation and
tumor load (ESR, f2m, M-protein) and strong negative
correlations with markers of anemia (Hb, RBC). The
association between breathlessness and low Hb was
exceptionally strong (r=-0,90; p<0,001). Furthermore,
weakness, breathlessness, and loss of body weight were
significantly associated with laboratory indicators of
impaired renal function, including elevated creatinine
and ACR, and reduced eGFR.

Regarding specific symptoms, bone pain showed sig-
nificant positive correlations with markers potentially
reflecting bone turnover and disease activity (ALP, ESR,
[32m, M-protein). Similarly, loss of body weight correlat-
ed positively with ALP and other markers of disease
activity/inflammation (ESR, f2m, M-protein), as well as
with higher SBP and WBC.

In contrast, correlations for neuropathy were less
pronounced, exhibiting only weak negative associa-
tions with ALT, AST, Urea, and GFR. Findings concerning
infections were somewhat counter-intuitive, showing
negative correlations with several disease markers
(M-protein, 32m, creatinine, ACR) while positively
correlating with eGFR, suggesting a need for further
investigation. Gastrointestinal symptoms generally
exhibited fewer significant associations; constipation
was weakly linked to higher glucose levels, whereas
dyspepsia showed moderate correlations with higher
WBC and ACR, and lower SBP. Gastrointestinal symp-
toms and manifestations of neuropathy are most often
side effects of chemotherapeutic agents, rather than
direct signs of MM or kidney damage.

Further analysis was conducted to comprehensively
evaluate the relationships between MM markers and
impaired renal function using a non-parametric ap-
proach. RCCA was performed on the ranks of the six
kidney function indicators (eGFR, creatinine, ACR, urea,
UA, Ca) and six indicators related to myeloma and its
systemic effects (M-protein, f2m, albumin, Hb, LDH,
PLT).The analysis yielded six pairs of canonical variates.

The overall relationship between the two sets of
ranked variables was statistically significant accord-
ing to the Wilk's Lambda criterion (Wilk's Lambda =
0,554; F (36; 411,2) = 1,642; p = 0,013). Further testing
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Fig. 1. Structure correlations from RCCA: kidney function indicators (A) and indicators related to myeloma and its systemic effects (B)

revealed that only the first canonical correlation (R1 =
0,497) was statistically significant. Subsequent canon-
ical correlations were not statistically significant (R2 =
0,383, p=0,228; R3 =0,262, p = 0,566; R4-R6 were also
non-significant).

Interpretation focused on the structure correlations
(canonical loadings) for the first significant canonical
dimension. The first canonical variate for the ranked
kidney set (U1) was primarily characterized by a strong
negative loading for eGFR (-0,88) and strong positive
loadings for ACR (0,73), creatinine (0,58), and urea
(0,58). UA exhibited a weak positive loading (0,22),
while Ca showed a negligible loading (0,03) on U1.
The corresponding canonical variate for the ranked
myeloma set (V1) demonstrated strong positive load-
ing for 32m (0,62) and strong negative loading for Hb
(—0,59). Moderate negative loading was observed for
albumin (-0,48) and moderate positive loading for
M-protein (0,34). LDH displayed weak positive loading
(0,27), whereas PLT had a negligible loading (0,01) on
V1. (Fig. 1).

DISCUSSION

The most frequent symptoms in patients with MM are
asthenia and bone pain, anemia, susceptibility to infec-
tions, hypercalcemia, and nephrotic syndrome, which
is consistent with our results [8].

Most of the correlations we obtained in our study are
weak or moderate, indicating the complex and mul-
tifactorial nature of MM. The presence of statistically
significant correlations may indicate potential relation-

ships between these parameters, which may be useful
for understanding the pathophysiology of the disease
and the clinical evaluation of patients.

It is traditionally believed that the presence of CKD
at the time of MM diagnosis is a prognostically unfa-
vourable factor that affects overall survival, treatment
response, the risk of complications, and the quality of
life of patients [9, 10].

The multifactorial nature of the relationship between
MM and CKD, which includes numerous biomarkers of
both nosologies, requires the use of complex analytical
approaches. RCCAis one such multivariate method spe-
cifically designed to assess nonparametric relationships
between two sets of variables.

The result of RCCA statistically compacts a set of
known risk factors, such as low eGFR, low Hb, low albu-
min, high urea, high creatinine, and elevated ACR, into
a single significant correlation dimension.

This reinforces the idea of the interconnectedness of
CKD, anemia, increased f2m and hypoalbuminemia
as a central characteristic of progressive MM, which is
consistent with the results of regression models that
identify these markers as prognostic factors.

RCCA does not identify independent predictors but
captures a clinically significant and prognostically relevant
pattern of target organ damage associated with MM. A
similar study was conducted by W. Wei et al. [11] where
they retrospectively investigated the relationship between
clinicopathological characteristics and the frequency of
kidney damage, response, and survival of patients with MM.

In particular, they found that secreted monoclonal
immunoglobulin type IgG, free light chain k/A in serum,
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elevated serum Ca, elevated urea, elevated UA, and ISS
stage Il were closely associated with kidney damage.
Elevated LDH and CKD stage (G4-G5) were indepen-
dent adverse factors influencing the overall survival
of patients with MM and kidney damage. In addition,
this study provided a model for predicting treatment
response and kidney damage using 5 clinical signs,
including Ca, MM stage, pre-treatment creatinine level,
age, and sex [11].

The use of new biomarkers of acute kidney injury
(NGAL, cystatin C, TIMP-2, IGFBP7) for earlier detection
of kidney damage in patients with MM is being actively
investigated. Kidney biopsy is becoming increasingly
important for determining the type of kidney damage
and prognosis, especially in cases of atypical clinical pre-
sentation or unexplained cause of kidney damage [12].

The shift in the diagnostic and research approach
from a single marker to a cluster analysis of biomarkers,
which will reflect the complex relationships in patho-
genetic links, will allow for better prediction of the
course and response to treatment, and thus improve
therapeutic strategies.

STUDY LIMITATIONS
Despite its findings, this study has several limitations.
Firstly, the cross-sectional design restricts the ability to
establish causality between MM markers and renal func-
tion changes over time. Secondly, being a single-center
study with 105 participants, the generalizability of
results to broader MM populations may be limited.
Thirdly, the analysis relied on standard laboratory mark-
ers, excluding newer kidney injury biomarkers, kidney
biopsy data, detailed treatment histories, and molecular
characteristics, which could provide deeper insights.
Future directions. Prospective longitudinal studies are

needed to track the temporal relationship between MM
progression, treatment, and CKD development, clari-
fying causal links. Larger, multi-center studies would
enhance statistical power and generalizability. Incor-
porating novel kidney biomarkers (e.g., NGAL, Cystatin
C) and systematically correlating findings with kidney
biopsy results (when available) could improve early
detection and pathogenetic understanding. Investi-
gating the specificimpact of different MM therapies on
renal outcomes is crucial. Finally, employing advanced
statistical methods, including machine learning, may
uncover complex interactions and improve predictive
modeling for CKD in MM patients.

CONCLUSIONS

Multivariate analysis using rank-based canonical cor-
relation identified a statistically significant relationship
between a profile of impaired renal function (primarily
characterized by low eGFR, high ACR, high creatinine,
and high urea) and a profile indicative of myeloma
activity and burden (including high 32m, low Hb, low
albumin, and high M-protein). This finding statistically
reinforces the strong interplay between key disease
processes, particularly myeloma activity, hematopoietic
suppression, and renal involvement.

These results emphasize the multifactorial patho-
physiology of MM and underscore the importance of
integrating both clinical symptoms and a range of lab-
oratory markers for comprehensive patient assessment.
Monitoring parameters related to renal function (eGFR,
ACR, creatinine), anemia, and disease burden (32m,
M-protein), alongside clinical evaluation, is essential
for understanding disease status and may help inform
management strategies for patients with MM.
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ABSTRACT

Aim: To study the problems of the legal regulation of conflicts of interest in the healthcare field in Ukraine and to propose directions for improving national
legislation.

Materials and Methods: The methods of theoretical analysis, system-analytical, and comparative-legal methods provided us with the opportunity to
characterise the features of the legal regulation of preventing conflicts of interest in the area under study.

Results: It is proposed to amend anti-corruption medical legislation on issues of conflict of interest in the healthcare sector. In particular, the need to intro-
duce into legislative circulation the category and its interpretation of “conflict of interest in the healthcare sector” and “imaginary conflict of interest in the
healthcare sector” is indicated. It is also proposed to introduce, at the legislative level, both oral and written forms of notification of conflict of interest, and
to separately determine the procedure for electronic notification in this area. Additionally, a special register of notifications of conflict of interest in the area
under study should be created.

Conclusions: An unresolved conflict of interest in the healthcare sector may indirectly limit the exercise of a person’s right to healthcare and may also lead to

the commission of a corruption offence in the healthcare sector. The above indicates an urgent need to improve its legal regulation.

KEY WORDS: healthcare sector, human rights, legal regulation

INTRODUCTION

According to the data from the population survey on
the level of corruption, provided in the Anti-Corrup-
tion Strategy of Ukraine for 2021-2025, the healthcare
sector has been identified as the highest priority area
for combating corruption (38%) [1]. The same priority
area for combating corruption is indicated in the An-
ti-Corruption Programme of the Ministry of Health of
Ukraine for 2018-2020 [2]. In the State Anti-Corruption
Programme for 2023-2025, the healthcare sector is also
included among the priority areas for preventing cor-
ruption (clause 2.7). It was determined that shortcom-
ings in the legislation limit the possibilities of minimis-
ing corruption by preventing and resolving conflicts of
interest (clause 1.3), and that insufficiently transparent
procedures for selecting personnel for healthcare insti-
tutions, along with the dishonesty of medical workers,
remain pressing problems (clause 2.7.4) [3].
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However, in practice, several problematic issues of
legal regulation concerning conflicts of interest in
the healthcare sector arise. Among them, it should be
noted that certain elements of the legal mechanism for
preventing conflicts of interest in the healthcare sector
are normatively enshrined, but they are fragmented, not
interconnected, and contain shortcomings and gapsin
legislative regulation. As a result, there is an increase
in the number of offences related to corruption in the
healthcare sector. All of the above determines the rel-
evance of the chosen topic of the article.

AIM

This scientific work aims to study the problems and
identify shortcomings in the legal regulation of con-
flicts of interest in the healthcare sector in Ukraine, to
analyse the controversial issues raised by scholars, and
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to propose directions for improving national legisla-
tion, taking into account foreign experience.

MATERIALS AND METHODS

The methodological basis of the study is a set of meth-
ods and techniques of scientific inquiry. In particular,
the following methods were used: formal-dogmatic,
systemic, semantic, epistemological and axiological,
sociological, comparative-legal, statistical, as well as
systemic and structural analysis.

The complexity of the study is ensured by a systemic
approach, which made it possible to consider and
analyse the problems of conflicts of interest in medical
legal relations in the unity of their content, essence, and
legal form.The use of scientific methods contributes to
achieving the objectives of the article, substantiating
the conclusions of the study, and proposing solutions
for optimising legislation on the prevention of conflicts
of interest in the healthcare sector of Ukraine, taking
into account foreign experience.

RESULTS

To address the challenges of legal regulation and the
prevention of conflicts of interest in the healthcare
sector in Ukraine, it is necessary to amend the legisla-
tion within systemic, organisational, and institutional
contexts. It should be noted that there are several
components of a conflict of interest in the healthcare
sector, which are summarised in Table 1 [4].

Let us consider some of them. One of the problems
of legal regulation of conflicts of interest in the med-
ical field is that the function of resolving conflicts of
interest in the healthcare sector should be assigned
to the authorized unit, according to the regulation
on the Authorized Unit (Person) for the Prevention
and Detection of Corruption [5]. However, in most
healthcare institutions, conflict of interest prevention
is carried out by appointing an authorized person
rather than creating an authorized unit. In addition,
under such conditions, the functions of the autho-
rized person are, in most cases, assigned to legal
advisers, economists, or deputy heads of healthcare
institutions, which contradicts the norms of the
standard regulation [5] and the Law of Ukraine “On
the Prevention of Corruption” [4]. However, given
the above legislative provisions, authorized persons
in healthcare institutions must perform exclusively
anti-corruption functions, including preventing con-
flicts of interest, and assigning other duties to them is
illegal. To eliminate this deficiency, it is necessary to
provide for the mandatory creation of separate bodies

in the research area with the involvement of public
organizations, including international ones.

In the provisions of the special anti-corruption
law [4], there is a discrepancy between the dead-
lines for reporting a conflict of interest and for its
independent resolution, and it does not establish
the form and procedure for reporting a conflict of
interest [3]. To mitigate the above-mentioned prob-
lems, it is advisable to report a conflict of interest in
the healthcare sector (real or potential) in writing
or electronically, with registration in the existing
record-keeping system.

One of the tools for preventing conflicts of interest
in the healthcare sector may be the creation of special
registers of conflicts of interest. In particular, in some
foreign countries, each specific case of a conflict of
interest must be recorded in a special register [6, 7].
Thus, the Law of the Republic of Moldova “On the
Declaration of Assets and Personal Interests” of 17
June 2016, N2 133, introduced appropriate registers
in the state organization of Moldova for registering
reports of conflicts of interest. It should be noted that
the legislation of Moldova does not establish require-
ments for maintaining such registers in electronic
form. In this country, they are decentralized and are
maintained in each separate organization, and for
certain categories of officials, a centralized register of
notifications has been created, which is maintained
by the anti-corruption organization of Moldova (the
National Anti-Corruption Authority). Such registers
should contain information on: (1) the number and
date of submission of the declaration of conflict of
interest, (2) the subject of the submission and their
position, (3) the number of pages in the declaration,
and (4) the measures taken to resolve the conflict of
interest [8]. This experience can be used in national
legislation on the prevention and resolution of con-
flicts of interest, including in the healthcare sector.
There is similar experience in French legislation [9].

We believe that the national system of legislation
on preventing conflicts of interest in the healthcare
sector should provide for a centralized “Unified
Register of Notifications of Conflicts of Interest in
the Healthcare Sector,” the administration of which
should be entrusted to the National Agency for the
Prevention of Corruption of Ukraine. The National
Agency for the Prevention of Corruption of Ukraine,
when administering the “Unified Register of Notifica-
tions of Conflicts of Interest in the Healthcare Sector,’
must determine: (1) the form of an application for an
electronic notification of a conflict of interest, (2) the
procedure for submitting a notification of a conflict
of interest in the healthcare sector, (3) the measures
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Table 1. The components of a conflict of interest in the healthcare sector

Component Number

Description

1

Private interest

2

Discretionary official or representative functions (including professional duties of a public officer and
their function as a manager)

3 The existence of a conflict between private interest and authority

Table 2. Sections of the draft resolution of the Cabinet of Ministers of Ukraine “Procedure for organizing measures to prevent and resolve conflicts of

interest in the bodies of the Ministry of Health of Ukraine”

Ne Title of the section Ne Title of the section
Resolution of a conflict of interest in connection with employ-
| General provisions Vil ees joining commissions (committees, boards, etc.) in the man-

agement bodies of the Ministry of Health

Subjects of measures to prevent, resolve, and iden-
Il tify conflicts of interest in the management bodies Vil
of the Ministry of Health

Prevention of conflict of interest due to the presence of enter-
prises or corporate rights in the management bodies of the
Ministry of Health

Responsibilities of employees in the management

. bodies of the Ministry of Health

Restrictions on the joint work of close persons in the manage-
ment bodies of the Ministry of Health in conditions of conflict
of interest

Measures to resolve conflicts of interest in the man-
agement bodies of the Ministry of Health

Restrictions on receiving gifts related to a conflict of interest in
the management bodies of the Ministry of Health

Procedure for submitting a notification of the ex-
\% istence of a conflict of interest and its resolution in Xl
the management bodies of the Ministry of Health

Procedure for recording information on the presence of a con-
flict of interest in the management bodies of the Ministry of
Health

Peculiarities of applying measures for external res-
VI olution of a conflict of interest in the management Xl
bodies of the Ministry of Health

Responsibility for the violation of legislative requirements
regarding the prevention and resolution of conflicts of interest
in the management bodies of the Ministry of Health

used to resolve a conflict of interest in the activities
of officials of public organizations in the healthcare
sector, etc. Officials of legal entities under public law
in the healthcare sector who have a conflict of inter-
est and who are obliged to make a notification under
the provisions of the special anti-corruption law [4]
have the right to submit a notification of a conflict of
interest to this register.

One of the problems of legal regulation in prevent-
ing conflicts of interest in the healthcare sector is
the requirement for filing declarations by healthcare
officials or service personnel in accordance with
anti-corruption legislation. Thus, these persons are
not subject to the obligation to file declarations and
other financial control measures (except for heads of
healthcare institutions of central, regional, district,
and city significance).

However, Part 5 of Article 45 of the special anti-cor-
ruption law [4] does not explicitly exclude from the list
of persons who may submit declarations the officials
of healthcare institutions, including enterprises that
provide medical services to the population based on
an appropriate license and the professional activities of
medical (pharmaceutical) workers (paragraph 3 of part
1 of Article 3) [10]. According to the organizational and
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legal form, healthcare institutions can be established
and operate as municipal non-profit enterprises or mu-
nicipal institutions, and their managers can be persons
appointed to the position by the authorized executive
office of the healthcare institution on a competitive
basis by concluding a contract with them (Article 16)
[10]. Therefore, officials of municipal non-profit enter-
prises established as a result of the reform of healthcare
institutions (except for heads of healthcare institutions
at the central, regional, district, and city levels) are not
subject to the special anti-corruption law [4] in terms
of the obligation to declare. However, in our opinion,
they should be.

In Article 23 of the special anti-corruption law of
Ukraine, public associations, their members or autho-
rized representatives, as well as individual citizens,
have the right to report a real or potential conflict of
interest [4], including in the field of healthcare. For
more effective implementation of the norm of this
Law and increasing the effectiveness of preventing
conflicts of interest in healthcare, it is advisable to
provide for a notification on the website of the Minis-
try of Health of Ukraine about non-compliance with
the requirements for the prevention and resolution
of conflicts of interest in healthcare. This can be
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done based on the already developed Information
and Analytical System “Submission and Registration
of Reports of Possible Corruption of the Ministry of
Health of Ukraine,” supplemented with an addition-
al option. Note that such a system was created to
stimulate the transfer of reports of corruption by
creating internal and external channels for the pro-
vision of information and ensuring the protection
of individuals (whistleblowers) who, in good faith,
report corruption offenses from harassment and
prosecution. The development of such a system is
caused by the need to improve procedures related
to receiving, recording, and reviewing reports of vi-
olations of anti-corruption legislation in the Ministry
of Health of Ukraine [11].

The Ministry of Health of Ukraine, together with the
State Enterprise «Electronic Health,» has implemented
the Information and Analytical System «Submission
and Registration of Reports of Possible Corruption of
the Ministry of Health of Ukraine» [11]. Thus, the offi-
cial website of the Ministry of Health of Ukraine has
already posted a link «Report corruption» to provide
the opportunity to submit notifications of facts of
corruption or corruption-related offenses by electronic
communication (according to the appropriate form) or
by telephone [11]. Also, on the website of the National
Police of Ukraine, such an opportunity to prevent a
conflict of interest by reporting cases of non-compli-
ance with the requirements for preventing a conflict
of interest has already been tested in practice.

To improve risk-based mechanisms for detecting
conflicts of interest in the healthcare sector, it is ad-
visable to provide in the legislation for the automated
detection of risks of conflicts of interest in the activities
of officials belonging to legal entities under public law
in the healthcare sector, the administration of which
would be carried out by the National Agency for the
Prevention of Corruption of Ukraine. In this case, the
experience of legal support in Romania should be
taken into account, where, since 2017, the IT system
“Prevent” has been operating, which is used for the
automated detection of risks of conflicts of interest
in the field of public procurement carried out in
Romania with EU funds [8]. The IT system “Prevent”
acts as a prior verification mechanism, investigating
potential conflicts of interest in the electronic public
procurement system of Romania. Over three years, the
Prevent T system in Romania has reviewed over 50,000
procurement procedures and 260,000 contracts, and
has issued warnings regarding 123 potential conflicts
of interest. As a result, the number of cases of undis-
closed conflicts of interest has decreased by 52% over
the three years studied [12].

In addition, to form a unified approach to compli-
ance with the rules for preventing conflicts of inter-
est in the area under study, it is advisable to adopt
a resolution of the Cabinet of Ministers of Ukraine
titled “Procedure for Organizing Measures to Prevent
and Resolve Conflicts of Interest in the Bodies of the
Ministry of Health of Ukraine” (Table 2).

DISCUSSION

The lack of proof of the existence of a contradiction
between private interest and official authority of a
conflict of interest in the medical legal relations is deci-
sive for administrative courts in Ukraine and therefore
creates additional obstacles to bringing individuals
to administrative responsibility for offenses related to
corruption [3]. Scientists consider of conflict of interest
in the medical legal relations from two perspectives.
The first is as a component of preventing corruption
in the medical legal relations [13, 14]. Protection of
patients’ rights in courts [15] as well as conflict of
interest in judicial bodies [16]. Some foreign scien-
tists consider conflict of interest in clinical practice,
in particular, M. Eccles [17], J. Bindslev [18], G. Guyatt
[19], and S. Norris [20]. It is worth noting the separate
works of J. Neuman on the financial aspects of conflicts
of interest among commission members in Canada
and the USA who develop clinical practice guidelines,
emphasizing their prevalence and the lack of public
disclosure in most cases [21]. For example, M. Rodwin,
studying conflicts of interest in healthcare in the USA,
France, and Japan, notes that they are very widespread
in these countries. Doctors hide or distort information
about their diagnoses while having the interests of
pharmaceutical and insurance companies. Such ac-
tions by doctors undermine public trustin them, as well
asin the entire healthcare system, the effectiveness of
the use of medicines, and threaten the development of
medicine [22]. There is no single scientific position in
the legal literature on the definition of types of conflict
of interest; in particular, there is no consensus when
defining its content. In particular, C. Muth understands
“conflict of interest” as a situation in which a person
risks acting biasedly due to personal interests [23]. A
similar point of view is held by domestic researchers
[24]. As is known, anti-corruption legislation contains
an interpretation of two types of conflict of interest: po-
tential and real [4]. The category of conflict of interest
is distinguished in the field of healthcare [10], but its
interpretation of content is not provided. To eliminate
this deficiency in medical anti-corruption legislation,
it is necessary to introduce the term “conflict of inter-
est”into Article 1 of the basic medical law of Ukraine.
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And also to supplement the section of this law with a
new Article 78-2 entitled “Prevention and settlement
of conflict of interest” [10]. There is no single scientific
opinion on establishing the types of conflict of interest
[24]. There are 3 types of conflict of interest situations
in scientific works, in addition to those provided for
in the legislation, namely “prospective’, as well as
“retrospective” and “imaginary conflict of interest”In
our opinion, in the area under study it is necessary
to foresee a “perceived conflict of interest in the field
of health care” [25]. This type of conflict of interest is
provided for by international standards and OECD
recommendations [8]. In Canada, this type of conflict
of interest prevention is provided for in the health care
sector [26]. The lack of a definition of this term indicates
that national anti-corruption medical legislation [4,
10] does not meet international standards in the area
under study.

CONCLUSIONS

Legal methods for resolving conflicts of interest in the
healthcare sector should be provided for in special
medical legislation at the legislative level. This is due to
the need to increase the effectiveness of measures to
prevent the corrupt behavior of medical professionals,
as well as the significant harmful consequences for the
protection of human rights in the healthcare sector.
In our opinion, the category of “perceived conflict of
interest in the field of healthcare” should be provided
for in Article 1 of the Law of Ukraine “Fundamentals of
the Legislation of Ukraine on Healthcare”. Thus, the term
“perceived conflict of interest in the healthcare sector”
should be understood as a situation in which the private
interests of persons exercising their official or represen-
tative powers in the healthcare sector, their managerial
decisions, may improperly influence the performance
of their official duties, despite its actual absence.
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Age-related characteristics of patients’ satisfaction with
medical care provided by general practitioners - family doctors
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ABSTRACT

Aim: to investigate the age-related characteristics of patients’ satisfaction with the quality and accessibility of primary health care provided by general prac-
titioners-family doctors (GPs) in Kyiv.

Materials and Methods: A survey of 510 patients assessed satisfaction with the accessibility and quality of medical care provided by GPs using a 5-point Likert
scale (4 and 5 points were considered as positive responses to the questions [«satisfaction»]; 1-3 — as negative [«dissatisfaction»]; and 0 — as undecided ones).
Results: The study demonstrated the significant trends in the opposite responses to certain survey questions across the different respondents’ age groups. In
particular, we revealed the advancing age-related (from <30 to >60 years group) trends toward satisfaction rate decrease with respect to the organization of
an appointment with one’s GP, and satisfaction rate increase — regarding the availability of obtaining prescriptions for medicines. Patient dissatisfaction with
the quality of medical care provided by GPs was influenced by three factors: appointment organization, accessibility of referrals to specialists, and the doctor’s
attitude toward the patient (AUC for logistic regression model: 0,965 [95 % CI: 0,946-0,979]).

Conclusions: The presence of age-related features of patients” satisfaction with the quality of medical care has been established, which should be taken into
account when planning measures to improve the management of medical care quality in healthcare facilities. The key factors influencing the level of patients®
dissatisfaction with the quality of primary healthcare were the organization of appointment scheduling, the availability of referrals to specialists, and the
attitude of the GP towards the patient during the appointment.

KEY WORDS: general practitioner, patient satisfaction, primary care

INTRODUCTION

Primary health care (PHC) centres are the first point of
contact between patients and the health system [1, 2].
PHC plays a key role in the sustainability of healthcare,
providing a comprehensive range of services, from
prevention to treatment and rehabilitation [3].

The World Health Organization emphasises the im-
portance of the doctor-patient relationship in deliver-
ing quality healthcare [4]. A key component of quality
healthcare is patient satisfaction, particularly with the
primary care physician—general practitioners/family
doctors—who are the first point of contact with the
health service [5, 6].

Patient satisfaction is an important factor in deter-
mining the success of a healthcare facility [7]. Health
systems based on primary health care have demon-
strated effectiveness in reducing morbidity, mortality,
and promoting equitable patient access to healthcare
worldwide [8].

Patient satisfaction is also a significant indicator for
evaluating health systems and predicting health out-
comes [9]. Patient opinions and satisfaction with the

Wiad Lek. 2025;78(6):1033-1038. doi: 10.36740/WLek/207361 (DOl

services provided are essential for assessing service
quality [10]. Satisfaction can be influenced by ethnic,
regional, and socio-demographic differences, as well
as age-related characteristics, which are determined
by disparities in service quality and communication
between the patient and doctor [5].

Thus, the issue of studying patient satisfaction with
the quality of medical care, taking into account age
differences, is highly relevant.

AIM

The aim of the study was to investigate the age-related
characteristics of patients’satisfaction with the quality
and accessibility of primary healthcare provided by
general practitioners — family doctors (GPs).

MATERIALS AND METHODS

A survey of 510 patients was conducted using a ques-
tionnaire to study their satisfaction with the availability
and quality of medical care provided by general prac-
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Fig. 1. The frequency of answers to the question N2 1 (<4, 4 and 5 scores) in different age groups. *

XXX __
ptrend

titioners-family doctors in primary care centers in Kyiv.
The questionnaire was developed at the Department of
Health Care Management of the Bogomolets National
Medical University and contained 8 questions, including
questions about the assessment of the organization of
an appointment with GP, the quality of medical care
provided, the possibility of obtaining necessary labo-
ratory and diagnostic tests, the possibility of receiving
referrals to narrow specialists and inpatient treatment,
the availability of obtaining prescriptions for medica-
tions, and the doctor’s attitude during the appointment.

Thedistribution of survey participants by ageis as follows:
under 30 years old — 90 (17,7 %) people, aged 31-40 years
old — 78 (15,3 %) people, aged 41-50 years old — 112
(22,0%) people, aged 51-60 years old — 84 (16,4 %) people,
over 60 years old — 146 (28,6 %) people.The enrolled sam-
ple included 186 (36,5 %) males and 324 (63,5 %) females.

To assess the results of the survey, a Likert scale was
used, in which patients rated the degree of their agree-
ment or disagreement with each statement, from“very
bad” to “very good” on a 5-point scale. Scores of 4 and
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- ptrend = 0’003’ - ptrend = 0’01 1;

<0,001; ¥ —including 1 patient with 0 score, being conventionally assigned to the «<4» group

5 were considered positive responses to the question,
1-3 points were considered negative responses to the
question, and 0 points were considered as undecided.

Statistical data analysis was conducted by the use of Med-
Calcv.23.1.7 (MedCalc Software Ltd., Belgium). The frequency
of certain patients’ responses to the proposed questions
across the studied age groups was analyzed by the x? test for
trend. The uni- and multivariate logistic regression analysis
was used to study the factors influencing the patients” assess-
ment of the quality of medical care. To assess the degree of
influence of each factor in the logistic regression model, the
odds ratio (OR) and its 95% Cl (confidence interval) were cal-
culated. Receiver operating characteristic curve (ROC) analysis
was used to assess the quality of the logistic regression model
(with the calculation of area under curve [AUC] with 95 % Cl).
A p-value <0,05 was considered statistically significant.

COMPLIANCE WITH ETHICAL STANDARDS
The study was conducted in accordance with the
principles of the World Medical Association’s Helsinki
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Fig. 2. The frequency of answers to the question N 7 (0, [1-3], 4, 5 and [4-5] scores) in different age groups. *

wer_p =045 —p,.,=0,058*—p_ <0,001

- ptrend

Declaration, «Ethical Principles for Medical Research
Involving Human Subjects» (2000). The survey was car-
ried out with respect for confidentiality and anonymity,
and all collected data were entered into the database
in a de-identified form for further analysis.

RESULTS

The study data analysis demonstrated the significant
trends in the positive and negative responses to the
proposed questions, related to the certain aspects of
patients’ satisfaction with the quality and availability
of medical care provided by GPs, across the different
age groups of respondents.

Particularly, the data regarding the answers to the
question N2 1 (<How would you rate the organization of
an appointment with your GP?») on the assessment of
the organization of an appointment with a GP revealed
the significant trends in the frequency of responses
of respondents of different age. The vast majority of
patients positively assessed the organization of an
appointment with their GP. In particular, the share of
those satisfied with the organization of an appointment
in the group under 30 years of age is 97,8% (4 and 5
points), of which 76,7% rated it with the maximum
score (5 points). In the group over 60 years of age, the

<0,001;** —p_ =1,000;

- ptrend

share of those satisfied is 88,3%, of which 56,1% rated
it with the maximum score. In the group aged 31-40
years, the share of those satisfied is 94,8%, in the group
aged 41-50 years - 95,5%. It is worth noting that in the
group of respondents over 60 years of age, only 56,1%
gave the maximum score, which is the lowest indicator
among all age groups (Fig. 1).

At the same time, the results of the study of respon-
dents’ answers to question N2 2 («Evaluate the quality
of medical care provided to you by a doctor») did not
reveal a significant trend regarding the frequency of the
negative responses across different age groups. Impor-
tantly, the share of those satisfied with the availability
of medical care by a doctor ranged from 96,4% in the
51-60 age group to 98,6% in the over-60 age group. In
the under-30 age group, this figure was 97,8%, in the
31-40 age group — 97,4%, and in the 41-50 age group
-98,2% (p, ., = 0,747).

The respondents’ answers to the question N2 3 (<How
would you rate the availability of obtaining the necessary
laboratory tests from your GP») were mostly satisfactory. In
the group of patients under 30 years of age, the proportion
of satisfied patients was 93,4%, in the group of 31-40 years of
age—89,7%, in the group of 41-50 years of age — 92,8%, in the
group of 51-60 years of age — 92,9%, and in the group over
60years of age-87,7% (p, . ,= 0,228). Among respondents
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Table 1. The factors affecting the risk of negative assessment of the quality of medical care for question Ne 2 «Evaluate the quality of medical care

provided to you by a doctor» (univariate analysis)

Factor (question score) Btm P OR (95 % ClI)

Ne 1 «Would you rate the organization of an appointment with your GP?» —-0,81+0,26 0,002 © 207'?':74)
T 0,57

Ne 3 «Assess the availability of necessary laboratory tests from your GP» —-0,57%0,20 0,005 (0,38-0,84)

N° 4 «Assess your availability for diagnostic examinations (ECG, ultrasound, X-ray)» ~ —0,56+0,19 0,003 © 3%1507 83)
T - 0,38

Ne 5 «Assess your availability for referrals to specialist doctors» —0,98+0,21 <0,001

(0,25-0,56)
- - . . 0,83

Ne 6 «Assess your availability for receiving a referral for inpatient treatment» —-0,19+0,14 0,178 (0,63-1,09)
T s L 0,77

Ne 7 «Assess the availability of prescriptions for medications» —-0,26+0,15 0,081 (0,57-1,03)

Ne 8 «Rate the doctor’s attitude towards you during the appointment» —-2,65+0,55 <0,001 © 002'?0721)

Note: B — B-coefficient; m — standard error; OR — odds ratio; Cl — confidence interval

Table 2. The factors affecting the risk of negative assessment of the quality of medical care for question N¢ 2 «Evaluate the quality of medical care

provided to you by a doctor» (multivariate analysis)*

Factor (question score) Btm +) OR (95 % ClI)
Ne 1 «Would you rate the organization of an appointment with your GP?» —-0,92+0,45 0,040 0,40 (0,17-0,96)
Ne 5 «Assess your availability for referrals to specialist doctors» -1,14+0,35 0,001 0,32(0,16-0,63)
Ne 8 «Rate the doctor’s attitude towards you during the appointment» —2,48+0,60 <0,001 0,08 (0,03-0,27)

Note: AUC0,965 (95% Cl: 0,946 — 0,979)

over 60 years of age, the proportion of dissatisfied patients
with the availability of obtaining laboratory tests was 11,6%,
while among patients under 30 years of age — 4,4%.

When studying the respondents’ answers to question 7
(«How would you rate the availability of obtaining prescrip-
tions for medicines), it was found that the most satisfied
group is patients over 60 years of age, of whom 96,6% were
satisfied. Among patients aged 31-40, the proportion of sat-
isfied patients is 75,6%, among patients under 30 - 87,8%,
in the group of 41-50 — 91,1%, and in the group of 51-60
- 89,3%. It is noteworthy that 10% of respondents under
30 and 20,5% of respondents aged 31-40 could not assess
the accessibility of obtaining prescriptions, while among
respondents over 60 this proportion is only 0,7% (Fig. 2).

In addition, no significant trends were found for the
frequency of responses’ to the question N 4 «Evaluate the
availability for you of diagnostic examinations (ECG, ultra-
sound, X-ray)», question N2 5 «Evaluate the availability for you
of referrals to specialist doctors», question N2 6 «Evaluate the
availability for you of referrals for inpatient treatment», and
question N@ 8 «Evaluate the attitude of the doctor towards
you during the appointment».

To determine the strength and direction of the influence
of factor characteristics on patients’ dissatisfaction with the
availability and quality of medical care provided by primary
care physicians in primary care centers in Kyiv, we used the
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method of constructing and analyzing of the logistic regres-
sion models (uni-and multivariate analysis). We assessed the
impact on the result of the answer to question N2 2, which
concerned the assessment of the quality and availability of
medical care, based on the answers to questions N 1, NeN?
3-8 of the questionnaire.

Initially, the univariate analysis was conducted to assess
the impact of each individual characteristic (answers to
questions N2 1, NeNe 3-8) on the risk of dissatisfaction with the
quality of medical care provided by a primary care physician.

The univariate analysis revealed the presence of a sig-
nificant negative relationship between the responses to
the questions N2 1, NN 3-5, N2 8 and the risk of negative
assessment of the quality of medical care (according to the
question N2 2) (Table 1).

According to respondents’answers (multivariable analy-
sis), the quality of medical careis influenced by the following
factors: organization of an appointment with a GP (question
Ne 1), availability for a patient of referrals to specialist doctors
(question N2 5) and the doctor’s attitude towards the patient
during the appointment (question N2 8) (Table 2).

The quality assessment of the logistic regression model
(ROC analysis) is that the AUC 0,965 (95% Cl: 0,946 - 0,979),
whichindicates an excellent relationship with the three-factor
model of predicting the risk of a negative assessment of the
level of satisfaction with the quality of medical care by GPs.
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DISCUSSION

Globally, primary health care is becoming increasingly
important in meeting the needs of patients and the pop-
ulation [8,11]. However, it is difficult to identify a single
factor that is directly related to low or high levels of patient
satisfaction with health services. A number of factors can
influence patient satisfaction, including age, gender, socio-
economic status, health status, appointment conditions,
treatment, and waiting times [12, 13]. Health systems are
constantly changing and improving, so it is important to
assess patient satisfaction outcomes to ensure the effec-
tive functioning of the health system and improve the
quality of health care delivery [13]. The assessment of the
quality of health care services depends largely on patient
satisfaction and is an important indicator in assessing the
health system and predicting health outcomes [5, 10].

Timely access to primary health care enhances pa-
tient satisfaction and the overall quality of medical
care provided [14]. Patient satisfaction with medical
services is a critical factor for the success of healthcare
institutions [13]. According to our study, the majority
of patients rated the organization of an appointment
with their GP positively. In the group of respondents
under 30 years of age, 97.8% were satisfied, with 76.7%
giving the maximum score. Among patients over 60
years of age, 88.3% were satisfied, with 56.1% rating
it the highest. Satisfaction in the 31-40 and 41-50 age
groups was 94.8% and 95.5%, respectively. Notably,
only 56.1% of respondents over 60 years old gave the
maximum score, the lowest rate among all age groups.

Laboratory test results have an important impact on
patient care, as they influence doctors’decisions about
prescribing medications and monitoring and treating
the vast majority of conditions [14]. Respondents’ re-
sponses regarding the availability of necessary labora-
tory tests from their GP were mostly satisfactory. Among
respondents over 60 years of age, the proportion of
those dissatisfied with the availability of laboratory tests
was 11,6%, compared with 4,4% among patients under
30 years of age. This suggests that older patients may
face greater difficulties in accessing laboratory tests,
which may affect the quality of their healthcare.

Many patients who present to GPs with chronic dis-
eases and comorbidities are elderly [11, 12]. Our study

found that the group most satisfied with the availability
of prescriptions from a GP for chronic diseases were
patients over 60 years of age (96.6%). It is noteworthy that
10% of respondents under 30 years of age and 20,5% of
respondents aged 31-40 years were unable to assess the
accessibility of obtaining prescriptions. This may be due
to the fact that respondents in these groups are less likely
to encounter the need to obtain prescriptions.

Based on the multivariate logistic analysis after step-
wise inclusion/exclusion of variables into the predictive
model for the risk of dissatisfaction with the quality of
medical care, three factors were included in the model:
the organization of the appointment, the availability of
referrals to specialist doctors, and the doctor’s attitude
towards the patient.

It was established that the more satisfied the patients’
were with the quality of appointment organization, the
availability of referrals to specialists, and the doctor’s
attitude during the appointment, the less likely they
were to be dissatisfied with the quality of medical care.
This emphasizes the importance not only of the doctor’s
medical skills but also the organizational aspects of the
healthcare facility’s operations, including the accessi-
bility of referrals to specialists, which can significantly
improve the overall patient satisfaction with medical
services. Based on these data, healthcare institutions
can more effectively allocate resources to improve
patient satisfaction [14]. Implementing changes based
on this feedback is crucial for the modernization of
the healthcare system and achieving optimal patient
satisfaction [13].

CONCLUSIONS

The presence of age-related features of the formation
of patient satisfaction with the quality of medical care
has been established, which must be taken into account
when planning measures to improve the management
of the quality of medical care in health care facilities.
The key factors that influence the level of patient
dissatisfaction with the quality of primary healthcare
are the organization of appointment scheduling, the
availability of referrals to specialists, and the attitude
of the GP towards the patient during the appointment.
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Clinical correlates of lower extremity arterial calcification in
peripheral artery disease patients with concomitant stable
coronary artery disease
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ABSTRACT

Aim: To evaluate the associations of lower extremity arterial calcification (LEAC) with clinical profile of peripheral artery disease (PAD) patients with concomitant
stable coronary artery disease (SCAD).

Materials and Methods: The cross-sectional study enrolled and analyzed clinical and instrumental data from 110 lower extremity PAD (chronic limb-threat-
ening ischemia) patients (mean age [mean + standard deviation] 718 years; 77 [70 %] males and 33 [30 %] females) with concomitant SCAD, underwent
endovascular treatment during the period 2021-2025. LEAC was evaluated by (T-angiography with the assessment of Agatson calcium score (CS). The enrolled
sample was subdivided into group 1 (CS <1000 units [n=60]) and group 2 (CS =1000 units [very extensive LEAC; n=>50]).

Results: Group 2 (vs. group 1) was characterized by higher prevalence of atherosclerotic risk factors, namely smoking, overweight/obesity, and the cases of
family history of cardiovascular diseases. Hypertension and diabetes mellitus tended to be more prevalent in group 2, as opposed to group 1. In addition,
patients with CS >1000 units (vs. <1000) presented more frequently with atrial fibrillation/flutter, heart failure stage C, previous acute cerebrovascular event
and the most advanced Rutherford stage 6.

Condlusions: The PAD patients with concomitant SCAD and very extensive LEAC demonstrated more severe PAD and higher comorbidity burden, as compared to
their counterparts with less calcified lower extremity arteries. The obtained data substantiate the integrated approach to be implemented in the management
of such polyvascular patients, particularly by the use of LEAC as a potential predictor of adverse cardiovascular events.

KEY WORDS: arteries, diabetes mellitus, calcification, endovascular treatment

INTRODUCTION

According to the literature, the prevalence of lower
extremity (LE) peripheral artery disease (PAD) varies
depending on a country’s level of economic develop-
ment: from 28,7% in low-income countries to 13,1%in
high-income countries [1, 2]. LE PAD is recognised as
an independent predictor of increased cardiovascular
risk and significantly affects patients’ quality of life and
life expectancy [3, 4].

In the presence of PAD, coronary artery involvement
is detected in 62-65% of cases, cerebrovascular involve-
ment in 32,3% of patients, and the risk of cardiovascular
mortality is markedly increased. Overall cardiovascular
morbidity in such patients rises sixfold [5, 6].

Mortality among patients with LE PAD is 16,1 £ 2,1%,
which significantly exceeds the rate observed in pa-

Wiad Lek. 2025;78(6):1039-1046. doi: 10.36740/WLek/207362 (DOl

tients without PAD or cardiovascular pathology, where it
is4,1+0,3%[7]. According to data from the US National
Health and Nutrition Examination Survey, which includ-
ed over 9,000 patients with LE PAD, the prevalence of
cardiovascular pathology (myocardial infarction [MI],
ischemic stroke, heart failure [HF]) exceeded 33% [8].

Over the past decade, treatment strategies for chronic
lower limb ischemia have shifted from traditional surgi-
cal vascular interventions towards modern endovascu-
lar techniques [9, 10]. At the same time, the clinical cri-
teria for selecting invasive strategies have also evolved:
in particular, endovascular intervention is increasingly
being applied in patients with intermittent claudication,
even in the absence of critical ischemia [11].

Despite the widespread adoption of endovascular
technologies in clinical practice, there is no unified
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Table 1. The age and sex distribution of the enrolled sample of PAD patients with concomitant SCAD

Age intervals, years

Sex n % 41-50 51-60 61-70 271
N % N % N % N %
Males 77 70 2 2,6% 10 13,0* 26 33,8% 39 50,6*
Females 33 30 0 0** 2 6,1%* 10 30,3** 21 63,6%*
Total 110 100 2 1,8 12 10,9 36 32,7 60 54,6

Note: * —among males; ** — among females

interpretation of the absolute and relative contraindi-
cations to their use. Among the clinically significant lim-
itations are the presence of advanced atherosclerosis,
acute arterial thrombosis, complete arterial occlusion,
eccentric stenosis, and multiple vascular lesions [12].
Meanwhile, recent studies suggest that the outcomes
of endovascular procedures may vary depending on
the degree of lower extremity arterial calcification
(LEAC) [13].

Numerous studies have confirmed that LE PAD is
associated with atherosclerotic involvement of other
vascular territories, including the coronary artery bed
in patients with coronary artery disease (CAD), leading
to reduced life expectancy, significant deterioration in
quality of life, and an increased risk of patient disability
[13-15]. This highlights the need for comprehensive
diagnostic evaluation and the implementation of a
multidisciplinary approach to the management of patients
with polyvascular disease, particularly through thorough
investigation of predictors of adverse outcomes. In this
context, the study of associations between LEAC and the
clinical profile of PAD patients with concomitant CAD is of
both scientific and practical interest [13, 14, 16].

AIM

The aim of the study was to evaluate the associations
of LEAC with the clinical profile of PAD patients with
concomitant stable CAD (SCAD).

MATERIALS AND METHODS

The cross-sectional single-center study analyzed the
clinical and instrumental data from 110 LE PAD patients
with concomitant SCAD, underwent endovascular
treatment in the Clinical Hospital «Feofaniya» State
Administrative Department (Kyiv, Ukraine) during the
period 2021-2025.

The age of the enrolled patients ranged from 47 to 84
years, with a mean + standard deviation of 71 + 8 years.
The majority of patients were male (n=77[70,0%]), and
more than half of the participants were over 70 years
of age (Table 1).
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The profile of the cardiovascular risk factors among
the enrolled patients was as follows: smoking - 73
(66,4 %) cases, body mass index (BMI) — 52 (47,3 %),
total serum cholesterol =5,2 mmol/I - 97 (88,2 %), hy-
pertension - 96 (87,3 %), family history of cardiovascular
disease — 50 (45,5 %), and diabetes mellitus (DM) - 98
(89,1 %).

Verification of SCAD was performed in accordance with
established guidelines [17]. Twenty-nine patients (26,4%)
presented with stable angina of CCS class llI-IV. A history
of myocardial infarction (MI) was identified in 34 (30,9%)
patients, atrial fibrillation/atrial flutter (AF/AFI) in 30
(27,3%), heart failure (HF) stage Ciin 35 (31,8%), and pre-
vious acute cerebrovascular event (ACVE) in 22 (20,0%).
Chronic kidney disease (CKD) of stage 3-4 (according to
the KDIGO guideline [18]) was diagnosed in 21 (19,1%)
patients, brachiocephalic atherosclerosis in 60 (54,6%),
and chronic lung disease in 31 (28,2%) cases. Baseline
statin therapy was received by 76 (69,1%) patients.

LE PAD was verified according to the widely accept-
ed guidelines [3, 4, 19]. All 110 enrolled PAD patients
presented with a chronic limb-threatening ischemia
(CLTI) pattern, specifically with rest pain and trophic
changes of the lower extremities. According to the
Rutherford classification of chronic limb ischemia [20],
stage 5 was identified in 98 (87,3%) patients and stage
6in 14 (12,7%).

All 110 patients underwent computed tomography
(CT) angiography of the lower extremity arteries with
the calculation of the calcium score by the Agatson
method (LEAC) [13, 21].

Considering the literature on the impact of the degree
of vascular calcification on the outcomes of endovas-
cularintervention [13], the sample of patients with PAD
and concomitant SCAD was divided into two groups
based on the degree of LEAC (by Agatson calcium
score). Group 1 (n = 60) consisted of patients with a
lower extremity calcium Agatson score of <1000 units
(mild calcification) according to CT angiography (mean
score: 460,1 + 215,96 units). Group 2 (n = 50) included
patients with a lower extremity calcium Agatson score
of >1000 units (extensive calcification) (mean score:
2774,3 £ 1483,21 units).
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The statistical data analysis was performed using
Statistica v. 14.0 (TIBCO Software Inc., USA), IBM SPSS
Statistics v. 27.0 (Armonk, NY: IBM Corp., USA), MedCalc
v. 23.1.7 (MedCalc Software Ltd., Belgium) and MedStat
v. 5.2. Quantitative variables were presented as mean *
standard deviation, and qualitative variables as absolute
and relative (%) frequency (with a 95% confidence inter-
val [Cl], as required). To compare continuous variables
between two unrelated samples, we used the Student’s
t-test (if variances were equal) or Welch's t-test (if vari-
ances were unequal). To compare qualitative variables,
we used the x> test (with a subsequent z-test to compare
specific categories [ranks] of qualitative rank variables)
and Fisher’s exact test (for 2 x 2 tables). A two-tailed
p-value < 0.05 was considered statistically significant.

ETHICS

The study was conducted in accordance with the prin-
ciples of bioethics outlined in the Helsinki Declaration
“Ethical Principles for Medical Research Involving Hu-
man Subjects,”the “Declaration on Universal Norms on
Bioethics” (UNESCO), and in compliance with current
legislation of Ukraine. The study protocol was approved
by the local ethics committee. All patients signed in-
formed consent.

RESULTS

The data presented in Table 1 indicate an increase in
the proportion of female patients among the older
age groups, which is due to gender-specific features of
CAD progression [6, 17]. The mean age of the female
participants in this study was higher than that of the
male participants (74 + 8 vs. 69 + 8 years, respectively;
p <0,001). Inthe oldest age group (=81 years), women
were six times more frequent than men: 39,4% (13/33)
vs. 6,5% (5/77), respectively (p < 0,001). According to
existing data, men suffer from CAD twice as often as
women, but in patients with DM and aged >70 years,
the incidence of CAD is similar in both sexes [6, 17, 22].

The distribution of patients in the study groups with
varying degrees of lower extremity arterial calcification
by age and sex is presented in Table 2.

Although patients aged 51-60 years were more
frequent in group 1, and those aged 61-70 years were
more frequent in group 2, no statistically significant
differences in mean age were found between the study
groups. At the same time, the comparison groups were
comparable in terms of sex (Table 1). This provides
grounds to suggest that the differences identified later
are not related to the gender distribution of patients in
each of the study groups.

Table 3 summarizes the data on the frequency of
detection of individual risk factors for atherosclerosis
in the study groups.

In the course of the study, we found that a higher per-
centage of smokers, individuals with overweight and/
or obesity, hypertension (at the trend level), a family
history of cardiovascular diseases, and DM (at the trend
level) were observed in patients of group 2 compared
to their percentage in patients of group 1 (Table 2).
These findings align with general beliefs regarding the
contribution of traditional atherosclerosis risk factors to
the development of vascular calcification [23]. At the
same time, the data regarding the frequency of a family
history of cardiovascular diseases in the study groups
may indirectly indicate the role of genetic factors in the
development of vascular calcification [24].

When analyzing the risk factors for atherosclerosis
among patients of the mentioned groups, attention
is also drawn to the high frequency of patients with
elevated serum cholesterol levels, which may be relat-
ed to individual characteristics of lipid-lowering drug
use. In group 1, 40 patients (66,7%) were receiving
lipid-lowering therapy, while in group 2, 36 patients
(72,0%) were receiving it (p=0,679). This fact may be
associated with both insufficient statin therapy inten-
sity and suboptimal patient adherence to treatment
in both study groups. At the same time, assessing the
effectiveness of hypolipidemic therapy is not advisable,
as statin treatment leads to increased calcification of
plagues, which can be considered part of their stabili-
zation. Thus, the increase in the calcium index against
the background of hypolipidemic therapy is more likely
to be associated with the stabilization of atherosclerotic
plaques rather than indicating the ineffectiveness of
therapeutic treatment [25, 26].

Atthe next stage, we deemed it appropriate to exam-
ine the clinical picture of the study groups of patients
with different degrees of lower extremity arterial cal-
cification (Table 4).

Analysis of the data in Table 4 indicates a higher
frequency of stage 5 according to Rutherford among
patients of group 2 compared to those in group 1, which
may clinically reflect differences in the prevalence of
atherosclerotic processes in the studied groups.

At the same time, it is noteworthy that in group 2,
patients with AF/AFl and HF stage C were more fre-
guent compared to group 1 (Table 4). Additionally,
the frequency of past myocardial infarction (Ml) cases
was quantitatively, though not significantly, higher in
group 2. These findings may indirectly suggest more
significant changes in myocardial functional state and
hemodynamics in patients with extreme degrees of
lower extremity arterial calcification. The latter creates
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Table 2. Baseline demographic characteristics of PAD patients with concomitant SCAD in the studied groups

Group 1 Group 2
Parameters (LLCA <1000 Agatson units) (LLCA =1000 Agatson units) p
N=60 N=50
Age, years 70 £ 9% 72 £ 6** 0,168
41-50 2(3,3) 0
Age intervals, years, 51-60* 10(16,7) 2 (4,0 0012
n (%) 61-70° 13(21,7) 23 (46,0) '
>71 35(58,3) 25 (50,0)
Males 42 (70,0) 35(70,0)
Sex, n (%) 1,000
Females 18 (30,0) 15 (30,0)
Note: * — age range: 47-84 years; ** — age range: 57-81 years; z — statistically significant difference by z-test (at p<0,05)
Table 3. The specific risk factors for atherosclerosis in PAD patients with concomitant SCAD in the studied groups
Group 1 Group 2
Parameters (LLCA <1000 Agatson units)  (LLCA =1000 Agatson units) p
N=60 N=50
Smoking, n (%) 32(53,3) 41 (82,0) 0,002
BMI >25,0 kg/m?, n (%) 18(30,0) 37 (74,0) <0,001
Total cholesterol =5,2 mmol/l, n (%) 51 (85,0) 46 (92,0) 0,375
Hypertension, n (%) 49 (81,7) 47 (94,0) 0,083
Family history, n (%) 21 (35,0) 29 (58,0) 0,021
DM, n (%) 50 (83,3) 48 (96,0) 0,062
Table 4. Baseline clinical presentation of PAD patients with concomitant SCAD in the studied groups
Group 1 Group 2
Parameters (LLCA <1000 Agatson units) (LLCA 21000 Agatson units) p
N=60 N=50
Stable angina CCS class llI-1V, n (%) 18 (30,0) 11(22,0) 0,390
AF/AFI, n (%) 10(16,7) 20 (40,0) 0,009
Previous M, n (%) 15 (25,0) 19 (38,0) 0,153
HF stage C, n (%) 14 (23,3) 21(42,0) 0,042
5 60 (100) 36 (72,0)
Rutherford stage, n (%) <0,001
6 0* 14 (18,0)**
Note: * — 95 % CI[0-3,2 %]; ** — 95 % (1 [16,3-41,5 %]
Table 5. Certain baseline comorbidities in PAD patients with concomitant SCAD in the studied groups
Group 1 Group 2
Parameters (LLCA <1000 Agatson units) (LLCA =1000 Agatson units) p
N=60 N=50
CKD of stage 3-4, n (%) 9(15,0) 12 (24,0) 0,330
Previous ACVE, n (%) 7(11,7) 15 (30,0) 0,030
Brachiocephalic atherosclerosis, n (%) 30 (50,0) 30 (60,0) 0,339
Lung diseases, n (%) 13(21,7) 18 (36,0) 0,136

a basis for a comprehensive approach to diagnosing
(determining natriuretic peptide levels in blood serum,
performing transthoracic echocardiography, and coro-
nary angiography) and treating such patients [3, 4, 171.
At the same time, the high frequency of past Ml in both
study groups may indicate that the calcium score is a
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powerful predictor of cardiovascular events, particularly
M, in patients with multifocal atherosclerosis [13, 14, 21].
Data on other comorbid conditions among the pa-
tients in the studied groups are presented in Table 5.
When analyzing the comorbidities in the studied
groups, the slightly higher, though not statistically
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significant, frequency of CKD stage 3-4 in patients of
group 2 (Table 5) stands out. As is known, CKD can be an
aggravating factor that complicates the disease course,
affects the outcomes of endovascular treatment, and
increases mortality in patients with PAD [27].

At the same time, previous ACVE cases were more
frequently observed in group 2 compared to group 1. Ad-
ditionally, the high frequency of brachiocephalic artery
atherosclerosis in both groups may indicate the systemic
nature of the damage and also supports the previously
suggested hypothesis regarding the role of the genetic
factor in the formation of vascular calcification [24].
Finally, the more frequent detection of lung pathology
in patients of group 2 (quantitatively, though not sig-
nificantly) may be positioned as an additional marker
of their more pronounced comorbid burden (Table 5).

DISCUSSION

The results obtained indicate a significant association
between the degree of LEAC and the severity of the clin-
ical course of atherosclerotic damage in PAD patients
with concomitant SCAD. It was found that an extreme
degree of calcification (Agatston index >1000 units) is
associated with a more frequent detection of higher
stages of chronic lower limb ischemia according to the
Rutherford classification (stage 6), as well as a higher
prevalence of conditions such as AF/AFI, previous MI
(numerically, but non-significantly), HF stage C, and
previous ACVE. These data are consistent with literature
reports emphasizing the role of vascular calcification
as a predictor of more severe clinical course and un-
favorable intervention outcomes [13, 14, 21]. Vascular
calcification is considered an active, regulated process
similar to osteogenesis, involving cells of the vascular
wall, mediators of inflammation, oxidative stress, and
factors regulating calcium-phosphate metabolism [28].
The presence of pronounced calcification impairs the
biomechanical properties of the vessel wall, reduces
arterial elasticity, complicates endovascular interven-
tion, reduces the effectiveness of angioplasty, and is
associated with a higher risk of restenosis and stent
thrombosis [13, 21, 29].

The detected differences in the higher prevalence of
traditional atherosclerosis risk factors, such as smoking,
excess body weight/obesity, family history, hyperten-
sion, and DM, among patients with a high calcium
index, suggest their potential cumulative role in the
development and progression of vascular calcification.
These observations are supported by the works of other
authors who indicate the multifactorial nature of vas-
cular calcification, particularly in patients with systemic
atherosclerosis and CKD [29-31].

Special attention is drawn to the high level of cal-
cification despite the use of lipid-lowering therapy.
According to the literature, statins may contribute to
anincreasein the density and degree of calcification of
atherosclerotic plaques, which is interpreted as a mech-
anism of their stabilization rather than an indication of
treatment inefficacy [25, 26, 32]. This is consistent with
our observations regarding the absence of a statistically
significant relationship between the frequency of base-
line statin therapy and the degree of LEAC.

The high frequency of brachiocephalic artery involve-
ment in the studied patients, as well as frequent cases
of a positive family history, suggest a genetic predis-
position to systemic calcification. The role of hereditary
factors, particularly mutations in genes encoding min-
eralization inhibitors (e.g., MGP, ENPP1, etc.), is actively
being studied and warrants further attention [24, 33].

Thus, the results of our study are consistent with the
data from the global literature regarding the clinical
significance of vascular calcification in patients with
multifocal atherosclerotic lesions, particularly in those
with concomitant PAD and SCAD, while also confirming
the need for comprehensive diagnostics that encom-
pass not only the anatomical characteristics of the
lesions but also comorbidities, myocardial functional
status, renal function, and genetic predisposition.

FUTURE RESEARCH PERSPECTIVES

Further studies should focus on assessing the impact
of the intensity and duration of lipid-lowering therapy
on the dynamics of the calcium index and the stability
of atherosclerotic plaques, incorporating biomarkers
of inflammation, vascular wall remodeling, and plaque
stabilization. It is also important to investigate the role
of genetic factors and calcification markers (such as
osteoprotegerin, matrix Gla-proteins, etc.) in predict-
ing the risk of vascular calcification and cardiovascular
events in this patient category [24, 33, 34].

An important direction is the development of risk
stratification models that take into account the de-
gree of vascular calcification along with traditional
risk factors, for a personalized approach to planning
endovascular treatment and secondary prevention in
patients with systemic atherosclerosis.

CONSLUSIONS

The conducted analysis allowed us to establish that
PAD (CLTI) patients with concomitant SCAD and an
extreme degree of LEAC (Agatston index =1000 units)
are characterized by worse clinical features compared
to patients with pronounced but less significant calci-
fication (Agatston index <1000 units). Specifically, they
more frequently experienced arrhythmias (AF/AFI), HF
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stage C, previous ACVE, and the most advanced Ruth-
erford stage 6, indicating a more severe course of LE
PAD and a greater burden of comorbidities in patients
with an exceptionally high degree of LEAC.

In patients with an extreme degree of LEAC, tra-
ditional risk factors for atherosclerosis, in particular
smoking, overweight/obesity, and a family history of
cardiovascular diseases, were more commonly ob-
served. This confirms the key role of these factors in
the progression of vascular calcification. Despite the
comparable frequency of baseline statin therapy in both
studied groups, the frequency of elevated total serum

cholesterol remained high in a significant proportion
of patients, which may indicate insufficient intensity
or low adherence to treatment. At the same time, the
increase in the calcium index during lipid-lowering
therapy may reflect the stabilization of atherosclerotic
plaques rather than their ineffectiveness.

The results obtained highlight the importance of
considering the degree of LEAC when planning endo-
vascularinterventions in PAD patients with concomitant
SCAD, as a high calcium index is associated with worse
clinical status, a greater burden of comorbidities, and
the presence of multiple risk factors.

REFERENCES

1. Fowkes FG, Rudan D, Rudan I et al. Comparison of global estimates of prevalence and risk factors for peripheral artery disease in 2000
and 2010: a systematic review and analysis. Lancet. 2013;382(9901):1329-1340. doi: 10.1016/50140-6736(13)61249-0. ‘bol&

2. Song P, Rudan D, Zhu'Y et al. Global, regional, and national prevalence and risk factors for peripheral artery disease in 2015: an updated
systematic review and analysis. Lancet Glob Health. 2019;7(8):e1020-1030. doi: 10.1016/52214-109X(19)30255-4. (bol&

3. Mazzolai L, Teixido-Tura G, Lanzi S et al. 2024 ESC Guidelines for the management of peripheral arterial and aortic diseases. Eur Heart J.

2024;45(36):3538-3700. doi: 10.1093/eurheartj/ehae179. ‘bol&

4. Gornik HL, Aronow HD, Goodney PP et al. 2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SVN/SVS/SIR/VESS Guideline for the Management
of Lower Extremity Peripheral Artery Disease: A Report of the American College of Cardiology/American Heart Association Joint Committee
on Clinical Practice Guidelines. Circulation. 2024;149(24):¢1313-e1410. doi: 10.1161/CIR.0000000000001251. ¢poi&

5. Houghton JSM, Saratzis AN, Sayers RD, Haunton VJ. New Horizons in Peripheral Artery Disease. Age Ageing. 2024;53(6):afae114. doi:

10.1093/ageing/afae114. (oi&

6. Martin SS, Aday AW, Almarzooq ZI et al. 2024 Heart Disease and Stroke Statistics: A Report of US and Global Data From the American
Heart Association. Circulation. 2024;149(8):e347-e913. doi: 10.1161/CIR.0000000000001209. ¢poi&

7. AboyansV, Criqui MH, Denenberg JO et al. Risk factors for progression of peripheral arterial disease in large and small vessels. Circulation.
2006;113(22):2623-2629. doi: 10.1161/CIRCULATIONAHA.105.608679. bol&

8. Gutierrez JA, Scirica BM, Bonaca MP et al. Prevalence and Outcomes of Polyvascular (Coronary, Peripheral, or Cerebrovascular) Disease in Patients
With Diabetes Mellitus (From the SAVOR-TIMI 53 Trial). Am J Cardiol. 2019;123(1):145-152. doi: 10.1016/j.amjcard.2018.09.014. <ol

9. Hupalo Y, Shapovalov D, Shaprynskyi V et al. Anhiosomna revaskuliaryzatsiia stopi u khvorykh na tsukrovyi diabet. [Angiosome
revascularization of foot in patients with diabetes]. Naukovyy visnyk Uzhhorods'koho universytetu. Seriya «<Medytsyna». 2020;1(61):30-

33. doi: 10.24144/2415-8127.2020.61.30-33. (Ukrainian) <pol&

10. Dybiak YM. Aktualni pytannia rekonstruktyvnoi khirurhii homilkovykh arterii (ohliad literatury). [Current issues of reconstructive surgery
of the ankle arteries (literature review)]. Bukovyns'kyy medychnyy visnyk. 2014;18(3):192-195. (Ukrainian)

11. Creager MA, Belkin M, Bluth El et al. 2012 ACCF/AHA/ACR/SCAI/SIR/STS/SVM/SVN/SVS key data elements and definitions for peripheral
atherosclerotic vascular disease: a report of the American College of Cardiology Foundation/American Heart Association Task Force on
(linical Data Standards (Writing Committee to Develop Clinical Data Standards for Peripheral Atherosclerotic Vascular Disease). Circulation.
2012;125(2):395-467. doi: 10.1161/CIR.0b013e31823299a1. (poi&

12. Watson NW, Mosarla RC, Secemsky EA. Endovascular Interventions for Peripheral Artery Disease: A Contemporary Review. Curr Cardiol
Rep. 2023;25(11):1611-1622. doi: 10.1007/511886-023-01973-9. b0l

13. Dong, Liu Y, Cheng P et al. Lower limb arterial calcification and its clinical relevance with peripheral arterial disease. Front Cardiovasc

Med. 2023;10:1271100. doi: 10.3389/fcvm.2023.1271100. “oles

14. Aday AW, Matsushita K. Epidemiology of Peripheral Artery Disease and Polyvascular Disease. Circ Res. 2021;128(12):1818-1832. doi:

10.1161/CIRCRESAHA.121.318535. ‘ol

15. Chowdhury MM, Makris GC, Tarkin JM et al. Lower limb arterial calcification (LLAC) scores in patients with symptomatic peripheral
arterial disease are associated with increased cardiac mortality and morbidity. PLoS One. 2017;12(9):20182952. doi: 10.1371/journal.

pone.0182952. (ool

16. van'tKlooster CC, Nathoe HM, Hjortnaes J et al. Multifocal cardiovascular calcification in patients with established cardiovascular disease;
prevalence, risk factors, and relation with recurrent cardiovascular disease. Int J Cardiol Heart Vasc. 2020;27:100499. doi: 10.1016/j.

ijcha.2020.100499. Cpoi&

1044


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/

Clinical correlates of lower extremity arterial calcification in peripheral artery disease patients...

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

2].

28.

29.

30.

31.

32.

33.

34.

Vrints C, Andreotti F, Koskinas KC et al. 2024 ESC Guidelines for the management of chronic coronary syndromes. Eur Heart J.
2024;45(36):3415-3537. doi: 10.1093/eurheartj/ehae177. (0ol

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease. Kidney Int. 2024;105(45):5117-5314. doi: 10.1016/j.kint.2023.10.018. (poi&

Conte MS, Bradbury AW, Kolh P et al. Global vascular guidelines on the management of chronic limb-threatening ischemia. J Vasc Surg.
2019;69(65):35-125S.e40. doi: 10.1016/j.jv5.2019.02.016. <poI&

Hardman RL, Jazaeri O, YiJ et al. Overview of classification systems in peripheral artery disease. Semin Intervent Radiol. 2014;31(4):378-
88. doi: 10.1055/5-0034-1393976. (poi&

Lee S, Kalra K, Kashikar A et al. Evaluation of Lower Extremity Calcium Score as a Measure of Peripheral Arterial Disease Burden and
Amputation Risk. Ann Vasc Surg. 2023;95:154-161. doi: 10.1016/j.avsg.2023.02.009. pol

Kalyani RR, Lazo M, Ouyang P et al. Sex differences in diabetes and risk of incident coronary artery disease in healthy young and middle-
aged adults. Diabetes Care. 2014;37(3):830-838. doi: 10.2337/dc13-1755. (boi&

DiVito A, Donato A, Presta | et al. Extracellular Matrix in Calcific Aortic Valve Disease: Architecture, Dynamic and Perspectives. Int J Mol
Sci. 2021;22(2):913. doi: 10.3390/ijms22020913. “boie

Mishra PP, Mishra BH, Lyytikdinen LP et al. Genetic risk score for coronary artery calcification and its predictive ability for coronary artery
disease. Am J Prev Cardiol. 2024;20:100884. doi: 10.1016/j.ajpc.2024.100884. <ot

Colantonio LD, Hubbard D, Monda KL et al. Atherosclerotic Risk and Statin Use Among Patients With Peripheral Artery Disease. J Am Coll
Cardiol. 2020;76(3):251-264. doi: 10.1016/j.jacc.2020.05.048. ‘boi&

LaiR, JuJ, LinQ, Xu H. Coronary Artery Calcification Under Statin Therapy and Its Effect on Cardiovascular Outcomes: A Systematic Review
and Meta-Analysis. Front Cardiovasc Med. 2020;7:600497. doi: 10.3389/fcvm.2020.600497. <pol

Smilowitz NR, Bhandari N, Berger JS. Chronic kidney disease and outcomes of lower extremity revascularization for peripheral artery
disease. Atherosclerosis. 2020;297:149-156. doi: 10.1016/j.atherosclerosis.2019.12.016. bol&

Dweck MR, Chow MW, Joshi NV et al. Coronary arterial 18F-sodium fluoride uptake: a novel marker of plaque biology. J Am Coll Cardiol.
2012;59(17):1539-48. doi: 10.1016/j.jacc.2011.12.037. bol&

Ortega MA, De Leon-Oliva D, Gimeno-Longas MJ et al. Vascular Calcification: Molecular Networking, Pathological Implications and
Translational Opportunities. Biomolecules. 2024;14(3):275. doi: 10.3390/biom14030275. (boi&

Qin Z, Yu L, Zhang Y et al. Coronary artery calcification and plaque stability: an optical coherence tomography study. Heliyon.
2023;9(12):23191. doi: 10.1016/j.heliyon.2023.e23191. ‘boi&

Chen S, Tang R, Liu B. Current Understanding of Cardiovascular Calcification in Patients with Chronic Kidney Disease. Int J Mol Sci.
2024;25(18):10225. doi: 10.3390/ijms251810225. ‘boi&

Puri R, Libby P, Nissen SE et al. Long-term effects of maximally intensive statin therapy on changes in coronary atheroma composition:
insights from SATURN. Eur Heart ) Cardiovasc Imaging. 2014;15(4):380-388. doi: 10.1093/ehjci/jet251. <bal

Zaker B, Ardalan M. Vascular calcification; Stony bridge between kidney and heart. J Cardiovasc Thorac Res. 2020;12(3):165-171. doi:
10.34172/jcvtr.2020.29. (ool

Back M, AranyiT, Cancela ML et al. Endogenous Calcification Inhibitors in the Prevention of Vascular Calcification: A Consensus Statement
From the COST Action EuroSoftCalcNet. Front Cardiovasc Med. 2019;5:196. doi: 10.3389/fcvm.2018.00196. <ol

The study was conducted as a fragment of the scientific projects of the Scientific Department of Minimally Invasive
Surgery (State Institution of Science «Center of innovative healthcare technologies» State Administrative Department)
«Optimization of surgical treatment of patients under a multimodal program of rapid recovery based on the improve-
ment of operative interventions, in particular with the use of nanobiosensor technologies and their anesthetic support»
(state registration number 01220000233, term: 2022-2024) and «Optimization of approaches to providing specialized
medical care for surgical patients using personalized anesthetic support» (state registration number 0125U000315;
term: 2025-2029).

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Sviatoslav Y. Denysov

Clinical Hospital «Feofaniya»

21 Academician Zabolotny St, 03143 Kyiv, Ukraine
e-mail: Denisovsu84@gmail.com

1045


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/

Sviatoslav Y. Denysov et al.

ORCID AND CONTRIBUTIONSHIP

Sviatoslav Y. Denysov: 0000-0002-3214-8208 & B ¢ D
Yuriy M. Hupalo: 0000-0002-4856-1398 A (E (F

Vasyl V. Lazoryshynets: 0000-0002-1748-561X & (F

A —Work conceptand design, ‘8- —Data collection and analysis, ‘¢ — Responsibility for statistical analysis, ‘0 —Writing thearticle, ‘e — Critical review, (F — Final approval of the article

RECEIVED: 07.01.2025
ACCEPTED: 30.05.2025 CREATIVE COMMONS 4.0

1046



© Aluna Publishing

weeh Wiadomosci Lekarskie Medical Advances, VOLUME LXXVIII, ISSUE 6, JUNE 2025

ORIGINAL ARTICLE

CONTENTS

Peculiarities of psycho-emotional and neurovegetative state
in Ukrainian women who have experienced war-related stress
and ways of its non-medicinal correction

Viktor S. Matsyshyn', Kostiantyn 0. Apykhtin', Anatolii M. Kravchenko', Nataliia M. Ovodiuk’,

lllya A. Chaikovsky*
'STATE INSTITUTION OF SCIENCE «CENTER OF INNOVATIVE HEALTHCARE TECHNOLOGIES» STATE ADMINISTRATIVE DEPARTMENT, KYIV, UKRAINE
2V.M. GLUSHKOV INSTITUTE OF CYBERNETICS OF THE NATIONAL ACADEMY OF SCIENCES OF UKRAINE, KYIV, UKRAINE

ABSTRACT

Aim: To investigate the peculiarities of psycho-emotional and neurovegetative disorders in women exposed to war-related stress and to assess the possibilities
of their correction by cogpnitive behavioural therapy (CBT) and Transcendental Meditation (TM).

Materials and Methods: The study involved 72 women, 35 of whom had experienced high-intensity stress and 37 of whom were in the control group. The
psychoemotional state was assessed by the DASS-21 test and a screening test for post-traumatic stress disorder. The neurovegetative state was assessed by
mathematical analysis of heart rate variability (HRV). The main group was divided into subgroups that received correction using CBT or TM.

Results: In the main group exposed to the stressors of war, a higher level of anxiety, depression, PTSD score, and neurovegetative imbalance (decreased total
adaptation reserve [SDNN], decreased parasympathetic regulation activity [RMSSD], increased vegetative balance index [LF/HF], indicating a shift towards
sympathicotonia) was found. After the correction, both subgroups (CBT and TM) showed a decrease in anxiety, depression and stress. TM showed a more
pronounced corrective effect on neurovegetative regulation and some indicators of psycho-emotional state (anxiety) compared to CBT.

Conclusions: A war significantly affects the psycho-emotional and neurovegetative state of women. Both of the applied non-medicated methods (CBT and
TM) showed a significant corrective effect. The results of the study confirm the positive effects of TM and indicate the feasibility of its use for psychological
support of persons exposed to the stress factors of war.

KEY WORDS: women, post-traumatic stress disorder, autonomic dysfunction

INTRODUCTION

The war in Ukraine, which was started by Russiain 2014
and escalated into a full-scale war in 2022, has had a
significant impact on the lives and health of civilians,
including women. The hostilities and the consequences
of the socio-humanitarian crisis are causing numerous
physical, psychological and social problems among
women living in the conflict zone or who have been
forced to flee their homes. Studies show that the effects
of war include a significant increase in stress, anxiety,
depression and post-traumatic stress disorder (PTSD)
among women [1-3].

From February to May 2024, the State Institution of
Science «Center of innovative healthcare technologies»
State Administrative Department (Kyiv, Ukraine), in part-
nership with the Ukrainian public organisation Impact
Force, UN Women and information support from the
Ministry of Digital Transformation of Ukraine and «Diia.
Education», the ReSTART Mindset educational and health

Wiad Lek. 2025;78(6):1047-1053. doi: 10.36740/WLek/207363 (DOl

programme was developed and implemented for wom-
en veterans and women family members of veterans. The
programme included an assessment of women’s health
by conducting a survey and examining ECG readings
with mathematical analysis of heart rate variability (HRV)
[4-8].To correct the condition, both the well-known and
recommended by international protocols method of cog-
nitive behavioural therapy (CBT) [9-12], and the method
that has shown its effectiveness in PTSD and other stress
disorders, but requires further research, - Transcendental
Meditation (TM) [13-15], — were used.

AIM

The aim of the study was to investigate the peculiarities
of psycho-emotional and neurovegetative disorders in
women exposed to war-related stress and to assess the
potential for their correction through psychotherapy
and meditation.
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MATERIALS AND METHODS

The main group consisted of 35 women who had expe-
rienced high-intensity severe war-related stress, with an
average age of (mean [M] * standard error of the mean
[m]) 40,7 £ 1,4 years. The main group included women
in a state of stress-associated uncertainty, such as inter-
nally displaced women who fled their homes because of
the hostilities and wives of military personnel who are
experiencing a difficult emotional state due to anxiety
about their loved ones; women veterans who have
returned to civilian life after service or people who are
adapting to society after military service; women who
worked in difficult conditions, including those who
were under occupation, in the shelling zone or near
the contact line, as well as those who participated in
the evacuation of civilians, demining, etc. The control
group consisted of 37 women, whose average age was
40,1 + 1,7 years, who did not participate in hostilities,
were not under occupation, did not have deceased
military relatives, i.e. did not experience the effects of
extremely intense stress factors associated with the war.

Standardised questionnaires were used to study the
psycho-emotional state: DASS-21 (anxiety, depression,
stress) [16] and the PTSD screening test recommended
by the Ministry of Health of Ukraine [17]. The neuro-
vegetative state was assessed using the functional
parameters of the Autonomous Nervous System (ANS).
To assess the functional state of the ANS, the method
of mathematical analysis of HRV was used, which was
carried out on the basis of an ECG recorded in a sitting
position, at rest, for three minutes, using an ECG record-
er DiaCard 06000.1 (Solvaig, Kyiv) and the “Harmony”
software and hardware complex [5] with the “Oracle”
computing core [6].

HRV was studied according to international clini-
cal standards of 1996 [7, 8]. Additionally, the Roman
Baevsky stress index (SI) was used [8, 18-21]. The fol-
lowing HRV parameters were evaluated: heart rate (HR),
the standard deviation of normal-to-normal intervals
(SDNN), the root mean square of successive differences
(RMSSD), Sl and the ratio of low-frequency to high-fre-
quency power (LF/HF).

Atthefirst stage of the study, the psychoemotional and
neurovegetative state of women in the main and control
groups was compared. The second stage of the study
examined the effect of two types of corrective measures
— CBT and TM - on women in the main group. For this
purpose, in accordance with the type of correction used,
the main group of women was divided into two groups,
TM (15 women, average age 41,7 + 2,1 years) and CBT
(20 women, average age 40,1 + 2,0 years).

Statistical analysis was performed using IBM SPSS
Statistics 26 (USA). Quantitative data were presented as
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M + m and median (Me) with interquartile range (first
[Q1]and third [Q3] quartiles). The study used parametric
and non-parametric methods of statistical evaluation:
Student’s T-test forindependent (T unpaired) and paired
(T paired) samples; non-parametric criteria: Wilcoxon test
for paired samples (W), Mann-Whitney test for indepen-
dent samples (U). Differences between group means and
medians were considered significant at a significance
level of p < 0,05; and at the trend level —at 0,05 < p<0,1.

ETHICS

The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Ethics Commit-
tee of the Scientific and Practical Centre for Preventive
and Clinical Medicine of the State Administration of
Affairs (Protocol No.1 dated January 15, 2024). Written
informed consent was obtained from all participants,
and their personal data were anonymized to ensure
confidentiality.

RESULTS

Women in the ReSTART Mindset task force reported
complaints related to high levels of stress, emotional
exhaustion, and difficulties in adapting to war-affected
living conditions. The most frequent psycho-emotional
complaints included persistent feelings of anxiety, fear,
and depression; emotional instability and irritability; re-
duced motivation; apathy; and a sense of helplessness.
Women in the main group also reported difficulties with
concentration and decision-making.

Common somatic complaints included pain syn-
dromes in the cervical and lumbar spine, headaches,
muscle tension, and sleep disturbances such as dif-
ficulty falling asleep, light or fragmented sleep, and
frequent awakenings. In addition, women in the main
group experienced vegetative symptoms, including
palpitations, blood pressure fluctuations, a sensation
of a lump in the throat, shortness of breath, gastroin-
testinal disturbances, excessive sweating, and dizziness.

Among the social complaints, feelings of isolation
and being misunderstood by others were prominent,
as were difficulties in forming or maintaining social
contacts, and conflicts within the family or workplace
caused by a worsened emotional state.

Complaints related to stress adaptation were also
notable, including a perceived inability to cope with
current circumstances, increased emotional vulnerabil-
ity even to minor events, fear of the future, and feelings
of uncertainty.

The women in the main group often experienced
post-traumatic symptoms, such as flashbacks or re-
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Table 1. Comparison of the primary group at baseline with the control group

Indicator Groups Mtm Me Q1 Q3 P
control 27,46 + 1,50 29 26 34
Sum of DASS-21 test, scores p(T)>0,1
main 29,71 +2,01 29 20 38 pU)>0,1
. . control 10,08 + 0,61 11 8,5 12 p(T)>0,1
Depression level, points - !
main 10,43 + 0,88 10 6 13 pU)>0,1
Anxiety level. point control 5,65 + 0,49 6 2,5 85 p (T)=0,047
nxie evel, points
Y P main 7,37 + 0,69 7 4 11 p (U)=0,061
Level of subjectively experi- control 11,73+ 0,69 13 10 14 p(T)>0,1
enced stress, points main 11,91 +0,73 13 8 15 p(U) >0,1
Level of PTSD severity, control 2,97 0,15 3 2 4 p (T) =0,001
points main 4,09 +0,29 4 3 5 p(U) = 0,001
control 76,16 + 1,41 75,00 71,00 82,50 p (T) =0,05
HR, bpm ,
main 80,49 + 1,66 79,00 74,00 88,00 p(U) =0,05
control 42,81 +2,04 41,00 32,50 51,00
SDNN, ms p (T) <0,001
main 32,20+ 1,56 30,00 26,00 40,00 p(U) < 0,001
control 29,32 +1,58 29,00 20,50 38,00
RMSSD, ms p (T) <0,001
main 20,89 + 1,59 19,00 15,00 28,00 p(U) < 0,001
control 194+18 174 115 242 p (T) =0,001
Sl, units !
main 342+36 272 212 435 p(U) < 0,001
control 1,97 £0,30 1,56 0,79 2,07 -
. ’ 1 ’ 1] 7 P (T) = 0,033
Vegetative balance (LF/HF)
E main 3,12+ 0,44 2,46 1,11 412 p(U) =0,022

Note: p(T) — the significance of the difference in mean values (paired t-test); p(U) — the significance of the difference in medians (Mann-Whitney U test)

peated memories of traumatic events, nightmares,
hyper-arousal, difficulty relaxing and a sense of constant
alertness.

At the first stage of the study, the main group was
compared with the control group at baseline. The
following was found (Table 1). In the main group, com-
pared to the control group, there was an increased level
of anxiety, a higher degree of PTSD severity, a higher
level of cardiovascular functioning (as indicated by HR),
a lower overall adaptive potential of neurohumoral
regulation (as indicated by SDNN), lower activity of
parasympathetic modulation (by the RMSSD index), a
higher level of tension of regulatory systems (by Sl), and
amore pronounced shift of autonomic balance towards
sympathicotonia (by LF/HF index).

At the second stage of the study, changes in the
psychoemotional state and HRV in the dynamics were
investigated in each of the groups (CBT and TM), and
the reliability of changes in their mean group values (by
Student’s T-test for paired samples) and medians (by the
nonparametric Wilcoxon signed rank test) was assessed.

The following was found when analysing the indica-
tors of psycho-emotional state assessment (Table 2).
After correction, in both groups, CBT and TM, there was
a significant decrease in the total score on the DASS-21
test (in the TM group p = 0,001; in the CBT group p =

0,004). At the same time, in the TM group, the median
of this score decreased significantly (p = 0,003) from 24
to 11 points, and in the CBT group, it decreased signifi-
cantly (p = 0,006) from 34 to 14 points.

The median score of depression in the CBT group
corresponded to severe depression, according to the
DASS-21 test. And in the TM group, the median de-
pression score corresponded to moderate depression.
After correction, in both groups, CBT and TM, there was
asignificant decrease in both the mean group scores of
depression (p = 0,001 and p = 0,006, respectively) and
median scores (p = 0,002 and p = 0,004, respectively). In
the TM group, the median depression score decreased
from 9to 3, which is normal. And in the CBT group - from
12 to 5, which also corresponds to the norm.

The median anxiety score in the TM group (7 points)
corresponded to «<moderate anxiety», and in the CBT
group (9 points) — to «severe anxiety». After correction,
a significant decrease in the mean group anxiety level
was observed in the TM group (p = 0,002), and in the
CBT group - its decrease at the level of the trend (p
= 0,076). The median anxiety score in the TM group
significantly (p = 0,004) decreased from 7 to 2, which
corresponds to the norm, and in the CBT group it had a
strong downward trend (p = 0,066), from 9 to 6 points,
which corresponds to «mild anxiety».
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Table 2. Indicators of psycho-emotional state in the dynamics after correction

Indicator Group State Mtm Me Q1 Q3 +)
initial 2,7+2, 4, 20, ,
BT initia 3 6 34,0 0,8 39,8 P, < 0,01
after correction 196+3,4 14,0 9,0 32,5 P, <0,01
Sum of points DASS-21
™ initial 258+29 24,0 15,0 31,0 Py, < 0,01
after correction 11,3+2,5 11,0 4,0 16,0 Py < 0,01
o N
BT initial 11,9+1,1 12,0 6,8 15,5 P, < 0,01
after correction 68+1,3 5,0 2,0 11,5 P, < 0,01
Depression, points
™ initial 85+1,3 9,0 5,0 12,0 Py, < 0,01
after correction 36+08 3,0 1,0 5,0 Py < 0,01
... i
BT initial 81+1,0 9,0 4,0 12,5 0,05< p,<0,1
after correction 60+1,2 6,0 2,0 8,5 0,05<p,,<0,1
Anxiety, points —
™ initial 64+08 7,0 3,0 9,0 P, < 0,01
after correction 25+0,9 2,0 0,0 2,0 P, < 0,01
... N
CBT initial 12,7+0,9 13,0 10,0 15,8 Py, < 0,01
' after correction 6,8+1,1 5,5 3,0 10,5 P, <0,01
Stress, points initial
+
™ initia 10,9+ 1,1 12,0 7,0 14,0 P, < 0,01
after correction 51+1,0 5,0 1,0 8,0 P, <0,01
... N
CBT initial 45+0,4 4,5 3,0 6,0 Py, < 0,01
) after correction 2,7+0,5 2,0 1,0 5,0 P, <0,01
PTSD, points initial 35+0,3 3,0 3,0 4,0
+
™ initia D x0, / . / P < 0,001
after correction 1,3+0,5 1,0 0,0 2,0 P, <0,01

Note: p(T) — the significance of the difference in mean values when using Student’s T-test for paired samples; p(W) — the significance of the differ-

ence in medians when using the Wilcoxon signed rank test

The median stress scores in the TM group (12 points)
and the CBT group (13 points) corresponded to <moderate
stress», according to the DASS-21 test. After correction, in
both groups, CBT and TM, there was a significant decrease in
the mean group values of stress (p = 0,001 for both groups)
and medians (p=0,003 in the TM group; p=0,004 in the CBT
group).Inthe TM group, the median stress score decreased
from 12 to 5 points, and in the CBT group — from 13 to 5,5
points, which corresponds to the norm.

The median value of the PTSD score at baselinein the TM
group (3 points) corresponds to the norm, i.e., the absence
of PTSD. In the CBT group, the median PTSD score at base-
line, before correction, was 4,5 points, which corresponds
to the probable presence of PTSD. After correction, in both
groups, CBT and TM, there was a significant decrease in the
mean group values of PTSD severity (p <0,001 and p=0,006,
respectively). In the TM group, the median PTSD score sig-
nificantly (p =0,003) decreased from 3 to 1 point,andin the
CBT group, it significantly (p =0,010) decreased from 4,5 to
2 points, which corresponds to the norm (absence of PTSD).

The analysis of HRV indicators revealed the following (Ta-
ble 3).The HRin the TM group after the course of correction
tended to decrease, according to the average group value (p
=0,088).In the CBT group, there was no significant change
in HR after the course of correction.
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After the course of correction, the mean group value of
SDNN in the TM group increased significantly (p = 0,011);
the median also increased significantly (p = 0,021), by 11
ms. While in the CBT group, after correction, an increase
in the average group SDNN value was noted at the level
of the trend (p = 0,08); the median significantly (p = 0,046)
increased by 2,5 ms.

After the course of correction, the average group indices
of RMSSD, SI, LF/HF autonomic balance and their medians
in the CBT and TM groups did not change significantly.

DISCUSSION

According to the World Health Organization, nearly 10 million
Ukrainians may suffer from mental health disorders such as
depression or anxiety, of which nearly 4 million may have
moderate or severe cases [3]. Women who are homeless,
sanguine, with mild depression and mild/medium anxiety
are more likely to develop PTSD [1].

Describing the peculiarities of the psychoemotional and
neurovegetative state of Ukrainian women, it is worth noting
that the control group of women, according to the average
group values, was characterised by severe depression and a
moderately pronounced level of stress, which is subjectively
experienced by the individual. This may be due to the fact that
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Table 3. HRV indicators in the dynamics after correction

Indicator Group State Mtm Me Q1 Q3 P
cat initial 82,15+ 2,40 81,50 75,50 88,75 P> 0,1
HR, bpm after correction 80,65+ 2,19 79,00 74,00 81,75 Py > 0.1
™ initial 78,27 +2,15 77,00 72,00 86,00 0,05<p,<0,1
after correction 74,67 + 1,49 74,00 70,00 77,00  0,05<p,<0,1
car initial 31,95+2,15 30,50 26,00 3950 0,05<p,<0,1
SDNN, ms after correction 36,90 + 2,67 33,00 28,25 47,00 P, < 0,05
™ initial 32,53+2,32 30,00 26,00 40,00 Py, < 0,05
after correction 41,13+ 4,22 41,00 34,00 51,00 P, < 0,05
car initial 20,45 + 2,06 18,00 15,25 26,50 P> 0,1
RMSSD, ms after correction 22,70+ 2,61 19,50 16,25 30,50 Puw, > 01
™ initial 21,47 +2,56 20,00 14,00 29,00 P> 0,1
after correction 24,73 £2,98 26,00 16,00 29,00 Puw, > 0,1
car initial 382+55 375 226 457 P> 0,1
) after correction 283 +40 218 144 353 Puw, > 0,1
o units ™ initial 287 +39 261 205 408 P> 0,1
after correction 289 + 83 158 122 275 Puw, > 0,1
cer initial 3,38+ 0,64 2,77 1,05 5,36 P> 0,1
Vegetative balance (LF/ after correction 3,35+0,70 2,07 1,18 3,95 Py > 0,1
HF) ™ initial 2,77 £0,59 2,46 1,42 3,19 P> 0.1
after correction 3,41 +0,62 2,46 1,44 6,17 Puw, > 0.1

Note: p (T) — the significance of difference in mean values using Student’s T-test for paired samples; p (W) — the significance of difference in medians

when using the Wilcoxon signed rank test

they experience less intense, chronic stress, a constant sense of
danger to themselves and their families when livingin a coun-
try at war. These results provide grounds for the expediency
of taking corrective measures and implementing corrective
actions for this category of the Ukrainian population as well.
Assessing the differences between the main group of
women exposed to severe high-intensity war-related stress
and women in the control group, the following features can
be noted: higher indicators of anxiety level, severity of PTSD,
energy level of cardiovascular system functioning; lower
indicators of the general adaptive reserve of neurohumoral
regulation (according to the SDNN index), lower activity of
parasympathetic modulation (according to the RMSSDindex),
higherlevel of tension of regulatory systems (according to SI),
a more pronounced shift in the autonomic balance towards
sympathicotonia (by the LF/HF autonomic balance index).
Given the experience of the American researchers [22], it
would be ideal to investigate the initial state of autonomous
nervous regulation of civilian and military Ukrainian women
before the start of the war, to take into account the influence of
theinitial functional state of autonomic regulation on the like-
lihood of developing PTSD after exposure to a stressful factor.
The main effects of the correction were as follows: in both
groups, TM and CBT, the overall adaptive potential of neuro-
humoral regulation increased; in both groups, the integral

indicator of psycho-emotional state assessment improved
(the total score of the DASS-21 test decreased), the level of
depression decreased, the severity of subjective stress de-
creased (according to the «stress» indicator of the DASS-21
test), and the severity of PTSD decreased; the level of anxiety
inthe TM group decreased significantly,and in the CBT group
decreased at the level of a trend. At the same time, after the
course of correction in both groups, CBT and TM, there were
no significant shifts in the activity of parasympathetic modu-
lation (RMSSD), the level of tension of regulatory systems (Sl),
and no significant changes in the LF/HF autonomic balance.

Thus, the results of this study give grounds to recommend
the methods of correction (CBT and TM) used by us for the
implementation of psychological support programmes
aimed at reducing psychoemotional stress and normalising
ANS among the population affected by war.

PERSPECTIVES FOR FUTURE WORKS

Further research could be aimed at expanding the sample to
increase the reliability of the results, analysing gender differ-
ences in the effects of meditation and CBT,and studying the
long-term effects of these methods on psychoemotional
and neurovegetative state. Of particular relevance is the
study of the mechanisms of action of meditation using
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neuroimaging and the comparison of its effectiveness with
other therapeutic approaches. Of particular interest is the
development of adapted support programmes, their eco-
nomic feasibility and assessment of cultural acceptability
for Ukrainian society. Research among military personnelin tential of autonomic regulation and improvement of
the combatzone and evaluation of changesin the quality of the psycho-emotional state.

life of participants are commercial aspects for furtherstudy 3. A comparative evaluation of the effects of CBT and TM
and implementation of the methods. showed that TM has a more pronounced corrective
effect on the functional state of the autonomic nervous
system (increases the overall adaptive potential of neu-
rohumoral regulation),improves the psychoemotional
state, with a particularly good reduction in anxiety, and

which led to the depletion of adaptive reserves.
2.The correctional measures, CBT and Transcendental

Meditation, had a generally positive effect, which

consisted of an increase in the overall adaptive po-

CONCLUSIONS

1. Our study showed that Ukrainian women have abnor-

malities in both indicators of psychoemotional state
and neurovegetative regulation. These abnormalities
were more pronounced in the group of women who
had experienced stressful events of high significance,
which caused them to have a pronounced subjective
feeling of nervous and emotional stress and a gener-
ally mobilising sympathicotonic autonomic response,

more effectively reduces the manifestations of PTSD.
Based on our data, we can recommend a combination
of CBT and TM techniques, with the expectation of
potentiating their corrective and therapeutic effects.

. Further, larger-scale research is needed to reveal the

mechanisms of influence of the correctional tools
(CBT and TM) used in our study.
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Comparison of high-frequency techniques in ablation of great
saphenous vein for varicose vein treatment
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ABSTRACT

Aim: To evaluate the outcomes of patients who underwent two different high-frequency techniques of varicose vein endovenous ablation in the great saphenous
vein (GSV) region (radiofrequency ablation [RFA] or high-frequency endovenous welding [HFEW]), and to find out the options to improve long-term results.
Materials and Methods: The retrospective study enrolled 120 patients with primary varicose veins in the GSV region with CEAP stages (2—(6, treated in two
private centers and operated on by a single operator from 2019 to 2021. The enrolled sample was subdivided into RFA (VNUS ClosureFast [n=>58]) and HFEW
(“SVARMED", Ukraine [n=62]) groups. Primary (such as occlusion rates) and secondary outcomes (such as postoperative pain [by VAS scale], complications,
and recurrence rates) were assessed at 7 days, and at 3, 6, and 12 months postprocedurally.

Results: Both RFA and HFEW techniques showed high occlusion rates at 12 months postoperatively (96% and 97%, respectively [p=1,000]). The adverse
events and perioperative complication rates were low and comparable between the two studied groups. Recurrence of varicose veins at the 12-month follow-up
was numerically, but non-significantly, higher in the RFA group compared to HFEW (total: 14% vs. 6%, respectively [p=0,230]; junction source: 10% vs. 3%,
respectively [p=0,154]).

Conclusions: Ablation of the GSV in patients with varicose vein disease by RFA and HFEW showed comparable early and midterm results with high occlusion
rates at 12 months postoperatively. Recurrences in the RFA group, being numerically higher compared to the HFEW group, were primarily caused by new reflux

coming from the femoral junction. HFEW requires further research for technical improvement and widespread implementation in practice.

KEY WORDS: varicose vein, endovenous welding, radiofrequency ablation

INTRODUCTION

Chronic venous disease and varicose veins are a major
problem in healthcare systems all over the world. Ac-
cording to various data, the disease is widespread and
affects up to 40-90% of the population, with a higher
predominance among women [1]. Chronic venous insuf-
ficiency has a major impact on social life, quality of life,
and healthcare systems.Various symptoms, ranging from
small cosmetic defects and discomfort to pain, swelling,
and trophic changes, including venous ulcers, affect qual-
ity of life and could lead to potential complications such
as thrombosis, bleeding, and temporary disability. In the
last two decades, many different techniques, including
endovenous laser coagulation, radiofrequency ablation
(RFA), high-frequency endovenous welding (HFEW),
foam sclero-obliteration, endovenous mechanochemical
obliteration, and adhesive methods of vein closure (glue),
were developed to treat varicose veins [2]. All of them
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are reliable, with high technical success and occlusion
rates, as well as symptomatic regression and healing of
venous ulcers. Although primary occlusion rates are high
for all techniques, the chronic character of varicose vein
disease and often complicated anatomy lead to mid- and
long-term recurrences, which are a major problem [3].

AIM

The study aim was to evaluate the outcomes of the patients
who underwent RFA and HFEW for the treatment of primary
varicose veins in the great saphenous vein (GSV) region,
and to find out the options to improve long-term results.

MATERIALS AND METHODS

The retrospective analysis was performed by assessing
the data from 120 patients (mean age [mean =* stan-
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dard deviation] 40+£17 years; 39 [32,5 %] males and
81 [67,5 %] females), who underwent RFA or HFEW for
treatment of varicose vein disease in GSV region, being
enrolled in two private centers from 2019 to 2021. Inclu-
sion criteria were as follows: patients with incompetent
GSV with reflux more than 500 ms, GSV diameter less
than 2 cm, CEAP (Clinical-Etiology-Anatomy-Pathophys-
iology) classes C2-C6; patient age more than 18 years.

Exclusion criteria were applied to patients who under-
went previous venous surgery, patients with recurrent
varicose veins, with history of deep vein thrombosis
(DVT) or superficial thrombophlebitis, with known in-
take of anticoagulation medication, with lower extrem-
ity infections and known thrombophilia, pregnancy,
chronic peripheral arterial disease, lymphedema of
lower limbs, history of narcotic addiction, and intrave-
nous narcotic use, patients with chronic venous disease
on both legs who underwent simultaneous procedure
on GSVs bilaterally.

Among 120 patients, the distribution of CEAP stages
was as follows: C2 - 40 (33,3 %); C3 - 54 (45,0 %); C4 -
15(12,5%); C5 -8 (6,7 %); and C6 - 3 (2,5 %) cases. The
enrolled sample was subdivided into two study groups:
group 1 consisted of 58 (48,3 %) patients treated with
RFA (VNUS ClosureFast); group 2 included 62 (51,7 %)
patients treated with HFEW («<SVARMED», Ukraine).

Preoperative diagnostics included analysis of typical
symptoms of varicose vein disease, physical examina-
tion to assess the presence and spread of varicosities
on the legs, as well as ultrasound (US) duplex scan to
assess retrograde blood flow in the GSV. Those GSVs
with retrograde blood flow of more than 500 ms in the
standing position after manual compression of the calf
were regarded as insufficient. Preoperative mapping of
varicosities and reflux in- and outflow points, as well as
puncture sites, was performed before the operation in
the standing position. All the patients signed informed
consent forms and were given chronic venous insuffi-
ciency questionnaires (CIVIQ-20) to fill out before the
operation. The study included patients operated on by
a single operator, a vascular surgeon experienced in en-
dovenous procedures. Postoperative therapy included
micronized flavonoid fraction medication for a month
and nonsteroidal anti-inflammatory drugs for three
days. Per protocol, an elastic compression bandage was
applied directly after the procedure, as well as compres-
sion stockings for one day. Class Il graduated elastic
compression stockings were applied for three weeks.
Procedures were performed in the reverse Trendelen-
burg position. Patients were operated on under local
anesthesia with mild sedation in the supine or prone
position. In most cases, the GSV was punctured 5-10cm
below the knee under US control, followed by introduc-

er (5F or 9F, depending on the technique) insertion. The
catheter was inserted and positioned according to the
instruction for use recommendations (2.0 cm from the
femoral junction for RFA, and just below the junction for
HFEW [zero zone]). Catheter insertion was followed by
US-guided application of tumescent anesthesia (cooled
modified Klein's solution) along the vein.

Calf and thigh tributes were removed in the Varady
technique through microincisions under local anesthe-
sia as well. Perforators were not treated in the primary
setting. Fourteen patients in both groups underwent
additional sclerotherapy intraoperatively using 0.5%
polidocanol for the treatment of telangiectasias. All
patients were discharged home directly after the pro-
cedure with a recommendation of 30 to 60 minutes of
intensive walking.

Postoperative controls were performed on the next
day, in seven days, and at 3, 6, and 12 months postop-
eratively. During the check-ups, physical examination
and duplex US were performed to assess occlusion rates
of the GSV, rates of recanalization, and reflux.

Patients completed the CIVIQ-20 questionnaire and
Visual Analogue Scale (VAS) to measure pain intensity at
3,6,and 12 months postoperatively. The VAS consisted
of a 10 cm line, with two endpoints representing 0 (“no
pain”) and 10 (“pain as bad as it could possibly be”).

The data were analyzed using MedCalc v. 23.2.1
(MedCalc Software Ltd., Belgium). The continuous
variables were presented as mean + standard deviation.
The qualitative variables were presented as absolute
and relative (%) frequency. Two independent samples
were compared using Student’s t-test (for continuous
variables), and x2 or Fisher’s exact tests (for qualitative
variables). A p-value <0.05 was considered statistically
significant.

ETHICS

The research was carried out in adherence to the core
principles outlined in the Council of Europe Convention
on Human Rights and Biomedicine, the Declaration of
Helsinki by the World Medical Association on ethical
guidelines for medical research involving human
participants, and the relevant regulations of Ukraine.
The study protocol received an approval from the local
ethics committee. Considering the retrospective design
of current study, the informed patient’s consent was
not required.

RESULTS

The study groups were comparable in the majority
of baseline characteristics, as presented in Table 1.
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Table 1. Baseline characteristics of patients in the studied groups

Parameters Group T Group 2 p
Age, years 38+17 41+18 0,368
Men 17 (29) 22 (34)
Sex, n (%) 0,560
Women 41 (71) 40 (65)
Treated veins diameter, mm 8+3 10+3 <0,001
C2 22 (38) 18 (29)
CEAP stage, n (%)
3 23 (40) 31 (50)
c4 6(10) 9(14) 0,577
Eg 5(9) 3(5)
2(3) 1(2)
Table 2. The endpoints, adverse events and complications in the studied groups
Parameters G;::;’: GI':’:G';z p
Adverse events and perioperative complications
EHIT type 2, n (%) 0 3(5) 0,245
Temporary paresthesia and hypoesthesia, n (%) 5(9) 7(11) 0,764
Induration and temporary pigmentation, n (%) 7(12) 7(11) 1,000
Postoperative pain (VAS score =3), n (%) 6(10) 6(10) 1,000
Bruising, n (%) 21 (36) 24 (39) 0,851
Primary endpoints (at 12-month follow-up)
Partial recanalization, n (%) 2 (4) 2(3) 1,000
Varicose vein recurrence in total, n (%) 8(14) 4 (6) 0,230
Varicose vein recurrence, junction source, n (%) 6(10) 2(3) 0,154

Note: EHIT — endothermal heat-induced thrombosis

Although the treated vein diameter was larger in group
2, this was not significant with regard to clinical presen-
tation but could potentially interfere with occlusion rates.

The mean procedure time was comparable in both
groups: 4613 vs. 48+15in groups 1 and 2, respective-
ly (p=0.453). All operations showed a 100% technical
success rate with no operative complications. No post-
operative surgical complications, such as skin burns,
bleeding, pulmonary embolism, etc., were observed.

The data on patients’ outcomes are presented in
Table 2.

Forty-five patients presented with mild local bruising
due to performed mini-phlebectomies: 21 (36%) and 24
(39%) in groups 1 and 2, respectively (p=0.851). Twelve
patients reported postoperative pain with a VAS score
>3, with no difference between groups (6 [10%] patients
in both groups [p=1.000]). Twelve patients developed
temporary paresthesia and hypoesthesia on the calf
(5 [9%] and 7 [11%] in groups 1 and 2, respectively
[p=0.7641), which disappeared during the first month
of follow-up. Induration and temporary pigmentation
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along the epifascial thigh tributaries of GSV were noted
in 7 patients in both groups (12% and 11%, respectively
[p=1.000]).

No major thrombotic postoperative complications,
including DVT or pulmonary embolism, were noticed
in the study groups. Endothermal heat-induced throm-
bosis (EHIT) type 2 was observed in 3 patients (5%) in
group 2 with no need for further treatment. No cases of
study equipment failure were noticed. Occlusion rates
of the GSV trunk as a primary endpoint were 100% in
both groups up to 6 months of follow-up. The 12-month
assessment showed partial recanalization in 2 (4%) and
2 (3%) in groups 1 and 2, respectively (p=1.000). We
observed varicose vein recurrence in both groups at
12-month follow-up, including 4 cases of thigh perfo-
rator recurrence (2 [4%] and 2 [3%] patients in groups
1and 2, respectively [p=1.000]), and 8 cases of junction
recurrences (6 [10%] and 2 [3%] patients, respectively
[p=0.154]). Overall, the RFA group demonstrated a
numerically, but non-significantly, higher frequency
of varicose vein recurrence events compared to the
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HFEW group (8 [14%)] vs. 4 [6%] patients, respectively
[p=0.230]).

DISCUSSION

Minimally invasive percutaneous methods of treatment
for varicose vein disease over the last 20 years have
shown excellent results due to high trunk occlusion
rates, low complication rates, a well-established safety
profile, and low early recurrence rates. Therefore, they
are considered the gold standard for varicose vein
treatment, replacing open surgery, including high liga-
tion and stripping [4]. In fact, many different thermal
minimally invasive techniques have been developed
in recent years, including endovenous laser ablation,
RFA, HFEW, as well as non-thermal techniques, such
as mechanochemical or cyanoacrylate ablation and
sclerotherapy. According to available data and studies
described in many publications comparing thermal
and non-thermal techniques, in most cases, non-ther-
mal techniques had slightly worse technical results in
closing veins due to existing recanalization [5, 6]. Nev-
ertheless, clinical results, patient satisfaction rates, and
quality of life were at the same level as in patients treat-
ed with thermal methods [7]. Although GSV occlusion
rates are taken as the primary endpoint of most studies,
the mostimportantissue is varicose vein recurrence and
symptoms of chronic venous insufficiency in long-term
follow-up [8].

Thermal ablation aims to achieve permanent vein
lumen occlusion through thermal energy application
on the wall, which can be effective depending on the
amount of energy absorbed [9].

Endovenous RFA to treat the incompetent GSV (VNUS
ClosureFast) is a catheter-based device that delivers
optimal thermal energy via an electrode with a tem-
perature feedback loop using a thermocouple, which
allows it to be applied in a controlled manner. This en-
sures transmural heating of the vein wall, minimizing
thermal spread to adjacent tissues. According to many
studies, the satisfaction rate of RFA for GSV reaches
95%, and the frequency of DVT rarely exceeds 1% [10].

The HFEW technique («<SVARMED», Ukraine) works
through a bipolar configuration electrode with a
diameter of up to 3 mm and a length of up to 5 cm.
The operating cycle of the welding is performed at a
voltage from 10 to 100 V and an AC frequency from
50 to 500 kHz, with modulation from 0.1 to 250 kHz
and tissue resistance of 0.1 to 1000 Ohms. The cycle
duration ranges from 5 to 12 seconds [11]. Resistance,
instead of a temperature-based self-regulating prin-
ciple, governs the exposure of the working electrode
surface in the vein lumen, allowing dose- and time-in-
dependent heating of the vein wall. This could lead
to better efficacy, convenience, and a better safety
profile [12].

Our experience allows us to obtain comparative
results with available series of studies. The sample size
and the retrospective nature of the analysis could be
potential limitations of our results. The same applies
to the relatively low recurrence rate, which is insuf-
ficient for further analysis. Nevertheless, our results
are acceptable and comparable with the presented
series. A one-year follow-up, from our point of view, is
not sufficient and may not reveal possible long-term
results. Our data enable us to plan prospective studies
to improve treatment outcomes.

CONCLUSIONS

High-frequency-based techniques, such as RFA and
HFEW, are effective and reliable methods of varicose
vein treatment in the GSV region. Although they show
high occlusion rates and excellent early and midterm
results, the late results (particularly recurrences) still
remain an unresolved issue. The recurrences in the RFA
group, being numerically but non-significantly higher
compared to the HFEW group, were primarily caused
by new reflux coming from the femoral junction. The
modified HFEW technique, including the zero zone
catheter positioning for endovenous crossectomy and
adjunctive anterior accessory vein ablation in selected
cases, could lead to better long-term results with fewer
recurrences and needs further research.
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ABSTRACT

Aim: To analyze the health status of children and adolescents depending on the severity of traumatic stress.

Materials and Methods: The study involved 105 children and adolescents (mean age [mean = standard deviation] 11,3+2,7; 48 [45,7%] boys and 57 [54,3%)]
girls), who suffered to some extent from the Russian army’s invasion of Ukraine. The respondents’ mental and somatic states were assessed using the Child
Traumatic Stress Scale — Pediatric Traumatic Stress Screening Tool (PTSST) and the Children’s Somatic Symptoms Inventory (CSSI-24).

Results: According to the screening data on the PTSST, 42,9% of children presented with a moderate risk, and 40,0% with a high risk of developing post-trau-
matic stress reaction (PTSR) (83% in total). We revealed a trend towards an increase in the PTSST score with respect to the increase in the stress burden per
participant. The PTSST score was comparable between children who remained in the fighting zone and those who left and live abroad. The (SSI-24 data
suggested that 44,8% of children had somatic symptoms of high or moderate intensity. Gastrointestinal complaints were identified more often than others
and had a pronounced degree of severity. A strong direct correlation was revealed between PTSST and CSSI-24 scores (p=0,726; p<0,05).

Conclusions: The mental state of children was characterized by the risk of developing PTSR in more than 80% of children. A strong direct correlation between the
level of traumatic stress reaction and the severity of somatic complaints indicates a high risk of developing somatic diseases as a result of the stress experienced.

KEY WORDS: health status, traumatic stress, mental state

INTRODUCTION

After the invasion of Ukraine by Russian invaders, many
families with children were forced to flee abroad or to
relatively safe regions of Ukraine. More than 1.5 million
children are among those who have left [1, 2]. Forced
displacement puts adults and children at increased
risk of somatic and mental disorders. Numerous inter-
national organizations are working to solve this prob-
lem, including the World Health Organization, which
created the project «Health emergency in Ukraine and
refugee-receiving and -hosting countries, stemming
from the Russian Federation’s aggression», which pro-
vides medical care to refugees in need [3]. At the same
time, a large number of children and adolescents have
remained and continue to live in the regions under
constant attack and shelling by the occupiers.

The majority of the war-affected population has
negative consequences from the impact of stress on
mental health [4-6]. For example, according to Ger-
man researchers, 45,0% of children who left Ukraine
for Germany after the outbreak of war have clinically

Wiad Lek. 2025;78(6):1059-1065. doi: 10.36740/WLek/207365 (DOl

significant signs of post-traumatic stress reaction (PTSR)
and need professional help [7-8]. In their publications,
doctors from Israel point out that more than half of the
children who were forced to move from the war zone
have general mental health problems [9]. Among refu-
gees who have moved to Poland, 73,0% of respondents
have PTSR [10].

In addition, the current situation has a negative im-
pact not only on the mental but also on the somatic
health of children and adolescents [11-13]. It is known
that stress has a negative impact on the functional
state of many organs and systems, which, on the one
hand, may be due to the direct influence of hormones
and neurotransmitters on the function of a particular
organ, and on the other hand, to changes that occur
during PTSR [14, 15]. For example, according to some
researchers, during PTSR, limbic instability and changes
in the hypothalamic-pituitary-adrenal and sympathet-
ic-adrenal medullary axes occur, which in turn affects
neuroendocrine and immune functions and causes
dysregulation of the autonomic nervous system [16].
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These factors lead to complaints from the child’s somat-
ic state, which can be a manifestation of both a pure
stress response and a manifestation of a functional or
organic disease [17,18].

Given the continuing impact of stress on children and
adolescents in Ukraine, there is a need for a detailed
analysis of their mental and physical health.

AIM

The aim of the study was to analyze the health status
of children and adolescents depending on the severity
of traumatic stress.

MATERIALS AND METHODS

The multicenter study involved 105 children and adoles-
centsaged 8to 17 years (average age [mean + standard
deviation] 11,3 + 2,7 years, of whom (relative frequency
[%] £ standard error) 45,7 £ 4,9 % (n=48) were boys
and 54,3 + 4,9 % (n=57) were girls, who were affected
to varying degrees by the Russian army’s invasion of
Ukraine.

We analyzed the social and demographic charac-
teristics: city of residence of the child at the time of
the research (the area where the shelling continues, a
relatively safe region of Ukraine or the European Union
[EU] countries); food and/or drinking water shortages
experienced during the war; staying in a bomb shelter
for more than three days; and prolonged separation
from close family members (as well as the total num-
ber of influencing factors). At the time of the survey,
21,9 + 4,0 % (23/105) lived in Ukraine in relatively safe
regions; 30,5 +4,3 % (32/105) lived in regions of Ukraine
where shelling continued; and 47,6 + 4,9 % (50/105)
lived in EU (Table 1).

To assess the mental status of the respondents, a
screening for childhood traumatic stress was conduct-
ed using the Child Traumatic Stress Scale — Pediatric
Traumatic Stress Screening Tool (PTSST), developed by
researchers in Utah and widely used around the world
[19]. This questionnaire allows us to assess the level
of traumatic stress disorder in points. Thus, the total
number of points in the range from 0 to 10 indicates a
mild risk or no risk of PTSR, from 11 to 20 — a moderate
risk, and =21 - a high risk of developing PTSR.

The CSSI-24 (Children’s Somatic Symptoms Inventory)
scale was used to assess somatic symptoms, which mea-
sures the severity of somatic symptoms experienced
by children and adolescents. The CSSI-24 measures 24
common symptoms from 0 to 4 in a form that is easy for
children or parents to use. According to clinical guide-
lines [20], the total CSSI-24 score should be interpreted
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as follows: <18 — low; 19-31 — moderate; and =32 - as
high.In addition, the CSSI-24 scale, according to the au-
thors'recommendations, allows the division of somatic
complaints into four main groups: gastro-, cardio-, pain/
weakness, and pseudo-neurological complaints [20].

In Ukraine, the survey was conducted in general
schools after obtaining written consent from parents
or guardians. In other countries (Great Britain, Germa-
ny), the survey was conducted in support centers for
Ukrainian refugees.

The statistical data analysis was carried out by the
use of Statistica v. 14.0 (TIBCO Software Inc., USA), IBM
SPSS Statistics v. 27.0 (Armonk, NY: IBM Corp., USA) and
EZR v. 1.68. Quantitative data were presented as M +
SD, where M - mean, SD - standard deviation; or Me
(IQR), where Me — median, IQR - interquartile range (first
and third quartiles). Qualitative data were presented
as absolute and relative (%) frequency with a standard
error. The quantitative characteristics of two indepen-
dentsamples were compared using the Mann-Whitney
U test. The Kruskal-Wallis test was used to compare
the quantitative characteristics of four independent
samples, with the following a posterior comparison
between the study groups using the Mann-Whitney
U test (considering the Bonferroni correction). The
correlation analysis was performed using Spearman’s
rank correlation coefficient (p). A p-value <0,05 was
considered as statistically significant (considering the
Bonferroni correction).

ETHICS

The authors adhered to the principles contained in
the Declaration of Helsinki and its latest amendments.
All the participants gave oral and written voluntary
informed consent for examination, tests, treatment,
operation, analgesia and data processing (up to 14
years of age, the consent was signed by parents, after 14
years of age - by children). The work with participants
was prepared and carried out in accordance with the
principles of bioethics. The permission to conduct the
study and the study protocol were approved of by the
bioethics committee of the V.N. Karazin Kharkiv National
University.

RESULTS

According to the screening data on the Child Traumat-
ic Stress Scale - Pediatric Traumatic Stress Screening
Tool, the average PTSST score for the entire sample
was 19 (14-22) points, of which 17,1+3,7 % (18/105)
of children had a score of from 0 to 10 points, which
corresponded to a mild degree of childhood traumatic



Analysis of the impact of traumatic stress on the health of children and adolescents

Fig. 1. The level of stress (by PTSST score) according to the presence of certain stressful factors among the enrolled children/adolescents (A — factor
«Stayed in the bomb shelter for more than three days»; B — factor <Have experienced food and/or drinking water shortages»; C — factor «Witnessed

the shelling and destruction of their hometown»; box-and-whisker plots)

None 1 2
P None2<0,05; P None->3<0,05; p1-2<0,05; p1>3<0,05

Fig. 2. The level of stress (by PTSST score)
according to the number of stressful factors
per participant (none, 1, 2 and >3; box-and-
whisker plot). p, — the significance of
difference between «none» and «2» factors
groups; p,,,...., — the significance of differ-
ence between «none» and «=>3» factors
groups; p, ,— the significance of difference
between «1» and «2» factors groups;

>3 p, ., — the significance of difference
between «1» and «=>3» factors groups.

stress; 42,9 + 4,8 % (45/105) from 11 to 20 points — an
moderate degree of traumatic stress; 40,0 = 4,8 %
(42/105) above 21 points — a high degree of traumatic
stress. Thus, more than 80 % of children were at risk of
developing PTSR. In addition, boys and girls demon-
strated the comparable PTSST score: 19 (13-22) vs. 19
(17-23), respectively (p=0,12).

When analyzing the relationship between the so-
cio-demographic living conditions and traumatic stress
indicators, we found that children who had been in the
shelter for more than three days, who had experienced
a shortage of food and/or drinking water, and those
who witnessed the shelling and destruction of their
hometown, had significantly higher levels of stress,

p = 0,633 (p<0,05 [n=105])

as compared to their factor-free counterparts (Fig. 1).
Moreover, we revealed a clear trend towards the rise of
PTSST score with respect to the increase in the stressors
burden per participant, indicating the growing need of
psychological assistance at the background of stressful
factors cumulation (Fig. 2).

When comparing PTSST score among children living
in regions where shelling continues, children who have
moved abroad, and children living in relatively safe
regions of Ukraine, an interesting fact was revealed:
the level of stress was almost the same for those who
remained in the fighting zone and those who left and
live abroad (19 [17-24] and 19 [15-23], respectively;
p=0,96). At the same time, children living in relatively
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Fig. 3. The frequency of 24 (SSI-24 indicators at any level of severity, and with severity of 3-4 levels among the enrolled children (n=105)

Table 1. The social and demographic characteristics of the participants (n=105)

Parameters n % * SE
Sex Boys 48 45,7+49
Girls 57 543+4,9
Have experienced food and/or drinking water shortages 18 171+£37
Stayed in the bomb shelter for more than three days 34 324+4,6
Witnessed the shelling and destruction of their hometown 39 371+47
Had a long separation from close family members 53 505+4,9
None 28 26,7 +4,3
) ) 1 30 286+4,4
The number o;;?gcljizgrc]ltng factors per 5 30 286+ 44
3 14 13,3+3,3

4 3 2816
Reside in Ukraine in relatively safe regions 23 21,940
Living status Reside in regions where shelling continues 32 30,5+4,5
After the outbreak of war left for the EU countries 50 47,6 +4,9

Note: SE — standard error
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Fig. 4.The correlation
between PTSST and (SSI-24
scores (dashed lines — 95 %
confidence interval limits)

safe regions of Ukraine demonstrated significantly low-
er PTSST score (14 [8-19]) as compared to those living
in regions with ongoing shelling (p<0,05), and a trend
towards its lower value as opposed to those moving to
EU countries (p=0,06).

So, the level of traumatic stress disorder was quite
high both among children who went abroad due to
the war and among children who did not leave their
hometowns. This fact can be explained by the negative
impact of forced migration, separation from loved ones
and the difficulty of adapting to new conditions [3, 4].

The assessment of somatic symptoms using the CSSI-
24 showed that most children had complaints of poor
health. Thus, the mean value of the total CSSI-24 score
for the entire sample was 20,0 + 6,56. A high score (=32)
on the somatic symptoms assessment scale was report-
ed by 19,1 £ 3,8 % (20/105) of respondents, a moderate
(19-31) - 25,7 £ 4,3 % (27/105), and a low score (0-18)
-55,2+4,9% (58/105). There was no significant differ-
ence in the total CSSI-24 score between boys and girls.
More detailed information on the presence and severity
of each CSSI-24 indicator is provided in Fig. 3.

According to the results of the analysis, children noted
gastrointestinal disorders more often than other somatic
complaints during the questionnaire. Among the somatic
complaints, pain in the stomach or abdomen, loss of
body mass or diarrhea and nausea or upset stomach.
Moreover, these complaints had a 3-4 degree of severity
(Fig. 1). This fact can be explained by the existence of a
close relationship between the functional state of the

gastrointestinal tract and the psychological state. Thus,
according to the literature, negative psychological
states can affect immunity by changing the intestinal
microbiome. The intestinal microbiota is important for
human health, playing a specificrole in the bidirectional
communication between the gastrointestinal tract and
the central nervous system. In turn, disturbances in the
development of the intestinal microbiota can affect the
state of the nervous system and potentially lead to ad-
verse consequences for mental health [21].

In addition to the negative impact of stress on the
intestinal microbiota, it is impossible to exclude the
fact that changes in the usual diet and disturbances in
the eating regimen affect the gastrointestinal tract of
children who have suffered from military conflict.

The Spearman’s correlation analysis revealed a direct
strong correlation between PTSST and CSSI-24 scores
(p=0,726; p<0,05 [n=105]) (Fig. 4).

Thus, children and adolescents with high scores on
the PTSST scale had more numerous and severe somatic
complaints, which can be explained both by the neg-
ative impact of pathophysiological mechanisms that
are activated during stress on the somatic state of the
child’s body, and by the somatic manifestation of the
stress reaction itself.

DISCUSSION
The analysis demonstrated that more than 80 % of
the enrolled children and adolescents, who were af-
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fected to some extent by the Russian army’s invasion
of Ukraine, had manifestations of traumatic stress
reactions. The reaction of each child to stress is in-
dividual and depends on many factors, such as age,
gender, economic status of the family, education of
the parents, problems of integration into society in
the country where the child is forced to live. According
to many authors, the development of PTSR is due to
many factors, namely negative “stressful experience’,
individual characteristics and adaptive capabilities of
the child [2-3].

It is interesting to note that children, who were
forced to leave their homes and went abroad, had
almostthe same level of PTSR as compared to children
who remained in the regions with ongoing shelling.
These observations coincide with the opinion of many
authors about the negative impact on the mental
state of internally displaced persons of such factors as
difficult adaptation to a new environment, language
barrier, lack of friends, disruption of the usual rhythm
of life, limited circle of communication [7, 9, 10].

In addition, in the modern digital world, even chil-
dren who left Ukraine at an early stage of the war and
did not witness hostilities often continue to indirectly
experience the conflict through extensive coverage
in the media, social media, and communication with
family members who remained in Ukraine.

According to the literature, traumatic stress reactions
negatively affect the general health of children and ado-
lescents and, if not treated in a timely manner, can lead

to somaticdiseases[11, 16, 17]. According to the results
of our study, almost half of the children had moderate
or pronounced somatic symptoms on the CSSI-24 scale.

A clear correlation has been established between the
level of traumatic stress reaction and the severity of somatic
complaints, which must be taken into account for the timely
diagnosis and treatment of mental and somatic disorders.

CONCLUSIONS

1. A high risk of developing health disorders among
children affected by the armed conflict in Ukraine
has been identified. The mental condition of chil-
dren was characterized by a risk of developing
PTSRin 83 % of children, including a high degree of
traumatic stress disorder in 40,0 % of respondents.
The simultaneous influence of several negative
factors on a child causes a cumulative effect and
strengthens the manifestations of PTSR, which must
be taken into account when developing tactics for
providing psychological assistance to these children.

2. The analysis of the results of the PTSST scale showed
a high level of traumatic stress reaction in children,
regardless of their place of residence (staying in Ukraine
in the regions of ongoing shelling or going abroad).

3. Astrongdirect correlation between the level of traumat-
ic stress reaction and the severity of somatic complaints
indicates a high risk of somatic diseases due to stress,
which is the basis for additional medical examination
of children at increased risk of developing PTSR.
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ABSTRACT

Aim: To analyze the prevalence and severity of depression in patients who suffered from cerebral stroke (CS).

Materials and Methods: A psychological study enrolled 300 patients after CS (main group [MG]: mean age [mean =+ standard deviation] 56,7 + 10,37 years;
134 [44,7%] males and 166 [55,3%] females) and 200 people without CS (control group [(G]: 57,2 £ 10,79 years; 64 [32,0%] males and 136 [68,0%] females).
The levels of depression (LD) were assessed using the T.I. Balashova Depression Scale.

Results: The MG, as compared to the (G, demonstrated a higher depression score (52,6 £ 7,46 vs. 47,6 = 6,88 points, respectively; p < 0,001) and had fewer
patients without depression (35,7% vs. 68,0%, respectively; p < 0,001), as well as a higher frequency of mild depression (36,7% vs. 24,0%, respectively; p
=0,003) and subdepressive state (27,7% vs. 8,0%, respectively; p < 0,001). There were no significant associations between LD and factors such as age, sex,
and dwelling in the MG. In contrast, (G males were more prevalent in the mild depression and subdepressive state categories compared to those free from
depression. Also, mild depression in the (G was more frequently observed among urban dwellers than in the group without depression.

Conclusions: Patients who suffered from S demonstrated a higher prevalence of more significant depressive disorders, namely mild depression and subde-

pression, compared to their (S-free counterparts.

KEY WORDS: cerebral stroke, depression, subdepressive state

INTRODUCTION

Many studies confirm that cerebral stroke (CS) is a global
public health problem due to its significant medical and
social consequences [1]. According to research, CSis a
leading cause of morbidity, mortality, and disability in
the global population [2-4], ranking third among the
causes of death worldwide and accounting for more
than 795 000 annual cases [5, 6]. CS is more common in
low- and middle-income countries than in high-income
countries [7]. More than 70% of deaths and 87% of dis-
abilities caused by CS occur in low-and middle-income
countries.

According to existing data, patients who have suf-
fered a stroke experience motor, sensory, and com-
munication deficits, as well as cognitive impairments
[8], a low quality of life, and significant deterioration in
both mental and physical health [9]. The consequences
of these impairments primarily affect patients’ social
activity, provoking marked social isolation, which may
lead to post-stroke depression and anxiety [10].
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CS causes significant changes in a patient’s socio-psy-
chological orientation and personal psychological
characteristics. This is directly determined by the nature
of the pathology: a forced change in the individual’s
relationship with society, a substantial reduction in
physical and social activity, the loss of numerous social
contacts, and the disruption of the individual’s social
integration and environment. Such individuals often
experience a form of“isolation”from their familiar social
surroundings. These factors collectively provoke a trans-
formation of the person’s entire psychosocial sphere. As
a result, various psychological disorders may develop,
primarily characterised by depression, persistent low
mood, anxiety, fears, obsessive focus on theiillness, and
worries about the future [11].

Thus, according to leading scientists, depressive mani-
festations are the most common mental symptoms that
occur after CS and have negative consequences for the
physical and mental health of affected individuals [11],
which significantly reduces their quality of life [12].
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Table 1. The demographic characteristics and levels of depression in the MG and CG according to the results of psychological testing

Parameters MG G
N=300 N=200 P
Age, years 56,7+10,37 57,2+10,79 0,870
Males 134 (44,7) 64 (32,0)
Sex, n (%) 0,005
Females 166 (55,3) 136 (68,0)
City 151 (50,3) 88 (44,0)
Dwelling, n (%) 0,172
Village 149 (49,7) 112 (56,0)
Depression Scale, points 52,6+7,46 47,6+6,88 <0,001
Without depression?* 107 (35,7) 136 (68,0)
LD, n (%) Mild depression¥** 110 (36,7) 48 (24,0) <0,001
Subdepressive state?* 83(27,7) 16 (8,0)
Note: z — statistically significant difference by z-test (p<0,05); * — Fisher's exact test: p<0,001; ** — Fisher's exact test: p=0,003
Table 2. The demographic characteristics in the MG according to the results of psychological testing
LD
Parameters Without depression Mlld. LU P
N=107 depression state
N=110 N=83
<45 14 (13,1) 14 (12,7) 10(12,0)
Age, years, n (%) 46-55 26 (24,3) 36(32,7) 25(30,1) 0,730
=56 67 (62,6) 60 (54,5) 48 (57,8)
Men 42 (39,3) 51 (46,4) 41 (49,4)
Sex, n (%) 0,341
Women 65 (60,7) 59(53,6) 42 (50,6)
. City 54 (50,5) 54 (49,1) 43 (51,8)
Dwelling, n (%) - 0,932
Village 53 (49,5) 56 (50,9) 40 (48,2)

Other researchers [13] have noted that depressive
disorders are the most common and significantly
burdensome complication following CS. It is known
that post-stroke depression leads to a considerable im-
pairment of patients’ functional capabilities, cognitive
abilities, and quality of life [11].

AIM

The aim of the study was to analyze the prevalence
and severity of depression in patients suffered from CS.

MATERIALS AND METHODS

A single-centre cross-sectional study was conducted
based on the results of a psychological assessment of
300 patients after CS (main group [MG]), who received
rehabilitation services at the Clinical Sanatorium “Ro-
shcha” of PJSC “Ukrprofozdorovnytsia”, and 200 indi-
viduals without a history of CS (control group [CG]) in
2022-2023.

The MG included 134 (44,7%) males and 166 (55,3%)
females, with a mean age (hereinafter - mean + stan-
dard deviation) of 56,7 + 10,37 years (n = 300). The CG

included 64 (32,0%) males and 136 (68,0%) females,
with a mean age of 57,2 + 10,79 years (n = 200). There
were 151 (50,3%) urban and 149 (49,7%) rural residents
in the MG. In the CG, there were 88 (44,0%) urban and
112 (56,0%) rural residents.

The study fully complies with the fundamental bio-
ethical principles set forth in the Council of Europe
Convention on Human Rights and Biomedicine, the
World Medical Association Declaration of Helsinki on
Ethical Principles for Medical Research Involving Human
Subjects, as well as in the relevant national regulations.
The ethical protocol of this study was approved by the
local ethics committee. Written informed consent was
obtained from all study participants.

The inclusion criteria were as follows: reaching the
age of 18 years, a history of CS (for MG), and consent
to participate in the study. The exclusion criteria were:
being underage (not reaching the age of 18), a history
of CS (for CG), acute conditions, severe comorbidities,
poor physical condition, pregnancy and lactation, alco-
holism, and refusal to participate in the study.

The study of the levels of depression (LD) after CS
was conducted using the Depression Scale by T.I. Bal-
ashova [12]. The results were evaluated as follows: up
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Table 3. The demographic characteristics in the MG according to the results of psychological testing

LD
Parameters w“hm.lt Mild depression Subdepressive P
depression N=48 state
N=136 N=16
Men 12(8,8) 42 (87,5) 10 (62,5)
Sex, n (%) p,,<0,001
Women 124 (91,2) 6(12,5) 6 (37,5) P, 5<0,001
<45 2(16,2) 3(6,3) 3(18,8)
Age, years, n (%) 46-55 35(25,7) 17 (35,4) 5(41,4) 0,385
256 79 (58,1) 28 (58,3) 8(50,0)
) City 0(36,8) 1(64,6) 7 (43,8)
Dwelling, n (%) - p,,<0,001
Village 86 (63,2) 17 (35,4) 9(56,3)
Note: p, , — statistically significant difference between the goups without depression and with mild depression; p, , — statistically significant

difference between the goups without depression and with subdepressive state

to 50 points - a state without depression; from 50 to
59 points — mild depression of situational or neurotic
genesis; from 60 to 69 points — subdepressive state
or masked depression; more than 70 points - a real
depressive state.

Statistical data analysis was performed using IBM
SPSS Statistics v. 27.0 (Armonk, NY: IBM Corp., USA) and
MedStat v. 5.2. Quantitative variables were presented as
mean = standard deviation, and qualitative ones as abso-
lute and relative (%) frequency. To compare quantitative
variables, we used the Mann-Whitney U-test. To compare
qualitative variables, we used the x> test (with post hoc
Marascuilo-Liakh-Gurianov procedure for binary vari-
ablesin three independent groups) and Fisher’s exact test
(«2 x 2» tables). In the case of qualitative rank variables,
and statistically significant differences between the study
groups according to the ¥’ test, certain categories (ranks)
were compared using the z-test. A 2-tailed p<0,05 was
considered statistically significant.

RESULTS

The formed research groups were comparable in terms
of age and residence. At the same time, females were
more prevalent in CG (Table 1).

According to the data obtained from the Depression
Scale by T.I. Balashova [12], a significant difference was
observed between the studied groups both in terms of
depression score and the prevalence of different LDs.
In general, the MG demonstrated a higher depression
score and was characterized by fewer patients without
depression, as well as a higher frequency of mild de-
pression and subdepressive state cases (Table 1).

There were no statistically significant associations
between the degree of depression and such factors as
age (under 45 years, 46-55 years and 56 years and over),
sex and dwelling (Table 2).
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At the same time, we revealed sex differences be-
tween the studied LDs in the CG. In particular, the group
of people without depression was predominantly repre-
sented by females, who were more prevalent compared
to the groups with mild depression and subdepressive
state. In addition, males constituted the vast majority of
cases in the mild depression group (Table 3).

Also, in the CG, a significant difference (in terms of
indicators between the state of no depression and mild
depression) in LD by place of residence was observed
(Table 3). It was determined that the mild depression
group was represented by urban residents to a greater
extent than the group without depression. Correspond-
ingly, freedom from depression was more frequently
self-reported by rural dwellers, in contrast to people
with mild depression.

DISCUSSION

Our data are fully consistent with similar studies
conducted by other researchers. Thus, L. Liu et al.
[11], based on the results of the literature data meta-
analysis, determined that patients after a CS, which was
accompanied by the development of early (within 3
months after the CS) depression, had a significant risk of
maintaining this condition in the future. Quantitatively,
two-thirds of patients had manifestations of depression
within 1 year after CS. As a result, the researchers
pointed out the need for continuous clinical monitoring
of people with depression that developed after a CS.
Based on the results of a meta-analysis that included
77 studies on the prevalence of post-stroke depression,
they determined that the overall prevalence of post-
stroke depression was 27 % (95 % confidence interval [Cl]
25-30%) [11]. The prevalence of post-stroke depression
was 24 % (95% Cl 21-28 %) based on clinical interview
and 29 % (95% Cl 25-32 %) based on rating scales. The
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study found that among patients who had a CS that
was accompanied by the development of post-stroke
depression within 3 months after the disease, 53 %
(95 % Cl47-59 %) of patients had persistent depression,
and 44 % (95 % Cl 38-50 %) showed recovery. At the
same time, the incidence of post-stroke depression in
later periods (3 to 12 months) was 9 % (95 % Cl 7-12 %).
The cumulative incidence within 1 year after a CS was
38 % (95 % Cl 33-43 %), the vast majority (71 % [95% Cl
65-76 %)]) of cases of post-stroke depression developed
within 3 months after a stroke [11].

Other studies [14, 15] have also confirmed a significant
prevalence of depression among patients after a stroke,
in most cases determined by clinical interviewing [16].

Inturn, C. Albus et al [17] confirmed that psychosocial
factors such as low socioeconomic status, acute or
chronic stress, depression or anxiety are significantly

prevalent among cardiac patients and are associated
with behavioral and biological risk factors that provoke
an increased risk of cardiovascular disease (directly CS)
and unfavorable disease outcome.

Thus, our results regarding the significant prevalence
of post-stroke depressive manifestations were con-
firmed by other studies.

CONCLUSIONS

When determining the prevalence of depressive mani-
festations among patients after CS, a significantly high-
er prevalence of more severe depressive disorders was
found compared to the CS-free controls. Patients who
suffered from CS demonstrated a higher prevalence of
mild depression and subdepression, in contrast to their
CS-free counterparts.
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ABSTRACT

Aim: To analyze the changes in the psycho-emotional state of participants in the educational process in Ukraine under wartime conditions and to identify
effective educational technologies for overcoming psycho-emotional barriers.

Materials and Methods: The research applies both quantitative and qualitative analyses of data collected through surveys of 269 students and 100 faculty
members at higher education institutions (totally, 369 respondents). The study is grounded in an interdisciplinary approach that combines psychological,
pedagogical and sociological methods.

Results: The most common issues were anxiety, fear, and emotional exhaustion (222 individuals [60,2 %]). Problems with stress resilience were noted by 96
respondents (26,0 %), and traumatic wartime experiences were a challenge for 60 respondents (16,3 %). Feelings of physical danger were noted by 58 people
(15,7 %). Misinformation and the information war were mentioned by 50 respondents (13,5 %). A total of 27 respondents (7,3 %) were forced to change
their place of study, 12 (3,3 %) reported experiencing bullying, and 9 (2,4 %) reported discrimination based on origin or views. It has been found that the use
of educational technologies such as trauma-informed approaches, coaching, mentoring, and mediation contributes to reducing stress levels and supporting
psychological well-being.

Conclusions: In times of crisis, the educational process should focus not only on achieving academic outcomes but also on maintaining the psycho-emotional
health of all participants. An integrated approach to learning, including adaptive educational technologies aimed at overcoming psycho-emotional barriers of

higher education students, ensures the sustainability of the educational environment.

KEY WORDS: higher education, psycho-emotional barriers, educational technologies

INTRODUCTION

Modern education is significantly affected by global
crises, including pandemics, armed conflicts, economic
instability, and technological transformations. These
factors create conditions of uncertainty thatimpact the
psycho-emotional state of higher education students,
complicate the learning process, and lower students’
motivation and adaptability [1]. During the full-scale
Russian invasion, the problems faced by participantsin
the educational process in Ukraine intensified, some-
times taking on threatening proportions [2].

One of the key strategies for overcoming psy-
cho-emotional barriers is the implementation of adap-
tive educational technologies aimed at creating a safe
learning environment, developing stress resilience, and
increasing students’emotional intelligence. The use of
coaching, mentoring, and mediation practices, as well
as the principles of trauma-informed education and

Wiad Lek. 2025;78(6):1071-1077. doi: 10.36740/WLek/207367 (DOl

awareness-raising about mental health preservation
and support, helps to minimize the impact of stressors
and foster psychological flexibility among students.

AIM

The purpose of this article is to analyze and summa-
rize modern educational technologies that support
overcoming the psycho-emotional barriers of higher
education students in uncertain conditions, taking
into account the emotional needs of participants in
the educational process as identified through the con-
ducted survey.

MATERIALS AND METHODS

The main research tool was an online questionnaire,
whichincluded sections aimed at determining the level
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of psycho-emotional stress, students’adaptation mech-
anisms, and the effectiveness of various educational
technologies in overcoming psychological barriers. Par-
ticipants in the survey included individuals from higher
education institutions in major Ukrainian cities — Kyiv,
Kharkiv, Lvivand Kherson — totaling 369 respondents,
of whom 269 were students and 100 were faculty mem-
bers, administrators, and support staff, categorized as
other participants in the educational process.

ETHICS

The authors adhered to the Ethical Principles for Medi-
cal Research Involving Human Subjects outlined in the
World Medical Association’s Declaration of Helsinki and
current Ukrainian regulations. The study protocol was
approved by the local ethics committee. Participation
in the survey was voluntary and anonymous.

RESULTS

A study conducted by the authors in autumn 2024 con-
firmed a significant deterioration in the psycho-emo-
tional state of respondents from higher education
institutions. The most common response to the ques-
tion “How has your psycho-emotional state changed
since the beginning of the full-scale invasion?” was
“worsened,” selected by 169 individuals (45,8 %). This
indicates that nearly half of the respondents experi-
enced negative changes in their psycho-emotional
condition related to general stress and emotional
strain. One in four survey participants (94 respondents
[25,5 %]) chose “significantly worsened,” confirming
major psychological changes due to future uncertainty
and increased stress factors. The response “hard to say”
was selected by 73 respondents [19,8 %], suggesting
that some participants may not be able to identify the
impact of the war on their psycho-emotional state,
possibly due to adaptation to conditions that have
become familiar. The least common response was “no
change,” chosen by only 33 respondents (8,9 %). This
indicates that only a small proportion of respondents
did not feel any change in their emotional state, which
may reflect psychological stability or an inability to
perceive the effects of martial law. Overall, 71,3 % of
respondents (the sum of “worsened” and “significantly
worsened”) reported a negative impact of the war on
their psycho-emotional state, pointing to deep emo-
tional distress in the educational environment under
conditions of full-scale war.

Differences in responses between educators and stu-
dents highlight varying levels of stress and adaptation,
shaped by their roles and workload. Students more
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frequently experience uncertainty: 22,7 % selected
“hard to say,” indicating challenges in self-reflection.
Educators and administrators emphasized a decline in
emotional well-being (87 %), pointing to greater stress
and responsibility. In a climate of uncertainty, the edu-
cational process cannot focus solely on academic out-
comes. It is essential to support the psycho-emotional
well-being of all participants. Education and, more spe-
cifically, the implementation of adaptive educational
technologies should help overcome psycho-emotional
barriers and preserve mental health. The integration of
psychological supportinto the educational process not
only enhances learning but also facilitates adaptation
to change, ensuring resilience and comfort during
wartime.

The identification of adaptive educational tech-
nologies that can effectively help overcome the psy-
cho-emotional barriers of higher education students
must be based on reliable empirical data. Therefore,
let us analyze the results of the survey. Respondents’
answers to the question “What psycho-emotional
difficulties have you encountered at your educational
institution during the war?”indicate a significant impact
of the war on their well-being and the learning process
(Fig. 1).

The most common issues were anxiety, fear, and
emotional exhaustion (222 individuals [60,2 %]). A high
level of stress was accompanied by uncertainty about
the future (189 individuals [51,2 %]). A major challenge
was the change in the learning format, which compli-
cated adaptation for 150 respondents (40,7 %). A total
of 102 people (27,6 %) faced difficulties due to a lack
of resources (computers, internet access, educational
materials), indicating limited access to education. Prob-
lems with stress resilience were noted by 96 respon-
dents (26,0 %), financial difficulties by 86 (23,3 %), and
traumatic wartime experiences were a challenge for 60
respondents (16,3 %). Feelings of physical danger were
noted by 58 people (15,7 %). Misinformation and the
information war were mentioned by 50 respondents
(13,5 %), and conflicts in the educational environment
by 41 (11,1 %). A total of 27 respondents (7,3 %) were
forced to change their place of study, 12 (3,3 %) re-
ported experiencing bullying, and 9 (2,4 %) reported
discrimination based on origin or views.

A comparative analysis of the survey responses from
students and other participants in the educational
process revealed key differences in the perception of
psycho-emotional difficulties during the war. The most
widespread problems in both groups were anxiety, fear,
and emotional exhaustion (62,8 % of students and 53 %
of educators and administrators), as well as uncertainty
about the future (47,6 % and 61 %, respectively). The
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= Insufficient public attention to maintaining a healthy psycho-emotional climate in
= Lack of knowledge about non-conflict communication

The influence of ‘authoritarian approaches of the past’ in education

Fig. 1. The respon-
dents’answers to

the question «What
psycho-emotional
difficulties have you
encountered at your
educational institution

transition to online learning hindered adaptation for
36,8 % of students and 51 % of educators, indicating
higher stress levels among adults due to the respon-
sibility of organizing the learning process. Students
were more likely to mention traumatic experiences, the
impact of the information war, and bullying, while ed-
ucators emphasized physical safety and anxiety about
the future. Financial difficulties affected both groups
almost equally. Discrimination based on ethnicity or
political views was reported by few respondents, but
more frequently mentioned by educators (4 % com-
pared to 1,9 %).

High levels of stress and psycho-emotional tension
among participants in the educational process affect
their interaction, potentially causing conflicts and
making conflict resolution more difficult. Survey par-
ticipants noted that the most common approach was
finding a compromise between conflicting parties,
selected by 163 respondents (44,2 %). A significant por-
tion (153 people [41,5 %]) also reported resolving con-
flicts through cooperation and joint problem-solving.
However, some respondents indicated less constructive
conflict resolution strategies. Specifically, 51 individ-
uals (13,8 %) noted that conflicts remain unresolved,
becoming “frozen conflicts”” A total of 45 respondents
(12,2 %) mentioned resolution through withdrawal of
one of the parties, and 39 individuals (10,6 %) reported
adapting to the conflict situation. The least common re-
sponse was continued competition until one side wins,
selected by only 15 respondents (4,1 %). Additionally,
40 respondents (10,8 %) noted other ways of resolving

during the war?» (%)

conflicts, which may include unique approaches or
combinations of several methods. Overall, the results
show that the vast majority of respondents (over 85 %)
identified some mechanisms for resolving conflicts;
however, a share of situations remains unresolved or
is addressed through less optimal means.

Atense psycho-emotional environmentin education-
al institutions is shaped by various factors, including
both individual characteristics of participants and
socio-economic conditions. The analysis of responses
among educators allows us to identify the main causes
of such an environment (Fig. 2).

The most frequently cited reason was a lack of societal
attention to supporting a healthy psycho-emotional
climate in educational institutions (45 %), indicating
an overall underestimation of the impact of mental
health on the quality of education. Other significant
factors included a lack of knowledge about non-con-
frontational communication (22 %) and the continued
influence of “authoritarian approaches from the past”
in education, where the learning process is associated
with punishment (20 %). A separate group of respon-
dents (13 %) identified additional factors, with war
and martial law being the dominant ones. Financial
difficulties, national instability, increased administrative
workload, and the declining social status of educators
were also mentioned, all of which particularly affect the
psychological climate in universities. The low level of
psychological culture in society and insufficient atten-
tion to the emotional well-being of both students and
educators further complicate the situation.
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Fig. 2. The respondents’answers to the question «In your opinion, what is the MAIN cause of the tense psycho-emotional environment in Ukrainian

higher education institutions?» (%)

Thus, the causes of psycho-emotional tension are
multidimensional, encompassing both individual and
systemic aspects. In addition to the war, sociocultural
factors and the need to raise awareness about psycho-
logical well-being play a significant role. The results
highlight the necessity of support measures, including
psychological assistance, adaptation programs, and
tools for overcoming psycho-emotional barriers. This
calls for a comprehensive approach to reforming the
educational environment, taking into account the psy-
chological needs of all participants in the educational
process.

DISCUSSION

In times of war, ensuring the psycho-emotional well-be-
ing of students becomes especially important. Modern
educational technologies must not only support the
learning process but also help overcome psycho-emo-
tional barriers in crisis conditions. In this context, adap-
tive educational technologies are particularly effective
as tools for adaptive learning. The adaptability of these
technologies is reflected in various technological as-
pects: consideration of the nature of psycho-emotional
issues, appropriate psychological and pedagogical sup-
port, selection of relevant content, defining individual
learning trajectories, and reducing conflict potential.
One of the key technological approaches to address-
ing students’psycho-emotional well-being is trauma-in-
formed education (TIE). Trauma-informed education
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acknowledges the effects of traumatic experiences
on learners and ensures a safe and supportive learn-
ing environment. It is based on an understanding of
how trauma influences learning, behavior, and mental
health, and it involves the use of relevant pedagogical
strategies. Its core principles include recognizing trau-
ma and its impact on student development, learning,
and behavior [3]; creating a safe environment that
prevents re-traumatization and supports a sense of
security [4]; building skills in self-regulation and resil-
ience [5]; emphasizing interaction among educators,
students, families, and other stakeholders [6]; and
ensuring flexibility, adaptability, and personalization
of the learning process to accommodate the needs of
students with trauma experiences [7]. Practical aspects
of implementing TIE include training educators to rec-
ognize the effects of trauma and respond appropriately
[8], using methods of positive pedagogy to support
students'mental well-being [9], and integrating TIE into
higher education programs, especially in medical and
social disciplines [10].

Coaching and mentoring, as adaptive educational
technologies, play a significant role in overcoming
the psycho-emotional challenges of students by sup-
porting their adaptation, developing stress resilience,
and improving emotional well-being. Mentoring is an
effective tool for helping students adapt to the learn-
ing environment, fostering emotional stability, and
building self-confidence [11]. Coaching and mentoring
programs improve students’ability to self-requlate and
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manage stress while developing adaptation and critical
thinking skills, which are essential for academic and
professional success. Mentorship programs significantly
improve students’psychological well-being and reduce
anxiety levels [12]. Interaction with educators helps
students not only cope with stress but also find effec-
tive strategies for preventing it, which is particularly
important under high academic pressure. Mentorship
also contributes to academic achievement by helping
students overcome challenges and stay motivated,
fostering independence, problem-solving abilities, and
sound decision-making [13].

Special attention should be given to partner-
ship-based communication as one of the technologies
for conflict resolution, which also plays a key role in
creating a safe educational environment. In emotionally
tense environments, conflicts may arise between par-
ticipants in the educational process, requiring effective
regulation mechanisms. Studies confirm that training
students and educators in effective communication
skills helps reduce the level of conflict in educational
institutions [14]. Conflicts in educational settings are
inevitable due to diverse opinions, cultural differences,
and individual characteristics of students. However,
proper conflict resolution strategies can significantly
enhance the quality of interaction between students
and educators [15].

Mediation is an effective technology for the construc-
tive resolution of conflicts, involving a neutral third
party to facilitate understanding between the conflict-
ing sides. Research shows that the use of mediation in
educational institutions significantly reduces levels of
aggression, improves social interaction, and fosters a
culture of peaceful cooperation [16]. The application
of mediation in education enables: the development of
constructive conflict-resolution skills among students;
increased levels of trust and mutual understanding
among participants in the educational process; reduc-
tion of stress and emotional tension within the edu-
cational environment; and the promotion of a culture
of dialogue and non-violent communication. Studies
show that students who undergo specialized training
in communication and conflict management demon-
strate higher levels of self-regulation and more effective
strategies for resolving conflicts [17, 18]. Such programs
include: role-playing and conflict situation simulations,
where students learn to analyze problematic scenarios,
find compromises, and practice resolution techniques
in a safe setting, contributing to the development of ac-
tive listening and empathy [19]; training in non-violent
communication methods that help express feelings and
needs without aggression, reducing conflict levels and
improving mutual understanding [15, 20]; mediation

programs that foster a culture of dialogue and peaceful
dispute resolution, particularly through “peer-to-peer”
initiatives; and emotional intelligence development
programs that help individuals better understand their
own experiences and manage impulsive reactions
[21]. The implementation of these programs not only
reduces conflict levels but also improves the overall
atmosphere, academic performance, and contributes
to the development of socially responsible individuals.

Studies show that educators with mediation and
effective communication skills are more capable of
fostering a healthy emotional climate [22]. Key strat-
egies teachers can employ include creating an open
and trusting atmosphere, using non-violent commu-
nication, and conducting communication training
for students. The main benefits of mediation include
transforming many conflict situations, developing re-
sponsibility and social competence, and strengthening
trust among educational stakeholders. Students who
participate in mediation programs develop better skills
in constructive conflict resolution and exhibit lower
levels of aggression and anxiety [23].

Another important area of focus is raising students’
awareness of mental health. Research shows that
targeted awareness campaigns and educational pro-
grams can significantly reduce the stigma surrounding
mental disorders among students and increase their
willingness to seek help [24]. Conducting awareness
campaigns, webinars, and training sessions promotes
a better understanding of stress coping mechanisms
and adaptation to change — particularly relevant in
conditions of high academic workload [25]. Including
self-regulation and emotional literacy courses in aca-
demic programs is also an effective tool for supporting
students’psychological resilience, with studies confirm-
ing positive changes in emotional well-being following
such modules [26].

CONCLUSIONS

Theresults of the study confirmed that the psycho-emo-
tional state of participants in the educational process
in Ukraine has significantly deteriorated under wartime
conditions. Most respondents reported elevated levels
of stress, anxiety, emotional awareness, and uncertainty
about the future. Educational technologies play a cru-
cial role in overcoming psycho-emotional barriers by
contributing to the creation of a safe learning environ-
ment and supporting the psychological well-being of
students. The use of adaptive educational technologies
— including trauma-informed approaches, coaching,
mentoring, mediation, and others — helps to minimize
the negative effects of stressors.
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Awareness-raising campaigns focused on mental There is a need to develop preventive methodol-
health can help reduce stigma and increase willingness  ogies and corresponding models for overcoming
to seek help. Therefore, in conditions of uncertainty,the  trauma and psycho-emotional barriers among all
educational process must focus not only on academic  participants in the educational process, taking into
outcomes but also on preserving the psycho-emotional  account the multi-faceted nature of the core objec-
well-being of both students and educators. tives of higher education.

REFERENCES

1. Palamar S, Harashchenko L, Litichenko O et al. The state of formation of a careful attitude towards health in the modern youth. Wiad
Lek. 2024;77(11):2225-2231. doi: 10.36740/WLek/197101. (boi&

2. Palamar B, Zhelanova V, Leontieva | et al. Vprovadzhennya sotsial'no-emotsiynoho navchannya v suchasnomu universyteti: vykhid
za ramky akademichnoyi osvity. [Implementation of socio-emotional learning in the modern university: going beyond an academic
education]. Klinichna ta profilaktychna medytsyna. 2024;(7):95-102. doi: 10.31612/2616-4868.7.2024.12. (Ukrainian) (olr&

3. Goddard A, Jones R, Esposito D, Etcher L. Trauma-informed education in nursing: A concept analysis. J Nurs Educ. 2022;61(6):296—302.
doi: 10.3928/01484834-20220404-15. (boi&

4. Carello J, Butler L. Practicing what we teach: Trauma-informed educational practice. J Teach Soc Work. 2015;35:262—-278. doi:
10.1080/08841233.2015.1030059. (poi&

5. Julies Y. Trauma-informed practice as a component to improve student wellbeing. Set: Res Inf Teach. 2024. doi: 10.18296/set.1557.

DOI

6. Wyatt Z, Hoban E, Macfarlane S. Trauma-informed education practice in Cambodia. Int J Asian Soc Sci. 2018;8:62—76. doi: 10.18488/
journal.1.2018.82.62.76. ‘bol&

7. Talabi P, Goldie C. Trauma informed educational strategies and recommendations for post-secondary health science programs. Inquiry@
Queen’s Undergrad Res Conf Proc. 2023;17(2). doi: 10.24908/iqurcp16699. (bor&

8. BrownT, Fialkowski A, Elisseou S et al. Trauma-informed precepting: A novel curriculum for faculty development. Med Teach. 2024;1-6.
doi:10.1080/0142159x.2024.2382858. (boi&

9. Brunzell T. Trauma-aware practice and positive education. In: White M, Slemp G, Murray A, editors. Palgrave Handbook of Positive
Education. Cham: Palgrave Macmillan. 2021, p. 125—-140. doi: 10.1007/978-3-030-64537-3_8. <bol

10. Gao H, Chen P, Yao L. Trauma-informed practices in higher education: A comprehensive literature review (2015-2023). Int J High Educ.
2023;12(6):24820-24820. doi: 10.5430/ijhe.v12n6p149. Dor&

11. Fletcher S. Mentoring in school: A handbook of good practice. London: Kogan Page. 2000.

12. Jones J, Smith H. A comparative study of formal coaching and mentoring programmes in higher education. Int J Mentor Coach Educ.
2022. doi: 10.1108/ijmce-03-2021-0054. bol&

13. Abiddin N. Mentoring and Coaching: The Roles and Practices. 2006. https://ssrm.com/abstract=962231 [Accessed 07 April 2025]

14. Ringgenberg A. Communication and conflict resolution in early childhood. 2016. https://api.semanticscholar.org/CorpusID: 151835031
[Accessed 07 April 2025]

15. Sanchez M, Rea WRC. Mediacidn educativa como estrategia para la resolucion de conflictos en el aula. [Educational mediation as a
strateqy for conflict resolution in the classroom]. Red Investig Educ. 2011;3(1):16—-37. (Spanish)

16. Janeczko-Janicka M. Spotkanie przy mediacyjnym stole. Konteksty Pedagogiczne. [Meeting at the Mediation Table. Pedagogical Contexts].
Studia Edukacyjne. 2023;(68):89—106. doi: 10.14746/se.2023.68.7. (Polish) <pol&

17. Agricola G. Designing Conflict Resolution Education: A Literature Review. 2010. https://studenttheses.uu.nl/handle/20.500.12932/4166
[Accessed 10 April 2025]

18. Arikawe 0, Edwards-Fapohunda MO, Waite P. Strategies for student related crisis management in the learning environment in further
education colleges in UK. Iconic Res Eng J. 2024;8(2):576—586. https://www.irejournals.com/formatedpaper/1706194.pdf [Accessed
10 April 2025]

19. Tiirniklii A, Kagmaz T, Turk F et al. Helping students resolve their conflicts through conflict resolution and peer mediation training.
Procedia Soc Behav Sci. 2009;1:639—-647. doi: 10.1016/j.sbspro.2009.01.113. ool

20. Pirhadi Tavandashti R, Arefi M, Sajjadian I. Efficacy of nonviolent communication training based on Marshall Rosenberg theory on
the empathy and life meaning in the students with the signs of violence. J Mod Psychol Res. 2024;19(73):194-203. doi: 10.22034/
jmpr.2023.54836.5355. (pol&

21. Goleman D, Cherniss C. Optimal leadership and emotional intelligence. Leader Leader. 2024;113:7-12. doi: 10.1002/1t1.20813. “boi&

22. Lindsay P. Conflict resolution and peer mediation in public schools: What works? Confl Resolut Q. 1998;16:85—-99. doi: 10.1002/
(rq.3890160109. ‘por&

1076


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/

Adaptive educational technologies for overcoming the psycho-emotional barriers of higher education students...

23. Garcia-Raga L, Grau R, Lopez-Martin R. Mediation as a process for the management of conflict and the improvement of coexistence in
educational centres: A study based on the perceptions of secondary school students. Procedia Soc Behav Sci. 2017;237:465—470. doi:
10.1016/j.shspro.2017.02.091. (poi&a

24. Giroux D, Geiss E. Evaluating a student-led mental health awareness campaign. Psi Chi J Psychol Res. 2019;24(1):61-66. doi:
10.24839/2325-7342.JN24.1.61. (boi&

25. Zhang J, Peng C, Chen C. Mental health and academic performance of college students: Knowledge in the field of mental health, self-
control, and learning in college. Acta Psychol (Amst). 2024;248:104351. doi: 10.1016/j.actpsy.2024.104351. ‘bol&

26. Leena A, Vinutha R, Jose M. Impact of a mental health awareness program on knowledge, attitude, and perceptions about
mental health disorders among medical students. Natl J Physiol Pharm Pharmacol. 2022;12(11):1944—1944. doi: 10.5455/njp
pp.2022.12.03126202209042022. poi&

The research was carried out within the framework of the scientific topic of the Department of Education and Psycho-
logical and Pedagogical Sciences of Borys Grinchenko Kyiv Metropolitan University «Innovation in the Development of
Higher Pedagogical Education in the Interdisciplinary Dimension» (state registration N°0121U000123; term: 2021-2026).

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Svitlana P. Palamar

Faculty of Pedagogical Education

Borys Grinchenko Kyiv Metropolitan University
18/2 1. Shamo Blvd, 01601 Kyiv, Ukraine

e-mail: s.palamar@kubg.edu.ua

ORCID AND CONTRIBUTIONSHIP

Liudmyla L. Khoruzha: 0000-0003-4405-4847 (A B ¢ D E (F
Mariia V. Bratko: 0000-0001-7162-2841 ‘A 8 ¢ D E (F
Svitlana P. Palamar: 0000-0001-6123-241X ‘A 8 ¢ @ (E F
Inna V. Leontieva: 0000-0002-8084-1912 A '8 @

Marharyta K. Kozyr: 0000-0001-8402- 2589 A (E

Olena M. Tadeush: 0000-0002-6373-4891 & (E

Maria V. Klepar: 0000-0003-1671-3710 » (E

A —Work conceptand design, ‘B — Data collection and analysis, ‘¢ — Responsibility for statistical analysis, ‘' —Witing thearticle, ‘e — Critical review, (F — Final approval of the article

RECEIVED: 12.02.2025
ACCEPTED: 02.06.2025 CREATIVE COMMONS 4.0

1077


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/

Wiadomosci Lekarskie Medical Advances, VOLUME LXXVIII, ISSUE 6, JUNE 2025wt

© Aluna Publishing

ORIGINAL ARTICLE

CONTENTS

Protection of children’s rights to access palliative medical

services: Legal problems

Oleksandr M. Shevchuk', Anatolii M. Shevchuk? Olena 0. Holovash', Oleksandr 0. Mykhailenko®,

Arina 0. Ilvanytsia’

'YAROSLAV MUDRYI NATIONAL LAW UNIVERSITY, KHARKIV, UKRAINE
“NATIONAL PIROGOV MEMORIAL MEDICAL UNIVERSITY, VINNYTSIA, UKRAINE
*PRINCE VOLODYMYR THE GREAT IAPM EDUCATIONAL AND RESEARCH INSTITUTE OF LAW, KYIV, UKRAINE

ABSTRACT

Aim: To identify legal issues in protecting children’s rights to palliative care in Ukraine, to propose basic guarantees of their rights, and to note trends in foreign

practice.

Materials and Methods: The study is based on its theoretical and empirical basis, the system of methods of scientific knowledge. The theoretical basis includes
scientific articles, expert analysis of legislation and international organizations.

Results: The implementation of children’s right to palliative care can be classified as universal and special. In the implementation of this right, children often
face inadequate representation of their interests and shortcomings in the provision of medical services to them. As a result, the right of children to quality
medical care when receiving palliative care, the right of children to receive palliative care at home, the right of the child to consent to receiving palliative care,
the right of children to confidentiality and protection of personal data when receiving palliative care, and the right of children to privacy in this area are violated.
Conclusions: Accessibility of children’s rights to palliative medical care is an important aspect of ensuring the implementation of one of the fundamental,

inalienable human rights to life and health as the highest social values.

KEY WORDS: palliative medical services, children’s rights, legal regulation

INTRODUCTION

Ukraine, having signed the Association Agreement be-
tween Ukraine and the EU in 2014, chose the European
integration vector of its development, which provides for
the gradual adaptation of norms, requirements, and ap-
proximation to European standards in the healthcare sys-
tem through the implementation of its systemic reform
[1]. The national healthcare systems of many countries
around the world are facing new, more serious challeng-
es that determine the quality of life of the population.
One of these challenges is the constant increase in the
number of incurable child patients who need palliative
care.Thus, the Resolution of the Parliamentary Assembly
of the Council of Europe of January 28, 2009, No. 1649
(paragraph 4), notes that an increasing number of social
groups of the population (seriously ill, chronically ill,
patients requiring individual care) at the final stages of
their lives are unable to obtain proper legal protection
of rights guaranteed by the state, to realize and satisfy
their basic needs for medical care due to the significant
costs of obtaining them. The Constitution of Ukraine, as a
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participantin international relations, provides for obliga-
tions to ensure the safety and quality of life of its citizens
(Articles 3, 49), including the rights to health care and
medical care. In particular, the protection of the rights of
patients to medical care for incurable diseases [2], espe-
cially children. Children with incurable and debilitating
diseases suffer from pain, but are often not provided with
palliative care [3]. The number of such children-patients
will grow, both in the world [4] and in Ukraine.

AIM

The aim of the study was to identify problems in the
implementation of children’s rights to palliative care
in Ukraine, and on this basis to propose methods of
legal provision of guarantees of such children’s rights.

MATERIALS AND METHODS

The methodological basis of the study is a set of
methods and techniques of scientific knowledge.


https://wiadlek.pl/06-2025/
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Table 1. The components of a children’s right to palliative care

Component Description
Medical Children’s right to symptomatic therapy, childrens right to prevention and treatment of
chronic pain syndrome, childrenss right to drug therapy, right to effective pain relief
Social Children’s right to provide social services of palliative care

Spiritual and psychological support

The right of children to spiritual and psychological support from their family and other

caregivers
Table 2. The main ones principles of children’s rights to palliative care
Component Number Description
1 The principle of accessibility of palliative care for children
2 The principle of planning palliative care for children
3 The principle of continuity and continuity of palliative care for children
4 The principle of choosing a place of treatment when providing palliative care to children (with parental consent)
5 The principle of choosing the place of death when providing palliative care in children

6

The principle of ethical and humane treatment of the children-Patient and his family members, other per-
sons caring for the children-Patient, 7 days a week

Table 3. The main violations of children’s rights when receiving palliative care

Component Number Description
1 Inaccessibility of palliative care (the vast majority of terminally ill children cannot receive it in the required volume)
2 Unavailability and insufficiency of medicinal narcotic drugs and other painkillers in the required quantities
3 Non-compliance of children’s palliative care departments with international norms and standards for
material and technical resources
4 Lack of qualified health workers for palliative care of children
5 Underfunding of the palliative care system for children from state sources
6 Children’s representatives do not take their interests personally
7 Medical intervention on children under duress
8 Provision of unjustified medical care to children without appropriate indications

In particular, the following methods were used in the
work: formal-dogmatic, systemic, semantic, epistemo-
logical and axiological, sociological, comparative-legal,
statistical, systemic, and structural analysis. The com-
prehensiveness of the study of this article is ensured
by a systematic approach, which made it possible to
consider and analyze the problems of implementing
children’s rights to palliative care, in the unity of their
content, essence, and legal form. The application of
scientific methods allowed the authors to achieve the
goal of the article, substantiate the conclusions of the
study, and suggest ways to optimize legislation on the
implementation of children’s rights to palliative care

ETHICS
No animals or human subjects were used in this study.

RESULTS
Children's rights in the healthcare sector are divided into
two groups. The first (universal) are inherent to both

children and adults. The other group (specific) belongs
only to children and is supported by guarantees of their
legal status [5]. Among the latter category of children’s
rights are children’s rights to palliative medical care [6-9].
National legislation provides for definitions of the cate-
gory“palliative care”for all categories of patients. Thus, at
the legislative level, it is stipulated that palliative care is a
set of measures aimed atimproving the quality of life of
patients of all age categories and their family members
who are faced with problems associated with life-
threatening diseases. This complex involves measures
to prevent and alleviate the patient’s suffering through
early identification and assessment of symptoms, pain
relief, and overcoming other physical, psychosocial, and
spiritual problems. (Article 35 —4) [10].

Palliative care for children is divided into general and
specialized palliative care. Palliative care for children
(patients aged from birth to 18 years) is provided in ac-
cordance with the provisions of sections | - IV and para-
graph 1 of section lll of the Procedure for the Provision
of Palliative Care [11]. When organizing the provision of
palliative care to pediatric patients, preference is given
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to organizational forms that allow for the provision of
palliative care at home with the involvement of family
members or legal representatives of the child, subject
to the informed consent of such patients [11]. During
the stay of a pediatric patient in a health care facility
providing palliative care, the child’s right to stay with
family members is ensured [11]. Palliative care for
children is provided in Ukraine at the expense of the
state budget.

The right of children to palliative care is also provided
forininternational legislation. Thus, international legis-
lation indicates that the right of children to treatment
of ilinesses and restoration of health (Article 24 of the
Convention on the Rights of the Child) and directs
political, civil, economic, social and cultural rights of
children (who have not reached the age of 18 [12]).
Children, including adolescents, have the same rights
as adults: “the right to protect their own health to the
extent that disease prevention and treatment allow, in
order to achieve the highest possible level of health”,
which is reflected in the Declaration on Policy on En-
suring Patient Rights in Europe (paragraph 1.6, part 1)
[13]; the right to treatment only subject to the patient’s
consent, which he has given voluntarily on the basis
of relevant information (Article 5 of the Convention
for the Protection of Human Rights and Dignity of the
Human Being with regard to the Application of Biology
and Medicine) [14], the right to protection from torture,
inhuman or degrading treatment or punishment
(Article 3 of the Convention for the Protection of Human
Rights and Fundamental Freedoms) [15] and others.

The main components of children’s rights to palliative
care are given below in Table 1 [7, 8, 11].

Palliative care for children is based on the same prin-
ciples as palliative care for adults, but the principles
under study also have their own specifics [16]. The
main principles of implementing the right of children
to palliative care are given below in Table 2 [4, 6, 11].

The main violations of the rights of minors who need
palliative care have been identified in Table 3 [3, 7, 8,
17-19].

In the human rights framework, children’s rights to
receive and access palliative care are vital and must
first be protected. This is due to the specific nature of
the treatment, their vulnerability, the need for further
protection and care and includes providing support to
the child and his family. It should be noted that effective
legal regulation of the implementation of children’s
right to palliative care should be aimed at improving
their quality of life. Realization of this right for children
also includes support for optimal child development,
formal education, stimulation of developmentin order
to enable the child at any age to live the best life.
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DISCUSSION

There is no single approach to understanding the
components of the implementation of children’s
right to access palliative care. The problematic issues
are the application of both legal and ethical norms
[6, 7], as well as the definition of a list of principles
for the implementation of children’s right to access
palliative care. It should be noted that in 2002, the
WHO first defined the definition of «palliative care for
children». WHO experts understand this term as active,
comprehensive care for the child’s body, psyche and
soul, as well as support for his family members [3].
However, there is still no unified scientific approach to
the content of the legal construct “children’s right to
palliative care”. In particular, other forms of palliative
care are also distinguished in the legal literature,
namely: “supportive care’, “end-of-life care’, “terminal
care’,“respite care”[2, 18, 20], however, some researchers
point out the inappropriateness of distinguishing the
above forms of palliative care.

The grounds for recognizing a child as a subject of
legal relations for the provision of palliative medical
care remain problematic. According to Article 3 of the
special legislative act in the field of healthcare, the
term “patient”is an individual who has sought medical
assistance and/or who is provided with such assistance
[10]. Regarding the subject of our research, it is
necessary to take into account the legal status of minors
and their right to receive palliative care. In particular, a
minor is considered a child before reaching the age of
fourteen, a minor is a child aged fourteen to eighteen
(Part 2, Article 6) [21]. Based on the content of Article
284 of the Civil Code of Ukraine, a minor child has the
right to be provided with medical care (Part 1), however,
he or she cannot exercise this right independently
[22]. In addition, we note that Article 43 of the special
legislative act in the field of healthcare establishes
that the use of methods of diagnosis, prevention and
treatment of a minor child requires the consent of his
legal representative [10]. That is, unlike a minor child,
a minor child already has the right to independently
exercise the right to palliative medical care. And he can
exercise this right in two ways: to consent to medical
care (Part 3); or to choose a doctor and methods of
treatment in accordance with his recommendations
(Part 2, Article 284) [22].

The child’s rights to palliative care are ensured not
only by the duties of medical workers, but also by
the duties of their parents and legal representatives
[23]. And violations of children’s rights in this area are
usually associated with improper representation of
their interests by parents and legal representatives,
and deficiencies in the provision of medical services [5,
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23]. In particular, in the legal literature, some scholars
express considerations regarding both lowering and
increasing the age of a child for consenting to medical
care. However, the provisions of the Convention on
the Rights of the Child enshrine the obligation of
States Parties to ensure that a child who is capable of
forming his or her own views has the right to express
those views freely in all matters affecting the child.
This requirement of the Convention provides children
with the opportunity to express their views freely and
to have them taken into account in accordance with
their age and level of maturity [12]. In our opinion, it
is advisable to give a child the right to consent to the
provision of palliative medical care from the age of 16.
From this age, a child can make informed decisions
when seeking medical attention and choose methods

CONCLUSIONS

Accessibility of pre-palliative medical care for children is
an important aspect of ensuring the implementation of
one of the fundamental, inalienable human rights to life
and health as the highest social values. This is recognized
in United Nations conventions and protected by many
international organizations. The representation and im-
plementation of the right of children to effective access to
palliative medical care is an important feature of a mod-
ern social, legal state and is a priority task of state policy
in the field of health care of any democratic state. Given
their age characteristics and limited capabilities, children
are significantly limited in their ability to independently
exercise their patient rights to palliative care. Therefore,
children-patients who need palliative care should have
additional guarantees of their rights protection. These

of treatment and medical care.

rights of children can be classified as universal and special.
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Study on medical professionals’ attitudes and awareness of
multidisciplinary rehabilitation in pain syndromes
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ABSTRACT

Aim: To assess the awareness and training needs of healthcare professionals regarding the multidisciplinary rehabilitation of patients with pain syndromes
and comorbid conditions resulting from war trauma.

Materials and Methods: The structured online survey of 120 people, including doctors, nurses, medical assistants, paramedics and senior students of
medical universities in Kyiv and Zaporizhzhya (Ukraine). Before that, a targeted review of international (WHO, NICE, EULAR) and national guidelines on mul-
tidisciplinary rehabilitation was conducted. Based on this regulatory framework, the authors developed the «Multidisciplinary Rehabilitation Attitude and
Readiness Questionnaire».

Results: Although 89% of respondents were familiar with the concept of multidisciplinary rehabilitation, only 17% demonstrated a comprehensive understand-
ing. Most respondents (54%) reported only partial awareness and emphasized the need to improve teamwork skills and learn modern rehabilitation methods.
Psychological support was recognized as essential by 58%, while 42% showed uncertainty or held misconceptions. Core rehabilitation components identified
included pharmacological stabilization (65%), interdisciplinary collaboration (50%), and patient education (45%). However, elements such as empathy, active
listening (25%), and social reintegration (15%) were undervalued. Only 23% of participants rated their competence in teamwork as sufficient, and nearly half
(48%) assessed their preparedness as low. Priority areas for further education included trauma-informed care, psychological first aid, prevention of professional
burnout, and the use of non-pharmacological methods such as electrotherapy and acupuncture.

Conclusions: Despite formal awareness of multidisciplinary rehabilitation, significant gaps exist in practical competencies. Expanding interdisciplinary training

and emphasizing psychosocial components are critical to improving care for war-affected patients.

KEY WORDS: multidisciplinary rehabilitation, pain syndromes, psychological support

INTRODUCTION

The ongoing war in Ukraine has led to a significant
increase in patients suffering from chronic pain syn-
dromes accompanied by psychosomatic and emotional
disorders. This clinical context requires an integrated
multidisciplinary approach to treatment and rehabili-
tation. According to the Ministry of Health of Ukraine,
20-25% of individuals in combat zones require psycho-
logical first aid, and over 50% experience acute stress
or psychosomatic symptoms [1].

The prevalence of chronic pain has notably risen
among both civilians and military personnel, with up to
60% of wounded soldiers reporting persistent pain six
months post-discharge, and more than 40% presenting
comorbid psychological conditions. Furthermore, up to
50% of patients with somatic complaints exhibit signs
of psychosomatic dysfunction [2]. The World Health
Organization data indicate that 15-20% of hospital-

Wiad Lek. 2025;78(6):1083-1090. doi: 10.36740/WLek/207369 DOl

ised patients show symptoms of post-traumatic stress
disorder (PTSD) or related psychological trauma, and
as of 2023, over 80% of Ukrainians report high levels
of stress due to the war [3].

Over the past decade, Ukraine has endured major
upheavals that likely had a significant impact on the
population’s mental health. In 2014, following the
Revolution of Dignity, Russia annexed Crimea and
launched a military conflict in eastern Ukraine, leading
to the displacement of around two million people. A
study conducted on a representative sample of these
internally displaced individuals revealed that 27,4%
met the diagnostic criteria for PTSD, 20,6% for major
depressive disorder, and 16,1% for generalised anxi-
ety disorder. Additionally, 14,3% of men and 1,7% of
women screened positive for alcohol use disorder [4].

Medical professionals increasingly encounter patients
requiring not only pharmacological or physical care,
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butalso psychological support, behavioural correction,
physical therapy, and social reintegration. However, the
level of preparedness for such complex, team-based
care remains uneven [4]. Estimates suggest that only
30-40% of healthcare workers possess basic knowledge
of multidisciplinary rehabilitation, and fewer than 20%
have received relevant training [5].

In this context, assessing healthcare professionals’

awareness and attitudes towards multidisciplinary
rehabilitation is essential for enhancing Ukraine’s
healthcare system during and after the war. Improving
this approach is critical not only for effective treatment,
but also for the long-term recovery and quality of life
of affected patients.

AIM

The aim of the study was to evaluate the awareness,
attitudes, and training needs of healthcare professionals
and medical students regarding the multidisciplinary
rehabilitation of pain syndromes associated with war-
time comorbidities, and to identify key barriers and
opportunities for improving interdisciplinary collab-
oration and psychological support in clinical practice.

MATERIALS AND METHODS

The development of the research instrument was in-
formed by the analysis of international clinical guide-
lines (WHO, EULAR, NICE), national healthcare regu-
lations of Ukraine, and current scientific literature on
multidisciplinary rehabilitation, chronic pain, and psy-
chosomatic disorders [1-6]. These sources highlighted
the need for structured assessment of healthcare pro-
fessionals’ preparedness for interdisciplinary rehabilita-
tion in the context of war-related comorbidities. Based
on this foundation, the authors developed a structured
survey tool - the «Multidisciplinary Rehabilitation
Attitude and Readiness Questionnaire» — designed to
evaluate the levels of awareness, clinical experience and
professional training needs related to multidisciplinary
approaches in managing pain syndromes.

The questionnaire consisted of four sections:

« Social and professional characteristics of the respon-
dents;

« Awareness of the multidisciplinary approach in
managing pain syndromes;

« Experience in interdisciplinary clinical teamwork;

« Perceived educational needs and qualification en-
hancement.

The study involved a total of 120 participants, com-
prising doctors, nurses, medical assistants, paramedics,
and senior students from medical universities. The
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survey was conducted online. Data collection took
place between December 2024 and February 2025.
Participation was entirely voluntary and anonymous.
The geographical distribution of the respondents
included healthcare professionals and students from
Zaporizhzhia and Kyiv. The survey was administered via
Google Forms, and the sample characteristics - includ-
ing age, professional background, and work experience
— are presented in Fig. 1.

The representative sample consisted predominantly of
respondents aged 36-45 years (45%). It is worth noting
thatamong the respondents were also medical students
under the age of 25 (20%). In terms of professional back-
ground, the respondents included doctors (18%), nurses
(35%), medical assistants (14%), paramedics (13 %) and
medical students (20%). The majority of respondents
(42%) had more than 10 years of experience in the
medical field, while 25% had 5-10 years of experience.
About 13% had been working in the profession for 1-5
years, and only 20% were newcomers to the field, having
worked in healthcare for less than a year

The study complied with international and national
ethical standards. It adhered to the Declaration of
Helsinki, the Council of Europe Convention on Human
Rights and Biomedicine, and Articles 43 and 45 of the
Law of Ukraine “Fundamentals of Health Legislation”.
The study protocol was approved by the local ethics
committee. All responses were provided voluntarily
and anonymously (no personal data were collected).

RESULTS

One of the key objectives of the study was to determine
the baseline level of awareness among healthcare
professionals regarding the principles of multimodal
(multidisciplinary) rehabilitation in the context of
war-related patient care (Fig. 2).

When asked, “Are you familiar with the concept of a
multimodal approach in rehabilitation?”, the majority
of respondents (n=107 [89%]) answered affirmatively.
Only 13 respondents (11%) had not encountered this
concept in their professional activities (Fig. 2). These
results indicate that, at the current stage of develop-
ment of the healthcare system in wartime conditions,
active information and educational activities are being
implemented to increase knowledge about the com-
prehensive approach to the rehabilitation of patients
with combat injuries and pain syndromes.

Fig. 3 presents the distribution of the respondents
sample by their awareness of the principles and ap-
proaches to implementing a multidisciplinary approach
in the rehabilitation of patients with comorbid condi-
tions and pain syndromes caused by war.
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Age characteristics of the sample Distribution of the sample by
profession Doctor
17% 20° Up to 25 years
° & 20% 18% Nurse
26-35 years
18% Medical
45% 36-45 years 13% Assistant
35% Paramedic
Over 45 years
14% m Student
A B
Work experience in healthcare Do you have experience working
with patients in emergency
20% situations (e.g., war, natural
Less than 1 year disasters)?
42%
139 m1-5years
30%
25% 5-10 years
0,
Over 10 years 70% Yes mNo
C D

Fig. 1. The characteristics of the respondents™ sample (n=120) by the following parameters: A — age distribution; B — distribution by profession;
(C - distribution by experience; D — distribution by experience in working with patients in emergency situations (data presented as percentages)

The majority of respondents (54%) have only a par-
tial understanding of the approach and need more
knowledge about its implementation, technologies,
and collaboration among specialists. A smaller group
(17%) is well-acquainted with the principles of the ap-
proach and can explain interdisciplinary collaboration
methods. About 21% have heard of it but lack a clear
understanding, while 8% are completely unfamiliar with
the concept (Fig. 3). These results highlight a significant
need to improve healthcare professionals’knowledge of
the multidisciplinary approach in rehabilitation, partic-
ularly for patients affected by war, and to enhance their
skills in teamwork, modern rehabilitation technologies,
and inter-specialist interaction.

The data on the degree of understanding of psycho-
logical assistance and support in the implementation
of the multidisciplinary approach in the rehabilitation
of patients with comorbid conditions are summarized
in. Fig. 4.

The survey results show that the majority of spe-
cialists — 70 (58%) — view psychological assistance in
a multidisciplinary approach as initial psychological
support for patients in crisis situations (trauma, stress,
disaster). However, 20 respondents (17%) are unsure

how to define psychological assistance, and another
20 (17%) equate it with emergency medical-psycho-
logical support for patients with mental disorders. Ten
respondents (8%) define it as providing psychological
and pharmacological help for mental disorders. Over-
all, 42 % of specialists require further clarification on
the concept of psychological assistance, highlighting
the need for an integrated training system to equip
healthcare professionals with the skills to provide psy-
chological support in clinical settings (Fig. 4).

The analysis of responses to the question «What are
the key stages of the multidisciplinary approach in
rehabilitation? » (Fig. 5) revealed that the majority of
respondents - 78 (65%) — consider pharmacological
therapy for stabilizing the patient’s condition a key
element of the rehabilitation process.

Half of the respondents - 60 (50%) — emphasised the
importance of involving additional specialists (rehabil-
itologists, psychologists, physiotherapists) as essential.
Fifty-four (45%) identified informational support for the
patient, especially in cases of combat injuries and chronic
pain, as important. Only 42 (35%) believed building a
trusting relationship with the patient is a key aspect.
Regarding psychological aspects, 30 respondents (25%)
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11%

89%

Are you familiar with the concept of multimodal
approach in rehabilitation?

Yes

No Fig. 2. The distribution (%) of the
respondents” sample (n=120) by
the awareness of the multimodal
approach in rehabilitation

conditions?

8%
17%

54%

How familiar are you with the principles and approaches of implementing a
multidisciplinary approach in the rehabilitation of patients with comorbid

Very familiar
21% Partially familiar
Heard of it, but not confident in knowledge

Not familiar at all

Fig. 3. The distribution (%) of the
respondents” sample (n=120) by
the awareness of the principles of
implementing a multidisciplinary
approach in the rehabilitation of
patients with comorbid conditions
and pain syndromes caused by war

Not sure 8%
Demonstrating empathy 10%
Active listening
Referral to a specialist (psychologist or psychiatrist)
Providing medical means to stabilize mental state
Providing informational support in a crisis situation

Calm conversation with the patient

0% 10%

What are the key steps involved in the multidisciplinary approach support?

Providing basic support and protection 15%

20%

25%
50%
65%
45%

35%

30%  40%  50% 60%  70%

Fig. 4. The distribution (%) of the respondents™ sample (n=120) by the degree of understanding of psychological assistance and support in the imple-
mentation of the multidisciplinary approach in the rehabilitation of patients with comorbid conditions

prioritised active listening, and 12 (10%) saw empathy as
necessary. Only 18 (15%) highlighted social adaptation
and restoring functional activity as crucial for overcoming
combat injuries. Ten respondents (8%) struggled to iden-
tify the key aspects of the multidisciplinary approach,
highlighting the need for further professional training
to improve healthcare workers’knowledge of teamwork
and rehabilitation strategies for patients with comorbid
conditions and pain syndromes from war (Fig. 5).

The subjective evaluation of competence in mul-
tidisciplinary teamwork revealed that the majority
of respondents — 58 (48%) — rated their skills as low,
indicating insufficient preparation in comprehensive
rehabilitation for patients with pain syndromes and
comorbid conditions (Fig. 6).
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Only 28 respondents (23%) felt competent for ef-
fective interdisciplinary collaboration, while 14 (12%)
rated their skills as high. Fifteen individuals (13%)
considered their preparation very low, which could
hinder effective teamwork and patient rehabilitation.
Only 5 specialists (4%) rated their competence as
very high, having received specialised training in
teamwork, rehabilitation technologies, and manag-
ing patients with combat injuries. Most respondents
highlighted the need for supervision and intervision
groups to improve training, share experiences, and
analyse clinical cases. They also called for clear pro-
cedural protocols for team collaboration in rehabil-
itating patients with pain syndromes caused by war
(Fig. 6).
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Assess your skills in a multidisciplinary team during the rehabilitation of
patients with comorbid conditions and pain syndromes caused by war, on a
scale from 1 (very low level) to 5 (very high level)

Very high level 4%
High level 12%
Sufficient level 23%
Low level 48%
Very low level 13%
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%  50%

Fig. 5. The analysis of respondents’ awareness regarding key concepts of implementing the multidisciplinary approach in the rehabilitation of patients

with comorbid conditions and pain syndromes caused by war (data presented as percentages)

How would you define psychological support and assistance in the
implementation of a multidisciplinary approach to the rehabilitation of

Not sure what this is
Provision of psychological and medical assistance for
mental disorders

Initial psychological support measures for patients in a
crisis situation (trauma, stress, disaster)

Emergency medical-psychological assistance to patients
with mental disorders

0% 10%

patients with comorbid conditions?

8%

17%
58%
17%
20%  30%  40%  50%  60%

Fig. 6. The distribution (%) of the respondents™ sample (n=120) by the self-assessment of healthcare workers’skills in multidisciplinary teamwork in
the rehabilitation of patients with comorbid conditions and pain syndromes caused by war

DISCUSSION

Recent studies confirm the effectiveness of a multidis-
ciplinary approach in the rehabilitation of patients with
comorbid conditions and pain syndromes. Involvement
of specialists from different fields significantly enhances
treatment outcomes, improves patients’ quality of life,
and helps prevent pain chronification. According to A.
Rogers and S. Farris [6], pain is a complex biopsychoso-
cial phenomenon that requires a multimodal treatment
strategy. The authors emphasize that an interdisciplin-
ary perspective is essential for understanding how pain
influences a patient’sidentity and emotional well-being.

Chronic pain encompasses not only physical but
also neuroplastic, immune, endocrine, and psychoso-
cial dimensions. PTSD, chronic stress, and depressive
disorders contribute to sympathetic nervous system
hyperactivity and elevate levels of pro-inflammatory
cytokines such as interleukin-6 and tumor necrosis
factor alpha) [7], which in turn lead to sensitization
of the nervous system. These processes are associat-
ed with changes in the structure and function of the
prefrontal cortex, hippocampus and limbic system,
negatively affecting cognitive performance and emo-

tional regulation, as noted by B. Key and D. Brown [8].
The progression of chronic pain is further complicated
by shared pathophysiological mechanisms with other
chronic conditions such as diabetes, cardiovascular
disease, and depression. Social isolation, low levels of
emotional support, and sleep disturbances intensify
pain perception and increase the risk of chronification,
asindicated by J. van Wyngaarden et al. [9]. Additionally,
conditions such as fibromyalgia, neuropathic pain, and
comorbid mental disorders create further challenges
for effective treatment strategies [10-12].

A broad body of evidence supports the efficacy of
a multimodal rehabilitation approach that integrates
pharmacotherapy, physical activity, electropuncture,
acupuncture [11, 13], cognitive-behavioral therapy
and social support mechanisms [8, 9, 11]. For instance,
Y.Ashar et al. [12] have demonstrated that psychological
therapies significantly contribute to pain reduction and
long-term recovery. Similarly, group therapy, patient
education, and social rehabilitation programs reduce
stress, foster reintegration, and enhance the overall
effect of medical interventions [14]. In the context of
combat-related injuries, multidisciplinary rehabilitation
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assumes a critical role. Elevated stress levels among both
patients and healthcare professionals necessitate com-
prehensive care models that address the emotional and
psychological dimensions of trauma. L. Butska et al. [15]
highlight the value of neuroimaging and internet-based
interventions, while physical therapy methods - includ-
ing acupuncture and electrotherapy - have also shown
clinical effectiveness in post-traumatic rehabilitation. Col-
laborative treatment protocols and structured interdisci-
plinary training programs improve treatment efficiency
and contribute to consistent recovery outcomes [16].

The findings of the current study, conducted among
healthcare professionals in Zaporizhzhia and Kyiv, under-
score the pressing need for widespread implementation
of the multidisciplinary rehabilitation model for patients
with war-related pain syndromes and comorbidities. The
high level of general awareness among respondents
(89 %) regarding the concept of multidisciplinary care
reflects a positive shift in medical education, which
now increasingly incorporates biopsychosocial models
of pain management (J. van Wyngaarden et al. [9]; A.
Lee et al. [16]). Nonetheless, a critical discrepancy was
identified between declarative awareness and practical
readiness: 79 % of respondents acknowledged lacking
sufficient knowledge or confidence to function effective-
ly within interdisciplinary teams. This finding aligns with
the conclusions of L. Butska et al. [17] and Y. Ashar et al.
[18], who emphasized that insufficient interdisciplinary
training compromises the quality of care for patients with
psychosomatic disorders.

Psychological support was identified as a crucial com-
ponent of the rehabilitation process by 58 % of partic-
ipants. This corresponds with data presented by B. Key
and D. Brown [8], which demonstrate strong comorbidity
between chronic pain and depression. These results
also reinforce the necessity of integrating psychothera-
peutic interventions as part of long-term rehabilitation
strategies (F. Beissner et al. [14]). Moreover, Y. Ashar et al.
[18] provide neurobiological evidence that prolonged
pain can cause structural reorganization of brain areas
responsible for emotion regulation, further justifying the
inclusion of psychological supportin standard protocols.

The key components of a multidisciplinary approach,
as recognized by respondents — such as the involvement
of psychologists, physiotherapists, physical and rehabil-
itation medicine specialists, as well as the application
of non-pharmacological methods like electrotherapy,
acupuncture, patient education, and social reintegration
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— correspond to best practices supported by interna-
tional systematic reviews (S.Raja et al.[19]; L. Butska [15]).
Respondents also highlighted priority areas for further
training, particularly in crisis psychology, psychological
first aid, burnout prevention, and trauma-informed care.
These identified needs are in line with global recommen-
dations for preparing healthcare workers to operate in
disaster zones and military conflict environments (O.
Kesiena et al. [20]; L. Butska et al. [17]). In summary, the
data obtained in this study support the necessity of
strengthening the competencies of healthcare profes-
sionals in interdisciplinary collaboration and complex
rehabilitation techniques. This conclusion is consistent
with modern healthcare approaches that recognize
multidisciplinary interaction as a cornerstone of effective
post-war recovery strategies [19].

The structured analysis of survey results made it pos-
sible to assess the readiness of healthcare professionals
to implement a multidisciplinary rehabilitation model,
identify typical challenges in interdisciplinary cooper-
ation, evaluate the need for additional training, and
propose recommendations for enhancing educational
curricula and clinical practices. These findings serve as
afoundation for further efforts to improve comprehen-
sive care for patients suffering from chronic pain and
psychosocial consequences of war.

CONCLUSIONS

The study revealed that while most healthcare pro-
fessionals are familiar with the concept of multidis-
ciplinary rehabilitation, a significant proportion lack
a deep understanding of its principles and practical
implementation. This gap reflects insufficient training
in interdisciplinary collaboration and comprehensive
patient care. Psychological support is recognized as
important, yet often interpreted narrowly, underscoring
the need for improved education in crisis psychology
and trauma-informed practices. Furthermore, essential
elements of patient-centered care - such as empathy,
communication, and social reintegration - are underval-
ued compared to biomedical interventions. Self-assess-
ments also point to low confidence in interdisciplinary
teamwork, suggesting that structured educational
programs, practical training, and clear protocols are
urgently required. Strengthening these areas is crucial
forimproving the quality of rehabilitation services, par-
ticularly in the context of war-related health challenges.
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ABSTRACT

Aim: To investigate the features of professional medical communication in wartime through the prism of gender characteristics based on the analysis of
authentic dialogues from clinical conversations.

Materials and Methods: Bibliosemantic, content, psychosemantic, and comparative analysis; empirical methods: observing the living language of doctors
and patients, creating and typologising the collection of authentic doctor-patient dialogues. The authentic audio and video recordings of 232 doctor-patient
dialogues were collected. After conducting an initial typology of the dialogues, four samples were created: <male» and «female doctors», <male» and «female
patients». The dialogues were transcribed and subjected to content analysis using the «Textanz» software (v. 2.3).

Results: The psycholinguistic features of professional medical communication in each of the four studied samples were established. For example, male doctors
have higher speech activity within their professional role (181 words vs. 138 for female doctors). Their speech is characterised by a predominance of verbs
and rational structuring. In contrast, female doctors use nominative constructions with a predominance of nouns, pronouns, and adverbs more often, which
indicates the objectification of symptoms and an empathic orientation. Female patients show higher speech activity, ask questions more often, and use more
emotionally coloured vocabulary and modal words, which indicates increased anxiety.

Conclusions: The study confirms the presence of gender-based models of medical communication, which are exacerbated in wartime. The results of the study
can be used in training on the development of communication skills of medical workers, in writing clinical protocols, as well as in psychological support for

wounded and displaced persons.

KEY WORDS: psycholinguistics, communicative competence, medical education, war

INTRODUCTION

In the conditions of a full-scale war, the medical system
of Ukraine is facing a huge load, which requires highly
qualified medical workers, prompt medical intervention,
and constructive professional communication. A
significant increase in the number of patients with
inclusion, numbness, chronic psychotraumatization,
post-traumatic stress disorder, and other problems
requires scientifically based styles of professional
communication. Performing a physical examination,
collecting anamnesis, diagnosing, providing medical
care, and making decisions in various clinical situations
requires a doctor to have developed psycholinguistic
competence. The latter should include gender-specific
features of professional communication, as they affect
the style of communication, the level of trust and
expectations, and help to preserve and improve the
psychoemotional state of patients who have heightened
sensitivity due to the circumstances caused by war [1-4].

Wiad Lek. 2025;78(6):1091-1097. doi: 10.36740/WLek/207370 € DOl

Understanding gender aspects of communication helps
doctors establish a constructive dialogue more quickly
and interact more effectively with different population
groups in wartime conditions (civilians, military, internally
displaced persons, children, and the elderly), as women
and men experience crisis situations differently and have
different needs for proper medical care.

AIM

The aim of the study was to investigate the features of
professional medical communicationin wartime conditions
through gender characteristics, based on the analysis of
authentic medical dialogues within clinical communication.

MATERIALS AND METHODS

To achieve the goal, the following theoretical research
methods were used: bibliosemantic, content, psychose-
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mantic, and comparative analysis, differentiation, and
generalization; empirical methods included observing
the living language of doctors and patients in com-
pliance with bioethical norms, creating a collection
of doctor-patient dialogues, and typologizing exper-
imental data by gender indicators. Finally, statistical
processing was carried out using the «Textanz» special
software (v. 2.3).

The empirical study involved direct observation of
the style and structure of dialogues between a doctor
and a patient in wartime conditions in Ukraine. During
2024, 232 doctor-patient dialogues were collected in
the format of video and audio recordings within the
context of a professional official reception procedure, in
compliance with ethical, bioethical, and legal standards
and with the voluntary consent of all participants. After
conducting an initial typology to identify gender-spe-
cific features of professional medical communication
in wartime conditions, 74 video and audio recordings
were selected from the collection. These recordings
were transcribed into texts and subjected to content
analysis using the «Textanz» specialized computer
program (v. 2.3). The texts were analyzed separately
into four samples: “Male doctors” (sample 1), “Female
doctors” (sample 2), “Male patients” (sample 3), and
“Female patients” (sample 4).

RESULTS

The results obtained in first two gender-differentiated
samples of male and female doctors are summarized
inTable 1.

Let us analyze the results given in the Table 1.
First of all, we state that a total of 7050 statistically
significant words were recorded in sample 1 and 4828
- in sample 2. Thus, male doctors used 181 words in
their communication on average, and female doctors
- 138. Considering such results, we assume that the
professional role position of a“doctor”encourages men
to more actively verbally communicate than women.
However, this assumption requires further research
involving larger samples.

The most frequent (with a significant quantitative
predominance) among the main parts of speech in
both samples were pronouns (total number is 2698),
which both male and female doctors use approximately
equally (the relative frequency of significant pronouns
in sample 1 and sample 2 was, respectively, 37,82%
and 36,07%). Also, in both samples, the “You” category
clearly dominates within pronouns (46,09% and 49,91%
of the total number of statistically significant words
recorded). This result is expected taking into account
the role and task of the doctor in the “Doctor-Patient”
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system: an official appeal to the patient in order to
clarify the state of his/her health and, if necessary, to
discuss the diagnosis and treatment scheme.

The second most common main part of speech in
terms of the total number of recorded words was the
noun (1642). In the sample of female doctors, the noun
is every fourth word among the statistically significant
ones (25,87%); however, itis only every fifth (20,25%) in
the sample of male doctors. Moreover, there are obvious
differences between the samples in the composition
of nouns within the leading category: it is “Diseases
and their symptoms” for male doctors (19,58%), and
“Examination, treatment and results” for the female
ones (21,31%). In connection with such results, it can be
argued thatin communication with patients, the former
are more focused on stating the fact of the disease
and its manifestations, while the latter delve more into
discussing the process of diagnosing the disease, the
treatment process, and its predicted results.

The third most represented part of speech in both
samples was the verb (1537 words). In sample 1, the
dominant basic category was “To be” (39,09%); in sam-
ple 2, it was the “Communication and its components”
category (30,44%). Therefore, male doctors are more
likely to focus on stating the presence of certain facts
(primarily, as noted above, the facts of diseases and their
symptoms), while female doctors, on the other hand,
try to ease their verbal communication with patients,
particularly by using facilitating words (for example,
they more often invite their patients to come in, pass
by, or tell something, etc.).

Next, male doctors use verbs more frequently than
nouns (21,73% and 20,25%, respectively), while female
doctors use nouns more frequently (25,87% versus
20,29%). Therefore, in this context, it is somewhat more
important for men to emphasize the effectiveness,
influence, and/or dynamics of certain phenomena
and events, while for women, naming, i.e, stating the
relevant phenomena, is more important.

The fourth most common part of speech in terms
of the number of occurrences in speech is the adverb
(1121 words). Although the dominant category was
“Temporality” (29,09% and 37,21%) in both samples,
women use concepts from the corresponding category
relatively more often and focus primarily on what is
happening“now,” while men are more involved in what
should be or can be “later”.

The adjective (141 words) turned out to be noticeably
less numerous. In both samples, “neutral” adjectives
are used more often in professional communication
(42,65% and 47,95% respectively). In all probability,
it illustrates the efforts of male and female doctors to
remain emotionally neutral, since, on the one hand,
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Table 1. The dominant categories and lexemes of different parts of speech within the male and female doctors samples

Part of speech

«Male doctors» sample

«Female doctors» sample

(total word Basic category Basic category
count) Total (ab.?olute/ Basic lexemes Total (abfolute/ Basic lexemes
relative total relative total
count) count)
I. Main parts of
speech (7273) 4262 3m
1612 «You» «you», <youry, 1086 «You» «you», <your»,
Pronoun (2698) (37,82 %) (743/46,09 %) «yours» (36,07%) (542/49,91 %) «yours»
«Diseases and «Examination, «analyses, exam-
Noun 863 their symbtoms» «pain», «disease, 779 treatment and inatign» :<ref'fer-
(1642) (20,25 %) (1 69/y1 9?58 %) iliness, disorder» (25,87 %) results» als «trea’\tment»
e (166/21,31 %) '
«Communi-
Verb 926 «Be» «be, continue», 611 cation and its «speak, tell»,
(1537) (21,73 %) (362/39,09 %) «will be», «was» (20,29 %) components» «understand»
(186 /30,44 %)
Adverb (1121) 691 «Temporality» «afterwards, 430 «Temporality» «now, «after-
(16,21 %) (201 /29,09 %) then», <now» (14,28 %) (160 /37,21 %) wards, then»
Adijective (141) 68 «Neutral» «suchy, «com- 73 «Neutral» «commony,
) (1,60 %) (29 /42,65 %) mon» (2,42 %) (35/47,95 %) «such»
Numeral (134) 102 (i}:r:i:»’sg)ei:;’ 32 «once, several
(2,39 %) - ! (1,06 %) - times», «three»
times»
Il. Function words The most The most
(4605) 2788 ) frequent part 1817 ) frequent part
Conjunction 1169 «and» 834 «and»
(2003) (41,93 %) - (234 /20,02 %) (45,90 %) - (196 /16,77 %)
Preposition 1062 «in» 529 «in»
(1591) (38,09 %) - (408 / 38,42 %) (29,16 %) - (202 /30,89 %)
. 376 «no, not» 227 «Nno, not»
Particle (603) (13,49 %) - (133 /35,37 %) (12,49 %) - (75 /33,04 %)
s 181 «please» 96 «please»
Interjection (277) (4 109%) - (125 /69,06 %) (2,81 %) - (51/53,13 %)
Parenthetical 1 «for example» 6 «for example»
expression (17) (0,39 %) - (only) (0,33 %) - (only)

these specialists should not provoke the patient to
possible affective “outbursts’, and, on the other hand,
they should prevent their own emotional “burnout”.

The least frequent of all the recorded main parts of
speech is the numeral (134 words). In this case, male
doctors use numerals approximately twice as often
as female doctors (2,39% and 1,06% respectively). Ap-
parently, this is one of the indicators of a greater effort
made by men to quantify reality related, in particular, to
the sphere of human health, its disorders, and methods
of recovery.

Let us briefly analyze the situation with function
words. Generally, the dominant function part of speech
(2003 words) was the conjunction. Its relative share is
quite high in both samples (41,93% and 45,90%) with
the predominance of an “and” conjunction, which

indicates a significant semantic coherence of the speech
of male and female doctors.

The second most commonly used function part of
speech was the preposition (1591 words). Its relative
rate is noticeably higher in the sample of male doctors
while comparing to the sample of female doctors
(38,09% vs 29,16%). Moreover, the dominant“in” prep-
osition in both samples has also a higher frequency in
the verbal communication of men (38,42% for sample
1 and 30,89% for sample 2). This indicates a clearer
orientation of men as specialists to the definition
and discussion and, in particular, to the localization
of certain phenomena (symptoms of a disease, the
location of a patient, etc.).

The particle turned out to be the third most common
function word (603 words). In general, particles (as well
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Table 2. The dominant categories and lexemes of different parts of speech in samples of male and female patients

Part of speech

«Male patients» sample

«Female patients» sample

(total word Basic category Basic category
count) Total (abfolute/ Basic lexemes Total (ab.?olute/ Basic lexemes
relative total relative total
count) count)
I. Main parts of
speech (2949) 1114 1835
Pronoun (961) 407 «b> «l», «me», «<my» 254 «b» «l», «me», «<my»
(36,54 %) (201/49,39 %) ! s «my (30,19%) (291/52,53 %) ! s «my
. sometimes», .
291 «Temporality» ¢ ’ 411 «Temporality» «some-
Adverb (702) (26,12 %) (91/31,27 %) «afttir::]irds' (22,40 %) (124/3721%)  times»cnows
207 «Be» 350 «Be»
Verb (557) (18,58 %) (66 /31,88 %) «was» (19,07 %) (124/35,43 %) «was»
«Diseases and
156 - «pain», «prob- 377 «Temporality» «day», «years,
Noun (533) (14,00 %) th(ig ?’2"7";20:2)5» lems» (20,54 %) (83 /22,02 %) «time»
37 «oney, «first», 71
Numeral (108) (3.32 %) _ «three» (3.87 %) _ «three», «two»
.. 16 «Neutral» 72 «Neutral»
Adjective (88) (1.44 %) (only) «suchy, «last» (3,92 %) (60 / 47,95 %) «suchy, «last»
Il. Function words The most The most
(2444) 1058 ) frequent part 1386 ) frequent part
Conjunction 369 «and» 460 «and»
(829) (34,88 %) - (122 /33,06 %) (33,19 %) - (150/32,61 %)
. 313 _ «no, Not» 443 «No, Not»
Particle (756) (29,58 %) (153 /48,88 %) (31,96 %) - (201 /45,37 %)
.. 296 «in» 427 «in»
Preposmon (723) (27,98 %) _ (113/38,18 %) (30,81 %) - (158 /37,00 %)
Exclamation 80 _ «well» 56 «well»
(136) (7,56 %) (57 /71,25 %) (4,04 %) - (46 /82,14 %)

as the dominant negative particles “no” and “not”) are
used by both male and female doctors to approximately
the same extent (average particle rates are 13,49%
and 12,49%, negative particles — 35,37% and 33,04%
respectively).

Another part of function word analyzed was the
exclamation (277 words found). Surprisingly, but in
their professional communication, male doctors use
exclamations approximately twice as often as female
doctors (4,10% vs 2,81%). Moreover, male doctors also use
the dominant expression of “please” more often (69,06% vs
53,13%).Inthis regard, we assume thatin the field of relevant
professional communication, men find it somewhat more
difficult to hide their needs and expectations compared
to women. However, a single “for example” parenthetical
expression (17 words) was found at an approximately the
same level in both samples (0,39% and 0,33%).

The results obtained in the following two samples
(male patients and female patients) are summarized
inTable 2.
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As can be seen from Table 2, a total of 2172 statisti-
cally significant words were recorded in sample 3, and
3221 in sample 4. Thus, on average, male patients used
75 words in their communication, and female patients
used 67. In our opinion, such a difference is not signifi-
cant. The significantly lower average number of words
used by male and female patients (compared to male
and female doctors) can be explained by the distress
experienced during an appointment with a specialist,
where the words of the doctor often become more
important than their own. Additionally, psychological
defense mechanisms may also be triggered (in partic-
ular, repression, and as a result, an unwillingness to talk
about certain matters).

DISCUSSION

First of all, it is worth noting that this study is a contin-
uation of our previous scientific work [5-8]. In works [5,
6], in particular, we were able to establish and describe
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psycholinguistic indicators of doctors’communication
in wartime based on the analysis of doctor-patient
dialogues. In general, professional communication of
doctors in wartime is poorly researched, despite its
undoubted relevance [1, 9, 10].

Based on the conducted content analysis of gen-
der-specific features of professional medical interaction,
it can be stated that male doctors use more words (181
versus 138 for female doctors), which indicates high-
er speech activity within the professional role. Their
speech is characterized by a predominance of verbs
and rational structuring. Female doctors more often
use nominative constructions with a predominance
of nouns, pronouns, and adverbs, which indicates the
objectification of symptoms and an empathic orien-
tation. Female patients show higher speech activity
(135 words versus 89 for male patients), ask questions
more often (62 % vs. 38 %), and use more emotionally
colored vocabulary and modal words, which indicates
increased anxiety.

The most frequent among the main parts of speech
in samples 3 and 4, as well as in the samples of male
and female doctors (1 and 2), were pronouns (total
word count: 961). However, male patients use pronouns
somewhat more often than female patients (the relative
frequency of statistically significant pronouns in sample
3 and sample 4 is 36,54 % and 30,19 %, respectively).
In other words, men are more inclined to personalize
and, therefore, to specify communication, as well as to
show an understanding of their own health problems
and their causes. However, the dominant “I” lexeme is
represented in both samples to approximately the same
extent (49,39 % and 52,53 %).

In the samples of male and female doctors, the second
most frequent part of speech was a noun, but in the
samples of male and female patients, it was an adverb
(702 words), which is a part of speech that expresses a
sign of an action, state, or quality. The established fact
testifies to the greater orientation of patients to express-
ing the corresponding signs of their own processes and
states related to health, while doctors primarily name
a phenomenon or fact.

In samples 3 and 4, the “Temporality” notion domi-
nates within the specified part of speech (relative indi-
cators are 31,27 % and 37,21 %, respectively). As it can
be seen, women use the category of adverbs somewhat
more often. In addition, it is more important for them
what is happening “now” with their health, while for
men — it is what will happen “later, then!”

The third most numerous main part of speech is the
verb (557 words). It is used by both male and female
representatives of both samples to approximately the
same extent (18,58 % vs 19,07 %). Moreover, the basic

category “To be"” was found to be dominant in both
samples (31,88 % and 35,43 %). Interestingly, within
this category, both male and female patients use the
lexeme “was” most often, which means they talk about
certain events or phenomena in the past tense. This can
be associated with the mental operation of comparison
as well as with nostalgia for a happier (pre-war) past.

Unlike in the first two samples, the noun became
only the fourth most important part of speech in a
generalized analysis of the results for all four samples.
At the same time, while (as a part of speech) its relative
importance is less than that of a verb for male patients,
it is somewhat higher for female patients. Here is the
relative frequency of nouns and verbs usage: 14,00 %
and 18,58 % in the sample of male patients, and 20,54
% and 19,07 % - in the sample of female patients.
Considering such indicators, it can be argued that for
men, it is relatively more important not often to name
certain of their symptoms, but to indicate what led to
them or how the situation can be changed. We also
note differences between the samples of male and
female patients in the leading category of nouns: it is
“Diseases and their symptoms” for men (27,56 %), and
“Temporality”-for women (22,02 %). Accordingly, while
men mention “pain”in this context more often, women
talk more about “days” and “years”. Thus, male patients
are more focused on discussing the current symptoms
of their diseases while female patients delve more into
the time trajectories and prospects of the course of the
diseases.

Unlike the samples of doctors, the numeral is not the
least frequent among all the recorded main parts of
speech (108 words) in the samples of patients. At the
same time, representatives of both samples use numer-
als to approximately the same extent (3,32 % vs 3,87 %).

Instead, the adjective was the least significantin terms
of its quantitative representation in both analyzed
samples (88 words). Female patients use adjectives
in their speech approximately three times more often
than male patients (1,44 % vs 3,92 %). This indicates,
in particular, the lower ability of women to hide their
emotions in communication. Male patients use only
neutral adjectives in their speech (100 %), while female
patients use even less than a half (47,95 %). We consid-
er this as a manifestation of men’s reluctance to give
negative or positive characteristics to their states and
processes through their attempts to verbally maintain
emotional neutrality.

Now, let us analyze the situation with the function
words. Both in the samples of male and female doctors,
the conjunction (829 words) became dominant again,
and the relative frequency of its use was approximately
the samein both patient samples (34,88 % and 33,19 %,
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respectively). In the speech of patients, the “and” con-
junction also prevails (33,06 % and 32,61 %).

In contrast to the recorded texts of verbal communi-
cation of doctors, the second mostimportant functional
part of speech was the particle (756 words). In all four
samples, the negative particles“no”and“not”turned out
to be significantly dominant ones (relative indicators in
samples 3 and 4 are 48,88 % and 45,37 %, respectively).
Next, male and female patients use negations in their
speech more often than male and female doctors (the
relative rates of negations in doctors’ speech are 35,37
% and 33,04 %, respectively). However, any significant
gender differences in all these speech contexts were
not recorded.

The third most numerous function word was the
preposition (723 words). The relative frequency of
its use in speech by both men and women does not
differ significantly (27,98% and 30,81%, respectively).
Moreover, the dominant (in both samples) preposition
“in"is also approximately equally found in both samples
(sample 3 has 38,18%, sample 4 - 37,00%).

Another function part of speech that was found
in the samples of patients is the exclamation (136
words). Similarly, with regard to the recorded situation
with male and female doctors, it was also found in
the samples of male and female patients that men
use exclamations approximately twice as often as
women (7,56% and 4,04%, respectively). In general,
patients resort to exclamations about twice as often
as the specialists to whom they apply for medical
care. Moreover, while doctors mostly use the “please’”
expression, the patients use the “no” exclamation
(71,25% and 82,14%). Therefore, during a doctor’s

’

appointment, patients express their experiences
through individual exclamations with women doing
this more often.

The results of our research complement the work
of some scientists, in particular the work [8], in which
attention is focused on the macro level of the political
economy of health care and the role of women during
armed conflict. For the first time, we turn to the micro
level, i.e. to live medical communication that unfolds
between a doctor and a patient. The study [4] analyzed
gender and narrative in digital political communication
during wartime, and our study was the pioneer to
identify unique linguistic markers inherent in direct
(face-to-face) professional interaction in the medical
field under wartime conditions.

CONCLUSIONS

Based on the content analysis of dialogues, specific
gender speech patterns were investigated and iden-
tified for the first time. They directly affect the quality,
efficiency, and emotional background of medical care
in wartime conditions.

The study confirms the presence of gender-based
models of medical communication, which are exacer-
bated in wartime. The results of the study can be used
in training on the development of communication skills
for medical workers, in writing clinical protocols, as well
asin psychological support for wounded and displaced
persons. It is advisable to integrate the obtained data
into educational programs for the training of future
doctors to form their sensitivity to gender aspects of
medical communication.
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Effectiveness and safety of intravenous iron sucrose in
correcting ferritin level for female patients with iron deficiency
anemia

Maysam Riyadh Mohammed Hussein Alaasam’, Raffat Hilal Abboodi*, Hasanat Abdulrazzaq Bakir Aljabery’
'COLLEGE OF MEDICINE KUFA UNIVERSITY, KUFA, IRAQ
2ALNAJAF TEACHING HOSPITAL, ALNAJAF, IRAQ

ABSTRACT

Aim: The study aims to evaluate the effectiveness and safety of intravenous iron sucrose in correcting serum ferritin in female patients with iron deficiency anemia.
Materials and Methods: A prospective clinical study was conducted at Alsader Medical City in AINajaf City/ Iraq. We enrolled 100 female patients with iron
deficiency anemia, and hemoglobin less than 12 mg/dl. Two hundred mg of elemental iron was given twice weekly over 2.5 hours, and the patients were
observed closely for any potential side effects. The main effectiveness endpoint gained from variation in serum ferritin and hemoglobin from baseline to end
of the study. The safety evaluation includes recording any side effects developed either during or after intravenous administration.

Results: The mean of hemoglobin concentration at bassline was 8.05+0.891 mg/dI, and the mean of hemoglobin after one month of treatment was
11.234+1.232G/dl,(p <0.0001). There was an increase in serum ferritin concentration from the beginning of the study with 10.2+0.23ng/dl to 224.12+0.772
ng/dl, (p<0.0001) after 1 month of treatment. No one of the patients had any serious or lethal side effects.

Conclusions: Intravenous iron sucrose is an effective and safe option for the correction of serum ferritin in female patients with iron deficiency anemia.

KEY WORDS: Ferritin, intravenous iron sucrose, IDA

INTRODUCTION

Iron is important for almost all organisms and vital for
growth and survival [1]. It plays a vital role in numer-
ous biological activities, including DNA biosynthesis,
transport of oxygen, and generation of cellular energy
[2]. Most of the body’s iron is used in erythrocytes to
bind and transport oxygen [3]. Iron deficiency is the
diminution of total-body iron, particularly of hepato-
cyteiron stores and macrophages. Because most of the
body’s iron is used for hemoglobin synthesis, anemia
is the most apparent sign of iron deficiency [4]. WHO
defines anemia as Hb <13 g/dL in adult males and Hb
<12 g/dLin adult females [5]. Anemia affects quality of
life and is associated with fatigue, impaired cognitive
function, and decreased capacity for work [6, 7]. The
major cause of iron deficiency is blood loss, especially
during menstruation or due to bleeding from the gas-
trointestinal tract; the next most common reason is
poor absorption [8]. Women have a higher incidence
of iron deficiency [9].

Serum ferritin is the most dependable early test for
diagnosing of iron deficiency anemia (IDA) [10]. Ferritin
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is presentin most tissues as a cytosolic protein, and ex-
tracellular ferritin plays a role as an iron carrier to deliver
iron to cells. A single ferritin molecule can sequester up
to 4500 iron atoms, thus making it potentially a very
effective iron delivery system [10]. In the treatment
of IDA, oral iron supplements are an inexpensive and
available effective option. There are many formulations
of oraliron like iron salt example, ferrous sulfate, ferrous
gluconate, and ferrous fumarate. Other public iron for-
mulations include ferrous succinate, ferrous ascorbate,
ferric citrate, carbonyl iron, liposomal iron, heme iron
polypeptide, and polysaccharide iron complexes (PICs)
[11]. The problem with oral iron is the long duration of
treatment; it requires 3-6 months for serum ferritin to
normalize. On the other hand, serum ferritin does not
rise with the oral iron treatment of IDA until hemoglobin
levels are normal and the initial elevation seen with a
double dose is most likely due to the absorption of iron
exceeding the utilization for erythropoiesis causing
brief storage, that rapidly decreased as reflected by the
rapid decrease in serum ferritin when iron stopped [12].
In addition, the response to oral iron is unpredictable,
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most likely due to malabsorption of iron and poor
compliance with medication [13]. Common adverse
effects of oral iron include gastric upset, vomiting,
diarrhea, constipation, metallic taste, and dark stool
[14]. Intravenous iron can avoid all these problems, and
it is a good alternative to oral iron. In addition to that,
there are certain situations in which intravenous iron is
considered as a first choice like cases of severe anemia,
the need for rapid correction of iron before surgery [15],
or in patients with IDA and congestive heart failure
[16]. Animportant concern is the safety of the available
formulation. Although most of the newer generations
of intravenous iron show a good safety profile, its use
has been limited to treating IDA in patients with renal
impairment on hemodialysis [17].

Iron sucrose is one of the first intravenous iron prepa-
rations; it is one of the oldest therapeutic agents still
widely used today. Without a doubt, it is the most fre-
quently used intravenous iron preparation worldwide
[18, 19]. Despite its safety, iron sucrose has many ad-
verse effects including allergic reactions (e.g. rash, pru-
ritus, urticaria, flushing), gastrointestinal (e.g. diarrhea,
nausea, and vomiting), systemic (e.g fever, tachycardia,
headache, and hypotension), respiratory (e.g. wheezing
or dyspnea) and serious side effects (e.g. cardiac arrest,
death, anaphylactic reactions, and shock [20].

AIM

This study aims to evaluate the effectiveness and safety
of intravenous iron sucrose in the correction of serum
ferritin in female patients with iron deficiency anemia.

MATERIALS AND METHODS

A prospective clinical study was conducted at Alsader
Medical City in AINajaf/ Irag. The study was carried out
from June 2017 to April 2023. We enrolled 100 female
patients with iron deficiency anemia with hemoglobin
less than 12 g/dl.

The cause of anemia is mostly due to menstruation
and abnormal uterine bleeding. Patients with anemia
due to causes other than iron deficiency, patients with
hypersensitivity to iron, patients with acute inflamma-
tion, and pregnant women were excluded from the
study.

The current study was conducted following the Dec-
laration of Helsinki (as revised in 2013), and approved
by an Ethics committee of the medical college/Kufa
University.

The subjective of the study was explained to the pa-
tients in Arabic language, and informed consent was
taken from all the participants. After careful history and

examination of all participants, age, and weight were
reordered. A specimen of whole blood was collected in
ethylene diamine tetra acetic acid (EDTA) containing a
Vacutainer tube (purple top) for complete blood count
with reticulocyte count, RBCindices, and ESR measure-
ment, before iron administration and four weeks later.

CBCanalysis was performed using the Sysmex XN-550
hematology analyzer, while serum ferritin levels were
measured using the Roche Cobas e 411 immunoassay
analyzer.

To ensure the reliability of laboratory measurements,
duplicate sample testing was performed on a subset of
blood samples, and all hematology and immunoassay
analyzers were calibrated daily using manufactur-
er-provided standards. Additionally, the intra-assay and
inter-assay coefficient of variation (CV) was calculated
for ferritin and hemoglobin measurements to assess
reproducibility.

The iron dose is calculated according to Ganzoni
Equation [21]:

Total iron deficit [mg] = body weight [kg] x (target
Hb-actual Hb) [g/dl] x 2.4 + depot iron [mg].

The target hemoglobin is 12 g/dl.

Iron sucrose diluted in 0.9% NaCl solution, final con-
centration range is 1-2 mg of elemental iron/mL

Two hundred mg of elemental iron was given twice
weekly over 2.5 hours, and the patients were observed
closely for potential side effects.

All patients completed the study.

The main effectiveness endpoint gained from varia-
tion in serum ferritin and hemoglobin from baseline to
end of the study.

The safety evaluation includes recording any side
effects developed either during or after intravenous
administration.

The Statistical Package for the Social Sciences (SPSS)
was used to analyze all data; data are presented as
mean and standard deviation. A paired sample t-test
was used to compare the latest and baseline ferritin
concentrations.

RESULT

The mean age of the patient was 32.3+0.36 years,
ranging between 16-55 years old. The mean BMI was
24.74+0.14 (Table 1).

The mean of hemoglobin concentration at bassline
was 8.05+0.891 G/dI, and the mean of hemoglobin
after one month of treatment was 11.234+1.232G/d|,
(p < 0.0001). There was an increase in serum ferritin
concentration from the beginning of the study with
10.24+0.23ng/dl, t0 224.12+0.772 ng/d|, (p<0.0001) after
1 month of treatment (Table 2).
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Table 1. Baseline characteristic of the study population

Parameters meanztsd
Age, year 32.3+0.36
BMI 24.7+0.14
Hemoglobin, g/dl 8.05+0.891
Ferritin, ng/ml 10.2+0.23

The pretreatment mean of corpuscular hemoglobin
(MCH) was 18.236 +0.934 pg/cell, which increased to
29.48+1.350 pg/cell (p <0.0001) after T month. Likewise,
thereisanincrease in mean corpuscular volume (MCV)
from 64.124+0.12fL to 75.56+ 0.255 fL (p <0.0001).The
mean corpuscular hemoglobin concentration (MCHC)
increased from 23.54+0.14 pg/cell at the bassline
to 30.25+0.654 pg/cell at the end of the end of the
study (p <0.0001). The reticulocyte count mean before
treatment was 0.468+ 0.115% increased to 1.664+
0.224% (p <0.0001) post-treatment. RDW-CV change
from 16.76+0.776% pretreatment t014.53+0.132% (p
<0.0001) after 1 month of treatment. ESR mean was
27.9+0.13 mm/hr at the beginning of the study changed
10 18.9+0.82 mm/hr (p <0.0001) at the end of it (Table 3).

Over the study period, only one patient developed
hypotension. 10 patients had dizziness, 5 patients de-
veloped fatigue, 1 patient had vomiting and 7 patients
had nausea. 2 patients had pruritus and 15 patients had
burning at the injection site. No one of the patients
had any serious or lethal side effects. Most of the side
effects are related to methods of administration, rapid
administration of the drug is the leading cause of the
side effects, when we changed the duration and rate
of administration, most of the side effects disappeared.

DISCUSSION

Serum ferritin is a useful and convenient test to assess
the status of iron storage; Low serum ferritin is very

specific for iron deficiency anemia [10]. The duration
of serum ferritin correction is 3-6 months with oral
iron therapy, which is one of the drawbacks of oral
treatment. Poor adherence to oral iron leads to the
ineffectiveness of the treatment in the correction of
serum ferritin and the importance of an alternative
measure [22].

Intravenous iron sucrose is cleared rapidly from
the serum of the patient, with a terminal half-life of
5.3+1.6 h and total body clearance of 1.23+0.22 L/h
(20.5+3.7 mL/min) [23]. Following intravenous admin-
istration of iron sucrose into patients with anemia, the
liver, spleen, and bone marrow rapidly take up iron.
Most (97%) of injected iron is used for red blood cell
(RBC) synthesis in these patients [24].

Previously, the use of intravenous iron sucrose was
restricted to patients with chronic kidney disease on
regular hemodialysis, nowadays many promising at-
tempts to use intravenous iron sucrose in the treatment
of IDA in patients without hemodialysis.

In this study, the average increase in hemoglobin was
>3 mg/dl| after 4 weeks of treatment, which is consistent
with other studies that found intravenous iron sucrose
is effective in correcting hemoglobin in IDA [25, 26].

The important finding in this study is that Serum fer-
ritin increased> 200ng/ml, after 4 weeks of treatment
even before hemoglobin returns normal. There are few
studies focused on the effect of intravenous iron on fer-
ritin levels, Blunden RW, et al. found that serum ferritin
peaks 7-9 days after intravenous iron dextran [27]. The
results of the current study were similar to the results
of other studies which show that serum ferritin increase
with intravenous iron sucrose administration [28, 29].

The safety of iron sucrose was evaluated by the
appearance of side effects during or after infusion.
Our result found that most of the side effects during
administration were due to the rate of administration
and when we changed it, most of the side effects disap-

Table 2. Hemoglobin and serum ferritin before treatment and after 4 weeks of treatment

Parameters Pretreatment level (meantsd) Post-treatment level (meanztsd) P-value
Hemoglobin, g/dI 8.05%+0.891 11.234£1.232 < 0.0001
Ferritin, ng/ml 10.2+0.23 224.12+0.772 < 0.0001
Table 3. RBCindices before treatment and after 4 weeks of treatment
Parameter Pretreatment level (meantsd) Post-treatment level (meantsd) P-value
MCH pg/cell 18.236 £0.934 29.48+ 1.350 <0.0001
MCV FI 64.124+0.12 75.56+ 0.255 < 0.0001
MCHC pg/cell 23.54+0.14 30.25+0.654 <0.0001
Reticulocyte count % 0.468+0.115 1.664+ 0.224 <0.0001
RDW-CV% 16.76x0.776 14.53+0.132 <0.0001
ESR mm/hr 27.9+0.13 18.9+0.82 <0.0001
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peared and the patients continued their doses without CONCLUSIONS
any side effects. Most of the side effects were minor, this  Intravenous iron sucrose is an effective and safe option
finding is consistent with other studies that found iron  for the correction of serum ferritin in female patients

sucrose is safe in the management of IDA [30]. with IDA.
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Criteria of a smile in twins
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Maryna A. Shundryk, Iryna Y. Marchenko, Iryna M. Tkachenko, Valeriy Y. Marchenko, Yaroslav Y. Vodoriz
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ABSTRACT

Aim: The purpose of the work was study of the influence of genetic and environmental factors on the formation of classic smile parameters.
Materials and Methods: Research was conducted on 12 people (6 pairs of (MZ) twins): 4 pairs of females and 2 pairs of males. The age of the patients was

17-28 years.

Results: In (MZ) twins, the criteria for an ideal smile coincide in 51.6% of cases, do not coincide in 26.6% of cases, there are no criteria in 21.8% of cases.
Genetic factors have a significant influence on the morphological features of the teeth, because more than 50% of the parameters of an ideal smile in (MZ)

twins are coincided.

Conclusions: Signs of external similarity in (MZ) twins, taking into account such morphological characteristics as the set of the eyes, the shape of the nose, lips
and teeth are confirmed by photo documentation and biometric research methods. However, the ratio between lips, teeth and gums when forming a smile in
(MZ) twins is the same in 51.6% of cases. Based on the results of this study, we cannot confirm the primary role of genetics in dental features such as the ideal
smile criteria. Environmental factors (nature of nutrition, bad habits, sucking, tooth extraction, sleeping on the stomach, etc.) and traumas have a significant

influence on the features of dental smile parameters.

KEY WORDS: monozygotic twins, criteria, smile, teeth, lips

INTRODUCTION

When people are happy, they smile. Among all variants
of emotional expression on the human face, a smile
functionally is the most positive but also the most
complex option. However, not many people can boast
of a naturally perfect smile. The attractiveness of a
smile largely depends on the correct proportions and
relationship of three elements: teeth, gums and lips.

Numerous studies indicate that the criteria for a
smile are multifactorial in nature, and both genetic and
environmental factors are involved in their formation.

Examining the state of dentition in twins, taking into
accountthe influence of genetic and environmental fac-
tors, allows to determine the influence of these factors
on many physical and behavioral features or anomalies
[1-13]. This is possible because monozygotic twins are
two independent organisms with absolutely identical
genetic features, the difference between them can be
explained by environmental factors [8, 13].

The idea of the twin method was formulated by F.
Galton in 1865, but its final modification is associated
with the name of H. Siemens. It was he who in 1924
justified the using of the twin method in genetics.

Wiad Lek. 2025;78(6):1103-1110. doi: 10.36740/WLek/207371 (Dol

The character and a smile feature depend on the
growth and development of the craniofacial complex,
which is influenced by genetic and environmental fac-
tors and determines its morphological and functional
features [11].

The results of scientific studies have shown a significant
genetic influence on the length of the base of the skull,
the body of the upper jaw and the length of the lower jaw.
Environmental factors are mainly involved in determining
the characteristics of the teeth (for example, the inclination
of the incisors). Research on twins is a unique method of
assessing the influence of genetic and environmental fac-
tors on personality formation [12]. (MZ) twins are the result
of fertilization of one egg-cell, which at an early stage of
embryogenesis is divided into two identical embryos. Each
embryo has the same number and distribution of genes
- the genotype, which is manifested by the same morpho-
logical features - the phenotype. Variations in (MZ) pairs are
the result of the influence of various environmental factors,
as well as the interaction of genetic and environmental
factors. The model of (MZ) twins is used in dental practice,
which makes it possible to study the differences in orofacial
structures between (MZ) twins [2, 4, 6, 71.
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Genetic modeling showed that additive genetic and
unique environmental factors explained the variation
in all measured occlusal characteristics to the best ex-
tent, except of width between mandibular canine. High
heritability was observed for most intra-arch occlusal
variables (0.61-0.85), including canine width and max-
illary and mandibular molar width, dental arch depth
and perimeter [10]. Environmental factors such as food,
habits (sucking, etc.) and injuries strongly influence the
characteristics of teeth [1, 5, 9, 14]. During the compar-
ative analysis of bite anomalies in (MZ) and dizygotic
(DZ) twins and determining the role of genetics and the
environment, a high frequency of intrapair similarity
of bite anomalies was determined (from 80 to 94%).
The frequency of intrapair similarity in (MZ) twins was
100%, and in (DZ) twins - only 57%. This study found
that environmental factors are responsible for a greater
number of malocclusions.

Pairs of (MZ) twins show a higher level of correlation
than pairs of (DZ) twins, which provides convincing ev-
idence that genes play a significant role in the etiology
of dental caries, periodontal diseases, and malocclusion
[2,4]. The lack of data in the literature on the dynamics
of the interaction of genetic and environmental factors
in the formation of the main indicators of the ideal smile
criteria made it necessary to carry out this study.

AIM

Clinical study of the influence of genetic and envi-
ronmental factors on the formation of an ideal smile
criteria.

MATERIALS AND METHODS

The research was conducted in 12 people: 6 pairs of
(MZ) twins: 4 pairs of females and 2 pairs of males. The
age of the patients was 17-28 years. Homozygosity of
twins was confirmed by the coincidence of phenotyp-
ic traits, which are determined by numerous loci and
have full penetrance under any external conditions. We
noted signs of external similarity, taking into account
morphological characteristics: color and shape of hair,
eyebrows, color of the skin and iris of the eyes, cut of
the eyes, shape of the nose, lips, outline and shape
of the ears. A subjective examination of the patients
was carried out, taking into account the place of birth
and residence, transferred and concomitant diseases,
psycho-emotional state of the twins, occupation and
objective examination of the patients using photo doc-
umentation and biometric research methods.
Evaluation of patients’ smiles was carried out ac-
cording to the following parameters: 1. Parallelism
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A) Oleksandr B. Oleksiy B.
b) Rostislav N. Yaroslav N.
¢) Anna B. YuliaB.

Fig. 1. Determination of the horizontal landmarks parallelism: a), b), ).

of horizontal landmarks. 2. Smile line. 3. Gum level.
4. Vertical symmetry and the middle line. 5. “Golden
ratio”. 6. Proportions of teeth. 7. Interincisal angles. 8.
Zenith of gingival contours. 9. Cutting edges position.
10. Interdental gingival papillae.



Criteria of a smile in twins

Fig. 2. Definition of the smile line: a), b), ¢).

Fig. 3. Determination of the gum level criterion: a), b), ).

RESULTS

When studying the parallelism of horizontal landmarks,
we determined the parallelism of imaginary lines: be-
tween the pupils and the line of the lips. Both of them
should be parallel to the lines connecting the edges
of the central incisors and the cutting tubercles of the
canines.

Parallelism of horizontal landmarks is equally ex-
pressed in four pairs of monozygotic twins, does not co-
incide in one pair, and is not expressed in one pair (Fig.
1). The smile line runs along the cutting edges of the
upper front teeth and should ideally repeat the curve
of the upper edge of the lower lip, that is, be convex.

The smile line is equally expressed in three pairs of
(MZ) twins, it does not coincide in one pair, it is not
expressed in two pairs (Fig. 2). A smile looks attractive
and more aesthetically pleasing if the line connecting

the necks of the teeth repeats the line of the upper lip.
At the same time, with a maximally open smile, only
the gingival triangles between the teeth and a small
strip of gums above them (no more than 2-3 mm wide)
should be visible. The gingival level criterion is equally
expressed in two pairs of (MZ) twins, does not coincide
in two pairs, is not expressed in two pairs (Fig. 3).

To determine vertical symmetry and the middle line,
we conventionally drew a line through the center of
the face, which passes between the central incisors of
the upper jaw and should coincide with the middle
line of the face.

We determined the rule of the“golden proportion” by
calculating the ratio of the width of the central incisors
and canines to the width of the lateral incisor of the
upper jaw in the projection on the frontal plane from
the calculation - 0.618:1:1.618. This criterion is equally
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a) Oleksandr B Oleksiy B.
b) Rostislav N. Yroslav N.
¢)AnnaB Yulia B.

Fig. 4. Determination of vertical symmetry and the middle line of the
face: a), b), c).

expressed in three pairs of (MZ) twins, does not coincide
in one pair, is not expressed in two pairs (Fig. 5).

For the central incisors of the upper jaw, thereis a rule
according to which teeth with a ratio of tooth width to
tooth length of approximately 0.7-0.8 to 1 look most
harmonious (Fig. 6). This criterion is equally expressed in
three pairs (MZ) of twins, does not coincide in two pairs,
is not expressed in one pair of (MZ) twins. When deter-
mining the “interincisal angles” parameter, the gaps
between the cutting edges of the front group of teeth
were examined. These angles should gradually increase
from the center to the periphery. In (MZ) female twins,
the corners of the incisors are rounded, in (MZ) male
twins, the corners of the incisors are straighter (Fig. 7).

The“interincisal angles” criterion is equally expressed
in one pair of (MZ) twins (female), it does not coincide
- in five pairs of twins.
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To determine the zenith of the gingival contour, the
most concave part of the gums around the neck of the
tooth was evaluated. The level of zeniths near different
teeth in the smile area should be at different levels. The
central incisors and canines are approximately at the
same level, the lateral incisors are somewhat lower than
both. At the same time, it is important that the zeniths
on symmetrical teeth are at the same level. This criterion
is equally expressed in four pairs (MZ) of twins, does not
coincide in one pair, is not expressed in one pair (Fig. 8).

To determine the position of the cutting edges, the
teeth of the central group were evaluated. The cutting
edges of the central group of teeth are located at dif-
ferent levels. This criterion is equally expressed in five
pairs of (MZ) twins, not expressed in one pair (Fig. 9).

Assessment of the condition of gingival papillae was
carried out by examination. In all patients, all gingival
papillae have a healthy appearance - triangular shape
with a sharp top, pink color, no swelling. Between the
central incisors, the gingival papilla is the longest, and
its length gradually decreases toward the periphery.
This criterion is equally expressed in three pairs of (MZ)
twins, does not coincide in one pair, is not expressed in
two pairs (Fig. 10).

According to the obtained results, the maximum
number of matches of ideal smile parameters in (MZ)
twins concerns criterion 9 (position of cutting edges)
- in five pairs and criterion 1 (parallelism of horizontal
landmarks) - in four pairs. There are no matches in 5 pairs
of (MZ) twins according to the 7th criterion (interincisal
angles) (Fig. 11). Thus, in (MZ) twins, the smile criteria
match in 51.6% of cases, do not match in 26.6% of cases,
and are absent in 21.8% of cases. So, genetic factors
have a significant influence on the morphological fea-
tures of the teeth, more than 50% of the parameters of
an ideal smile in twins are coincided (Fig.12).

DISCUSSION

Most of the monozygotic twins are alike. In general it is
expected that the monozygotic twin pairs are the same
within the congenital defects, chromosomal abnor-
malities and Mendelian disorders. However, more and
more often non-compliances of monozygotic twin pairs
are reported. It is quite a unique occurrence that two
genetically identical individuals can exhibit a variety of
phenotypes due to the impact of environmental factors
and epigenetic variances.

One of the main methods of genetics for assessing
the influence of genetics and the environment is the
twin method. It is undeniable that genetic factors
control the size and morphology of teeth, gums, and
lips, which are components of a smile. Since MZ twins
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Fig. 5. Definition of the “golden ratio” rule: a), b), ).

Fig. 6. Determination of tooth proportions: a), b), ).

a) Oleksandr, Oleksiy B. b) Rostislav, Yaroslav N.

¢) Anna, Yulia B.

Fig. 7. Determination “intercutting angles” parameter: a), b), c).

have identical genetic material, the differences between
them in determining smile criteria can be explained by
environmental factors [2-4]. Environmental factors such
as food, habits and injuries strongly influence the fea-
tures of the teeth. The monozygotic (MZ) twin model is
one particularly valuable method, given that examining

the smile criteria of only one pair of MZ twins provides
insight into the underlying causes of the observed
variation. Scientific studies of monozygotic twins have
proven a significant genetic influence on the length of
the skull base, the body of the maxilla, and the length
of the mandible, since an identical genotype (number
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Fig. 8. Determination of the zenith of the gingival contour: a), b), ¢).

Fig. 9. Determination of the position of the cutting edges: a), b), ¢).

Fig. 10. Assessment of the condition of gingival papillae: a), b), ¢).

and distribution of genes) is manifested by the same
morphological features - the phenotype. High heri-
tability is characteristic of most intracranial occlusal
ratios, including the width of the canine and the width
of the maxillary and mandibular molars, the depth
and perimeter of the dental arch [12]. The intrapair
similarity of malocclusion anomalies in monozygotic
twins reaches 100%, while in dizygotic pairs it is only
57%. Environmental factors such as nutrition, habits
(sucking, etc.) and trauma strongly influence dental
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characteristics, such as incisor inclination, depth of
incisal overlap, and are responsible for many physical
and behavioral features or anomalies that lead to the
formation of malocclusion.

CONCLUSIONS

Research on (MZ) twins is a unique method of as-
sessing the influence of genetic and environmental
factors on the formation and development of the cra-
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Fig. 11. The number of coincidences of smile criteria in (MZ) twins

niofacial complex. Signs of external similarity in (MZ)
twins, taking into account morphological character-
istics: the shape of the eyes, the shape of the nose,
lips, and teeth, is confirmed by photo documentation
and biometric research methods. However, the ratio
between lips, teeth and gums when forming a smile
in (MZ) twins is the same in 51.6% of cases. Based on
the results of this study, we were unable to confirm
a primary role of genetics in dental features such as
criteria for a perfect smile. Environmental factors
(nature of nutrition, bad habits, sucking, tooth ex-
traction, sleeping on the stomach, etc.) and injuries

have a significantinfluence on the features of dental

Fig. 12. The number of matches of ideal smile parameters in (MZ) twins (%). ~ smile parameters.
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Experimental study of the adhesive capacity of resident and
transient representatives of the oral cavity microflora to
different base materials

Yurij Kushnir, Mykola Rozhko, Roman Kutsyk, Roksolana Verbovska, Bohdan Pelekhan, Svyatoslav Rozhko,

Lesya Kurovets
IVANO-FRANKIVSK NATIONAL MEDICAL UNIVERSITY, IVANO-FRANKIVSK, UKRAINE

ABSTRACT

Aim: To compare the adhesive ability of resident and transient representatives of the oral cavity microflora to various base materials used for the manufacture
of removable dentures.

Materials and Methods: The presented report is an experimental study in vitro. 3 types of base materials, namely Vertex, Breflex and Villacryl were used
in order to evaluate the adhesive ability of microorganisms. Strains of opportunistic pathogens representing the facultative anaerobic transient microflora of
the oral cavity were used for the research. After the cultures cultivation, the number of isolated colonies grown from the microbial cells that adhered to the
material sample was counted.

Results: Staphylococci adhered to all tested samples of base materials very weakly. Adhesion of methicillin-sensitive S. aureus (to Villacryl was at the level of
the control material, i.e. glass (adhesion indices constituted 0.58 and 0.64). It was significantly weaker in relation to Breflex (adhesion index was 0.47) and,
especially, to Vertex (adhesion index was 0.39).

All materials demonstrated adhesion indices lower than glass for a-hemolytic streptococci and staphylococci. Adhesion indices of Breflex and Villacryl resin for
B-hemolytic streptococci differed little from the corresponding values of glass.

Conclusions: All tested samples of base materials showed significant biological inertness: the adhesion indices of the vast majority of the tested microor-
ganisms were lower than those of the control material. Oral streptococci showed the weakest adhesive ability to Villacryl (average values of adhesion indices
0.51and 0.68 appropriately). Staphylococci and Candida yeast-like fungi showed a weak adhesive ability to the samples of base materials, especially to Vertex.

KEY WORDS: oral cavity, removable dentures, base resin, microbial cultures, adhesive capacity

INTRODUCTION

Microbial adhesion on the denture surface is a serious
issue in the clinical findings of prosthetic dentistry.
Physical and chemical features of the oral fluid and
physiological conditions in the oral cavity as a whole
provide an ideal environment for microbial colonization
not only of the surface of the mucous membrane and
teeth hard tissues, but dental prostheses as well. De-
spite the relative biological inertness of most modern
prosthetic materials, the surfaces of prostheses can
easily retain bacteria, fungi and other microorganisms.
Adhesion of the oral microflora representatives is the
initial stage of the multispecies biofilm formation. This
process is facilitated by such factors as the surface
roughness, chemical nature and free surface energy of
the material of the dental prosthesis [1]. Colonization
of the prostheses surfaces by microorganisms followed
by the formation of a biofilm makes them a potential
permanent source of oral pathogens [2]. This results

Wiad Lek. 2025;78(6):1111-1118. doi: 10.36740/WLek/204798 (Dol

in prerequisites for the development (or further pro-
gression) of tooth decay, periodontitis, and gingivitis.
Epidemiological studies show that the use of removable
dentures leads to prosthetic stomatitis in 70% of the
examined individuals [3]. Dissemination of infectious
microorganisms localized on the denture surface leads
to the damage of the gastrointestinal tract, cardiovas-
cular and pleuropulmonary systems [4-6].

The ability of microorganisms to adhere to the pol-
ished surface of the base of a removable denture plays
a key role in the pathogenesis of prosthetic stomatitis.
Such adhesion provides an opportunity to withstand
mechanical clearance, which is provided by swallowing
movements and the constant washing effect of saliva,
and to act as a focus for further colonization [7].

Due to the seriousness of the problem of candidal
prosthetic stomatitis The study of the adhesion of
Candida albicans yeast-like fungi to polymer materials
attracts considerable attention of researchers [8-10].
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AIM

Therefore, the objective of the research was to compare
the adhesive ability of resident and transient represen-
tatives of the oral cavity microflora to various base ma-
terials used for the manufacture of removable dentures.

MATERIALS AND METHODS

The presented report is an experimental study in vitro.
3 types of base materials samples, namely Vertex (Ver-
tex-Dental B.V., Netherlands), Breflex (Bredent, Germa-
ny) and Villacryl (Zhermapol, Poland) commonly used
in the prosthetic dentistry for the manufacture of bases
for complete and partial removable dentures, were used
in order to evaluate the adhesive ability of laboratory
microbial strains of clinical origin.

The protocols of experiments performed in the
laboratory of microbiological research of the Depart-
ment of Microbiology, Virology and Immunology of
the lvano-Frankivsk National Medical University were
developed.

Ready resin samples for the experiment had the form
of plates with a thickness of 2 mm and an area of 1
cm?. Glass plates of similar size were used as controls.
The study and control samples were placed in a sealed
cellophane package and sterilized by X-ray irradiation
at a dose of 0.44 mGy for 1.540 s.

Strains of opportunistic pathogens representing
the facultative anaerobic transient microflora of the
oral cavity were used for the research: Streptococcus
pyogenes (Group A 3-hemolytic streptococcus), Strepto-
coccus dysgalactiae ssp. equisimilis (Group G 3-hemolytic
streptococcus), methicillin-susceptible Staphylococcus
aureus (MSSA), methicillin-resistant S. aureus (MRSA)
with associated resistance to fluoroquinolones, mac-
rolides, tetracyclines and aminoglycosides, methicil-
lin-susceptible Staphylococcus epidermidis; yeast-like
fungi Candida albicans and Candida tropicalis as well as
the mitis group a-hemolytic streptococci (Streptococcus
oralis, Streptococcus sanguinis, Streptococcus gordonii) as
the main representatives of the resident microflora of
this biotope. Microbial cultures were isolated from the
oral mucosa (prosthetic bed, gingival pockets) of the
patients with removable dentures with manifestations
of prosthetic stomatitis and identified on the basis of
morphological, cultural properties and biochemical
microtests “STAPHYtest 16" “STREPTOtest 16" (Lache-
ma, Czech Republic ) and VITEK 2 GP and VITEK 2 YST
test systems (biomerieux, France) using the VITEK 2
Compact analyzer.

The adhesive ability of microorganisms was evalu-
ated according to the method, where suspensions in
an isotonic NaCl solution with a concentration of 1
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10° CFU/ml were made from daily bacterial cultures
grown in blood agar and from 48-hour cultures of
C. albicans grown in Sabouraud agar according to
the optic standard. The studied material sample was
cultivated in bacteriological test tubes in a microbial
suspension for 1 hour at a temperature of 37°C with
constant stirring by means of MR-1 shaker (SIA BIO-
SAN, Latvia) with a stirring frequency of 20 times/
min.Then, the sample was transferred to a new sterile
test tube and washed three times in a sterile isotonic
solution in order to remove non-adherent microbial
cells. The washed samples were placed in a sterile
ultrasonic tub-washer for dentures TSM 226 289 (50W,
42KHz) with the ultraviolet irradiator turned off for
5 minutes in order to separate the adhered bacteria
from the resin surface. Adhered microorganisms were
washed off in 1.0 ml of sterile nutrient broth. Then,
the number of viable microbial cells was determined
in it by the method of tenfold serial dilutions. The
cultivation of staphylococci and streptococci was
conducted in blood agar, Escherichia coli cultivation
was performed in Endo agar, Candida fungi were
cultivated in Sabouraud agar.

After the cultures cultivation, the number of isolated
colonies grown from the microbial cells that adhered to
the material sample was counted. Then, recalculation
was performed per 1 cm?of the sample and the value of
the decimal logarithm of the number of viable microbial
cells was determined. The percentage of adhered micro-
organisms was determined for each of the test cultures
and the adhesion index was calculated according to
the formula (1):

IA =1gA/IgN, (M

where |A is the index of adhesion;
A is the number of adhered microbes;
N is the number of microbes in the initial suspension.

The experiments to check the adhesion of each test
culture to each material sample were repeated three
times. The percentages of adhered microbial cells and
adhesion indices were calculated for each experiment
separately based on the counting of microbial colonies.
The quantitative data obtained in the experiments by
the type of dispersion corresponded to the normal
Gaussian law (based on the Shapiro-Wilk's W test). To
describe the central tendency of the quantitative data,
the interval (M£m) was used: arithmetic mean (Mean)
+ standard error (Standard error), and to assess the
reliability of the differences in the results obtained in
comparison with the control, a parametric t-test (Stu-
dent’s test) for independent samples.
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Table 1. The percentage of microorganisms adhered to different types of base resin materials

Microorganisms Vertex Breflex Villacryl Glass
S. aureus ATCC 25923 0.16+0.008* 0.38+0.02*% 1.13£0.06* 2.13+0.11
S. aureus MRSA 0.01+0.0004* 0* 0.06+0.003* 0.17+0.09
S. epidermidis 0.03+0.002*% 0.14+0.007*% 0.07+0.004* 0,80+0,04
- hemolytic Str. pyogenes (group A) 35.29+1.76* 17.65+0.88* 6.18+0.31*% 10.88+0.54
- hemolytic Str. dysgalactiae ssp. equisimilis (group G) 22.50+1.13* 2.00+0.10* 3.25+0.16* 7.00+0.35
a- hemolytic Str. gordonii 0.71+0.036* 0.48+0.024* 0.48+0.024* 1.75+£0.09
a- hemolytic Str. sanguinis 5.00+0.025* 3.75+£0.19* 1.67+0.08* 12.50+0.63
a- hemolytic Str. Oralis 2.89+0.14*% 2.11+0.11 0.45+0.022* 2.11+0.11
C. albicans 0.20£0.01* 0.60+0.03* 0.30+0.015 0.09+0.005
C. tropicalis 0* 0.08+0.004 0.75+0.038* 0.17+0.008
Note. * — p<0.05 when compared to the control (glass)
Table 2. Adhesion index of microorganisms to various types of base resins
Microorganisms Microbial load of the initial Index of adhesion
suspension, CFU/ml Vertex Breflex Villacryl Glass
S. aureus ATCC 25923 4.60+0.14 0.39** 0.47* 0.58 0.64
S. aureus MRSA 4.78+£0.15 0.15** 0** 0.32% 0.42
S. epidermidis 4.70+0.14 0.25** 0.39% 0.33* 0.55
[3- hemolytic Str. pyogenes (group A) 4.23+0.13 0.89* 0.82 0.71 0.77
- hemolytic Str. dysgalactiae ssp. equisimilis 4304012 0.85*% 0.60* 0.65* 073
(group G)
a- hemolytic Str. Gordonii 4.80+0.15 0.55* 0.52* 0.52* 0.63
a- hemolytic Str. Sanguinis 4.08+0.11 0.68* 0.65* 0.56* 0.78
a- hemolytic Str. oralis 4.28+0.12 0.64 0.61 0.45* 0.61
C. albicans 4.70+0.14 0.43* 0.53** 0.46* 0.35
C. tropicalis 4.78+0.15 0.06** 0.36 0.56* 0.42

Note. * — p<0.05, ** — p<0.01 when compared to the control (glass)

RESULTS
The adhesion of microorganisms to the control material
(glass) was very weak (Table 1). Only B-hemolytic strepto-
cocci strains differed in relatively high adhesiveness both
to glass and to the tested materials of base resin. Thus,
10.88+0.54% of the cells from the suspension of 3-he-
molytic streptococcus of group A Streptococcus pyogenes
adhered to glass, 35.29+1.76% and 17.65+0.88 adhered
to Vertex and Breflex resin, respectively (p<0.05). A high
percentage of adhered cells of 3-hemolytic streptococcus
of Streptococcus dysgalactiae ssp. equisimilis group G was
observed when studying glass (7.00+0.35%) and Vertex
resin (22.50+1.13%) (p<0.05). Among oral cavity-resident
a-hemolytic streptococci, only the Streptococcus sangui-
nis strain showed a high percentage of cells adhered to
glass. The studied strains of staphylococci and candida
showed extremely low percentages of cells adherent to
both glass and all base materials.

Table 2 shows the calculated values of the adhesion
index of each of the used test strains of microorgan-

isms to the samples of the base materials. Cultures of
pathogenic 3-hemolytic streptococci of Streptococcus
pyogenes group A and Streptococcus dysgalactiae ssp.
equisimilis group G demonstrated the highest adhesion
indices to basic materials and glass (the values were
within 0.73-0.89). The highest adhesive ability of 3-he-
molytic streptococci was manifested to Vertex resin.
The a-hemolytic streptococcus Streptococcus sanguinis
as arepresentative of the resident microflora of the oral
cavity showed a high adhesive ability to the control
material, namely glass (adhesion index constituted
0.78). However, it adhered to all tested samples of base
resin significantly weaker (p<0.05), especially to Villacryl
resin (adhesion index was 0.56). Weak adhesion to this
resin was also demonstrated by a-hemolytic Strepto-
coccus oralis (adhesion index was 0.45). a-hemolytic
Streptococcus gordonii as another representative of the
normal oral cavity microflora showed significantly less
adhesion to all three samples of the tested base resins
compared to glass as the control material (adhesion
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Table 3. Comparative analysis of the adhesive ability of base resins (according to the average adhesion index) in relation to different groups of tested

microorganisms

Microorganisms Vertex Breflex Villacryl Glass
Oral a-hemolytic streptococci 0.62+0.07 0.59+0.07 0.51+0.06 0.67+0.09
Oral 3-hemolytic streptococci 0.87+0.03* 0.71+0.15 0.68+0.04 0.75+0.03
Oral staphylococci 0.26+0.12*% 0.29+0.25 0.41+0.14 0.54+0.11
Candida yeast-like fungi 0.24+0.26 0.44+0.12 0.51+0.07* 0.39+0.05
For all tested microorganisms 0.49+0.17 0.49+0.15 0.51+0.11 0.59+0.12

Note: * — p<0.05 when compared to the control (glass)

indices constituted 0.52-0.55 vs. 0.63, p<0.05) (Table 2).

The lowest adhesion indices to the control material
(glass) were demonstrated by the strains of C. albicans
and C. tropicalis yeast-like fungi constituting 0.35 and
0.42, respectively. C. tropicalis strain practically did not
adhere to Vertex resin (adhesion index constituted 0.06,
p<0.01). However, its adhesion to Villacryl resin was
even significantly higher than to glass (adhesion index
was 0.56, p<0.05). The strain of C. albicans also showed
weak adhesive ability to all tested materials (adhesion
index values amounted 0.43-0.53). However, the inten-
sity of adhesion in all cases was higher compared to the
control material (glass) (p<0.05).

We used glass as a control material. The adhesive
properties of the tested base materials (in percent)
relative to glass were presented in Fig. 1 for illustration
purposes (Fig. 1: 1.1.-1.4.). As it was already mentioned,
a very small percentage of Candida yeast-like fungi
adhered to all tested materials (no more than 0.60-
0.75% of those present in the suspension). Moreover, a
regularity could be noticed that the adhesive capacity
of C. albicans (as the most common causative agent of
candidal prosthetic stomatitis) was higher than that
of C. tropicalis. The adhesion index of C. albicans to all
three samples of base resins was significantly higher
than to glass: Vertex — by 20.3%, Breflex — by 49.8%
and Villacryl — by 31.6% (p<0.05). The test strain of C.
tropicalis adhered to Breflex resin and, especially, to
Vertex resin weaker than to glass (by 15.1% and 84.9%,
respectively, p<0.05). The adhesion index of C. tropicalis
to Villacryl resin was 32.7% higher compared to glass
(p<0.05) (Fig.1).

Considering the fact that the test strains used in the
study represented a rather wide range of microorgan-
isms, the adhesive ability to base materials was sum-
marized in Table 3 taking into account their taxonomic
and ecological affiliation. According to the average
values of adhesion indices of all tested microorganisms,
the tested samples of base materials were inferior to
the control material (glass) indicating their significant
biological inertness. In general, oral streptococci (both
a-and-hemolytic) adhered less strongly to Villacryl res-

1114

in. Staphylococci and Candida yeast-like fungi adhered
weakly to Vertex resin (Table 3).

DISCUSSION

Implant-supported prostheses improve patients’ satis-
faction with treatment and quality of life. Improvements
in the implant’s surface and in attachment elements
have made this type of treatment method very suc-
cessful. However, some biological and mechanical
complications remain [11, 12].

Conventional removable partial dentures are still
common option for patient with distal-extension tooth
loss [13]. Replacement of missing natural teeth is im-
portant to improve function, aesthetics and quality of
life for patients, who is treated with partial dentures [14].

In the literature there are many studies devoted to
the study effects of partial dentures on the oral health
of soft tissues and remaining teeth, comparing com-
monly used materials with emergency materials for the
fabrication of partial dentures [15-17].

In our study, we used 3 types of base material samples
to evaluate the adhesive ability of microorganisms: Vertex
(Vertex-Dental B.V., the Netherlands), Breflex (Bredent,
Germany) andVillacryl (Zhermapol, Poland). The selection
of these materials was based on prevalence of their use in
the prosthetic dentistry clinic for the manufacture of bases
for complete and partial removable dentures.

Analyzing previous studies, scientists studied the level
of adhesion of microorganisms of the oral cavity to the
soft linings of the bases of removable prostheses. As
result, temporary soft lining materials are not resistant
to adhesion and possible surface damage caused by
oral bacteria, and therefore their use should be limited
to short-term periods [18].

In our study, we performed microbiological analysis
on equally well-polished prostheses. In this way, we
rejected the factor of different roughness of the surfaces
of the bases of dentures.

According to the results of the conducted experiment,
all studied material samples were microbiologically
quite inert. They sorbed and retained a small percent-
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Fig. 1. Adhesive properties of the base materials in relation to the control material (glass). The adhesion index is presented as a percentage:
1). The adhesion index of S. pyogenes and S. dysgalactiae ssp. Equisimilis; 2) The adhesion index of S. gordonii, S. sanquinis and S. oralis; 3). The adhesion
index of S. aureus MSSA, S. aureus MRSA and S. epidermidis. 4) The adhesion index of C. albicans and C. tropicalis

age of microbial cells from the suspension under the
conditions of the performed experiment.

Staphylococci, especially S. epidermidis and methi-
cillin-resistant S. aureus (MRSA), adhered to all tested
samples of base materials very weakly. Adhesion of
methicillin-sensitive S. aureus (MSSA) to Villacryl resin
was at the level of the control material, i.e. glass (ad-
hesion indices constituted 0.58 and 0.64, respectively,
p<0.05). It was significantly weaker in relation to Breflex
resin (adhesion index was 0.47, p<0.05) and, especially,
to Vertex resin (adhesion index was 0.39, p<0.01).

The results indicate that all materials exhibited
significant biological inertness, with microbial adhesion
indices generally lower than those of the control material
(glass). Among the microorganisms tested, Streptococcus
pyogenes, Streptococcus dysgalactiae, and Candida
albicans demonstrated varying degrees of adhesion to
the base materials, with Candida albicans showing the
weakest adhesion to the resins, especially Vertex.

Several previous studies have investigated microbial
adhesion to denture materials, and many of their
findings complement the results of this study. For
example, Dantas et al. (2016) studied the effect of
surface finishing and polishing on the adhesion of
Streptococcus sanguinis to polymethyl methacrylate

(PMMA). Their findings indicated that smoother surfaces
reduced bacterial adhesion, confirming the importance
of surface characteristics in microbial colonization [19].

Similar to the findings of this study, Dantas et al.
noted that PMMA-based materials had lower microbial
adhesion when compared to rougher surfacesr study
by Nikhath Sultana et al. (2023) also found a direct
correlation between surface roughness and microbial
adhesion. Increased roughness led to higher adhesion
rates of bacteria such as Streptococcus mutans, a key
pathogen in dental caries. While this study controlled
for surface roughness by using equally polished
materials, it still aligns with the finding that surface
properties—such as chemical composition and
free surface energy—play a critical role in microbial
adhesion [20].

The adhesion of Candida albicans to denture
materials has been extensively studied, particularly
because of its association with prosthetic stomatitis,
a common condition affecting denture wearers. In
studies like those by Klotz et al. (2005), Candida albicans
was shown to exhibit higher adhesion to acrylic resins
than other Candida species [21]. Our study similarly
demonstrated that Candida albicans adhered more
strongly to the resin materials than Candida tropicalis.
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However, the adhesion of both yeast species was weak
compared to bacterial pathogens, suggesting that
these resins may help prevent fungal colonization.
This observation is consistent with Klotz et al's finding
that acrylic resins, particularly those with low surface
energy, tend to limit the adhesion of Candida species.
It was found that adhesion of Candida albicans to
polymethylmethacrylate depend on morphilogical
forms of fungi: yeast cells adhere less comparing with
hyphe tubes. Moreover the virulent clinical strains
(with capacity to survive in blood and resistance to
complement opsonization) adhered to acrylate sur-
faces more active than collection strain [22].

In contrast, the this study regarding the adhesion of
Staphylococcus aureus and Staphylococcus epidermidis
arein line with the findings of a study by Espinel-Ingroff
etal.(2007), which suggested that Staphylococcus species
generally exhibit low adhesion to prosthetic materials,
especially when compared to oral streptococci. This
study demonstrated that methicillin-resistant S. aureus
(MRSA) had minimal adhesion to the resins tested,
particularly Vertex [23]. In a similar study by Weng et
al. (2015), it was found that the adhesion of S. aureus to
dental materials like acrylic resin was significantly lower
compared to Streptococcus species [24].

The adhesive ability of orocci, particularly
Streptococcus pyogenes and Streptococcus dysgalactiae,
observed in this study contrasts with the general trend
reported in other studies. A study by Morin etal. (2014)
showed that Streptococcus mutans, a prominent oral
pathogen, adhered more readily to dental materials
compared to other microorganisms like Streptococcus
sanguinis.The high adhesion observed for 3-hemolytic
streptococci (S. pyogenes and S. dysgalactiae) to Vertex
resin, in particular, suggests that certain resins might be
more prone to bacterial adhesion due to their surface
chemistry, although the overall levels of adhesion were
still relatively low [25].

The weak most microorganisms to the base materials in
this study suggests that these materials could help minimize
therisk of biofilm formation and associated infections, such
as prosthetic stomatitis, a significant concern in removable
denture wearers. Given that S. aureus, Candida albicans,and
Streptococcus species are oftenimplicated in oralinfections,
the results of this study are promising in terms of reducing
the microbial load on denture surfaces, particularly for
individuals with compromised immune systems or those
prone to infection.

However, while the resins tested showed low microbial
adhesion, further research into other factors, such as
saliva composition, oral hygiene practices, and patient
diet, is essential. Studies by Motallebzadeh et al. (2016)
[26] and Gorseta et al. (2019) [27] emphasized that
clinical factors like saliva pH, bacterial load, and the oral
hygiene routine of denture users significantly influence
the microbial colonization of denture surfaces. Therefore,
while laboratory results are valuabre essential to confirm
these findings in real-world settings.

The obtained results will be the basis for further ex-
perimental studies of the base materials influence on
the oral microflora.

CONCLUSIONS

1. All tested samples of base materials showed signif-
icant biological inertness: the adhesion indices of
the vast majority of the tested microorganisms were
lower than those of the control material (glass).

2. Oral streptococci (both a-and B-hemolytic) showed
the weakest adhesive ability to Villacryl resin (aver-
age values of adhesion indices 0.51 and 0.68 appro-
priately).

3. Staphylococci and Candida yeast-like fungi showed
a weak adhesive ability to the samples of base ma-
terials, especially to Vertex resin (average values of
adhesion indices 0.26 and 0.24 appropriately).
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Diagnostic value of lipoprotein-associated phospholipase A2
in patients in the early recovery period of atherothrombotic
stroke

Olga J. Mykhaloiko, Viktoriya A. Gryb, lvanna-Romana M. Fabryka, Oleksandra I. Hotsaniuk,
Uliana P. Shalamai, Tetiana . Salyzhyn, Igor J. Mykhaloiko
IVANO-FRANKIVSK NATIONAL MEDICAL UNIVERSITY, IVANO-FRANKIVSK, UKRAINE

ABSTRACT

Aim: The purpose of the study is to study changes in Lp-PLA2 in the blood of patients in the early recovery period of atherothrombotic stroke depending on
the degree of stenosis and type of atherosclerotic plaque.

Materials and Methods: A clinical and laboratory analysis of 130 patients in the early recovery period of atherothrombotic stroke was conducted. Among
those examined were 69 men and 61 women aged (60.42+7.4) years. The control group consisted of 30 practically healthy persons (16 men and 14 women)
without a history of severe somatic pathology, aged (58.7+6.3) years. Ultrasound scanning of the vessels of the neck was performed on a Siemens Acuson X
300 device. The amount of lipoprotein-associated phospholipase A2 (Lp-PLA2) was determined by the immunoenzymatic method. STATISTICA 8 software was
used for statistical processing.

Results: In all examined patients, an increase in the content of Lp-PLA2 in the blood up to 260 (220.4; 295.7) ng/ml was found compared to individuals of the
control group (p<0.05). Increased levels of Lp-PLA2 in stroke patients were associated with an increased degree of atherosclerotic stenosis and depended on
the type of atherosclerotic plaque, reflecting its instability.

Conclusions: Increased concentrations of Lp-PLA2 in patients with cerebral atherosclerosis can be considered as circulating biomarkers of atherosclerotic
plague vulnerability. Patients in the early recovery period of an ischemic stroke with a soft atherosclerotic plaque according to ultrasound data in combination
with an increase in Lp-PLA2 indicators in the blood belong to the group of high risk of developing a repeated stroke.

KEY WORDS: lipoprotein-associated phospholipase A2, atherothrombotic stroke, atherosclerotic plaque, early recovery period of ischemic stroke

INTRODUCTION

Despite significant advances in modern medicine, car-
diovascular diseases and their complications, including
strokes, remain the main cause of mortality worldwide.
30-40% of all ischemic strokes are the atherothrom-
botic subtype of stroke, the pathogenetic mechanism
of which is arterio-arterial embolism from thrombotic
deposits on the surface of atherosclerotic plaque, which
lead to occlusion of intracranial arteries. According to
modern ideas, the basis of the development and pro-
gression of atherosclerosis is endothelial dysfunction,
which occurs against the background of chronic in-
flammation [1-2]. The initial phase of the inflammatory
process in the area of atherosclerotic artery damage
is asymptomatic. Clinical manifestations are present
only in the case of hemodynamically significant ath-
erosclerotic stenosis of the artery, which is manifested
by a lack of blood supply to the affected area, or due
to the development of thrombogenic complications

Wiad Lek. 2025;78(6):1119-1124. doi: 10.36740/WLek/204797 (Dol

arising from the destabilization and disintegration of
the atherosclerotic plaque [3-4].

The traditional definition of atherosclerotic lesions
of cerebral vessels is an ultrasound examination (US)
with measurement of the lumen of the stenosis and
the characteristics of the atherosclerotic plaque.
However, despite the informativeness of ultrasound
of atherosclerotic vascular damage, predicting the
vulnerability of plaques remains difficult. In search of
new opportunities to detect the stage of inflammationin
atherosclerotic plaque, vascular markers of inflammation
and their relationship with the risk of developing
complications have been widely studied in recent years
[2, 5]. Determination of potentially new biomarkers of
the progression of atherothrosclerosis in comparison
with clinical and ultrasound parameters would allow to
characterize the activity of the atherosclerotic process,
predict the risk of its progression and determine the
probability of embolic complications.
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One of the most studied markers of inflammation in
recent years is lipoprotein-associated phospholipase A2
(Lp-PLA2). The role of lipoprotein A as a risk factor for
cardiovascular diseases has been studied for many years
[5-6]. Features of Lp-PLA2 that attract the attention of
researchers are the specificity for vascular inflammation.

European recommendations for the treatment of
dyslipidemias, issued by the European Society of
Cardiology together with the European Society of
Atherosclerosis, recommend measuring Lp-PLA2 in
people with early development of cardiovascular
diseases, in people with familial hypercholesterolemia,
in people with a family history of early cardiovascular
diseases (CVD ) and in individuals with recurrent CVD
episodes despite optimal lipid-lowering therapy, who
have a 10-year SCORE risk >5% [6-7]. On the other
hand, the American Lipid Association does not include
Lp-PLA2 screening as one of the indicators of the
standard lipid panel, which is partly due to the difficulty
of standardizing methods for its determination [2, 8].

Lp-PLA2 belongs to the phospholipase A2 family and
is produced by monocytes, mast cells, Kupffer cells, and
T lymphocytes.

In plasma, 80% of Lp-PLA2 is bound to LDL-C, the
remaining 20% is bound to HDL-C and VLDL. The main
properties of Lp-PLA2 include reflecting the degree of
intravascular inflammation and instability of atheroscle-
rotic plaque. That is, Lp-PLA2 has specificity in relation
to vascular inflammation, while other biomarkers, such
as CRP, reflect the presence of systemic inflammation.
Lp-PLA2 takes a direct part in atherogenesis, causing
modification of lipids by hydrolysis of phosphatidyl-
choline with the formation of lyso-phosphatidylcholine
and oxidation of free fatty acids, which stimulate the
development of atherosclerosis. Anincrease in Lp-PLA2
in the blood directly reflects an increase in the risk of
cardiovascular events [3, 8-9].

According to the results of one of the European
studies, when observing patients with stable coronary
heart disease, the level of Lp-PLA2 from 30 to 50 mg/
dL was associated with a threefold increase in the risk
of amputation of the lower limbs, while in patients with
Lp-PLA2 >50 mg/dL - with twentyfold [4, 10-11].

The MONICA (The Monitoring Trends and Determi-
nants in Cardiovascular Diseases) study examined the
relationship between Lp-PLA2 levels and the risk of
coronary events in 934 healthy men aged 45-64 years.
Observations were carried out for 14 years. During the
follow-up period, 97 men experienced acute coronary
events and had significantly higher baseline Lp-PLA2
levels compared to controls.

In the Atherosclerosis Risk in Communities (ARIC)
study of 12819 middle-aged men and women followed
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for 6 years, the combination of high Lp-PLA2 and high
CRP was superior to either marker taken alone. by the
ability to predict the risk of developing coronary events
[2,10].

The categories of patients who need to determine the
concentration of Lp-PLA2, as well as the cut-off level,
are actively discussed by experts. A value of =200 ng/ml
was taken as the clinical threshold of the Lp-PLA2 level,
which gives the right to make a decision on reclassifica-
tion of risks. The researchers approved this threshold,
which is based on the results of a study that showed a
significant increase in the risk of cardiovascular events
in patients who exceeded this threshold. Interpretation
of Lp-PLA2 levels in blood serum is carried out as fol-
lows: low degree of cardiovascular risk - (< 200 ng/ml);
average degree of risk - (200 - 235 ng/ml); high degree
of risk - (> 250 ng/ml). The level of Lp-PLA2 more than
250 ng/ml has a high correlation with endothelial dys-
function, which in turn is closely related to the process
of progression of atherosclerosis [2, 6, 12].

The understanding that Lp-PLA2 is actively synthe-
sized in the places of atherosclerotic lesions and causes
multiple proatherogenic and prothrombotic effects
determines the relevance of determining this marker
for diagnosis and assessment of the severity of the
atherosclerotic process.

AIM

The aim of the study is to study changes in Lp-PLA2 in
the blood of patients in the early recovery period of
atherothrombotic stroke depending on the degree of
stenosis and type of atherosclerotic plaque.

MATERIALS AND METHODS

A clinical and laboratory analysis of 130 patients in
the early recovery period of atherothrombotic stroke
(ERPAS) was performed. Among the examined were 69
men and 61 women aged (60.42+7.4) years.

The control group consisted of 30 practically healthy
persons (16 men and 14 women) without a history of
severe somatic pathology and disorders of cerebral
blood circulation, aged (58.7+6.3) years.

Ultrasound duplex scanning of the vessels of the neck
with the determination of the degree of atherosclerotic
stenosis and the nature of the atherosclerotic plaque
was performed on a Siemens Acuson X 300 device
with a linear multifrequency sensor from 4-10 mHz)
according to standard methods.

The classification of stenotic-occlusive lesions of
cerebral arteries was carried out according to the
classification of B. V. Gaidar et al.. According to these
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Table 1. The level of lipoprotein-associated phospholipase A2 in the blood of patients in the early recovery period of atherothrombotic stroke

depending on the degree of atherosclerotic stenosis

The degree of atherosclerotic damage

control group

(n=30) group A: group B: group C: group D:
Lp-PLA2; <40% 40- 60% 60-75 75-95%
ng/ml (n=26) (n=48) (n=42) (n=14)
Me(q,;q,) 280.9 (275.5;285.3)  290.9 (284.5;294.3)
200.75 255.9 (234.5;263.3) 2729 (25555'280'3) p<0,001 p < 0,001,
(185.1;202,2) p<0,05 P 005 p,<0,05 p, < 0.05,p,<0,05,
Py p,>0,05 p,>0,05.
Notes:

p — the reliability of the differences in indicators compared to the control group;

p1— the reliability of the differences in indicators of groups B, C, D in comparison with group A;
p2 — the reliability of the differences in indicators of groups C, D in comparison with group B;
p3 — the reliability of the differences in the indicators of groups D in comparison with group C.

criteria, stenosis of the main artery of the 1st degree
was diagnosed when the vessel narrowed to 40% of the
diameter, 2nd degree - 40-59%, 3rd degree — 60-74%,
4th degree - 75-90%, 5th degree — more than 90%,
hemodynamically significant considered stenosis IV-V
degree.

The nature of atherosclerotic plaques was divided
into five types according to the Nicolaidese and Ger-
oulaka classification: | type: only echonegative (“soft”
homogeneous plaque); Il type: mostly echonegative
with more than 50% hypoechoic areas (heterogeneous
hypoechoic plaque); Type lll: mostly echo-positive with
more than 50% hyperechoic areas (heterogeneous hy-
perechoic plaque); IV type: only echo-positive (“dense”
homogeneous plaque); V type: pronounced calcinosis,
which gives an acoustic shadow.

The amount of Lp-PLA2 was determined using an
enzyme-linked immunosorbent assay (ELISA) kit (Dia-
zyme Laboratories Inc., Poway, California, USA). Plasma
was added to the microplate wells with anti-Lp-PLA2
monoclonal antibodies (2C10) and incubated for 10
min at room temperature. Then the second monoclonal
antibodies (4B4), labeled with horseradish peroxidase
enzyme, were added and incubated for 180 min. Wells
were washed and tetramethylbenzidine substrate was
added. After 20 min of incubation, absorbance at 450
nm was measured, which is directly proportional to the
concentration of Lp-PLA2 in the plasma. The concentra-
tion of Lp-PLA2 is expressed in units of ng/ml.

The study was approved by the Bioethics Commission
of Ivano-Frankivsk National Medical University (pro-
tocol No 21 dated 09.27.2022). Patients gave written
informed consent for the above diagnostic procedures
and participation in this research project.

STATISTICA 8 software was used for statistical pro-
cessing. The frequency of qualitative indicators was
presented in absolute (n) and relative (%) frequencies.

When analyzing quantitative data, the nature of the
distribution of indicator values was determined using
the Shapiro-Wilk’s test method. For quantitative data
with a normal distribution, the results were presented
in the form of «<M (o)» (where M is the average value,
and o is the mean square deviation), and for quan-
titative data with a non-normal distribution - in the
form of «Me (Q1; Q3)» ( where Me is the median, and
Q1, Q3 are quartiles). Quantitative indicators with
non-normal distribution of values in 2 independent
groups were compared by the Mann-Whitney meth-
od. Comparison of 2 independent groups according
to the qualitative indicator was carried out according
to Fisher’s exact test.

RESULTS

According to a duplex scan of the vessels of the head
and neck, all patients in the early recovery period
of atherothrombotic stroke had atherosclerotic
stenoses of varying degrees. The localization of the
atherosclerotic plaque corresponded to the side of the
affected cerebral hemisphere. The largest number of
patients had atherosclerotic layers, causing stenosis by
40-75%. There were 14 patients with hemodynamically
significant stenoses, 4 of whom had more than 90%
stenosis, all of whom were recommended carotid
endarterectomy.

An increase in the content of Lp-PLA2 in blood up
to 260 (220.4; 295.7) ng/ml (p<0.05) was found in all
examined patients with ERPAS compared to 200.75
(185.1; 202.2) in healthy individuals. Depending on
the severity of the degree of atherosclerotic stenosis,
an increase in the level of Lp-PLA2 was noted. The
highest values of Lp-PLA2 were recorded in the
group of patients with hemodynamically significant
atherosclerotic stenoses (Table 1).
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Table 2. The level of lipoprotein-associated phospholipase A2 in the blood of patients in the early recovery period of atherothrombotic stroke

depending on the type of atherosclerotic plaques

Types of atherosclerotic plaques

control group,

(n=30)
| I I v v
(n=18) (n=44) (n=34) (n=48) (n=16)
Lp-PLA2;
i 258.9
ng/m| 2759 267.9 (244.5:262.3)
Me (q.; q.) . (268.5;281..5) (268.5;272.3) o 200.75
"B 5022 (2807:203.3) 2839(2745285.5) 280.3) p<0,05 p<0,05 (185.1;202,2)
p<0,05 p.<0,05
p<0,001 p<0,05 p.<0,05 !
p.>0,05 1 p,<0,05
! p.<0,05 p,<0,05 2
50,05 ’50,05 P,<0,05
pz ! p_:, ’ p4<0’05
Notes:

p— the reliability of the differences in indicators compared to the control group;

p, - reliability of differences in indicators from II, Ill, IV, V in comparison with group I;

p, — the reliability of the differences in indicators of groups Ill, IV, V in comparison with group II;
p, — the reliability of the differences in indicators of groups IV, V in comparison with group III;
p, — the reliability of the differences in indicators of groups V in comparison with group IV.

All patients were taking antiplatelet agents, statins,
and hypoglycemic drugs (in the presence of diabetes)
for the purpose of secondary prevention of stroke. It
should be noted that statin therapy causes biochemical
remodeling of the atherosclerotic plaque with a predom-
inant effect on the lipid components than on the total
plaque size. Despite this fact, atherosclerotic plaques of
type | (echo-negative homogeneous plaques) and type
Il (echo-negative with hypoechoic inclusions more than
50%) were noted in 18 patients, which have a high degree
of embologenicity and, accordingly, can be the cause of
repeated atherothrombotic stroke.

Unstable atherosclerotic plaques, for the most part,
had a heterogeneous structure with hypoechoic
inclusions, an uneven surface, and existing layers.
Stable plaques were homogeneous, hyperechoic.
Concentration changes of Lp-PLA2 also depended on
the structure of the atherosclerotic plaque. The highest
levels of Lp-PLA2 were recorded in patients with |, Il
and Il types of atherosclerotic plaques. Accordingly,
in the group with stable, calcified atherosclerotic
plaques, the level of Lp-PLA2 was the lowest among
the subjects, however, it was higher than in the control
group (Table 2).

When analyzing the obtained data, it was established
that in patients with the same parameters of the level
of stenosis, but different morphological density of
atherosclerotic layers, significantly higher values of
Lp-PLA2 were recorded in patients with soft, unstable
atherosclerotic plaques (285.9 (265.5; 295.3)) compared
to stable (250.2 (245.9; 267.3)). That is, the increase in
the concentration of Lp-PLA2 depended more on the
structure of the atherosclerotic plaque than on its size.
Based on the results obtained by us, patients with a soft
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atherosclerotic plaque according to ultrasound data in
combination with anincrease in Lp-PLA2 indicatorsin the
blood belong to the group of high risk of recurrent stroke.

DISCUSSION

Atherosclerosis is a chronic inflammatory disease that
causes dysfunction of endothelial cells, influx of inflam-
matory leukocytes into the subendothelial space and
oxidation of LDL. As plaque inflammation develops,
it destabilizes and becomes prone to rupture. Plaque
rupture is responsible for acute manifestations of ath-
erosclerosis, including myocardial infarction, unstable
angina, stroke, and death. Identification of markers
of plaque destabilization at the preclinical stage is a
justified direction in the search for predictors of car-
diovascular catastrophes. Among all known systemic
markers of inflammation and endothelial dysfunction,
Lp-PLA2 has specificity for vascular inflammation, which
is why it is of interest. [1, 4, 7].

The results of our study, which indicate the diagnos-
tic significance of determining Lp-PLA2 in patients at
high risk of recurrent stroke, echoed the results of other
studies. The JUPITER study showed that patients with
high Lp-PLA2 activity (fourth quartile) had a more than
two-fold increased relative risk (HR 2.15, 95% Cl: 1.13-
4.08) of cardiovascular events compared to patients
with low activity (first quartile). The Bruneck study
showed that the population in the third tertile of Lp-
PLA2 activity had a higher relative risk of cardiovascular
events (HR 2.2, 95% Cl: 1.1-4.8) compared with those
in the first tertile [2, 11]. Similar results were obtained
in the LIPID trial that entailed subjects with history of
acute coronary syndrome in whom Lp-PLA2 activity was
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associated to a higher risk of cardiovascular mortality
(HR 1.32,95%Cl: 1.00-1.75) [12].

Lipoprotein-associated phospholipase A2 (Lp-
PLA2) is a promising marker of atherosclerotic
plaque destabilization, which plays a key role in the
metabolism of pro-inflammatory phospholipids and
in the generation of proatherogenic metabolites. Since
there is much evidence for the key role of inflammation
in atherothrombosis, and the main product Lp-PLA2
is a potent pro-inflammatory molecule, it may be not
only a predictor of cardiovascular disease risk, but also
a target for therapeutic intervention.

CONCLUSIONS
The level of Lp-PLA2 in patients in the ERPAS was
significantly higher compared to the control group.

Increased levels of Lp-PLA2 in stroke patients were
associated with an increased degree of atherosclerotic
stenosis and depended on the type of atherosclerotic
plaque, reflecting its instability.

Patients in the early recovery period of an ischemic
stroke with a soft atherosclerotic plaque according to
ultrasound data in combination with an increase in
Lp-PLA2 indicators in the blood belong to the group
of high risk of developing a repeated stroke.
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Morphometric analysis of the morphological state of skin
vascular plexuses under opioid in an experiment

Ivan S. Diskovskyi, Lesya R. Mateshuk-Vatseba, Orysya 0. Syzon, Marianna 0. Dasko,
Nataliya V. lvanyushko-Nazarko, Hennadiy Ye Astsaturov, Aksiniia V Netliukh
DANYLO HALYTSKY LVIV NATIONAL MEDICAL UNIVERSITY, LVIV, UKRAINE

ABSTRACT

Aim: The patterns of qualitative and quantitative changes in the microvascular network in the skin of adult male white rats under of nalbuphine administration.
Materials and Methods: The research employed methods such as vascular bed injection, skin section clearing, and microscopicimaging using an MBI-1micro-
scope. Morphometric analysis of the microcirculation vessels was conducted, and statistical processing of the results was performed using specialized software.
Results: The nalbuphine significantly impacted the morphological state of the white rat’s skin after two weeks of administration, with the initial changes
occurring in the blood vessel plexuses. In the injected skin samples, both arterioles and capillaries were dilated, with the diameter of the subpapillary arteriolar
network significantly increasing to 28.621.07 um (control — 22.24+0.73 pm), and the diameter of intrapapillary capillary loops expanding to 6.20+0.11
um (control — 5.91+0.26 pm). Arterioles exhibited tortuosity. After four weeks, the loops of the vascular plexus lost their delicate, lace-like structure, with
microaneurysms in arterioles and sacculations in venules becoming evident. After six weeks of opioid exposure, significant structural alterations were ob-
served in the blood vessels of the skin. Capillaries became obliterated, with some destroyed, and this process was accompanied by hemorrhages. The density
of intrapapillary capillary loops decreased significantly to 59.042.0 (control — 79.60+2.078), while the trophic activity index increased to 39.490+1.307 um
(control —27.17241.143 pm),

Conclusions: Morphometric analysis of the morphological state of the vascular plexuses in the skin clearly illustrates the relationship between quantitative

and qualitative changes in the structural organization of the microcirculation network under opioid exposure.

KEY WORDS: skin, vessels, morphometry, opioid

INTRODUCTION
Nowadays, medicine, unfortunately, cannot function
without the use of opiates and opioids for therapeutic
purposes [1-5]. Research on the effects of opioids
on organ structure is scarce and contradictory
[6=11]. Individuals who are forced to use opioids for
extended periods have an increased mortality rate
from cardiovascular diseases and a higher likelihood of
fatal outcomes due to liver and kidney failure. Besides,
regular use of narcotic substances severely damages
the immune system [12]. In recent years, the number
of inflammatory conditions among injection drug users
has increased worldwide [13]. The continuousrise in the
number of drug addicts in Ukraine has led to a series
of new social, economic and medical problems [14-16].
The skin is the organ that responds first to exogenous
and endogenous influences [17, 18]. In the event
of any skin damage, the vascular plexuses of the
skin are the first to react. Despite the relevance and
importance of studying morphological changes

Wiad Lek. 2025;78(6):1125-1132. doi: 10.36740/WLek/204796 DOl

in microcirculation network under pathological
conditions, the professional literature lacks sufficient
information on the vascular network of the skin,
and information on its morphometric analysis under
both normal physiological conditions and different
pathological processes is nearly nonexistent.

The utilization of experimental animals, specifically
white rats, for modeling opioid effects on the skin
enables the investigation of dynamic structural
alterations in the cutaneous microvasculature under
prolonged exposure to the narcotic agent. Therationale
for using this laboratory animal is the similarity between
the skin structure of rats and humans.

AIM

To establish the patterns of qualitative and quantitative
changes in the components of the cutaneous microcir-
culation bed in sexually mature male white rats under
different durations of nalbuphine administration.
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MATERIALS AND METHODS

The study was conducted on 40 sexually mature male
white rats with an initial body weight ranging from 160
to 180 g and an age of 3.0 months

The study was conducted on 40 sexually mature male
white rats with an initial body weight ranging from 160
to 180 g and an age of 3.0 months.

The animals selected for the study underwent
thorough screening, including clinical examination,
weighing, and marking. All animals were housed under
standard vivarium conditions at Danylo Halytsky Lviv
National Medical University. The experiments were
conducted in compliance with ethical guidelines for the
humane treatment of laboratory animals, as stipulated
by the Law of Ukraine “On the Protection of Animals
from Cruelty”(No. 3447-1V, 21.02.2006) and the Europe-
an Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 18.03.1986).

The study material consisted of skin specimens from
white rats with an injected vascular network.

The research utilized the following methodologies:
injection of the skin vascular network in white rats,
tissue section clearing and subsequent microscopic
imaging using an MBI-1 microscope. Morphometric
analysis of the microcirculation components of the
skin was conducted. Statistical analysis of the research
data was performed using specialized software.
Furthermore, a model for prolonged opioid exposure
in white rats was established and implemented.

The animals were euthanized by intraperitoneal
administration of sodium thiopental at a dosage of 2.5
mg/100 g (25 mg/kg) of body weight.

After opening the ventral wall of the abdominal and
thoracic cavities, clamps were applied to the intercostal
arteries. A glass cannula with a rubber tip was inserted
into the thoracic aorta, connected to a syringe, and
secured with assilk ligature. The injection mass was then
introduced into the vascular system via the syringe. The
blood vessels of the rat’s skin were filled with an ink-
gelatin injection mass. The injection mass was prepared
as follows: 100 g of gelatin was poured into 1 L of cold
water and left for 24 hours. After the gelatin swelled, the
mixture was heated in a water bath and filtered through
several layers of gauze. The warm gelatin was then
mixed with equal volumes of sodium citrate solution
and ink before being injected into the arterial system
of a freshly euthanized white rat. The volume of the
mixture used for filling the arterial system ranged from
10 to 15 mL. After the injection, a ligature was applied
to the abdominal aorta, and the skin from the gluteal
region was collected for further study. This injection
technique is technically simple and does not require
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scarce reagents. Moreover, it allows for the injection of
both large vessels and microcirculation components,
enabling differentiation of arterial, capillary, and venous
segments.

The day after the injection with the ink-gelatin mass,
the skin was immersed for two days in a 1:1 mixture of
glycerin and ethanol. It was then cleared and stored in
chemically pure glycerin.

After clearing the specimens, the segments of the skin
vascular network were photographed in transmitted
light using an MBI-1 microscope at magnifications of
%80 (objective x10, eyepiece x8) and X160 (objective
%20, eyepiece x8) with an Olympus FE 210 digital
camera.

The study of the microcirculatory vessels in injected
and cleared specimens allows for a reliable assessment
of key quantitative parameters, including the diameter
of microvessels, the density of the capillary network
(DCN), and the area of trophic tissue activity (ATTA).

For the morphometric analysis of the
angioarchitecture of white rat’s skin, measurements
of the diameters of arterioles, capillaries, and venules
were performed. The vessel diameters were measured
using an ocular micrometer. These measurements
were conducted on cleared skin specimens with an
injected vascular network. The actual vessel diameter
(D) was determined using an eyepiece micrometer
at microscope magnifications of x20 objective with
x8 eyepiece and x10 objective with x8 eyepiece,
taking into account the scale division value (C) using
the formula: D=d-C, where: D is the actual vessel
diameter, d is the measured vessel diameter, C is the
calibration coefficient of the ocular micrometer scale.
The calibration value (C) of the eyepiece micrometer
was determined using a standard microscope grid.
According to the specifications, the side length of a
small square in the grid is 50 um. When using a x10
objective and x8 eyepiece, the calibration value (C) is
100 um (0.1 mm), while with a x20 objective and x8
eyepiece, it is 50 um (0.05 mm).

The capillary density was quantified by calculating
the number of vessels per unit area, with the unit area
corresponding to the field of view of the microscope.
The tissue trophic activity index (um), also referred to as
the diffusion radius, was determined by measuring the
intervascular distance between two adjacent vessels
and dividing the obtained value by two.

Statistical analysis of the obtained data was con-
ducted using the InStat software package, which is
specifically designed for the statistical processing of
biomedical and epidemiological research data.

The long-term effects of opioid exposure in white
rats were modeled through daily administration
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(once per day at the same time) of the opioid
analgesic nalbuphine. Nalbuphine was administered
intramuscularly according to the following dosage
regimen: week 1 - 8 mg/kg, week 2 - 15 mg/kg, week
3 - 20 mg/kg, week 4 — 25 mg/kg, week 5 - 30 mg/
kg, week 6 — 35 mg/kg. The experimental exposure
periods lasted two, four, and six weeks from the
start of the experiment. This model, which involves
a gradual increase in the dose of an accessible
opioid analgesic, enables the investigation of its
effects on the experimental animals and allows for
the assessment of the progressive development of
morphological changes in tissues. The proposed
method, characterized by weekly dose increments,
facilitates the gradual adaptation of opioid receptors
in the experimental animals. Age-matched intact
animals were used as the control group and received
intramuscular injections of a 0.9% sodium chloride
solution.

Fig. 1. Subpapillary arterial network and

venous plexus of the skin of the white rat’s

gluteal region after 2 weeks of nalbuphine
administration. Microphotograph. Vascular
injection. Magnification: objective <20, eyepiece
%8. 1 — Intrapapillary capillary loop; 2 — Arteriole;
3 —Venule

Fig. 2. Dermal arterial network and venous plexus
of the skin in the gluteal region of a white rat after
two weeks of nalbuphine administration.
Micrograph. Vascular injection. Magnification: obj.
%20, ocular x8. 1 - arteriole; 2 — venule

RESULTS

In the skin samples obtained from the gluteal region of
the white rat with the injected vascular network, after
two weeks of experimental exposure, the following
structures were observed, similar to those in the control
group: the subpapillary and dermal arterial networks,
the subpapillary and dermal venous plexuses, and the
subcutaneous venous plexus. The subpapillary arterial
network and subpapillary venous plexus are located
between the papillary and reticular layers of the skin
(Fig. 1).

This is a fine-looped plexus. The capillaries form
intrapapillary capillary loops, which have the shape of
glomeruli or lace-like networks.

Atthe boundary between the reticular layer of the skin
and the hypodermis lies the dermal vascular plexus. This
plexus contains arterioles that form the dermal arterial
network and venules that lie deeper, creating the deep
dermal venous plexus (Fig. 2). Another vascular plexus is

1127



Ivan S. Diskovskyi et al.

located in the hypodermis — the subcutaneous plexus.
This plexus has a wide-looped structure.

After just two weeks of the experiment, the arteriolar
diameter significantly increases. Specifically, the
diameter of the arterioles in the subpapillary arterial
network reaches 28.62+1.07 um (control — 22.24+0.73
pum), while in the dermal arterial network, it reaches
49.94+1.74 um (control - 36.86+1.90 um). The arterioles
appear tortuous. The intrapapillary capillary loops of
the skin exhibit slight dilation, with their diameter
increasing to 6.20+0.11 um (control - 5.91+0.26
um). However, at this stage of the experiment, no
significant change in the venular diameter is observed.
The diameter of venules in the subpapillary venous
plexus is 54.32+0.30 um (control — 53.97+0.92 um),
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Fig. 3. Subpapillary arterial network and venous
plexus of the gluteal skin in a white rat after four
weeks of nalbuphine administration. Micrograph.
Vascular injection. Magnification: obj. <20, ocular
x8. 1 —intrapapillary capillary loop

Fig.4. Subcutaneous venous plexus of the gluteal
skin in a white rat after six weeks of nalbuphine
administration. Micrograph. Vascular injection.
Magnification: obj. <20, ocular 8. 1— venule

while in the subcutaneous venous plexus, it measures
114.9342.78 um (control - 112.01+2.25 um). These
changes lead to alterations in other morphometric
parameters of the vascular architecture of the white
rat’s skin under conditions of two-week nalbuphine
administration. Notably, the trophic activity index of
the skin tissue significantly decreases to 20.36+3.07
pm (control — 33.82+1.38 pm). However, the density
of intrapapillary capillary loops in the white rat’s skin
remains unchanged at this experimental stage.

After four weeks of nalbuphine administration in
white rats, the arteriolar lumen exhibits irregularities,
characterized by alternating regions of constriction
and dilation. Venules undergo expansion, structural
deformation, and acquire an irregular morphology,



Morphometric analysis of the morphological state of skin vascular plexuses under opioid in an experiment

Table 1. Density of the intrapapillary capillary loop network in the gluteal skin of the white rat

Observation periods Values
M:m (um) P
Control 71.000+4.728 p >0.05
In two weeks after nalbuphine injection 68.000+3.926 p > 0.05
In four weeks after nalbuphine injection 69.200+4.761 p <0.01
In six weeks after nalbuphine injection 59.000+1.963 p <0.01
Table 2. Trophic activity index of the gluteal skin tissue in the white rat
Observation periods Values
Mxm (pm) P
1 2 3
Control 33.822+1.376 p > 0.05
In two weeks after nalbuphine injection 20.364+3.066 p <0.01
In four weeks after nalbuphine injectionln two weeks after nalbuphine injection 22.472+2.438 p <0.01
In six weeks after nalbuphine injection 40.410+4.508 p <0.01
Table 3. Diameter of arterioles in the subpapillary arterial network of the gluteal skin in the white rat
Observation periods Values
Mzm (um) P
1 2 3
Control 22.240+0.730 p >0.05
In two weeks after nalbuphine injection 28.616+1.069 p <0.01
In four weeks after nalbuphine injection 29.540+0.894 p <0.01
In six weeks after nalbuphine injection 30.120+0.039 p <0.01
Table 4. Diameter of venules in the subpapillary venous plexus of the gluteal skin in the white rat
Observation periods Values
Mm (pm) P
1 2 3
Control 53.968+0.919 p>0.05
In two weeks after nalbuphine injection 54.324+0.298 p<0.01
In four weeks after nalbuphine injection 59.648+0.832 p<0.01
In six weeks after nalbuphine injection 62.644+2.080 p <0.01

with occasional aneurysmal protrusions. Additionally,
isolated saccular aneurysms are observed in the micro-
vasculature. These vascular alterations lead to modifi-
cations in the spatial organization of the subpapillary
and dermal arterial networks, as well as the subpap-
illary, dermal, and subcutaneous venous plexuses in
the gluteal skin of white rats following four weeks of
nalbuphine exposure (Fig. 3).

At this stage of the experiment, the subpapillary vas-
cular plexus of the white rat’s skin is characterized by
the following morphometric parameters: the diameter
of the intrapapillary capillary loop is 6.26+0.12 um, the
trophic activity index of the skin tissue is 22.47+2.44 ym,
and the diameter of venules in the subpapillary vascular
plexus is 59.65+0.83 um. The diameter of arterioles in

the dermal arterial network increases to 55.18+4.18
pum, while the diameter of venules in the dermal venous
plexus expands to 142.31+£2.46 um, and in the subcuta-
neous venous plexus, it reaches 158.57+£1.98 um.

The density of the intrapapillary capillary loop
network in the gluteal skin of the white rat is presented
inTable 1. Areduction in capillary loop network density
to 69.200+4.761 (control — 71.000+4.728) after four
weeks of nalbuphine administration indicates a minor
disruption in the vascular architecture of the skin at this
stage of the experiment.

After six weeks of the experiment, destructive chang-
es in the angiographic pattern of the gluteal skin are
observed. The subpapillary arterial network loses its
delicate, lace-like appearance. Capillary loops become
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dilated and coarse, with some areas showing a loss of
capillary connections.

At this stage of the experiment, the diameter of the
remaining intrapapillary capillary loops in the gluteal
skin of the white rat significantly increases to 6.46+0.19
pm. Additionally, the density of intrapapillary capillary
loops decreases markedly, reaching 59.0+2.0.

Changes in the trophic activity index of the skin tissue,
as well as the diameters of the arterioles and venules
in the subpapillary vascular plexus, are presented in
Tables 2-4.

The arterioles of the dermal arterial network appear
dilated, tortuous, and irregular in contour. Their diam-
eterincreases t0 62.46+2.12 um, while the diameter of
venules expands to 158.60+1.99 um.

Additionally, new arteriovenular anastomoses open,
allowing blood to bypass the damaged capillaries and
flow directly from the arterioles into the venules. The
venules of the subcutaneous venous plexus are dilated
and deformed (Fig. 4).

The diameter of venules in the subcutaneous venous
plexus of the gluteal skin reaches 162.86+1.94 um.

Therefore, the statistically significant decrease in the
density of the intrapapillary capillary loop network
within the subpapillary vascular plexus of the gluteal
skin in white rats after four and six weeks of nalbuphine
administration, coupled with a significant increase
in the trophic activity index of skin tissue, provides
compelling evidence of pronounced degenerative
alterations in the vascular architecture of the skin
resulting from prolonged opioid exposure.

DISCUSSION

Histological analysis of gluteal skin preparations from
white rats with injected vascular networks following
two weeks of experimentation revealed a clear differ-
entiation of the subpapillary, dermal, and subcutaneous
venous plexuses, comparable to that observed in the
control group. The scientific literature provides limited
data on the structural organization and vascularization
of the skin in experimental animals. Existing studies pri-
marily distinguish three vascular plexuses: hypodermal,
subdermal, and subpapillary. The present study estab-
lishes that two weeks of nalbuphine administration
induces a statistically significant increase (p < 0.05) in
the diameter of arterioles within the subpapillary and
dermal arterial networks, accompanied by increased
arteriolar tortuosity. These vascular alterations correlate
with a significant reduction in the trophic activity index
of skin tissue, suggesting an early opioid-induced dis-
ruption of cutaneous microcirculation. The vasodilatory
effect, specifically the increase in arteriolar diameter
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observed with nalbuphine administration over vary-
ing durations, has been consistently documented by
researchers investigating the impact of nalbuphine on
the vascular systems of various organs [19]. However,
the morphometric parameters presented herein, which
are critical for an objective evaluation of skin angioar-
chitectonics, offer novel contributions to the existing
body of knowledge.

The scientific literature suggests that alterations
in the skin, associated with various pathological
conditions, are primarily accompanied by changes in
its microcirculation network [20]. Our findings support
these observations. Specifically, after four weeks of
nalbuphine administration to white rats, histological
examination of skin preparations with injected vascular
networks revealed indistinct arteriolar contours and
the presence of isolated aneurysmal sacculations
within the microvessels. The aforementioned changes
result in alterations to the spatial configuration of the
subpapillary and dermal vascular networks, as well
as the subcutaneous venous plexus in the gluteal
skin of white rats following four weeks of nalbuphine
administration. After six weeks of nalbuphine exposure,
destructive changes are observed in the angiographic
pattern of the gluteal skin. Specifically, the subpapillary
vascular plexus loses its delicate, lace-like architecture,
with capillary loops becoming dilated and coarse, and
in certain areas, capillary connections are disrupted.
Morphometric analysis of the vascular architecture of
the skin under prolonged opioid exposure indicates
structural degradation of the vascular network.

CONCLUSIONS

1.The morphological effects of nalbuphine on
the white rats’ skin become apparent after two
weeks of administration, with the first observable
changes occurring in the vascular structures of
the blood plexuses. Histological analysis of skin
specimens with injected vascular networks reveals
dilatation of arterioles and capillaries. Specifically, the
diameter of arterioles within the subpapillary arterial
network significantly increases to 28.62+1.07 um
(control: 22.24+0.73 um), while the diameter of the
subpapillary capillary loops increases to 6.20+0.11
pm (control: 5.91+0.26 um). The arterioles exhibit
tortuosity.

2. After four weeks of experimental exposure, the loops
of the vascular plexuses exhibit loss of their previously
fine and regular pattern, with the appearance of
microaneurysms in arterioles and saccular dilatations
in venules. Following six weeks of opioid exposure,
significant structural alterations are observed in the
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vascular network of the skin. Capillaries are obliterated,
and several capillaries are destroyed, a process
accompanied by hemorrhages. There is a statistically
significant reduction in the density of subpapillary
capillary loops, which decreases to 59.0+2.0 (control:
79.60+2.078), while the trophic activity of the tissue
increases to 39.490+1.307 um (control: 27.172+1.143
pum), providing further evidence of the profound
destructive changesin the vascular plexuses of the skin.

3. The morphometric analysis of the vascular plexuses

in the skin provides clear evidence of the relationship
between quantitative and qualitative alterations in
the structural organization of the vessels within the
microcirculation network in experimental animals
subjected to opioid exposure. This analysis enables
an objective evaluation of the extent of these
changes in correlation with the duration of the
experiment.
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Evaluation of serum and urine levels of matrix
metalloproteinase (MMP-2) in children with nephrotic
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ABSTRACT

Aim: To evaluate the serum and urine levels of MMP-2 in children with nephrotic syndrome.

Materials and Methods: This study was conducted at Pediatric Nephrology consultation Clinic in Al Imamain Kadhimain Medical City, Ibn Balady Children
and Maternity Hospital, Child Central Teaching Hospital, Baghdad, Iraq and Children Welfare Teaching Hospital/Medical City Complex from 1st of November
2021 to 31th of March 2022 and included 60 Patients who are children with NS, and 60 healthy children age and sex matched as a control group Patients with
NS were admitted to pediatric ward or attending the pediatric Nephrology clinic.

Results: found there was no significant difference in age and gender between the three groups, healthy controls, SSNS and SRNS However, SRNS had
significantly higher mean SBP and DBP (123.0£15.79 mmHg and 79.97+12.44mmHg, respectively) than either SSNS patients (109.58£13.08 mmHg and
73.5+11.31mmHg, respectively) or controls (99.75+9.23 mmHg and 65.58+5.83 mmHg, respectively).

Conclusions: there was no significant difference in age and gender between the three groups, healthy controls, SSNS and SRNS However, SRNS had significantly
higher mean SBP and DBP, However , ACE, cyclosporine and MMF were more common among patients with SRNS For MMP-2 the results found serum MMP-2
and urine MMP-2 was significantly higher in SSNS patients SRNS patients.

KEY WORDS: serum MMP-2 and urine MMP-2, SRNS, SSNS

INTRODUCTION

Collagenases and stromelysins, which make up the majority
of the huge family of zinc-containing matrix-degrading
MMPs, According to Kontogiorgis et al. [1], the matrix
metalloproteinases (MMPs) , a family of calcium- and/or
zinc-dependent endopeptidases thatare normally involved
in the breakdown of extracellular matrix and tissue remod-
eling. However, under normal circumstances, their activity
is extremely low and is tightly controlled by natural tissue
inhibitors (TIMPs). Four structurally similar proteins known
as the TIMPS (TIMP-1, 2, 3, and 4) exercise dual control over
the MMPs by blocking both their activation and their active
forms [2]. TGF-b1, among other inflammatory cytokines,
stimulates MMP production. Matrix metalloproteinases
(MMPs) are a class of zinc-dependent proteinases that
are among the MMPs produced in the kidney and whose
activities are focused on the breakdown and renewal of
extracellular matrix (ECM) proteins.To far, around 30 metal-
loproteinases have beenidentified. They are separated into
many classes according to their structure andfunction. [3]

Wiad Lek. 2025;78(6):1133-1141. doi: 10.36740/WLek/204348 (DOl

However A prevalent kind of kidney illness in children is
nephrotic syndrome [4] According to estimates, corticoste-
roid therapy will help roughly 80% of kids with idiopathic
nephrotic syndrome completely resolve their proteinuria
and edema. This group of people who respond to steroids
has a varied clinical outcome, with up to 60% experiencing
repeated relapses or becoming reliant on steroid medica-
tion to keep their condition in remission. [5] Increased MMPs
glomerular expression s strongly correlated with the degree
of glomerular damage and the course of kidney disease,
according to experimental data and clinical research [6]
Higher blood levels and/or urine excretions of MMPs and
TIMPs may serve as biomarkers for an early stage of ne-
phrotic syndrome, according to recent research in patients
with diabetic nephropathy, chronic kidney disease (CKD)
following kidney transplantation. [7]

AIM

To evaluate the serum and urine levels of MMP-2 in
children with nephrotic syndrome.
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MATERIALS AND METHODS
SUBJECT

This study was conducted at Pediatric Nephrology consulta-
tion Clinic in Al Imamain Kadhimain Medical City, Ibn Balady
Children andMaternity Hospital, Child Central Teaching Hos-
pital, Baghdad, Iraq andChildren Welfare Teaching Hospital/
Medical City Complex from 1st ofNovember 2021 to 31th of
March 2022. The practical part was conducted atdepartment
of chemistry and biochemistry, College of Medicine, Al-Nah-
rain University and the biochemical laboratory at Ibn Balady
Children and Maternity Hospital included 60 Patients who are
childrenwith NS, and 60 healthy children age and sex matched
as a control group Patients with NS were admitted to pediatric
ward or attending the pediatric Nephrology clinic. Diagnosis
of NS was made depending on to criteria such as : heavy pro-
teinuria >40 mg/h/m2 or >50 mg/kg/day Albustix >+++,hy-
po-albuminemia <2.5 g/dL, edema and hyperlipidemia[8].

STUDY DESIGN
This study included three groups as following

Group 1: consist of 30 children with SSNS ,blood
samples and urine were collected from them during
relapse, Group 2 : consist of 30 children with SRNS,
blood samples and urine werecollected from them
during relapse, Group 3 (Control) : consist of 60 healthy
children, who are matched withages and sex, recruited
from outpatient clinic with normal kidney function.

INCLUSION CRITERIA
Children with nephrotic syndrome aged(1-15)years
matched with healthy control.

EXCLUSION CRITERIA

Secondary nephrotic syndrome.

Congenital Nephrotic Syndrome.

Children with thyroid disease.

Liver disease.

Children with cancer.

Children with birth diabetic.

Presence of any other medical or surgical illness.

NouhkwnN =

SAMPLE COLLECTION
BLOOD SAMPLES

Five (5) ml of venous blood will be drawn from both patients
and controls to collect samples, which will then be placed
in a plane tube (without anticoagulant). Blood is allowed
to stand for 30 minutes before being centrifuged for 15
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minutes at 2000 RPM. Transfer serum to a fresh tube and
store at-20 C.

URINE SAMPLES

Patients and healthy kids provided ten milliliter urine
samples in the morning, which were later collected in
the aircraft. For the following measurement of urinary
MMP2, which was determined using an ELISA approach
and urinary, the urine sample was centrifuged to re-
move any foreign objects before being separated into
simple tubes and kept at -40Co.

DETERMINATION OF SERUM AND URINE MMP-2
Determination serum and urine MMP-2 was achieved by
sandwich ELISA assay according to Kit instructor (My-
biosource/USA) and the concentration was obtained
depending on the standard curve in fig. 1.

STATISTICAL ANALYSIS

The data that obtain could be analyzed using SPSS Numeric
data were expressed as mean + SD. ANOVA and Student’s
t test will be used to calculate individual p-value between
normal and patient. Correlation between nephrotic syn-
drome and other variable will be considered using Pearson
correlation test. P value < 0.05 was considered significant.

RESULTS

DEMOGRAPHIC CHARACTERISTICS OF THE
STUDY POPULATION

The study included 60 children diagnosed with ne-
phrotic syndrome (30 SSNS, 30 SRNS) and 60 age- and
sex-matched healthy controls. There were no significant
differences in age and gender among the three groups
(p > 0.05). However, SRNS patients had significantly
higher mean systolic blood pressure (SBP) and diastolic
blood pressure (DBP) compared to SSNS and control
groups (p < 0.001) (Table 1).

Regarding clinical characteristics, steroid therapy
was the first-line treatment for all patients, but 90% of
SRNS patients required additional immunosuppressive
therapy, including angiotensin-converting enzyme
(ACE) inhibitors, cyclosporine, and mycophenolate
mofetil (MMF).

Analysis of dietary patterns revealed that 20% of SRNS
patients had a high-sodium diet, compared to 10% in
SSNS and 5% in controls. Hydration status was adequate
in all groups, as assessed by urine specific gravity and
serum osmolality.
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Fig. 1. Calibration curve of MMP-2

There were no significant difference in age between the
three groups, healthy controls, SSNS and SRNS as showed
intable (3-1) these findings agreed with studies as [9]
and agreed[10], in Iraq also these findings agreed with
[11;12] HoweverThese earlier investigations discovered
substantial differences between the SS and SRgroupsin
terms of age and gender. Additionally, the current study
revealed a predominance of male over female patients,
and the outcome was consistent with other studies [13]
To avoid issues with age differences, the groups in the
research were chosen for ages that were near together.

In contrast, our study found that SRNS had significant-
ly higher mean SBP and DBP than either SSNS patients
or controls, which was consistent with Roy’s study from
2011 [14] and his colleague’s study from Bangladesh that
found more hypertension events in the SRNS group than
SSNS (p > 0.05). However, our data disagreed with a study
from Indonesia from 2016 that found that blood pressure
in the SSNS group was higher than the SRNS group [15],
A recent research discovered There were cyclical varia-
tions in the systolic blood pressure readings between
the two groups, with the SSNS group having a higher
systolic median than the SRNS group. In the diastolic
blood pressure data, there was no statistically significant
difference between the two groups [16].

About 20% of children who develop hypertension
have renal problems [17]. Due to steroid toxicity, hyper-
tension can occur in both iliness-related conditions and
during NS disease progression [18]. By decreasing the
retention of salt and water in the kidneys, corticosteroids
can lead to hypertension by expanding plasma volume,
which in turn raises blood pressure [16] . According to
the theory, the major cause of sodium retention in NS
is a decreased circulation volume brought on by fluid
shifting from intravascular to interstitial compartments as
aresult of hypoalbuminemia’s decreased plasma oncotic

pressure. The kidneys' ability to retain water and salt is
activated by this shift. While the overfill theory contends
that salt retention demonstrates the lack of inherent
kidney handling abnormalities, which results in volume
growth, [18], as well as this may associated the long term
medication that increase the hypertension[19].

CLINICAL CHARACTERISTICS OF THE
PATIENTS

The median duration of iliness did not differ significantly
between patients with SSNS and SRNS (52.0 months
versus 58.0 months). All patients in both groups were
on steroid therapy. Beside steroid, 8 patients (26.67%)
in SSNS use additional medications compared with 90%
in SRNS who used these additional medications with a
highly significant difference. In particular, ACE, cyclo-
sporine and MMF were more common among patients
with SRNS (43.33%, 46.67% and 26.67%, respectively)
than SSNS (16.67%, 6.67% and 3.33%, respectively with
significant differences Table 2.

The obtained findings in table (3-2) was agreed with
who found the duration of disease 24 (16-38) months
and While [21] found. The median duration of NS was
12 months this difference between the studies could
be due to a referral bias of difficult cases.

From the other side, the combined high-dose of
angiotensin Il receptor blocker and high-dose an-
giotensin-converting enzyme inhibitor treatment is
safe and efficient in lowering proteinuria in childhood
SRNS, especially ACE, cyclosporine, and MMF were
more prevalent among patients with SRNS than SSNS
[22] For individuals with primary (idiopathic) nephrotic
syndrome, ACE inhibitors are frequently used to control
high blood pressure brought on by faulty kidneys that
result in fluid retention or overload [23].
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Table 1. Demographic characteristics of the study population

Variable Controls SSNS SRNS —value
(n=60) (n=30) (n=30) P
Age, years
Mean£SD 8.86+4.09 8.67t4.27 9.62+3.92 0.620
Range 1.4-15.0 1.3-15.0 1.7-15.0
Gender
Males 45(75%) 24(80%) 21(70%) 0.670
Females 15(25%) 6(20%) 9(30%)
SBP, mmHg
MeantSD 99.75+9.23 109.58+13.08 123.0+15.79 <0.001
Range 90-120 80-140.5 90-150
DBP, nmHg
Mean+SD 65.58+5.83 73.5£11.31 79.97+12.44 <0.001
Range 60-80 40-90 60-100
SSNS = steroid-sensitive nephrotic syndrome; SRNS = steroid-resistant nephrotic syndrome
Table 2. Clinical characteristics of patients with nephrotic syndrome
. SSNS SRNS
Variable (n=30) (n=30) p-value
Disease duration, month
Mean+SD 61.43+43.9 59.37+41.5 0.852
Median 52.0 58.0 ’
Range 6-140 8-132
Medication beside steroid
No medication 22(73.33%) 3(10%) <0.001
ACE 5(16.67%) 13(43.33%) 0.024
Cyclosporine 2(6.67%) 14(46.67%) <0.001
MMF 1(3.33%) 8(26.67%) 0.013
Tacrom 1(3.33%) 3(10%) 0.605

SSNS = steroid-sensitive nephrotic syndrome; SRNS = steroid-resistant nephrotic syndrome; ACE = angiotensin converting enzyme

Table 3. Median serum and urine level of MMP-2 and serum levels of TIMP-1 in SSNS, SRNS patients and controls

Variable Controls(n=60) SSNS(n= 30) SRNS(n=30) p-value
SMMP-2, ng/ml
Mean+SD 186.14+£24.35 322.55+97.28 246.91+89.68 <0.001
Median 193.3 288.05 223.52 ’
Range 121.6-221 152.6-578.5 148.1-496.1
UMMP-2, ng/ml
MeantSD 177.73£20.69 276.34+62.24 200.12+£19.21 <0.001
Median 183.0 2725 198.7 ’
Range 124.28-203.1 182.86-427.3 168.7-261.23

Moreover the results were consistent with [24] who
studied 35 patients with SRNS and gave cyclosporine
to every patient. using cyclosporine Cyclosporine was
originally proposed as a potential therapy for steroid-re-
sistant nephrotic syndrome in 1984. Cyclosporin is a
calcineurin inhibitor that reduces the transcription of
many cytokine genes to decrease immune response.
There have been several studies undertaken up to this
point to identify doses, lengths of therapy, and adverse
effects [25], which noted the Following the adminis-
tration of immunosuppressive regimens containing
cyclosporin, blood pressure rises quickly. Renal and
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systemic vasoconstriction are caused by characteristic
vascular alterations [19].

However, a prior study discovered that steroid-resistant
nephrotic syndrome affected 2 of 18 patients who under-
went MMF treatment. The remaining patients (10 patients)
all met the requirements for SD [26] The first management
of SSNSin children has not yet been studied with MMF. How-
ever, it makes sense to take use of MMF's decreased toxicity
when compared to glucocorticoids and exploit its efficacy
for maintaining remission in the first therapy of SSNS [27].

Last but not least, it was proposed by [28] that TAC
is a useful treatment approach for SRNS, including the
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Table 4. Diagnostic value of SMMP-2, UMMP-2 in the context of discrimination between SSNS and controls

Markers AUC Sensitivity Specificity Cut off value

SMMP-2 0.97 97% 100% 221.82 ng/ml

UMMP-2 0.959 93% 78% 195.3 ng/ml
Table 5. Diagnostic value of SMMP-2, UMMP-2 in the context of discrimination between SRNS and controls

Markers AUC Sensitivity Specificity Cut off value

SMMP-2 0.663 73% 32% 181.19 ng/ml

UMMP-2 0.785 73% 65% 190.41 ng/ml
Table 6. Diagnostic value of SMMP-2, UMMP-2 in the context of discrimination between SSNS and SRNS

Markers AUC Sensitivity Specificity Cut off value

SMMP-2 0.732 93% 60% 244,05 ng/ml

UMMP-2 0.887 83% 73% 213.55 ng/ml

subset of kids who are unresponsive to the existing
therapeutic approaches like cyclophosphamide and
cyclosporine. When high-dose steroids are used as the
initial line of therapy for adults with minimal change
nephrotic syndrome, adverse effects, steroid resistance,
and recurrence are frequent problems. Tacrolimus is a
steroid-free immunosuppressant that is used to less-
en the side effects of prolonged or repeated steroid
therapy [29].

MATRIX METALLOPROTEINASE-2

Serum MMP-2 was significantly higher in SSNS patients
(median= 288.05 ng/ml, range= 152.6-578.5 ng/ml)
than either SRNS patients (median= 223.52 ng/ml|,
range= 148.1-496.1 ng/ml) or controls (median=193.3
ng/ml, range= 121.6-221 ng/ml) as shown in table 3
and fig. 2.

Serum MMP-2 levels were significantly higher in SSNS
patients (median = 288.05 ng/ml) compared to SRNS
patients (median = 223.52 ng/ml) and controls (median
=193.3 ng/ml) (p < 0.001).

Similarly, urine MMP-2 levels were significantly elevat-
ed in SSNS patients (median = 272.5 ng/ml) compared
to SRNS patients (median = 198.7 ng/ml) and controls
(median =183 ng/ml) (p < 0.001).

Similarly, urine level of MMP-2 was significantly
higher in SSNS patients (median=272.5 ng/ml, range=
182.8-427.3 ng/ml) than either SRNS patients (median=
198.7 ng/ml, range= 168.7-261.23 ng/ml) or controls
(median= 183 ng/ml, range= 124.28-203.1 ng/ml) as
shown in fig. 3.

The findings supported [30] whoever discovered MMP-
2.Itappears to be a possible marker to distinguish steroid
sensitivity from resistance since the relative active form
of MMP-2 was dramatically raised in SSNS post-treat-

ment. Matrix metalloproteinases have been linked to the
development of neuropathy in a few studies. According
to Wasilewska and Zoch-Zwierz [31], MMP-2 has both an
active and a proenzyme form. Our investigations sug-
gested that, rather than absolute levels, relative ratios
of both forms may be more useful in identifying SSNS
from SRNS((Tsai et al., 2016). Increases in this ratio may
be advantageous for the clinical response to steroids,
according to molecular weight forms associated with
larger active/proenzyme ratios in SSNS compared to
SRNS post-treatment [32].

Wasilewska & Zoch-zwierz, [31] recorded the
MMP2/TIMP2 ratio in urine sample in NS children
treated with CyA was significantly lower in comparison
with healthy controls this due to the cyclosporine,
tacrolimusdecrease expression of MMP2 [33] as men-
tioned in previous most of SRNS patients was in medic-
tion CyA and tacrolimus less than SSNS Patients ,Cyclo-
sporine inhibits the expression of TIMP-1 in and it may
further reduce the activation of MMP-2 [34]. In con-
trast, control group showed higher level of TIMP-1 (me-
dian=2.36 ng/ml, range=1.62-2.78 ng/ml) than SSNS
patients (median=1.29 ng/ml, range=0.43-1.71 ng/ml)
with a significant difference, and SRNS (median=
1.8 ng/ml, range= 1.4-4.5 ng/ml) with no significant
difference. Of note, the SRNS differs significantly from
SSNS in this regard

The results were comparable to those reported in [35]
There were no discernible variations in the median levels
of serum TIMPs , MMPs and MMPs/TIMPs ratios between
nephrotic patients and controls, while TIMP levels were
rising in the control group. The findings were consistent
with [35] which found a link between the urine MMP-2/
TIMP-1 ratio value in SRSS and the median urinary MMP-
2/Cr ratio (P =.01) and urinary TIMP-1/Cr ratio (P =.02)
values in children with SRNS.
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Fig. 2. Median serum level of
MMP-2 in SSNS, SRNS patients
and controls

Fig. 3. Median urine level of
MMP-2 in SSNS, SRNS patients
and controls

DIAGNOSTIC VALUE OF MMP-2 AND ITS
INHIBITOR
To assess the diagnostic value of MMP-2 and its inhib-
itor, the receiver operating characteristic (ROC) curve
was used. In the context of discrimination between
SSNS and controls, the area under the curve (AUC)
for serum MMP-2 level was 0.97, 95% Cl= 0.912-1.0, p
<0.001. The test’s sensitivity and specificity were 97%
and 100%, respectively, at a cut-off value of serum MM-2
level =221.82ng/mL.The AUC for urine MMP-2 level was
0.959, 95% CI=0.913-1.0, p <0.001.The test’s sensitivity
and specificity were 93% and 78%, respectively, at a
cut-off value of urine MMP-2 level = 195.31ng/ml.
Receiver Operating Characteristic (ROC) curve analysis
revealed that serum MMP-2 had an area under the curve
(AUC) of 0.97, with 97% sensitivity and 100% specificity
for distinguishing SSNS from controls. Urine MMP-2 had
an AUC of 0.96, with 93% sensitivity and 78% specificity.
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For differentiating SSNS from SRNS, urine MMP-2
performed better (AUC =0.89) than serum MMP-2 (AUC
= 0.73). These findings suggest that urinary MMP-2
may serve as a useful biomarker for predicting steroid
responsiveness in nephrotic syndrome (Table 4).

The AUCfor serum MMP-2 was 0.663, 95% Cl=0.522-0.804,
p=0.012inthe context of discriminating between SRNS and
controls.With a cut-off value of 181.19ng/mL for serum MMP-
2, the test’s sensitivity and specificity were 73% and 32%,
respectively. The AUC for the urine MMP-2 level was 0.785,
95% Cl=0.685-0.885, and p 0.001. At a cut-off value of urine
MMP-2 level = 190.41 ng/ml, as shown in table 5, the test’s
sensitivity and specificity were 73% and 65%, respectively.

The AUC for blood MMP-2 level in the context of dif-
ferentiating between SSNS and SRNS was 0.732, 95%
Cl=0.601-0.863, p = 0.002. At a cut-off value of serum
MM-2 level = 244.05ng/mL, the test’s sensitivity and
specificity were 93% and 60%, respectively. The urine
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MMP-2 level’s AUC was 0.887, 95% confidence interval
(C):0.798-0.975, and p 0.001. At a cut-off value of urine
MMP-2 level = 213.55 ng/ml, the test’s sensitivity and
specificity were 83% and 73%, respectively (Table 6).

This Roc analysis result largely concurred with other
research on renal diseases, such as those by Altetam
etal. [36] who disclosed their findings when analyzing
the urine matrix in their study. The optimum cutoff for
MMP?2 in the diagnosis of Chroinc kidney disease has
an area under curve of 0.766, sensitivity of 77.8%, and
specificity of 63.9%. Metalloproteinase activity in dia-
betic kidney disease. The area under the ROC curve for
urine MMP activity was 77%. ROC analysis shows that
estimating MMP activity is more accurate than predict-
ing people with progressing renal disease.

DISCUSSION

Our findings confirm that SRNS patients exhibit signifi-
cantly higher blood pressure levels than SSNS patients,
consistent with prior studies that reported a higher
prevalence of hypertension in SRNS due to increased
sodium retention and chronic steroid exposure.

The significantly elevated MMP-2 levels in SSNS
compared to SRNS suggest a possible role for MMP-2
in predicting steroid responsiveness. Previous studies
have linked MMP-2 to extracellular matrix remodeling
in glomerular diseases, but our study specifically high-
lights its potential in distinguishing SSNS from SRNS [9].

Several studies have shown that cyclosporine and
tacrolimus suppress MMP-2 expression, which may
explain why SRNS patients had lower MMP-2 levels
despite having a more severe disease course [10,11].

This suggests that urinary MMP-2 levels could serve as
a dynamic biomarker for treatment monitoring.

Clinical Implications of MMP-2 Assays [12-15].

Given the high sensitivity and specificity of urinary
MMP-2, it could serve as an early predictor of steroid
responsiveness [16,17], potentially reducing the time
required to determine whether a patient should receive
second-line immunosuppressants [18,19,20].

Additionally, monitoring MMP-2 levels could help
assess disease progression and treatment response
in nephrotic syndrome [21,22,23]. Patients who fail
to show a decline in MMP-2 levels after initial steroid
therapy may require earlier initiation of alternative
immunosuppressive agents [24,25].

Future studies should explore whether serial MMP-2
measurements could guide treatment adjustments and
improve patient outcomes [26].

CONCLUSIONS

Our study demonstrates that serum and urine mmp-2
levels are significantly elevated in ssns compared to
srns and healthy controls. These findings highlight the
potential clinical utility of mmp-2 assays in predicting
steroid responsiveness in pediatric nephrotic syndrome.

Given the high sensitivity and specificity of urine
mmp-2 in differentiating ssns from srns, it may serve as
a non-invasive biomarker for early identification of ste-
roid-resistant patients, thereby guiding treatment de-
cisions and minimizing unnecessary steroid exposure.

Future research should explore longitudinal monitor-
ing of mmp-2 levels to assess treatment response and
predict relapses.
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Modern paradigms of treatment of coronary heart disease:
consistency of opinions of participants in the treatment
process

Maryna M. Dolzhenko', Natalia A. Bilousova', Vasyl M. Mykhalchuk’, Natalia 0. Tkachenko?,

Liudmyla I. Yakovenko'
'SHUPYK NATIONAL HEALTHCARE UNIVERSITY OF UKRAINE, KYIV, UKRAINE
2ZAPORIZHZHIA STATE MEDICAL AND PHARMACEUTICAL UNIVERSITY, ZAPORIZHZHIA, UKRAINE

ABSTRACT

Aim: To study the consistency of opinions of participants in the treatment process of coronary heart disease with comorbid conditions with further analysis of
the quality of pharmaceutical care and development of a strategy for improving interprofessional interaction of pharmacists in integrated care teams.
Materials and Methods: The materials of the study were the results of a survey, conducted among the pharmacists of pharmaceutical stores, patients with
coronary heart disease with comorbid conditions and doctors, according to the specified criteria for providing pharmaceutical care. The following research
methods were used: analysis, deduction, induction, comparison, systematization, generalization, forecasting, statistical and bibliographic.

Results: An intermediately satisfactory level of pharmaceutical care was determined. It was found that the implementation of pharmaceutical care requires the
development of clinical competencies and communication skills of pharmacists with patients and the improvement of requlatory and legal support. Kendall's
consistency coefficient W = 0.85.

Condusions: A sufficiently high level of agreement of opinions (W = 0.85) of doctors, pharmacists and patients regarding the criteria for providing pharmaceutical
care has been reliably confirmed. Directions for the development and improvement of mechanisms for providing pharmaceutical care have beenidentified. Itis
proposed to develop standards for providing pharmaceutical care to patients with coronary heart disease with comorbid conditions in accordance with the ESC/
AHA recommendations and taking into account the compatibility of medicines of different pharmacological groups used to cure the cardiovascular diseases.

KEY WORDS: pharmaceutical care, coronary heart disease, pharmaceutical care criteria, integrated care team, interprofessional interaction, rational

pharmacotherapy

INTRODUCTION

Itis known that the main cause of mortality in the world
among non-communicable diseases is coronary heart
disease (CHD) [1].. The highest incidence and mortality
from CHD among European countries is observed in
Ukraine [2]. It is obvious that during the war in Ukraine,
the incidence of CHD increases under the influence of
stress factors of war and socioeconomic factors [3]. To
address the issues of reducing the incidence of cardiovas-
cular pathologies in the world and improving the quality
of medical care for patients with CHD with comorbid
conditions, the World Health Organization has proposed
patient-oriented interdisciplinary approaches with the
participation of pharmacists as part of integrated care
teams [4]. The clinical guidelines of the American Heart
Association (AHA) and the European Society of Cardiolo-
gy (ESC) also emphasize the interprofessional interaction
of pharmacists as part of integrated care teams including
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doctors of different specialties, nurses, dietitians, medical
psychologists and social workers [5;6] in order to provide
high-quality patient-centered care to patients with car-
diovascular diseases. The International Pharmaceutical
Federation (FIP) has proposed actions to implement
pharmaceutical care at a qualitatively new level with
value-oriented approaches [7]. The Roles and Functions
of Pharmacists in Good Pharmacy Practice (GPP) have
been expanded [8, 9] by transforming pharmaceutical
provision, ensuring the sustainability of pharmacy insti-
tutions [10] with the further integration of pharmacists
into primary health care. The document on regulatory
pharmaceutical policy and practice in Eastern Europe
emphasizes the need to review the critical attitude of
healthcare professionals towards the integration of
pharmacists into primary health care [7]. It is expected
that these actions will improve access to primary health
care in the future.


https://wiadlek.pl/06-2025/
https://www.doi.org/10.36740/WLek/207372
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Under martial law in Ukraine, the population’s access
to primary health care is decreasing due to bombings
and missile attacks on health care facilities, medical
workers (their shortage and professional burnout),
mobilization and other reasons [11]. Conceptually new
approaches to integrating pharmacists into primary
health care and reviewing marketing approaches by
pharmacy business owners with a patient-centered
approach to pharmaceutical care in the health care
structure could improve the population’s access to
medicines. The proposed measures for primary and
secondary prevention, monitoring of pharmacotherapy
and checking the compatibility of prescribed pharma-
cotherapy with medicines would likely contribute to
early diagnostics, disease prevention and adherence
to treatment in patients with coronary heart disease
with comorbid conditions, as emphasized in the EU-
ROASPIRE IV,V observational studies [12, 13] and ESC/
AHA clinical guidelines [14, 15].

At the state level, it is also planned to implement the
outlined measures with conceptually new approaches
[8,9] to the provision of pharmaceutical care to patients
with CHD for the purpose of early diagnostics and pre-
vention of the disease. However, at the sectoral level,
pharmaceutical care for such patients is regulated by
pharmacists’protocols when dispensing medicines that
are subject to reimbursement [16], a significant part of
which is not included in the clinical protocol “Stable
ischemic heart disease” [17] and requires significant
revision [18, 19].

Thus, it is especially relevant in the conditions of
martial law to determine the consistency of opinions of
doctors, patients and pharmacists regarding the quality
of pharmaceutical care for patients with CHD with co-
morbid conditions with the subsequent development
of a strategy for implementing interprofessional inter-
action of pharmacists as part of integrated care teams.

AIM

The purpose of the article is to study the consistency
of opinions of participants in the treatment process of
coronary heart disease with comorbid conditions and
further analysis of the quality of pharmaceutical care
and development of a strategy for improving inter-
professional interaction of pharmacists in integrated
care teams.

MATERIALS AND METHODS

The study was conducted at the Department of Cardiology
of the Shupyk National Healthcare University of Ukraine
using an online survey of doctors, patients and pharma-

cists using Google Forms from April to December 2024.
The questionnaires were distributed via the social network
Facebook, the Viber messenger, communities of general
practitioners of family medicine, the pharmaceutical com-
munity, pharmacy chains “Low Price Pharmacy” (“Apteka
Nyzkykh Tsin"), “We wish you good health” (“Bazhayemo
Zdorovya”), “CE Pharmacy’, “Vitamin”. The questionnaires
for all respondents contained 19 questions each. In this
study, we used 8 questions: 2 of which determined the
age and regional distribution of respondents, 6 questions
determined the criteria for providing pharmaceutical care
and made it possible to find out the consistency of respon-
dents’ opinions regarding the state of pharmaceutical
care for patients with CHD with comorbid conditions.The
answers were ranked from the best to the worst results.
The remaining answers were processed in another study.
The questionnaires were anonymous, previously the sur-
vey participants provided verbal consent, confirmed by
one of the questions in the online survey. A total of 527
questionnaires (331 doctors, 86 patients, 110 pharmacists)
from 23 regions of Ukraine were processed.The study was
attended by general practitioners of family medicine (88%)
and doctors of therapeutic specialties (6%) - cardiologists
and neurologists; patients with CHD with comorbid con-
ditions who participated in the EUROASPIRE IV, V studies;
pharmacists with specializations in “general pharmacy”
(86.4%), “clinical pharmacy” (13.6%). Incomplete ques-
tionnaires were the exclusion criteria. The difference in
indicators was considered significant at the level of the
C195%, p<0.0001.The Kendall agreement coefficient was
calculated using the formula:
_123%  (R-R1)?
n(n2-1)

where W is the Kendall consistency coefficient, R is
the sum of the rank scores for each pharmaceutical care
criterion, R1 is the average value of the sum of the rank
scores, n is the number of pharmaceutical care criteria.

The methods of analysis, deduction, induction, com-
parison, systematization, generalization, forecasting,
statistical and bibliographic were used.

The accumulation, correction, systematization of
information, visualization of results and calculations
were carried out in Microsoft Office Excel spreadsheets.
Statistical processing was carried out using the STATIS-
TICA.13 program.

RESULTS
The average age of respondents was determined as the
following: doctors - 54.5 + 4.0 years; patients - 52.7 +
4.0 years; pharmacists - 43.8 + 4.0 years.

The overall satisfaction of respondents with pharma-
ceutical care provided in pharmacies in the country was
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investigated and includes pharmaceutical provision;
explanations for patients regarding the safe use of med-
icines; promotional offers in pharmacies; attentiveness
and friendliness of pharmacists, etc. (Fig. 1). It should
be noted that patients with ischemic heart disease with
comorbid conditions, in most cases (65.6% [Cl 95% 65.6
+ 0.05, p<0.0001]), are satisfied with the provision of
pharmaceutical care. The majority of doctors noted that
the provision of pharmaceutical care to such patients is
at an intermediate satisfactory level (52.9% [Cl 95% 52.9
+0.03, p<0.0001]). However, pharmacists themselves are
critical of the quality of pharmaceutical care and 43.6% [CI
95% 43.6 £ 0.05, p<0.0001] noted an unsatisfactory level.
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The level of information support for patients with CHD
and comorbid conditions regarding the rational use of
medicines was determined (Fig. 2). In general, doctors
(69.2% [C195% 69.2 + 0.03, p<0.0001]) and pharmacists
(69.1% [Cl 95% 69.1 = 0.04, p<0.0001]) determined a
satisfactory level of information support for patients,
however, according to the patients themselves, infor-
mation support is at a satisfactory (55.8% [Cl 95% 55.8
+ 0.05, p<0.0001]) and moderately satisfactory levels
(57.1% [C1 95% 57.1 £ 0.05, p<0.0001]).

The effectiveness of pharmacists’ responses to pa-
tients’questions was determined (Fig. 3). Overall, phar-
macists (65.5% [C1 95% 65.5 £0.05, p<0.0001]), patients
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(61.6% [C1 95% 61.6 + 0.05, p<0.0001]) and physicians
(33.2% [Cl 95% 33.2 + 0.03, p<0.0001]) were satisfied
with pharmacists'responses to patients’ questions, but
physicians (52.9% [C1 95% 52.9 + 0.03, p<0.0001]) would
like to see better responses from pharmacists and more
responsiveness to patients.

The assessment of the effectiveness of pharmacists
communications with patients regarding the awareness
of patients with CHD with comorbid conditions regard-
ing the safe use and compatibility check of medicines
was documented. Pharmacists (71.8% [Cl 95% 71.8 +

7

0.04, p<0.0001]) and doctors (63.1% [CI 95% 63.1 £ 0.03,
p<0.0001]) noted a moderately satisfactory level of ef-
fectiveness of such communications. However, patients
themselves (53.5% [Cl 95% 53.5 £ 0.05, p<0.0001]) noted
that in half of the cases such support does not occur in
pharmacies and after purchasing medicines, pharmacists
are generally reluctant to provide explanations regarding
the safe intake and use of medicines (Fig. 4).
Respondents were also asked to assess (self-assess)
the clinical competencies of pharmacists when provid-
ing consultations to patients with CHD and comorbid
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Table 1. Ranking of aspects of pharmaceutical care provision by different groups of respondents according to levels of pharmaceutical care quality

Levels of pharmaceutical care provision

Pharmaceutical care criteria

Doctors Rank Patients Rank Pharmacists Rank
Overall satisfaction with pharmaceu-  Moderately satis- . .
. P y 2 Satisfactory 1 Satisfactory 1
tical care factory
Inf ional f pati . M I isfac- .
n orma.tlona support o pg'glents Satisfactory 1 oderately satisfac ) Satisfactory 1
regarding the use of medicines tory
Effectiveness of pharmacists’re- Moderately satis- . .
'p , . y 2 Satisfactory 1 Satisfactory 1
sponse to patients’ questions factory
Effectiveness of communications . .
with patients and education on the Moderately satis- 2 Unsatisfactory 3 Moderately satis- 2
L factory factory
use of medicines
Examlnatloq of clinical competenaes Moderately satis- Moderately satisfac- .
of pharmacists when providing con- 2 2 Unsatisfactory 3
. - factory tory
sultations to patients
Ensuring confidentiality of patient . . .
uring tality of patl Satisfactory 1 Satisfactory 1 Satisfactory 1

medical data

conditions (Fig. 5). After assessing the clinical compe-
tencies of pharmacists, it was determined that doctors
(65.3% [Cl 95% 65.3 + 0.03, p<0.0001]) and patients
(72.1%[C195% 72.1 £0.05, p<0.0001]) noted a mediocre
level of clinical competencies. However, pharmacists’
opinions on this matter were divided. The majority of
pharmacists were very critical of such self-assessment
and believed that the level of clinical knowledge, skills
and abilities was unsatisfactory (42.7% [Cl 95% 42.7 +
0.05, p<0.0001]). The rest of the pharmacists noted a
satisfactory level (37.3% [C1 95% 37.3 + 0.05, p<0.0001])
of their own clinical competencies.

The level of pharmacists’ ensuring of confidentiality
of patients’ medical data was investigated (Fig. 6). All
three groups of respondents: doctors (67.1% [Cl 95%
67.1 £0.03, p<0.0001]), patients (67.4% [Cl 95% 67.4 +
0.05, p<0.0001]) and pharmacists (68.2% [Cl 95% 68.2
+ 0.04, p<0.0001]) assessed the pharmacists’ ensuring
of confidentiality of patients’ medical data satisfactori-
ly. However, all groups of respondents noted that the
confidentiality of medical data could be improved.

Furthermore, the obtained data was ranked accord-
ing to the criteria for providing pharmaceutical care to
patients with CHD with comorbid conditions, different
groups of respondents and levels of quality of pharma-
ceutical care (Table 1).

The calculated Kendall coefficient W = 0.85 indicates
a high result of the consistency of opinions between
doctors, patients and pharmacists for the studied
criteria for the provision of pharmaceutical care. The
statistical significance of the Kendall coefficient W =0.85
was confirmed: x2 = 12.71 at a given confidence level a
= 0.05, which indicates the consistency of opinions of
doctors, patients and pharmacists for most criteria for
the provision of pharmaceutical care. The results ob-
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tained regarding the quality of pharmaceutical care for
patients suffering from CHD with comorbid conditions
indicate the possibilities of developing communications
between pharmacists and patients, the need to devel-
op clinical competencies of pharmacists and improve
information support for patients in terms of the safe
use of medicines by pharmacists.

DISCUSSION

The results of the analysis of scientific data show that
the study of interprofessional interaction in integrated
care teams attracts the attention of researchers from
different countries of the world [20-23]. The study of
the general opinion regarding the criteria for provid-
ing pharmaceutical care of doctors, pharmacists and
patients allows us to identify the main problems that
arise between participants in the treatment process of
CHD with comorbid conditions in modern conditions
of martial law when providing pharmaceutical care.
These criteria are considered as generalized criteria for
providing pharmaceutical care in a systematic review
of 19 randomized clinical trials [24] and a meta-analy-
sis on primary and secondary prevention of strokes in
patients with CHD with atrial fibrillation [22], which are
confirmed by the pharmacoeconomic effectiveness of
pharmacists’ interventions in the process of interpro-
fessional interaction.

The results of the study obtained by us allow us to
determine the general opinion of all respondents for
further development of a strategy for the develop-
ment of interprofessional interaction and integration
of pharmacists into primary health care. This survey
showed the main obstacles that arise in the provision
of pharmaceutical care: insufficient level of commu-
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nication between pharmacists and patients, clinical
competencies of pharmacists and information support
for patients with ischemic heart disease, which includes
the safety of using medicines. The results of our study
are confirmed by the data of a systematic review [25].
The patients themselves who participated in the study
noted that the information provided by pharmaceutical
store pharmacists regarding the proper use of medi-
cines is not always clear and understandable. Accord-
ingly, pharmaceutical store pharmacists are assigned
tasks to develop mechanisms for information support
for patients, which may include paper notes for patients,
development of mobile applications for monitoring
health status and compliance with the medication reg-
imen of patients with CHD with comorbid conditions.

In accordance with the standards of higher education
in the specialty 226 Pharmacy, Industrial Pharmacy
[26], good pharmacy practice (GPP) [8], pharmacists’
protocols [16], pharmacists of pharmaceutical stores
should pay attention to pharmaceutical care, which
includes primary prevention of CHD with comorbid
conditions, such as diabetes mellitus, arterial hyper-
tension and chronic kidney disease. In addition, phar-
macists, in accordance with modern legislation [8;9;16]
and standards of higher education [26], should check
the compatibility of medicines used by patients with
ischemic heart disease, promote their rational use;
monitor adverse reactions; provide information support
on the correct use and storage of medicines in addition
to pharmaceutical provision in order to improve the
population’s access to medicines.

However, in our study, doctors and patients indicate
an intermediately satisfactory level of the listed criteria.
Pharmacists realize that in many cases they do not al-
ways provide such support to patients due to workload
at the workplace, orientation towards pharmaceutical
provision of medicines, marketing agreements of
pharmacy chains with pharmaceutical companies,
promotion of private labels of dietary supplements
in pharmacy chains and insufficient development of
communication skills. The current Ukrainian legisla-
tion has contradictions and needs to be normalized
in accordance with the requirements of the European
Union countries [27]. The quality standards of pharma-
cy services [8] are of a recommended nature, the new
version of the law“On Medicines”[9] comes into force a
year after the end of martial law in Ukraine, and pharma-
cists’protocols [16] do not contain all pharmacological
groups of medicines used by patients with CHD with
comorbid conditions. In addition, electronic health sys-
tems do not allow tracking the entire list of medicines
taken by a patient, so monitoring pharmacotherapy
and checking the compatibility of medicines takes a

lot of time, which makes it impossible to implement
these measures if there are queues in pharmacies. Such
contradictions affect the quality of pharmaceutical
care and remove responsibility for patient safety from
pharmacists and pharmacy business owners regarding
the rational use of medicines. The lack of mandatory
requirements for continuous professional development
of pharmaceutical store pharmacists makes it impos-
sible to develop clinical competencies and requires a
review of approaches to modern regulatory and legal
regulation of pharmacists’activities in Ukraine.

In the world pharmaceutical practice, there is a rapid
transformation and reorientation of pharmaceutical
services, therefore the problems and factors influenc-
ing the quality of pharmaceutical care outlined by us
are also characteristic of other countries of the world
[23, 28-30].

The consistency of opinions (W = 0.85) regarding
the criteria for providing pharmaceutical care in the
structure of medical care for patients with CHD with
comorbid conditions, reliably confirmed by our re-
search, indicates the same understanding between all
participants during the treatment process within the
interprofessional interaction. The shortcomings we
have identified allow us to identify the main tasks for
improving the quality of pharmaceutical care: develop-
ment of communication skills and clinical competencies
of pharmacists, development of information booklets
for patients, development of mobile applications for
monitoring the health status and compliance with the
medication regimen of patients with ischemic heart
disease with comorbid conditions, improvement of the
regulatory field of pharmaceutical care in accordance
with the Law of Ukraine “On Medicines” [9].

CONCLUSIONS

1. A sufficiently high level of agreement of opinions
(W =0.85) regarding the criteria for providing phar-
maceutical care in the structure of medical care for
patients with CHD with comorbid conditions has
been reliably confirmed.

2. The directions for the development of pharmaceu-
tical care have been identified: the development of
pharmacists’ communication skills, clinical compe-
tencies and information support on the rational use
of medicines for patients with CHD with comorbid
conditions, which is confirmed by the results of sys-
tematic reviews and meta-analyses of international
studies.

3. Theneed toimprove the regulatory field of pharma-
ceutical care in accordance with the Law of Ukraine
“On Medicines” has been identified.
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ABSTRACT

Aim: This study aims to evaluate the effectiveness of prolonged Holter monitoring in detecting atrial fibrillation (AF) and other arrhythmias in patients following
ischemic stroke. We seek to establish the optimal duration of monitoring that maximizes detection rates while considering clinical feasibility and cost-effectiveness.
Materials and Methods: We conducted a systematic review of recent literature, analyzing data from randomized clinical trials and observational studies that
assessed the yield of AF detection through various durations of Holter monitoring. Key metrics included detection rates of AF and other relevant arrhythmias,
along with patient outcomes related to therapeutic interventions initiated based on monitoring results.

Conclusions: This review highlights the crucial role of prolonged Holter monitoring, particularly 7-day monitoring, in detecting paroxysmal atrial fibrillation
(AF) among ischemic stroke survivors, especially those with cryptogenic strokes. Extended monitoring significantly improves AF detection, enabling timely
anticoagulation therapy and better stroke prevention. While challenges like patient compliance and cost-effectiveness remain, integrating prolonged Holter
monitoring into standard care could enhance diagnostic accuracy and reduce recurrent stroke risk.

KEY WORDS: Holter monitoring, ischemic stroke, atrial fibrillation, stroke prevention, cardiac arrhythmias, cryptogenic stroke

INTRODUCTION

Atrial fibrillation (AF) is recognized as the most prevalent
cardiac arrhythmia, significantly contributing to the bur-
den of cardiovascular morbidity and mortality worldwide
[1]. The relationship between AF and ischemic stroke is
well-established, as AF is a major risk factor for thrombo-
embolic events that can lead to debilitating strokes [2,
3]. Despite advancements in diagnostic techniques, the
timely detection of AF, particularly in patients presenting
with cryptogenic stroke, remains a formidable challenge
in clinical practice.

Ischemic strokes, which account for a substantial
proportion of all strokes, are characterized by a sud-
den disruption of blood flow to the brain, leading to
neurological deficits [4]. Among the various subtypes
of ischemic stroke, cardioembolic strokes are particu-
larly concerning due to their association with AF [5].
Current estimates suggest that a significant percentage
of ischemic strokes are of undetermined origin, often
classified as cryptogenic strokes [6]. In this context,
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the role of continuous cardiac monitoring, particularly
through Holter monitoring, has garnered increased
attention as a viable strategy for identifying episodes
of AF that may have contributed to the stroke event [3].
Holter monitoring, a non-invasive technique that allows
for continuous recording of electrocardiographic (ECG)
data, has emerged as a critical tool in the assessment
of patients with suspected arrhythmias. The ability of
Holter monitors to capture transient AF episodes is par-
amount in guiding therapeutic decisions and initiating
appropriate anticoagulation strategies to mitigate the
risk of recurrent strokes [3]. However, the efficacy of
Holter monitoring in detecting AF varies significant-
ly with the duration of monitoring, highlighting the
need for prolonged observation periods to enhance
diagnostic yield [7].

In this chapter, we will explore the advancements in Holter
monitoring technology, its clinical applications in the con-
text of ischemic stroke, and the implications of AF detection
for patient management. Through an examination of current
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evidence and guidelines, we aim to elucidate the critical role
of extended cardiac monitoring in improving outcomes for
patients with stroke and potential underlying AF, ultimately
contributing to enhanced stroke prevention strategies.

AIM

The primary aim of this study is to evaluate the effec-
tiveness of Holter monitoring in detecting atrial fibril-
lation (AF) and other arrhythmias in patients who have
experienced ischemic strokes, with a particular focus on
cryptogenic strokes. By examining the diagnostic yield
of various durations of Holter monitoring, this research
seeks to determine the optimal monitoring period
that maximizes the detection of clinically significant
arrhythmias while remaining feasible and cost-effective.

MATERIALS AND METHODS

A comprehensive literature review was conducted
using PubMed and Google Scholar databases to inves-
tigate the use of Holter monitoring in detecting atrial
fibrillation (AF) in ischemic stroke patients. The search
focused on studies published from 2018 onward, while
also considering older key publications. Keywords such
as Holter monitoring, atrial fibrillation, ischemic stroke,
AF detection, and cardiac monitoring were employed to
ensure the identification of relevant articles.

Studies included in the review were selected based on
their relevance to AF detection via Holter monitoring in
ischemic stroke patients, covering a range of study designs
such as clinical trials, observational studies, and systematic
reviews. Recent clinical guidelines from organizations
like the European Society of Cardiology (ESC) were also
consulted to align the review with current best practices.

Studies were excluded if they were not focused on
human subjects, did not use Holter monitoring for AF
detection, or were unrelated to ischemic stroke. Animal
studies, non-peer-reviewed articles, case reports, and
conference abstracts were also excluded. Additionally,
studies in languages other than English were not con-
sidered due to language limitations in data analysis.

This approach ensured a comprehensive and up-
to-date synthesis of the role of Holter monitoring in
ischemic stroke patients.

REVIEW AND DISCUSSION

HOLTER MONITORING: TECHNOLOGY AND
APPLICATIONS

Holter monitoring is a crucial technology in modern
medicine and is indispensable for the diagnosis of

numerous arrhythmias. In recent years, significant ad-
vancements have been made in its development. The
advancement of technology has enabled the creation
of compact, lightweight (approximately 50 g) portable
tape recorders capable of continuously recording over
24 hours of electrocardiographic (ECG) data, capturing
more than 100,000 heartbeats. In comparison, conven-
tional ECG recordings over an equivalent timeframe
would require nearly a mile of ECG paper [8].

The Holter monitor has a wide range of applications,
primarily used for detecting arrhythmias that occur
intermittently and are often not visible on standard
ECG recordings due to their brief duration. However,
it is not suitable for long-term (over 7 days) cardiac
rhythm monitoring, which is better achieved using
external and internal loop recorders and wearable
devices [2].

The diagnostic capabilities of Holter monitoring can
be tailored to specific clinical needs by adjusting the
number of leads utilized. The number of leads in Holter
monitoring plays a significant role in its diagnostic
accuracy and scope [9]. 2 to 3 leads are sufficient to
monitor heart rate and rhythm [10]. In contrast, if the
purpose is to establish the origin of premature beats/
dysrhythmias or tachycardia, then a 12-lead Holter elec-
trocardiography is verry accurate and it can instantly
diagnose supraventricular tachycardia (SVT), ventric-
ular tachycardia (VT), atrial flutter, atrial fibrillation,
monomorphic or PolymorphicVTs, long QT syndrome,
supraventricular premature complexes, ventricular pre-
mature complexes, dominant atrioventricular accessory
pathways, atrioventricular block, right and left bundle
branch block, and left anterior and posterior fascicular
block [9-11].

PATHOPHYSIOLOGY OF ISCHEMIC STROKE
AND CARDIAC IMPLICATIONS

Ischemic strokes represent one of the most critical
global health challenges, being a leading cause of
disability without curative therapies currently available
[4]. According to estimates from 2016, stroke was asso-
ciated with approximately 5.5 million deaths worldwide,
with one-fifth of these deaths attributable to cardiovas-
cular causes [12]. In Poland, ischemic strokes account
for 88% of all strokes, emphasizing their prominencein
clinical practice [5]. These strokes are broadly classified
into lacunar strokes, caused by small vessel disease, and
non-lacunar strokes, which make up the majority. Of the
non-lacunar strokes, approximately 35% are cardioem-
bolicin origin, while 45% are cryptogenic, underscoring
the substantial diagnostic and therapeutic challenges
posed by these subtypes [5].
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Cryptogenic strokes, defined as strokes of undeter-
mined origin, account for an estimated 20-40% of all
ischemic strokes [6]. Paroxysmal atrial fibrillation (AF),
considered the most common underlying cause of
cryptogenic strokes, is associated with a significant risk
of thrombus formation in the left atrium or left atrial
appendage. These thrombi, once dislodged, can travel
to the brain, causing cardioembolic strokes that are
typically more severe and linked to higher morbidity
and mortality compared to other stroke subtypes [3,
13, 14]"URL":"https://www.thelancet.com/journals/
laneur/article/PlIS1474-4422(17. However, paroxys-
mal AF, often referred to as silent AF in the literature,
is particularly difficult to diagnose in ischemic stroke
patients due to its asymptomatic nature. As a result,
detecting this arrhythmia requires advanced and often
prolonged monitoring strategies, as many patients do
not exhibit noticeable symptoms until a major event,
such as a stroke, occurs [15]by using a 7-day Holter ECG
which has proved to be superior to the standard 24-h
recording, and to evaluate the possible association
between brain lesions and arrhythmias. One hundred
and twenty patients with cryptogenic ischemic stroke
underwent clinical and neuroimaging assessment and
were monitored with a 7-day Holter ECG. Analysis of the
rhythm recorded over 7 days was compared to analysis
limited at the first 24 h of monitoring. 7-day Holter
ECG detected AF in 4% of patients, supraventricular
extrasystole (SVEB.

Evidence from the reviewed studies indicates that
device-detected atrial fibrillation (AF) correlates with
stroke risk across a broad range of episode durations in
older adults [16]. Several studies documented that very
short episodes - as brief as 30 seconds or 5 minutes - are
associated with significantly elevated risk, with hazard
ratios ranging from 1.76 to 4.41 and a relative risk near
2.49 [16]. Intermediate durations - typically 1 hour up
to 5.5 hours—are linked with hazard and odds ratios
between 2.11 and 4.2 [16]. Extended episodes, partic-
ularly those exceeding 23 hours, show the highest risk
estimates (odds ratio around 5.00), especially when
considered alongside factors such as the CHA2DS2-
VASc score. [17]

While cardioembolism is a well-established and
extensively documented cause of ischemic stroke,
the intricate relationship between stroke and sub-
sequent cardiovascular events is an area of ongoing
investigation. Emerging data suggest that ischemic
stroke may disrupt the autonomic nervous system,
leading to dysregulation of heart rate and blood
pressure. This autonomic imbalance, characterized
by alterations in sympathetic and parasympathetic
activity, is supported by evidence of impaired heart
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rate variability and increased catecholamine release,
which can affect myocardial receptors [15]by using
a 7-day Holter ECG which has proved to be superior
to the standard 24-h recording, and to evaluate the
possible association between brain lesions and ar-
rhythmias. One hundred and twenty patients with
cryptogenic ischemic stroke underwent clinical and
neuroimaging assessment and were monitored with
a 7-day Holter ECG. Analysis of the rhythm recorded
over 7 days was compared to analysis limited at the
first 24 h of monitoring. 7-day Holter ECG detected
AF in 4% of patients, supraventricular extrasystole
(SVEB. Notably, certain brain regions, including the
insula and temporal and parietal lobes, have been
implicated in the development of new arrhythmias
following stroke [18, 19]. These findings suggest that
brain-heart interactions may play a significant role in
post-stroke cardiovascular complications.

Further complicating the clinical picture is the lack
of a consistent temporal relationship between throm-
boembolic events and arrhythmias, as highlighted by
findings from the TRENDS study [20]. This disconnect
creates diagnostic challenges in identifying the true
cause of ischemic strokes and raises questions about the
mechanistic pathways linking arrhythmias to embolic
events. As a result, the precise causality in many cases of
ischemic stroke remains elusive, emphasizing the need
for additional research to improve diagnostic accuracy
and guide therapeutic decision-making.

In conclusion, ischemic stroke remains a multifacet-
ed clinical entity, with cardioembolic and cryptogenic
subtypes posing significant diagnostic challenges. The
interplay between arrhythmias, embolic mechanisms,
and post-stroke cardiovascular changes underscores
the complexity of stroke pathophysiology. Future stud-
ies are essential to unravel these connections, refine
diagnostic strategies, and optimize patient outcomes.

EVIDENCE SUPPORTING ECG MONITORING
AFTER ISCHEMIC STROKE

After an ischemic stroke, one of the primary objectives
in patient management is to prevent recurrent stroke.
Achieving this goal necessitates identifying the under-
lying cause of the stroke. In cases of cryptogenic stroke,
stroke specialists often suspect that a significant pro-
portion of these events are caused by subclinical atrial
fibrillation (AF) [1]. Detecting AF is crucial, as it allows
the timely initiation of oral anticoagulation therapy,
which has demonstrated a highly favorable therapeu-
tic effect in significantly reducing the risk of recurrent
stroke. The detection of AF relies on cardiac rhythm
monitoring through devices capable of recording elec-
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Table 1. Comparison of AF detection rates across dif-
ferent monitoring durations [22-25]

Monitoring Duration AF Detection Rate

24-Hour Holter 1-6%
48-Hour Holter 5-10%
7-Day Holter 10-15%
30-Day Event Monitoring 25-50%

trocardiographic (ECG) data. Early identification of AF
is therefore pivotal forimproving patient outcomes [3].

Several methods are available for detecting atrial
fibrillation, including standard ECG at hospital ad-
mission, serial in-hospital ECG recordings, telemetry,
inpatient or outpatient Holter monitoring, and external
ambulatory ECG recorders, such as wearable devices
orimplantable loop recorders (ILRs) [21]. Each of these
techniques offers unique advantages and limitations,
presenting a significant challenge in clinical practice
regarding the selection of the most appropriate method
for individual patients [8].

Alternative strategies to improve AF detection include
prolonged Holter monitoring, telemetry-based ECG,
and patient-activated external recorders. While these
methods offer non-invasive or minimally invasive solu-
tions, their accessibility and availability remain inade-
quate in many healthcare settings [8]. Expanding access
to advanced monitoring technologies could greatly
enhance the ability to identify AF and improve the care
provided to patients following ischemic stroke [21].

Implantable monitoring devices, while highly effec-
tive for long-term monitoring and the detection of AF,
are associated with invasive procedures and higher
costs. These factors often limit their use to select pa-
tient populations [21]. In contrast, Holter monitoring
is a non-invasive, widely accessible, and cost-effective
method. However, its optimal application for stroke
patients remains a topic of ongoing debate [6]. Efforts
to enhance its utility focus on determining the most
effective duration and protocol to maximize AF detec-
tion while maintaining feasibility and cost-efficiency [8].

Despite guideline recommendations advocating for
prolonged ECG monitoring, typically 48-72 hours, many
clinical practices still rely on 24-hour Holter monitoring.
This standard approach significantly limits the detection
of paroxysmal AF in stroke patients, potentially missing
cases that could benefit from therapeutic intervention.
[3]Implantable loop recorders are considered the most
effective option for detecting subclinical AF due to
their ability to monitor cardiac rhythm over extended
periods. However, their widespread implementation is
constrained by their invasive nature and high cost [21].

In conclusion, the choice of an optimal monitoring
method for AF detection in stroke patients must bal-
ance efficacy, accessibility, and patient safety (Table1).
Non-invasive methods, such as extended Holter mon-
itoring, hold promise as cost-effective and practical
solutions. However, improving the availability of ad-
vanced techniques, such as wearable ECG recorders or
implantable devices, may further enhance diagnostic
accuracy and enable timely therapeutic interventions,
ultimately reducing the risk of recurrent stroke.

EXTENDED MONITORING WITH HOLTER
EXAMINATION

The detection of atrial fibrillation (AF) in stroke survi-
vors remains a critical challenge, particularly due to the
limited effectiveness of short-term cardiac monitoring.
Evidence suggests that standard 24-hour Holter moni-
toring demonstrates a relatively low detection rate for
AF, identifying arrhythmias in only 1-2% of patients.
For instance, Jabaudon et al. reported a detection rate
of 5% with 24-hour Holter monitoring, while extend-
ing the monitoring duration to seven days identified
an additional 5.7% of cases [6, 26]. This highlights the
limitations of short-term monitoring and underscores
the value of extended observation periods.

Numerous studies have consistently demonstrated
that the yield of AF detection increases with prolonged
cardiac rhythm monitoring. However, despite this clear
trend, the optimal maximum duration of monitoring
remains uncertain [21]. Prolonged monitoring carries
potential resource and cost-effectiveness implications,
particularly given diminishing returns with excessively
extended durations. Current guidelines recommend a
minimum of 24 hours of cardiac monitoring following
a stroke, but extended monitoring for durations ex-
ceeding 48 hours is strongly suggested, particularly
in patients with ischemic stroke or transient ischemic
attack (TIA) of undetermined origin [27].

Randomized clinical trials further emphasize the ben-
efits of extended cardiac monitoring. Longer durations
significantly increase AF detection rates compared to stan-
dard practices. For example, one randomized study found
that in patients aged 55 years or older with cryptogenic
ischemic stroke or TIA within the previous six months, AF
lasting at least 30 seconds was detected in 16.1% of those
monitored with a 30-day event recorder versus 3.2%in the
standard monitoring group. This finding, supported by a
95% confidence interval (Cl) of 8.0-17.6% and a p-value of
<0.001, underscores the value of prolonged monitoringin
identifying clinically significant arrhythmias [5].

Ambulatory 7-day Holter monitoring has emerged as
a particularly effective approach for detecting previous-
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ly unidentified AF. Among patients with embolic stroke
of undetermined source (ESUS), this method detected
AF in 6.8% of cases (95% Cl: 4.1-11.1%), compared
to standard 24-hour Holter monitoring. Notably, the
median time to the first documented episode of AF
during 7-day monitoring was approximately 50 hours,
emphasizing the importance of extending monitoring
beyond the standard 24-hour period [28].

Prolonged monitoring also outperforms guide-
line-recommended 72-hour recording durations. For
instance, three 10-day Holter recordings yielded higher
detection rates for AF compared to standard proce-
dures. Furthermore, intermittent 21-day ECG screening
demonstrated superiority over 48-hour Holter monitor-
ing, with detection rates of 11.4% vs. 2.8% (p=0.001)
[21, 29]. Transtelephonic ECG monitoring represents
another effective alternative, identifying paroxysmal
AF in 9.2% of patients following a recent stroke or TIA
who had negative 24-hour Holter results.

Repeated Holter monitoring also offers substantial
benefits. In patients aged 60 years or older with recent
strokes, repeated monitoring identified AF in 14% of
cases compared to 5% with a single round of monitor-
ing (p=0.002) [21, 30]. Similarly, 14-day ECG patches
demonstrated superior detection rates for cardiac ar-
rhythmias compared to 24-hour Holter monitoring, with
detection rates of 69.9% vs. 21.7%, respectively. Another
study found that 66% of patients with paroxysmal AF
were diagnosed using a 14-day ECG patch, compared
to only 9% with 24-hour Holter monitoring [7, 31].

The current guidelines do not specify which sub-
groups of stroke patients should undergo extended
cardiac monitoring, highlighting the need to identify
high-risk populations [27]. Such targeted strategies
could optimize resource utilization and improve pa-
tient outcomes. Notably, age serves as a significant
demographic factor, as older patients are more likely to
experience cardiac arrhythmias, such as atrial fibrillation
(AF), which are more easily detected through prolonged
monitoring. Studies have indicated that older adults
present with more comorbidities, including hyperten-
sion and heart failure, thus enhancing the diagnostic
yield of Holter monitoring [32]. Moreover, clinical
characteristics significantly impact the effectiveness of
Holter monitoring. Patients with symptomatic arrhyth-
mias, especially those presenting with palpitations or
unexplained syncope, show higher rates of relevant
arrhythmia detection [33]. Extended monitoring has
proven especially useful in post-procedural settings,
where arrhythmic events are common due to under-
lying cardiomyopathies or recent surgeries, leading
to improved diagnostic outcomes [34]. Furthermore,
the evaluation of patients with cryptogenic stroke
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has highlighted a higher detection rate of AF in those
who received prolonged monitoring, emphasizing
the importance of targeted monitoring in high-risk
populations [23].

Although initial evidence suggests the potential util-
ity of biomarkers, including brain natriuretic peptide
(BNP), left atrial diameter (LAD), and the frequency of
atrial premature contractions (APCs), their routine usein
clinical practice is not yet fully justified. These biomark-
ers may, however, provide critical insights to guide de-
cisions regarding extended cardiac monitoring. Further
research is needed to validate their clinical applicability
and establish standardized protocols. In patients with
transient ischemic attack (TIA) or cryptogenic stroke,
prolonged ECG monitoring lasting beyond 48 hours is
strongly recommended, ideally initiated during hos-
pitalization [21]. Supplementing inpatient monitoring
with outpatient follow-up can significantly improve
AF detection rates, facilitating timely therapeutic in-
terventions. Notably, the identification of arrhythmias
lasting at least 30 seconds should prompt the initiation
of anticoagulant therapy [21].

LONG-TERM MONITORING WITH A HOLTER
RECORDER

The detection of atrial fibrillation (AF) long after an isch-
emic stroke does not necessarily indicate that the prior
stroke was caused by subclinical AF, as the likelihood of
developing arrhythmias increases with age [21]. Never-
theless, long-term cardiac rhythm monitoring appears
critical in this patient population to identify potential
episodes of paroxysmal AF that might have clinical
relevance. While standard 24-hour Holter monitoring
remains a valuable tool, its effectiveness in detecting
paroxysmal AF is limited [29]. Emerging technologies,
such as ambulatory devices and implantable rhythm
recorders, offer greater detection efficacy due to their
capacity for prolonged monitoring, significantly en-
hancing the identification of arrhythmias [7].

Extended monitoring approaches, including teleme-
try and implantable loop recorders (ILRs), have demon-
strated particular efficacy in detecting AF in patients
with cryptogenic stroke [29, 35, 36]. These methods
are especially beneficial for high-risk patients, such as
those with elevated CHA,DS,-VASc scores, as they en-
hance the likelihood of capturing clinically significant
arrhythmias [7, 371:

Despite the effectiveness of extended monitoring, al-
ternative methods, such as implantable loop recorders,
offer even higher sensitivity. However, these techniques
are less accessible and may not be cost-effective for
routine use [21]. The 7-day Holter ECG remains a non-in-
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vasive, cost-efficient, and practical approach, providing
substantial benefits in AF detection rates. This method
allows for timely therapeuticinterventions, particularly
anticoagulation, which is critical for reducing the risk
of recurrent strokes [38].

COST-EFFECTIVENESS AND ECONOMY OF
HOLTER MONITORING

Extended Holter monitoring in low-resource healthcare
settings faces numerous operational and technical
limitations that hinder its effective implementation. A
major challenge is resource scarcity—many facilities
lack adequate funding, trained personnel, and infra-
structure to support the use of such devices [39, 40].
Access to advanced devices, such as 14-day adhesive
patch monitors, is often limited, and standard Holter
monitors may not support extended durations, reduc-
ing diagnostic yield [27].

Patient compliance is another issue, as wearing de-
vices for prolonged periods can interfere with daily
life, particularly in environments where comfort and
privacy are limited [41, 42]. Cost also presents a barrier
- while some newer systems aim to be cost-effective,
setup, maintenance, and follow-up expenses remain
prohibitive for many facilities [43-45].

On the technical side, data quality and reliability can
suffer due to motion artifacts or equipment malfunc-
tion, especially in settings where device maintenance
is deprioritized (Tsukada et al., 2019; Dagan & Me-
chanic, 2020) [46, 47]. Even with extended monitoring
durations, diagnostic sensitivity is limited; short-term
Holter devices often miss infrequent or asymptomatic
arrhythmias, and even extended systems may not reli-
ably detect paroxysmal AF [48-50].

Additionally, interpreting complex monitoring data
requires specialized expertise, which is often lacking in
low-resource environments, leading to underutilization
of the technology [32, 44]. The lack of real-time feed-
back further complicates care, as most devices are de-
signed for retrospective analysis, delaying interventions
for acute events. [46] Finally, infrastructure challenges,
including unreliable electricity and frequent power out-
ages, pose logistical difficulties for maintaining device
functionality [43, 51].

The cost-effectiveness of 7-day ECG Holter monitoring
compared to implantable loop recorders (ILRs) for atrial
fibrillation (AF) detection depends on diagnostic yield,
patient characteristics, and long-term outcomes [52,
53]. While 7-day Holter improve detection rates over
standard 24-hour monitoring, with yields reported
between 10% and 15% [52], ILRs—capable of continu-
ously monitoring cardiac rhythms for up to three years

- offer significantly higher yields, particularly in patients
with intermittent or asymptomatic AF [23, 54]. Studies
indicate that ILRs can consistently identify AF in various
clinical contexts, including in post-stroke patients, with
detection rates ranging from 25% to as high as 50%,
depending on the population studied [53, 55].

Although Holter monitors are more accessible and
less costly upfront, they may miss critical AF episodes,
potentially leading to expensive downstream complica-
tions like stroke [52]. In contrast, ILRs have higher initial
costs due to implantation, but their continuous moni-
toring facilitates early detection and timely initiation of
anticoagulation, lowering the risk of recurrent strokes
[56]. Studies report favorable cost-effectiveness ratios
for ILRs - between $15,000 and $25,000 per quality-ad-
justed life year (QALY) - which fall well within accepted
thresholds for healthcare interventions [52].

ILRs also offer clinical advantages beyond detection.
Research shows that patients monitored with ILRs are
more likely to initiate anticoagulation therapy in a timely
manner, significantly reducing stroke risk [23]. Addition-
ally, continuous monitoring enables real-time treatment
adjustments, unlike Holter monitors which only provide
brief snapshots of cardiac activity [55, 571. ILRs may also
reduce the need for frequent follow-up visits, as the
actionable data they generate supports more proactive
clinical decisions, potentially lowering hospitalization
rates and associated healthcare costs [58].

RECOMMENDATIONS AND FUTURE
DIRECTIONS

Transitioning from 24-hour to 7-day Holter monitoring
demonstrates both clinical and cost-effectiveness ben-
efits in the diagnostic evaluation of cardiac arrhythmias.
Clinically, extended Holter monitoring significantly
increases the detection rates of paroxysmal atrial fibril-
lation (AF) and other arrhythmias, particularly in high-
risk populations, such as those experiencing cerebral
ischemia. Research indicates that 7-day monitoring can
nearly double the proportion of patients diagnosed
with AF compared to standard 24-hour monitoring,
which allows for timely anticoagulant treatment and
potentially averts recurrent strokes [23].

From a cost-effectiveness perspective, the implemen-
tation of 7-day Holter monitoring has been shown to
be economically beneficial. The extension leads to the
identification of additional new cases of AF that require
anticoagulant therapy, ultimately resulting in decreased
overall healthcare costs due to stroke prevention
and related complications [45]. Furthermore, studies
suggest that while the additional costs of extended
monitoring should be weighed against the clinical
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benefits, the long-term savings from prevented strokes
and hospitalizations make it a valuable investment in
patient management [45, 59].

The transition from standard clinical assessments to
the incorporation of novel biomarkers and advanced
imaging techniques offers a promising enhancement
in accurately identifying patients who could significant-
ly benefit from extended Holter monitoring. Recent
studies have evaluated specific biomarkers such as
symmetric dimethylarginine (SDMA) in predicting un-
recognized atrial fibrillation (AF) among ischemic stroke
patients. For instance, Hannemann et al. [60] elucidated
that elevated levels of SDMA could be indicative of
increased risk for AF, highlighting that targeted moni-
toring of patients with high SDMA could lead to timely
identification of arrhythmias that standard assessments
might overlook. This suggests a tailored approach to
monitoring, where patients presenting with higher lev-
els of SDMA benefit from extended Holter monitoring
over the conventional 24-hour assessment.

Advanced imaging techniques, particularly echocar-
diography, complement the utility of biomarkers in
stratifying risk for AF and improving monitoring pro-
tocols. Imaging can reveal structural heart abnormal-
ities that predispose individuals to atrial arrhythmias.
Recent meta-analyses indicate that enhanced imaging
in conjunction with Holter monitoring increases the
detection rates of paroxysmal AF, which is critical giv-
en that standard monitoring tools often only capture
sustained AF events [23, 28].

For example, Huang et al. [61] highlighted that in-
tegrating echocardiographic assessments with long-
term electrocardiographic monitoring led to improved
identification of AF in stroke patients, emphasizing the
complexinterrelationship between structural heart dis-
ease and arrhythmia risk. This combined approach can
lead to a more comprehensive risk stratification model,
allowing healthcare providers to implement preventive
strategies more effectively.

CONCLUSIONS
This comprehensive review underscores the critical role
of prolonged Holter monitoring in the early detection of
atrial fibrillation (AF) among ischemic stroke survivors,
particularly those with cryptogenic strokes. Our analysis
of current literature reveals that standard 24-hour Holter
monitoring significantly underperforms when compared
to extended monitoring periods, with 7-day monitoring
emerging as notably more effective in identifying parox-
ysmal AF. This enhanced detection capability is pivotal,
considering the established link between AF and an
increased risk of recurrent ischemic strokes.
Importantly, our findings advocate for a paradigm
shift in clinical practice, suggesting that the adoption
of prolonged monitoring protocols could substantially
improve stroke prevention strategies. Specifically, moni-
toring durations extending beyond 48 hours - ideally up
to 7 days - have been shown to optimize AF detection,
thereby enabling timely initiation of anticoagulation
therapy to mitigate the risk of secondary stroke events.
However, despite the compelling evidence sup-
porting the utility of extended Holter monitoring, its
implementation is not without challenges. Issues such
as patient compliance, resource allocation, and cost-ef-
fectiveness remain pertinent concerns that necessitate
further investigation. Additionally, the exploration of
emerging technologies and novel biomarkers presents
an exciting frontier that could enhance the precision
and efficiency of AF detection in post-stroke patients.
In conclusion, our review strongly supports the
integration of prolonged Holter monitoring into the
standard of care for ischemic stroke patients, particu-
larly those with an elusive AF diagnosis. Future research
should aim to address the operational barriers to wide-
spread adoption and explore innovative solutions that
could further refine and personalize monitoring proto-
cols. By doing so, we can improve diagnostic accuracy,
optimize patient outcomes, and ultimately reduce the
global burden of stroke.
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ABSTRACT

Aim: The development of a multifunctional prosthetic and rehabilitation center with an innovative educational component for patients with limb amputations.
Materials and Methods: The authors analyzed contemporary literature sources, including descriptions and discussions of the key aspects of developing a
multifunctional prosthetic and rehabilitation center for patients with limb amputations.

Conclusions: A modern multifunctional prosthetic and rehabilitation center with an innovative educational component implements a multimodal approach
to habilitation and rehabilitation of patients with amputated limbs. This approach encompasses medical-therapeutic interventions, functional physical reha-
bilitation, psychosocial support, and a mandatory comprehensive educational preparation program for patients. The development of such multidisciplinary
centers significantly expands the spectrum of opportunities for effective rehabilitation and subsequent social reintegration of patients into society. The stra-
tegic objectives of these centers correlate with global priorities of the healthcare system and align with the integrated medical care model paradigm, which
organically combines primary and specialized levels of medical service provision. The strategic objectives of these centers align with the global healthcare
priorities and correspond to the paradigm of an integrated healthcare model, which organically combines primary and specialized levels of medical service
provision. Implementing a comprehensive approach that integrates accessible therapeutic and preventive services, high-tech rehabilitation methods, and
preventive medical supervision enables the Center to not only improve individual health indicators and quality of life for patients with amputations but also
achieve broader public health objectives, including reducing the economic burden on healthcare systems associated with suboptimal medical rehabilitation

services for individuals with disabilities due to amputations.

KEY WORDS: amputation, artificial limbs, rehabilitation, rehabilitation centers

INTRODUCTION

Limb loss due to combat-related trauma represents a
critical public health and medical challenge in multiple
global contexts. According to the Limb Loss and Am-
putation Center in the USA, between 2001 and 2017,
at least 1,718 military personnel experienced one or
more limb amputations (excluding digit amputations).
Notably, approximately 31% of these service members
sustained two or more amputations, with explosive
injuries accounting for 73% of such cases [1, 2].

In Ukraine, the significance of this medical issue has
dramatically escalated with the onset of hostilities in
2014, precipitated by Russian aggression in Eastern
Ukraine. Epidemiological investigations reveal that
62,5% of injuries sustained by Anti-Terrorist Operation
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(ATO) and Joint Forces Operation (JFO) participants in-
volve limb trauma [2]. High-energy weaponry emerges
as the primary causative factor, with mine and explo-
sive-related injuries responsible for 74,8% of amputa-
tions. Despite improvements in medical intervention
strategies, amputation rates remain relatively elevated
at approximately 4% (168 cases) [3].

In Ukraine, traumatic injuries sustained during mil-
itary operations, as well as during aerial attacks and
missile strikes on residential and industrial buildings,
have become a major concern in terms of both signifi-
cance and the number of amputations.

Lower limb amputation is a life-altering event that
significantly impacts physical function, health, quality
of life, and psychosocial well-being. Lower limb ampu-
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tations account for 94,8% of all amputations, whereas
upper limb amputations constitute only 5,2% [3]. Trau-
matic lower limb amputations commonly occuramong
younger individuals, posing unique professional and
psychosocial challenges compared to lower limb am-
putations in older adults caused by peripheral arterial
disease or diabetes mellitus.

The necessity of improving healthcare services at all
stages of treatment and rehabilitation, as well as de-
veloping clear algorithms based on the experience of
leading NATO countries, remains a critical and urgent
task. In the United States, for example, a veteran am-
putation prevention program has been established to
prevent or delay limb loss [4].

Prosthetic rehabilitation has demonstrated its effec-
tiveness not only in the physical domain—specifically,
improving mobility and functional independence—but
also in mental health, as it often reduces social isola-
tion and enhances patients’ self-confidence. Recent
studies emphasize the importance of accessible and
high-quality rehabilitation as a global public health
priority aimed at supporting societal independence
and productivity [5]. By investing in specialized centers,
healthcare systems can enhance the quality of life for
individuals with amputations and facilitate their full
reintegration into society.

The demand for specialized rehabilitation services for
individuals with amputations in Ukraine is a pressing
healthcare issue due to the recent surge in war-related
amputations. Military injuries generate a high demand
for specialized care as they frequently result in complex
physical and psychological consequences. Research
indicates that timely and specialized rehabilitation
significantly improves quality of life and functional
independence among war survivors [6].

The socioeconomicimpact of limb loss is substantial,
as individuals with amputations often face decreased
employment opportunities and greater dependence
on family or social support services, creating economic
strain. Numerous studies have quantified the financial
consequences of untreated or inadequately treated
amputations, demonstrating that comprehensive re-
habilitation can reduce these costs and facilitate the
return of individuals to economic productivity [7, 8].

According to recent health statistics [9], individuals
with amputations encounter significant barriers to em-
ployment [10], social integration [11, 12], and mental
health stability [13, 14]. Addressing these challenges
through the establishment of a rehabilitation center
can mitigate socioeconomic costs and support the
reintegration of both veterans and civilians into society.

The United States Department of Veterans Affairs
has developed clinical guidelines for post-amputation

medical care, which include the involvement of multi-
disciplinary teams. These teams comprise specialists
from various medical and rehabilitation disciplines,
such as surgeons, physiotherapists, occupational ther-
apists, prosthetists, social workers, psychologists, and
others [15].

The International Society for Prosthetics and Orthotics
(ISPO) has attempted to standardize key indicators of
successful prosthetic rehabilitation. Studies indicate
that while physical functioning is often emphasized,
psychological and social aspects of the patient experi-
ence tend to be overlooked [4].

The World Health Organization (WHO) initiative “Re-
habilitation 2030,"announced in 2019, underscores that
rehabilitation should be an integral part of universal
health coverage, ensuring access to essential services
for all individuals, regardless of socioeconomic status
[15].

Rehabilitation following war-related traumatic limb
loss often requires a multidisciplinary approach, encom-
passing physical rehabilitation, psychological support,
and vocational training [16-19]. These services not only
aid individuals in restoring physical independence
but also alleviate the overall burden on mental health
services.

Developing and implementing the concept of a
multifunctional prosthetic and rehabilitation center
is a crucial task for Ukraine, particularly in the context
of war, which has dramatically increased the number
of individuals with amputations. These patients often
face multifaceted challenges encompassing physical,
psychological, social, and economic dimensions. Limb
amputation is not only a medical issue but also a signif-
icant social challenge, as it affects patients’ability to se-
cure employment, integrate into society, and meet basic
needs. The Center will serve not only as a treatment
facility but also as a platform for innovation, education,
and social integration, ensuring high-quality service
delivery in accordance with international standards.

AIM

The aim of the review was to substantiate the neces-
sity of establishing a multifunctional prosthetic and
rehabilitation center and to develop the conceptual
framework for its operation.

MATERIALS AND METHODS

The authors conducted an extensive analysis of contem-
porary scientific literature, international rehabilitation
standards, and guidelines provided by organizations
such as the World Health Organization (WHO), the Inter-
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national Society for Prosthetics and Orthotics (ISPO), and
the United Nations Convention on the Rights of Persons
with Disabilities. The research methodology included a
systematic review of global practices in prosthetic reha-
bilitation, case studies of multidisciplinary rehabilitation
centers, and an assessment of socio-economic impacts
related to limb loss and rehabilitation interventions.

A combination of qualitative and quantitative re-
search approaches was employed to evaluate the
effectiveness of different rehabilitation models, with a
specific focus on integrated care, assistive technologies,
and the role of psychological and vocational rehabili-
tation. Additionally, comparative analysis was used to
assess the applicability of international rehabilitation
models in the Ukrainian healthcare context.

ETHICS
The preparation of the article adhered to the principles
of scientific ethics and academic integrity.

REVIEW AND DISCUSSION

The development and implementation of the concept
of a Multifunctional Prosthetic and Rehabilitation Cen-
terisan urgent task for Ukraine, especially in the context
of war, which has significantly increased the number
of individuals with amputations. These patients face
multidimensional challenges encompassing physical,
psychological, social, and economic aspects.

According to the World Health Organization (WHO)
[20], rehabilitation is a key element in health restoration,
particularly for patients with traumatic injuries. In con-
flict-affected countries, the absence of effective rehabil-
itation services often results in long-term public health
and economic consequences. In Ukraine, the need for
specialized care for individuals with amputations is
particularly acute due to the increasing incidence of
such cases among both military personnel and civilians.

Under wartime conditions, rehabilitation must ex-
tend beyond physical assistance. It should include
psychological support, vocational training, and social
reintegration opportunities. The experience of other
countries that have endured armed conflicts, such as
Israel, underscores the importance of a comprehen-
sive approach to the rehabilitation of individuals with
amputations. For example, at the Sheba Rehabilitation
Centerinlsrael [21], innovative prosthetic solutions are
actively implemented, significantly improving patients’
quality of life.

Ukrainian legislation, particularly the Law on Reha-
bilitation in Healthcare [22], defines the principles of a
multidisciplinary approach, integrating medical, social,
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and psychological support. However, the healthcare
system in Ukraine faces significant limitations, includ-
ing outdated infrastructure, insufficient funding, and a
shortage of qualified personnel.

A Multifunctional Rehabilitation Center could serve
as the foundation for the development of modern
rehabilitation medicine in Ukraine. It would not only
provide treatment for individuals with limb loss but also
serve as a scientific hub for introducing innovations in
prosthetics. Integrating advanced technologies, such as
bionic prosthetics and digital telemedicine platforms,
offers new possibilities for enhancing rehabilitation
quality. Studies [23] demonstrate that bionic prosthetics
with artificial intelligence integration provide greater
functionality and adaptation for patients.

Additionally, the center would play an educational
role, offering training programs for healthcare profes-
sionals and patients, thereby contributing to the long-
term sustainability of the rehabilitation system.

Special attention should be given to family mem-
bers of amputees, who often encounter difficulties in
providing care. Educational programs for relatives can
help create a supportive environment for patients, a
factor confirmed by studies published by the American
Psychological Association [24].

A WHO report from 2019 [25] highlights the signifi-
cant gaps in the accessibility of prosthetic rehabilita-
tion services, particularly in low- and middle-income
regions, where limited infrastructure and funding
constrain specialized care.

Current health indicators reveal a high incidence of
comorbidities among individuals with untreated am-
putations. Lack of prosthetic rehabilitation exacerbates
theseissues, leading to secondary health complications,
such as cardiovascular diseases, due to reduced physical
activity. Recent research [26] highlights that compre-
hensive rehabilitation significantly reduces these risks.
However, without adequate funding and infrastructure,
these services remain inaccessible to many.

The Ukrainian healthcare system and rehabilitation
infrastructure may not be sufficient to meet the needs
of the growing number of amputees [27]. Financial
constraints represent a major barrier to prosthetic reha-
bilitation, as current healthcare budgets often prioritize
emergency care over long-term rehabilitation. WHO
emphasizes the funding gap between acute care and
rehabilitation services [28], underlining the necessity
for dedicated financial resources to support compre-
hensive prosthetic rehabilitation.

Analyses [29] indicate that rehabilitation systems ben-
efit significantly from international partnerships [30],
which facilitate the implementation of cutting-edge
technologies and training programs.
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The regulatory framework for prosthetics varies sig-
nificantly across regions, impacting the standardization
of care. In many countries, the lack of clear clinical
guidelines for prosthetic services leads to inequities
in quality and accessibility. The development of stan-
dardized protocols is essential for ensuring consistent,
high-quality care for patients. Ukraine’s healthcare
system may require updated regulations and additional
funding to meet the increasing demand for prosthetic
rehabilitation.

The analysis of the current situation reveals both high
demand and a shortage of prosthetic rehabilitation
services. Addressing these issues requires targeted
investment in infrastructure, funding, and regulatory
standards to ensure access to rehabilitation for all in-
dividuals with limb loss.

The primary goal of establishing the Center in Ukraine
is to improve the health and well-being of individuals
who have undergone limb amputations, as well as to
provide education and training for them and their fam-
ilies. Achieving this goal entails addressing a range of
pressing healthcare needs, including improving access
to rehabilitation services, reducing the frequency of
post-amputation complications, and enhancing overall
quality of life. The main task of the center is to improve
the health and functional capacity of individuals with
amputations, particularly military personnel. Studies
show that comprehensive, trauma-focused rehabili-
tation improves long-term functional outcomes and
mental health in patients with combat-related injuries
[31, 32]. The Center’s activities can be directed toward
providing high-quality, personalized care, focused on
restoring independence, mobility, and psychological
resilience among patients.

A key objective of this concept is to increase the avail-
ability of services for individuals with amputated limbs.
Research on the WHO Rehabilitation Initiative launched
in 2019 [15] highlighted the need for universal access to
rehabilitation services to improve healthcare, empha-
sizing that all people, regardless of origin, should have
access to necessary resources for optimal functioning
and quality of life.

The Center’s tasks include facilitating access to
specialized care, ensuring timely treatment to reduce
secondary complications, and enhancing the psycho-
logical resilience of patients. Research emphasizes that
achieving these outcomes requires immediate rehabil-
itation and psychological support [33].

Multifunctional prosthetic rehabilitation centers with
an innovative educational component are becoming
an integral part of modern medicine. They offer a com-
prehensive approach to rehabilitation, which includes
medical, physical, and psychological support, and ed-

ucational training for patients with amputations. The

development of such centers creates new opportunities

for patient rehabilitation and social integration.

The Center’s goals align with global health priorities,
providing an integrated, holistic model of care that
combines primary and specialized medical services.
The combination of accessible services, advanced tech-
nologies, and preventive care will enable the Center to
contribute not only to individual health improvements
but also to broader public health objectives, reducing
healthcare costs associated with amputations due to
inadequate or insufficient treatment of individuals with
disabilities.

The Center will provide comprehensive prosthet-
ics and rehabilitation services, combining advanced
technologies, a personalized approach, and multidis-
ciplinary collaboration. The Center will also function as
a platform for education, research, and social integra-
tion, facilitating the return of patients to an active and
independent life.

The main components of the Center include:

1. Medical and Rehabilitation Services. The Center
will offer specialized medical services related to
the recovery of patients following prosthetic fitting,
rehabilitation services, and psychological support,
focusing on the individual needs of each patient.
Key services will include:

+ Assessment and Diagnosis: A comprehensive
evaluation of both the physical and psychologi-
cal condition of patients is crucial for successful
prosthetic rehabilitation.

+ Prosthetics and Customization: Improving flex-
ibility, mobility, and user satisfaction, especially
with bionic limbs.

+ Physical Rehabilitation: Task-oriented training
that enhances motor learning and the integration
of prosthetics into daily life.

+ Occupational Therapy: Early integration of oc-
cupational therapy significantly enhances long-
term functionality and user satisfaction with
prosthetics.

+ Psychological Support: Early psychological inter-
vention improves mental health and accelerates
the rehabilitation process for individuals with
amputations.

2. Innovation and Scientific Research. The Center will
serve as a hub forinnovation in prosthetics and reha-
bilitation, continuously exploring new technologies
and methodologies:

» Scientific Research and Development in Pros-
thetics: Utilizing modern manufacturing tech-
nologies to create lightweight, durable, and
affordable prostheses.
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+ 3D Printing: This will significantly change the
methods of prosthesis production, enabling the
creation of custom solutions for patients with
high precision, speed, and cost-efficiency.

» Robotics: Automation of production processes
and the integration of bionic components will
expand the functional capabilities of prosthetics.

« Intelligent Prostheses: Bionic prosthetics that
use neural sensors and artificial intelligence will
provide patients with enhanced control and
more natural limb movements.

+ Virtual Reality Therapy: Creating safe and con-
trolled environments for training and recovery,
aiding in rehabilitation.

3. Education and Workforce Training. The Center will
be an educational institution offering training pro-
grams for professionals, students, and the public:
 For Specialists: Certified courses, advanced train-

ing, thematic improvement cycles, workshops,
and masterclasses for healthcare professionals,
prosthetists, and rehabilitation specialists, focus-
ing on the latest advancements in prosthetics
and patient care.

« For Patients: Training programs for patients
and their families on the use and maintenance
of prostheses are essential for maximizing the
functionality of devices and supporting overall
health.

» ForHigher Education Students and Researchers:
Opportunities for internships, scientific research,
employment, and participation in multidisci-
plinary teams.

¢ Inclusion and Social Integration. The Center will
promote inclusion and remove barriers for indi-
viduals with amputations:

 Accessibility: Ensuring full participation in reha-
bilitation services for individuals with amputa-
tions is critical for their successful rehabilitation.

» Support Groups: Social connections positively
influence rehabilitation outcomes and overall
well-being.

 Inclusive Sports Events: Organizing adaptive
sports programs will contribute to physical
health and social interaction, which are vital for
the comprehensive rehabilitation of individuals
with limb loss.

* Public Awareness Campaigns: Raising awareness
and creating a more accepting environment for
individuals with amputations, as well as provid-
ing education and advocacy.

Quality standards and digital solutions will also play a

crucial role in the implementation strategy of the center.

The quality standard ISO 9001:2015 [34], which focuses
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on improving organizational efficiency and patient
safety, can be adopted in the management practices
of the center to ensure a high level of service.

Given the psychological impact of traumatic amputa-
tions, providing comprehensive psychological support
services is essential. Recent studies [35, 36] indicate
that integrated psychological supportin rehabilitation
centersimproves treatment outcomes and quality of life
for patients affected by war-related injuries.

Healthcare professionals require specialized training
in traumatology for treating combat-related injuries.
Training programs focused on trauma-informed ap-
proaches help reduce professional burnout among
specialists and improve patient treatment outcomes
[37, 38]. Furthermore, creating a supportive working
environment for medical staff is crucial for retaining
skilled personnel. Enhancing job satisfaction and op-
portunities for professional development for healthcare
workers helps reduce turnover. Research in healthcare
[39,40] shows that well-equipped and supportive work-
places lead to better patient treatment outcomes and
contribute to the sustainable functioning of healthcare
systems.

By focusing on key aspects such as preventive mea-
sures, advanced technologies, quality standards, and
support for professionals, aimed at ensuring the ability
to meet current and future healthcare needs, the Center
will be able to provide comprehensive, effective, and
high-quality care for individuals with amputations.

CONCLUSIONS

The establishment of an advanced prosthetics and reha-
bilitation center focused on restoring mobility, function-
ality, and quality of life for individuals with amputations
will enable their reintegration into society. Individuals
who regain mobility and independence through proper
rehabilitation and prosthetics experience significant
improvements in mental health, social integration, and
overall quality of life. Restoring physical and psychologi-
calindependence through effective rehabilitation signifi-
cantly reduces the risk of secondary conditions, such as
cardiovascular problems caused by a sedentary lifestyle.

By implementing these innovations, the Center can
lower the cost of high-quality prosthetics, making them
more accessible to a broader population, especially in
resource-limited settings. The integration of advanced
technologies will lead to substantial improvements in
the design and functionality of prosthetics, enabling
patients to participate in a wider range of activities,
from basic tasks to complex movements. This will set
a global precedent for the accessibility and economic
efficiency of prosthetics.
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The Center aims to achieve measurable improve-
ments in patient health outcomes, service quality, and
healthcare efficiency, contributing to broader health
goals, such as ensuring equal access to essential reha-
bilitation services.

The research and practical applications of the Center
can not only enhance rehabilitation outcomes at the local

level but also influence the development of international
policy, setting a global standard for prosthetic and social
rehabilitation with an educational component. By collab-
orating with international organizations, government
agencies, and private partners, the Center can impact
healthcare delivery models worldwide, ensuring the
best possible treatment for individuals with amputations.
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ABSTRACT

Aim: This paper explores the relationship between obesity and oral diseases. Early detection and prevention of risk factors are essential for indispensable for
promoting long-term health and elevating the quality of life in affected patients.
Materials and Methods: A search of PubMed and Google Scholar on November 10, 2024, retrieving 48 articles from 2016-2024. After screening criteria, 45

articles were included. All authors verified the final content.

Conclusions: Evidence suggests a notable association between obesity and oral health issues, including periodontitis, peri-implantitis, and other gum diseases.
Certain research point to the possibility that patients who undergo bariatric surgery could also experience worsening dental health. Inadequate oral hygiene
and excessive sugar consumption, along with obesity, contribute to the worsening of dental problems in both children and adults.

Further studies are required to better elucidate the underlying mechanisms of this association, which remains insufficiently explained in literature.

KEY WORDS: obesity, tooth condition, periodontitis, oral health, bariatric surgery

INTRODUCTION

It is well known that an unhealthy lifestyle is the cause
of many civilization diseases. Along with hypertension
and diabetes, obesity is one of the primary lifestyle-re-
lated conditions. Obesity is becoming more common
around the world and is increasingly recognized as one
of the primary health dangers. It is an escalating global
health issue with significant effects not only on general
health but also on oral health. Defined as excessive fat
storage in adipose tissue, obesity involves larger and
more numerous adipocytes. It's classified by BMI: 30
and more for obesity and 25-29.99 for overweight.
Recent studies suggests a correlation between oral
health and obesity/overweight. This paper explores the
relationship between obesity and oral diseases. Early
detection and prevention of risk factors are essential
for indispensable for promoting long-term health and
elevating the quality of life in affected patients.
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AIM
This paper discusses the impact of obesity and its
connections with the most prevalent oral conditions.

MATERIAL AND METHODS

The materials used in this work were selected through
open-access databases such as PubMed and Google
Scholar.The literature search was performed November
10, 2024, using the query string “(obesity) AND (oral
health) AND (periodontitis) AND (tooth condition)” to
retrieve relevant articles. The search criteria covered
the years 2016 to 2024, yielding a total of 48 articles. In
order to expand the search, we reviewed the reference
lists of retrieved publications to capture additional rel-
evant studies, some pre-2016 studies were included as
exceptions. The inclusion criteria were the publication
type (original research, review, systematic review, case
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report, observational studies) and published in English.
Following a detailed evaluation, 45 articles met the in-
clusion criteria and were ultimately included. The final
version of the review was read, verified, and revised by
allauthors. Any unclear parts were discussed as a group
and adjusted to ensure accuracy.

REVIEW AND DISCUSSION

If it comes to obesity, it is defined as accumulation of ab-
normal or excessive fatin the adipose tissue [1] in which
the number and size of adipocytes are enlarged [2]. The
indicator describing obesity is BMI (Body Mass Index),
which is determined using the formula: body weight
(in kilograms) divided by height (in meters)® [2,3,4,5].
Obesity is classified as having a body mass index (BMI)
of 30 kg/m? or more, while overweight is classified as
having a BMI between 25 and 29.99 kg/m?” [2]. Recent
studies suggests a correlation between oral health and
BMI, as both are impacted by shared risk factors, such
as diet, genetics, lifestyle choices and socioeconomic
conditions [6]. Obesity is caused by an unhealthy diet
high in sugars, which promotes the accumulation of
excess plaque, leading to the development of various
oral health problems, such as gingivitis, periodontitis,
and dental caries [7].

According to the World Health Organization, in 2022,
one out of every eight people globally was affected
by obesity. Additionally, the WHO states that 43% of
adults aged 18 and older (43% of men and 44% of
women) were overweight in 2022 marking an increase
from 1990, when 25% of adults in this age group were
overweight. Each year, around 3.4 million people die
due to obesity and overweight [3, 6].

ASSOCIATIONS BETWEEN OBESITY AND
PERIODONTAL DISEASES

The association between obesity and periodontitis
is a frequently discussed topic in the literature. In re-
search conducted by Leena Alsalihi et al., it was found
that periodontitis was highly prevalent (97%) among
obese patients [8]. Periodontitis is an inflammatory
disorder of the tissues that support the teeth, caused
by certain groups of microorganisms. This leads to pro-
gressive destruction of the gingival tissue, periodontal
ligament, cementum and alveolar bone. [9,10]. The
chronic inflammatory condition caused by periodon-
titis can result in various systemic issues, including, for
example, cardiovascular disease, osteoarthritis, and
type 2 diabetes [9, 11, 12]. Obesity, as defined in the
introduction, is an excess of fat in the adipose tissue.
The adipose tissue located around the visceral organs

(visceral adiposity) secretes specific proteins known as
adipokines.These proteins are classified to two groups:
pro-inflammatory mediators: leptin, resistin, visfatin
and anti-inflammatory mediators: adiponectin and
omentin-1 [9]. Obesity results in higher production of
pro-inflammatory adipokines and reduced synthesis
of anti-inflammatory adipokines [2, 13], leading to an
imbalance between them and, consequently, a state of
low-grade inflammation [2, 14, 15].

Checa-Ros et al. described, that there is an inverse
relationship between the level of adiponectin and
periodontitis [9]. Adiponectin is a strong inhibitor of
osteoclasts, so its low levels lead to the exacerbation
of periodontitis [16, 17]. What is more, reduced salivary
omentin-1 levels were observed in patients with chronic
periodontitis, correlating with elevated periodontal pa-
rameters, whereas increased salivary omentin-1 levels
following non-surgical periodontal therapy were asso-
ciated with improvements in periodontal health. [9].
As far as pro-inflammatory adipokines are concerned,
leptin impairs the regenerative ability of periodontal
ligament cells and additionally activates the secretion
of proinflammatory cytokines, such as Tumor Necrosis
Factor Alpha (TNF-a) and IL-6 which are recognized as
mediators of tissue damage [9]. Resistin affects the me-
tabolism of soft and hard tissues in the periodontium by
decreasing alkaline phosphatase activity and markers
associated with bone tissue and matrix development
[9]. Visfatin could enhance periodontal inflammation
and bone degradation through the production of
matrix metalloproteinase-1 (MMP-1) and chemokine
ligand 2 (CCL2). [9, 18]. Obesity is associated with an
increase in waist circumference. Recker EN et al. identi-
fied a positive correlation between waist circumference
and the severity of periodontitis in their study [19].
Ling Liu and Lin Yu Xia et al. also found a similar rela-
tionship, stating that with each 1-unit increase in waist
circumference, the incidence of periodontitis rises by
1% [20]. On the other hand, Leena Alsalihi et al. noted
a positive correlation between waist circumference
and periodontitis in men, but no such correlation was
found between waist circumference and periodontitis
in women [8]. If additional studies confirm the connec-
tion between waist circumference and the severity of
periodontitis, waist circumference could become an
important indicator for monitoring the progression of
periodontitis [21].

The study by L. Martens et al. states that, among
children and adolescents, there is a positive correlation
between obesity/overweight and various periodontal
issues, including increased plaque and calculus accu-
mulation, gingivitis, probing pocket depth (>4 mm),
and a higher presence of bacterial oral microbiota.
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Whatis more, age (17-21 years) and gender (male) were
factors that positively impacted the risk of periodontal
disease in obese/overweight children [1].

PREGNANCY, OBESITY AND PERIODONTITIS
The prevalence of obesity and excessive weight gain
are frequently observed issues in the context of preg-
nancy. Elevated hormones can compromise connective
tissue remodeling, which may raise inflammation and
bacterial growth in periodontal tissues, heightening
the risk of periodontal diseases in pregnancy [22-24].
Over the past few years, research has focused on con-
firming or rejecting a potential association between
obesity in pregnancy and periodontitis. In their 2018
publication, Gomes-Filho et al. demonstrated that the
association was found to be statistically non-significant.
Periodontitis prevalence was observed at 17.24% using
the Gomes-Filho, et al. criteria and at 66.92% according
to the Center For Disease Prevention and Control and
American Academy of Periodontology (CDC/AAP) cri-
teria [25]. However, an extensive systematic review and
meta-analysis by Foratori-Junior, et al. did not substan-
tiate these findings in 2022. The study found a positive
link between obesity/overweight and periodontitis,
showing that, an average 61.04% of overweight or
obese women also presenting with periodontitis [23].
Additional studies have also established a relationship
between excess weight and periodontitis in pregnancy,
showing a more pronounced connection in overweight
pregnant women who suffer from both tooth loss and
periodontitis [22].

GINGIVAL INFLAMMATION AND OBESITY

Gingivitis refers to an inflammatory condition that de-
velops from the patient’simmune response interacting
with the biofilm of dental plaque. This inflammatory
process can be reversed with a reduction in plaque
presence [26, 27]. Both periodontitis and gingivitis arise
from the same mechanism of inflammation, however
gingivitis does not lead to periodontitis in every case
[26, 28]. Evidence supporting the thesis that elevated
BMI leads to a greater incidence of gingivitis includes
studies indicating increased salivary cytokine con-
centrations in obese patients compared to those with
overweight or normal statuses [29]. Such cytokines
contribute to chronic systemic inflammation, which
potentially weakens theimmune system and predispos-
es individuals to infections [26,30]. It is noteworthy to
mention that the systematic review and meta-analysis
by da Silva et al. indicated that obesity is associated
with an increased level of gingivitis among patients
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diagnosed with periodontitis against to those without
obesity [26].

ORAL MICROBIOTA IN OBESE PATIENTS
Porphyromonas gingivalis, Treponema denticola and Tan-
nerella forsythia are a group of microorganisms located
in the subgingival biofilm that induce the long-term
inflammatory condition known as periodontitis [2].
Al-Rawi and Al-Marzooq observed that obese individ-
uals had notably higher levels of Tannerella forsythia,
Fusobacterium spp., and Porphyromonas gingivalis
compared to those who were not obese, but further
studies are required to clarify whether obesity leads to
the overgrowth of these or other pathogenic microor-
ganisms, contributing to periodontal damage [2, 31].
Tam et al. also recorded a variation in the composition
of the oral microbiota between obese and nonobese
individuals [2, 32].

The study by Fanny Le Sage et al. described how li-
popolysaccharide (LPS) from Porphyromonas gingivalis
influences the release of inflammatory adipokines. Their
findings indicate that P. gingivalis LPS can modify the
inflammatory condition of adipocytes by interfering
with their adipokine secretion, leading to a decrease
in adiponectin release, which is recognized as an an-
ti-inflammatory factor inversely correlated with body
fat mass [33].

OBESITY, SALIVA COMPOSITION AND ORAL
HEALTH

Itis widely known that saliva could be a potential source
of biomarkers that may have associations with oral dis-
eases. The markers analyzed in recent years have been
assembled in Table 1. Recker et al. reported a positive
association between body fat percentage and levels of
Granzyme B and negative association between levels
of sCD40L and BMI, but none of those correlations
showed statistical significance after multiple compari-
son correction [19]. Some studies report elevated levels
of interleukins in obese patients [29,30]. Al-Ameri et al.
performed a study that examined Thy-1 (CD90) levels
across four patient groups (obese, obese with periodon-
titis, healthy, and those with periodontitis). They found
that periodontitis leads to higher salivary Thy-1 levels,
independent of obesity [34].

BARIATRIC SURGERY

As the most effective approach to treating morbid
obesity, bariatric surgery not only benefits individu-
als with related conditions, including hypertension,
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Table 1. Biological salivary markers of periodontitis and/or obesity

Study Biomarkers

Correlation with obesity

- sCD40L

Recker et al. [19] * Granzyme B

« Alpha-fetoprotein (AFP)

« Interleukin-1 receptor antagonist (IL-1ra)

« Positive association between body fat percentage and
levels of Granzyme B
+ Negative association between levels of sSCD40L and BMI

« IL-6 levels in saliva were elevated in obese patients

Dogan et al. [29] +IL-6 « Positive association between BMI and IL-6 levels
9 ’ «IL-10 + Negative association between IL-10 levels in the gastro-
intestinal tract and saliva
- Significant differences in periodontal clinical measures
-IL-6 and salivary IL-1f3 and IL-6 were found between class | of
Vohra etal. [30] <IL-1B obese and classes Il and lll (between class Il and Ill values

were found to be similar)

Al-Ameri et al. [34] +Thy-1 (CD90)

- Periodontal inflammation increases salivary Thy-1 levels,
independent of obesity status.

Fig. 1. Oral conditions that
can potentially be affected

diabetes, and sleep apnea but also enhances patients’
quality of life [35-37]. According to certain studies,
undergoing bariatric surgery could potentially lead
to a decline in dental health [37-39]. Figure1 shows
oral conditions that can potentially be affected by
bariatric surgery. Alterations in the rate of salivary flow
may constitute one of the mechanisms influencing
oral cavity health. A decline in salivary flow is linked
to an increased proliferation of microorganisms. In a
cohort study conducted by Hashizume, et al. on 27
morbidly obese patients, documented arise in mutans
streptococci levels in the saliva of these patients six
months post-bariatric surgery, as compared to the
pre-operative baseline [36]. Moreover, de S Porcelli,
et al., observed that bariatric surgery increases the
risk of tooth erosion in patients [39]. It is worth not-
ing that not all studies confirm the effect of bariatric

by bariatric surgery [35-37]

surgery on dental health. Ferraz, et al., in an extensive
systematic review and meta-analysis, determined that
for patients undergoing bariatric surgery, the rates
of missing teeth and caries remain unaffected [35].
This shows how important additional studies are for
reaching unified conclusions.

PERI-IMPLANTITIS

Lost teeth are increasingly replaced with dental
implants. Due to the increase in life expectancy, the
percentage of elderly patients who decide to have
implants is growing. This implies an increase in the
number of side effects of such a procedure [40]. De-
spite the effectiveness and high safety index, the in-
cidence of complications such as peri-implantitis and
crestal bone loss is escalating [12, 40, 41]. According
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to medical literature, this complication may affect up
to 50% of implanted dental implants [41]. Peri-im-
plantitis is a destructive inflammation around a tooth
implant caused by numerous bacteria. It damages
both soft and hard tissues surrounding the implants,
causing bone loss [40, 41]. Untreated peri-implantitis
may cause implant loss and even lead to permanent
damage to the jaw bone [40]. Unfortunately, due to
the lack of targeted and effective treatment, reducing
the risk factors of peri-implantitis in patients is very
important during treatment [12, 40, 41]. Many risk
factors contribute to the development of the disease
[12]. The authors mention, among others: smoking,
drugs, old age, depression, and environmental factors
[41]. Obesity, metabolic syndrome and diabetes are
among the main modifiable factors that increase the
risk of developing peri-implantitis. Inflammation and
oxidative stress are mediators of metabolic disorders
in the body, these mediators increase the incidence of
peri-implantitis [40].The relationship between obesity
and an increased risk of developing inflammation
around the implant is confirmed by Vorha's study. This
study shows that people with normal body weight are
less susceptible to developing inflammation around
the implant than people with obesity. In the future,
the number of patients with metabolic disorders will
increase, which may elevate the risk of complications
related to dental implants [41]. Appropriate treatment
of obesity and other metabolic disorders and quitting
smoking are the main factors that should be taken
into account when planning dental implantation and
treatment of peri-implantitis [40].

ASSOCIATIONS AMONG OBESITY AND
TOOTH LOSS

Tooth loss may be due to periodontal disease caused
by chronic inflammation. Obesity contributes to the
development of such chronic inflammation and the
increase in markers such as C-reactive protein (CRP)
[42, 43]. According to the authors, it has been shown
that obesity is a modifiable risk factor for tooth loss
and there is a connection between obesity and an
increased number of lost teeth [42, 43]. When talking
about general obesity, it should be noted that cen-
tral obesity itself also influences the development of
systemic inflammatory diseases. Therefore, it will also
predispose to the development of caries, periodontal
diseases and ultimately lead to tooth loss. Studies have
shown that patients with central obesity also have an
increased risk of tooth loss. The impact of both central
and general obesity is important and should become
a key element in oral health prevention [42].
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OBESITY AND ORAL HEALTH IN PAEDIATRIC
PATIENTS

Childhood obesity has reached epidemic proportions
worldwide, with its prevalence continuing torise [1]. Ac-
cording to data published by the World Health Organiza-
tion (WHO) in 2022, 160 million children and adolescents
aged 5-19 suffered from obesity [3]. Some cross-sectional
studies indicate that overweight and obese children and
adolescents experience more dental caries in permanent
teeth, greater plaque accumulation, and increased gin-
gival inflammation. Additionally, they have lower saliva
flow rates and reduced buffering capacity compared to
children of normal weight [44]. Often first observes in
adults but typically beginning earlier in life in children.
Among children and adolescents, plaque-induced gin-
givitis is the most commonly encountered periodontal
disease. The prevalence of gingivitis in children can be
as high as, or even exceed, that of dental caries, yet it has
not received the same level of attention regreading its
long-term effects on overall health [1].

Meta-analyses, which incorporated both descriptive
and quantitative data, have revealed a positive associa-
tion between obesity and the prevalence of periodontal
diseases. Several theories have been proposed to explain
the biological interactions between obesity and peri-
odontal diseases. These include alterations in pro-in-
flammatory and immune responses, insulin resistance,
changes in lipid profiles, modifications of the immune
system, heightened activation of macrophages, impaired
microvascular function, physiological responses to psy-
chosocial stress, and the release of pro-inflammatory
molecules from adipose tissue, such as TNF-q, IL-6, and
C-reactive protein. Despite these insights, the precise
molecular and cellular mechanisms underlying these as-
sociations remain unclear, and further research is needed
to deepen our understanding of these processes. Such
research could provide valuable insights into potential
targets for prevention and treatment [1].

Studies have not demonstrated a clinically significant
association between oral health factors, overweight/
obesity, and stress variables [44, 45]. However, a signifi-
cant association exists between obesity and periodontal
disease in children. Pediatric dentists should be mindful
of potential periodontal changes related to obesity, rec-
ognizing them as a possible health risk [1].

Given the significance of overweight and obesity as
major public health concerns, both medical and dental
professionals should assess health-related behaviors
and the connections between oral and overall health.
Additionally, they should promote interdisciplinary
communication to identify and address early signs of
dental and periodontal diseases in children and ado-
lescents [4]
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CONCLUSIONS

The aim of this review was to collect and evaluate exist-
ing data on the relationship between obesity and oral
health. As a result, it was found that there is a significant
association between obesity and the development
of various oral health diseases, such as gum diseases,
periodontitis, peri-implantitis. A diet high in sugar, com-

bined with poor oral hygiene and obesity, promotes the
occurrence of dental issues both in adults and children.
Nevertheless, additional studies are needed to better
understand the mechanisms of this relationship. Future
studies should also consider the development of more
effective preventive strategies that could help prevent
oral diseases in obese individuals.
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ABSTRACT

Aim: The purpose of this study was to analyze current literature data regarding the involvement of the macrophage population in the processes of reparative

osteogenesis in the mandible.

Materials and Methods: The authors conducted a review of scientific sources available in databases such as PubMed, Web of Science, Scopus, Google Scholar,

and ResearchGate.

Conclusions: It was shown by the authors that macrophages play a crucial role at all stages of reparative osteogenesis in the mandible. Their high degree
of plasticity enables them to adapt to changes in the microenvironment by dynamically shifting their phenotype (from M1 to M2 and vice versa). Alterations
in the morphofunctional state of macrophages and an imbalance between M1 and M2 populations under pathological conditions lead to disruptions in the
reparative osteogenesis process. Currently, macrophages are recognized as key therapeutic targets for modulating reparative osteogenesis in cases of mandibular

bone pathology.

KEY WORDS: macrophages, mandible, reparative osteogenesis, literature data analysis

INTRODUCTION

Reparative osteogenesisin the mandible of humans and
experimental animals is a complex process resulting in
the restoration of the integrity and function of bone
tissue. Bone tissue, as is well known, is one of the few
types of tissue capable of healing without the formation
of fibrous scar tissue. The process of reparative
osteogenesis is characterized by the sequential
progression through the inflammatory, proliferative-
reparative, and remodeling phases [1]. An important
role in both the initial and final stages of reparative
osteogenesis is assigned to immunocompetent
cells, among which macrophages are considered key
players [2]. It has been proven that their effects on
reparative osteogenesis are mediated by more than
100 secretory products. Investigating the role of the
macrophage population in mandibular reparative
osteogenesis remains highly relevant, as it expands
the understanding of the underlying mechanisms and
provides a foundation forimproving existing treatment
methods and developing new therapeutic approaches.
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AIM

The purpose of this study was to analyze current
literature data regarding the involvement of the
macrophage population in the processes of reparative
osteogenesis in the mandible.

MATERIALS AND METHODS

The authors conducted a review of scientific sources
available in databases such as PubMed, Web of Science,
Scopus, Google Scholar, and ResearchGate. Article
selection was based on their relevance to the purpose
of the study.

REVIEW AND DISCISSION

The cellular composition of mandibular bone tissue
includes various macrophage populations, among
which osteoclasts, osteomacs, resident macrophages of
the periosteal and endosteal bone surfaces, and bone
marrow macrophages are distinguished [3].
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Numerous studies have demonstrated that
macrophages are plastic cells capable of altering their
phenotypein response to various environmental factors.
Currently, macrophages are classified into three main
states or phenotypes: M0, M1, and M2. Their biological
plasticity underlies their ability to regulate intercellular
interactions, coordinate reparative processes, and
serve as targets for immune-mediated therapies in
pathological conditions affecting bone tissue [4]. Also,
M2 macrophages include several phenotypes, such as
M2a, M2b, M2c, and M2d. M1 macrophages, induced
by classical activation signals such as interferon-y
(IFN-y), lipopolysaccharide (LPS), and tumor necrosis
factor-a (TNF-a), are characterized by pro-inflammatory
activity. In contrast, macrophages polarize into the M2
phenotype in response to alternative activation signals,
including interleukins (IL) (IL-4, IL-10, IL-13) and exhibit
anti-inflammatory properties [5].

Owing to their phenotypic flexibility, macrophages
adapt their functions to the microenvironment,
playing a key role in regulating tissue homeostasis and
osteogenesis, particularly under conditions of injury [5].

It has been demonstrated that under physiological
conditions, M2 macrophages predominate to maintain
bone tissue homeostasis. In cases of mandibular bone
injury, the distribution of macrophage phenotypes
varies depending on the stage of reparative
osteogenesis. During the first week following trauma,
M1 macrophages prevail. They initiate the cascade of
the inflammatory response, recruit immune cells, and
secrete IL-1q, IL-1B, IL-6, monocyte chemoattractant
protein-1 (MCP-1), granulocyte colony-stimulating
factor (G-CSF), IL-12, IL-23, tumor necrosis factor-a
(TNF-a), and inducible nitric oxide synthase (iNOS). By
the end of the inflammatory phase, M2 macrophages
become predominant, producing arginase-1, IL-4, IL-
10, tumor necrosis factor- (TNF-B), and promoting
angiogenesis, mesenchymal stem cell migration, and
osteoblast differentiation [1, 6].

Available experimental and clinical data confirm that
impaired functional activity of the macrophage pool
or an imbalance between M1 and M2 macrophage
populations significantly reduces the effectiveness of
reparative osteogenesis [7, 8].

Reparative osteogenesis in the mandible is
characterized by the sequential progression through
the inflammatory, proliferative-reparative, and
remodeling stages, which are regulated by integrated
mechanisms of inflammation, regeneration, and tissue
remodeling [1].

The inflammatory phase begins immediately after
bone tissue injury. During this period, neutrophils
migrate to the injury site, followed by monocytes, which

subsequently differentiate into macrophages. Among
these, M1 macrophages predominate, producing pro-
inflammatory cytokines and phagocytosing necrotic
and apoptotic cells. It has been shown that M1-
derived IL-1, TNF-q, and IL-6 enhance the proliferative
potential and resorptive activity of osteoclasts, while
simultaneously inhibiting the morphofunctional
state of osteoblasts, thereby suppressing bone tissue
formation.

Studies have shown that inflammatory macrophages
inhibit osteocyte maturation and tissue mineralization
via regulating the Notch signaling pathway [9].

IL-1 and TNF-a activate osteoclastogenesis by
stimulating the expression of RANKL (Receptor Activator
of Nuclear Factor Kappa B Ligand) and suppressing
the production of osteoprotegerin by osteoblasts and
fibroblasts. The signaling system composed of RANK
(Receptor Activator of Nuclear Factor Kappa B), its
ligand RANKL, and osteoprotegerin is known to be the
primary regulator of the morphofunctional state of
osteoclasts. Increased RANKL expression, followed by
its interaction with RANK, induces genomic changes
in bone marrow-derived osteoclast precursors, leading
to their transformation into mature, active osteoclasts.
Osteoprotegerin acts as a decoy receptor for RANKL [10].

Interestingly, M1 macrophages interact with
mesenchymal stem cells and stimulate their
transformation into osteogenic cells. This process is
significantly enhanced when there is an increase in
M2 macrophages accompanied by a reduction in M1
macrophages [11, 12].

Experimental studies have shown that selective
depletion of macrophages at this stage leads to
impaired osteogenesis and a reduction in the volume
of newly formed bone tissue [8, 13].

The proliferative-reparative stage of osteogenesis
follows the elimination of damaged tissues and is
characterized by the predominance of M2 macrophages.
Alternatively activated macrophages stimulate
angiogenesis, produce osteoinductive factors such
as transforming growth factor-beta (TGF-B) and bone
morphogenetic protein-2 (BMP-2), and promote the
proliferation and differentiation of mesenchymal stem
cells toward the osteoblastic vector [14].

The remodeling phase is the final stage, lasting several
weeks or months, and involves the replacement of
primary bone tissue with lamellar bone. During this
period, macrophages maintain the balance between
bone resorption and formation by interacting with
osteoclasts and osteoblasts, and also participate in the
regulation of vascular network involution [1, 8].

Blood vessels are known to provide trophic
support to bone tissue, which is essential for the
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processes of reparative osteogenesis. It has been
demonstrated that M2 macrophages are involved in
angiogenesis and vascular remodeling. Specifically,
M2a macrophages produce platelet-derived growth
factor-BB (PDGF-BB), while M2c macrophages secrete
matrix metalloproteinase-9 (MMP-9). Some studies
have also indicated that M1 macrophages contribute
to angiogenesis through the production of vascular
endothelial growth factor (VEGF) [15, 16].

Reparative osteogenesis is highly sensitive to changes
in the functional activity of macrophages. Various
pathological conditions can significantly alter the
course of bone regeneration by disrupting macrophage
polarization or causing insufficient macrophage
responses. It has been established that with aging,
macrophages lose their ability to transition in a timely
manner from the pro-inflammatory M1 phenotype to the
reparative M2 phenotype, leading to delayed resolution
of inflammation and impaired osteogenesis. A study
using an aging rat model demonstrated reduced levels of
M2 macrophages and decreased quality of newly formed
bone tissue [17]. Similar results have been confirmed
in studies utilizing engineered coatings to induce the
transition from the M1 to the M2 macrophage phenotype
under aging conditions, where a partial restoration of
reparative function was observed [18].

Hormone-dependent regulation of macrophage
functions in the process of osteogenesis should also
be noted. For example, diabetes mellitus alters the
immune microenvironment of regeneration, leading
to a sustained dominance of the pro-inflammatory
response. This is supported by findings in diabetic
rat models, which show increased expression of M1
markers, impaired M2 polarization, and reduced
angiogenesis and osteogenesis. However, it has
been demonstrated that the use of nanostructured
biomaterials, particularly PCLLA-nanoHA, helps restore
the balance by activating M2 macrophages and
improving tissue regeneration [19].

Under conditions of estrogen deficiency
in ovariectomized mice, elevated levels of pro-
inflammatory cytokines and disruption of the
macrophage profile at the fracture site have been
observed, which correlates with reduced quality of the
regenerative bone tissue [20].

Due to the recognized role of macrophages in bone
tissue regeneration, there is growing interestin methods
aimed at therapeutically modulating their phenotype.
The primary objective of such approaches is to induce
the transition from the M1 to the M2 phenotype and to
maintain the M2 profile, particularly during the critical
phases of reparative osteogenesis [21]. Among the
classical strategies is the use of IL-4, which stimulates M2
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polarization. Experimental studies have shown that IL-4,
in vitro, activates the production of anti-inflammatory
mediators and enhances mineralization in cultures of
osteogenic mesenchymal stem cells, particularly in the
presence of low-activity macrophages [22].

Some studies have noted that RANKL-activated
M1 macrophages exhibit osteogenic properties by
modaulating osteoblastic transcription factors, indicating
the potential for controlled utilization of the M1
phenotype [23]. At the same time, immunoregulatory
molecules such as VIP (vasoactive intestinal peptide)
and PACAP (pituitary adenylate cyclase-activating
polypeptide), despite their potential to stimulate the
M2 phenotype, did not produce a significant effect in
the context of alveolar bone healing, highlighting the
complexity of such regulation [24].

Particular interest is drawn to the sex-specific
effectiveness of requlating the transition of macrophages
from the M1 to the M2 phenotype. Researchers have
shown that the immunomodulatory response differs
significantly between males and females, likely due to
hormonal influences [25].

Modern tissue engineering strategies are increasingly
incorporating the immunomodulatory potential
of macrophages into the design of biomaterials
aimed at enhancing reparative osteogenesis. In
this context, modified biomaterials serve not only
as physical scaffolds for cellular repair but also as
active regulators of the cellular microenvironment by
directing macrophage polarization and maintaining
immune homeostasis at the osteogenic site. The
concept involves not merely creating an inert matrix for
celladhesion and growth, but developing surfaces and
carriers capable of modulating immune cell behavior,
particularly by specifically inducing M2 macrophage
polarization [26].

One of the promising approaches involves the use
of calcium phosphate-based coatings, which stimulate
the transition of macrophages from the M1 to the M2
phenotype. Experimental studies have shown that such
coatings promote phenotypic transformation in aged
macrophages, restoring their reparative activity [18].
Hybrid hydrogels and nanocomposites, which combine
a structural carrier with active therapeutic functionality,
are also of considerable interest. For instance, the
application of a multimodal hydrogel containing
exosomes and immunotherapy has been shown to
simultaneously activate osteoblasts, osteoclasts, and
M2 macrophages, thereby accelerating the reparative
process [27]. Silane-based biomaterials, used as
endodontic irrigants, have demonstrated the ability
to alter the biochemical profile of tissues and promote
macrophage polarization [28].
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An immunoregulatory effect was observed in an
experimental study involving the filling of mandibular
bone defects in rats with nanostructured hydroxyapatite
combined with local injection of thymalin into the
surrounding soft tissues. This comprehensive therapy
stimulated reparative osteogenesis by activating both
innate and adaptive immunity, which morphologically
manifested in the post-traumatic regenerate as an
increased presence of T and B lymphocytes and
macrophages. Among the latter, a decrease in M1
macrophages and an increase in M2 macrophages were
noted [29, 30].

Anotherimportant strategy involves the use of PCLLA-
nanoHA composites, which promote M2 macrophage
polarization and enhance alveolar bone regeneration
under diabetic conditions [31].

One of the promising directions is targeted
immunomodulation, which involves the localized
regulation of the M1/M2 macrophage ratio at
specific stages of osteogenesis. This approach utilizes
biomaterials with controlled release of signaling
molecules or surface modifications that facilitate the
recruitment of the desired macrophage phenotype.
For example, in a study by Y.H. Kim et al., the concept
of «springboard immunomodulation» was proposed,
which envisions the active reprogramming of the local
immune microenvironment as a launching platform for
osteoregeneration [26].

Currently, the field of macrophage or macrophage
precursor transplantation is developing as a potential
form of cell therapy. Particular attention is being given
to methods involving ex vivo induction of the desired
phenotype prior to transplantation into the defect site, as
this approach allows for predictable therapeutic activity
while minimizing undesired immune responses [31].

Another promising direction involves the use of
exosomes - nanovesicles produced by cells, including
macrophages, which contain active molecules

such as mitochondrial RNA, proteins, and lipids.
Exosomes derived from M2 macrophages have
demonstrated the potential to stimulate osteogenesis
and angiogenesis, acting as natural signaling mediators
without directly interfering with the cellular structure
of the microenvironment [27].

Systematic reviews highlight the emerging concept
of «<smart» biomaterials, which not only serve as
matrices for cell growth but also actively interact
with the immune system, functioning as regulatory
platforms. These materials may contain embedded
immunotherapeutic agents, control cytokine release
in response to external stimuli, or alter their behavior
depending on the phase of healing [11, 32]. A key
aspect in this context is the issue of timing: premature
or prolonged activation of a particular macrophage
phenotype may lead to adverse outcomes. Therefore,
the current paradigm of immunoregulation in
osteogenesis is based not only on the binary distinction
between M1 and M2 phenotypes, but also on the
dynamic monitoring and modulation of the plastic
transitions between these states in accordance with the
specific phase of reparative osteogenesis [33].

CONCLUSIONS

Macrophages play a crucial role at all stages of repar-
ative osteogenesis in the mandible. Their high degree
of plasticity enables them to adapt to changes in the
microenvironment by dynamically shifting their phe-
notype (from M1 to M2 and vice versa). Alterations in
the morphofunctional state of macrophages and an
imbalance between M1 and M2 populations under
pathological conditions lead to disruptions in the repar-
ative osteogenesis process. Currently, macrophages are
recognized as key therapeutic targets for modulating
reparative osteogenesis in cases of mandibular bone
pathology.
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Comparative analysis of the roles of PBRM1 and SETD2 genes
in the pathogenesis and progression of renal cell carcinoma:
An analytical review

Ammar Yasir Ahmed, Maysaa Ali Abdul Khaleq, Rusul Qasim Mohammed
COLLEGE OF PHARMACY, UNIVERSITY OF AL MAARIF, AL ANBAR, IRAQ

ABSTRACT

(lear cell renal cell carcinoma (ccRCC) is characterized by frequent mutations in chromatin-modifying genes, notably PBRM1 and SETD2, which play critical
roles in tumorigenesis and disease progression. These mutations affect chromatin remodeling and histone methylation, influencing cellular functions such
as tumor suppression, genomic integrity, and cell cycleregulation. Despite their prevalence, the distinct biological impacts and clinical implications of PBRM1
and SETD2 mutations remain incompletely understood. This review aims to elucidate the functional similarities and differences between PBRM1 and SETD2
mutations in ccRCC, investigate their roles in tumor progression and metastasis, and assess the potential clinical and therapeuticimplications of these genetic
alterations in the context of precision oncology. A comprehensive literature review was conducted, analyzing genomic, transcriptomic, and clinical data from
¢cRCC cohorts. Functional studies of PBRM1and SETD2 mutations were examined alongside gene set enrichment analyses (GSEA), histopathologic observations,
and molecular profiling of primary and metastatic tumor sites. Recent advances in therapeutic strategies targeting these mutations were also reviewed. PBRM1
mutations occur early in ccRCC development, altering chromatin accessibility and acting as tumor co-initiators, while SETD2 mutations arise later, exacerbating
genomicinstability and promoting metastasis. Both genes share tumor suppressor functions but differ in their genetic interactions and pathways. Co-mutation
of PBRM1 and SETD2 correlates with increased tumor aggressiveness, poor prognosis, and higher metastatic potential. Emerging therapeutic approaches,
including targeted molecular therapies and immunotherapies, show promise in addressing these mutation-driven pathways. PBRM1 and SETD2 mutations
critically influence the molecular pathogenesis and clinical outcomes of ccRCC. Understanding their distinct and cooperative roles can enhance molecular
profiling and quide personalized treatment strategies. Further research is warranted to develop targeted therapies that exploit the vulnerabilities associated

with these chromatin-modifying gene mutations, ultimately improving prognosis and therapeutic response in ccRCC patients.

KEY WORDS: renal cell carcinoma, kidney cancer, surgical intervention, genetic syndrome

INTRODUCTION

Renal Cell Carcinoma (RCC) is the most common type
of kidney cancer. Each year, approximately 270,000
individuals are diagnosed worldwide with RCC, while
over 116,000 deaths are attributed annually to this dis-
ease, making it the 14th leading cause of cancer-related
deaths [1]. RCC is a cancer of kidney tubular cells and
frequently progresses asymptomatically. The symptoms
that are suggestive of RCC always appear at a time
when the disease is already advanced and has a poor
prognosis [2]. Despite surgical intervention, 20-30%
of patients will have a relapse or develop metastases
within five years, while treatment of metastatic RCC
is mainly palliative and ineffective. Due to the unique
heterogeneity of RCC, discovering effective therapy is
particularly challenging. Advanced RCC represents the
genetic syndrome associated with a number of gene
mutations whose products are involved in general

1182

Wiad Lek. 2025;78(6):1182-1192. doi: 10.36740/WLek/205136 DOl

cellular processes [3]. Although CCRC and paRCC are
closely related by genetic and histological features, the
gene mutations responsible for the tumor genesis of
these tumours have completely distinct sets. The loss of
different chromatin regulators is the main carcinogenic
event leading to different RCC histotypes [4]. Clear cell
RCC (ccRCQ) is caused by the inactivation of the VHL
gene and at least one out of three genes coding for
chromatin regulators: BAP1, PBRM1, and SETD2. A sig-
nificant reduction of the disease-free interval between
the primary tumour resection and the onset of tumour
metastatization was observed in patients with a muta-
tion in one of the VHL, BAP1, PBRM1, or SETD2 genes
[5]. CCRC is usually diagnosed too late to be salvaged.
Consequently, it is necessary to deepen the molecular
background of ccRCC to reduce the number of deaths
caused by kidney cancer [6]. BAP1, PBRM1, and SETD2
are important chromatin regulators whose products
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are often damaged in ccRCC [7]. Nearly 350 mutations
are known in the BAP1 gene, while more than 700 and
500 variations are known in the PBRM1 and SETD2
genes respectively [5]. A thorough experimental ex-
amination of the effect of these changes is particularly
burdensome. Bioinformatics tools were used to predict
the effects of all known mutations within BAP1, PBRM1,
and SETD2 genes [8].

AIM

This review aims to elucidate the functional similarities
and differences between PBRM1 and SETD2 mutations
in ccRCC, investigate their roles in tumor progression
and metastasis, and assess the potential clinical and
therapeutic implications of these genetic alterations
in the context of precision oncology.

MATERIALS AND METHODS

A comprehensive literature review was conducted,
analyzing genomic, transcriptomic, and clinical data
from ccRCC cohorts. Functional studies of PBRM1 and
SETD2 mutations were examined alongside gene set
enrichment analyses (GSEA), histopathologic observa-
tions, and molecular profiling of primary and metastatic
tumor sites. Recent advances in therapeutic strategies
targeting these mutations were also reviewed.

REVIEW AND DISUSSION

DEFINITION AND CLASSIFICATION OF
RENAL CELL CARCINOMA

Renal Cell Carcinoma (RCC) is not a single disease, but
several histologically defined cancers with different ge-
netic drivers, clinical courses, and therapeutic responses
[1]. The prevalence of RCC s rising worldwide. To grasp
advances in the pathogenesis and clinical progression
of RCC, itis crucial to understand its taxonomy. Accord-
ing to the histopathological and molecular levels, RCC
can be classified into many subtypes, of which clear
cell RCC accounts for the majority of cases, followed by
papillary RCC and chromophobe RCC. Each RCC sub-
type has unique histological features, although some
subtypes share an overlapping microscopic morphol-
ogy. To improve the diagnostic consistency and assist
the selection of modern targeted therapy, numerous
criteria have been established to define RCC at the his-
topathological level. Epidemiological studies suggest
that different RCC subtypes exhibit distinct genetic al-
terations, aggressiveness, and prognosis [9]. Therefore,
itis necessary to develop a subtype-specific biomarker

and identify therapeutic vulnerabilities based on the
genetic hallmarks of each RCC subtype. For example,
PBRM1 mutations are predominant in patients with
ccRCC and are considered as an independent worse
prognostic hallmark [10].

EPIDEMIOLOGY AND RISK FACTORS

Renal Cell Carcinoma (RCC) accounts for about 80-90%
of kidney cancers and is the sixth most common cancer
in men and the tenth in women. In the United States, it
was estimated that 73,820 new cases of RCC would be
diagnosed in 2019, and there were 14,770 estimated
deaths [11]. The incidence rate of RCC varies globally
and is rapidly rising in more developed regions. The
overall 5-year survival for kidney and renal cancers is
73%. In more developed regions, the 5-year survival
is 65%. RCC is about twice as common in males as in
females after adjusting for age. The highest incidence
rate of RCCisin North America (12 per 100,000) and the
lowest is in South Central Asia (4 per 100,000). Some
side-by-country comparisons include the following:
Age-standardized mortality rates in Japan have been
decreasing 4.9% per year, whereas rates in Spain have
been increasing 1.8% per year. The mean age-adjusted
incidence rate over the past years has increased fairly
steadily worldwide, but at different rates in more versus
less developed regions [12]. RCCis cystic, which enables
it to often grow to a relatively large size before causing
symptoms. Indeed, while localized disease is usually
asymptomatic, metastatic disease presents more often
with the classic symptoms. RCC has subtypes based on
cell histology. Different histologic types of RCCs have
distinct cytogenetic abnormalities and demonstrate
various susceptibilities to environmental carcinogens.
Clear cell RCC (ccRCC) is the most common histologic
subtype of RCC and is significantly associated with
striking chromosomal loss on the short arm of chromo-
some 3. Analysis of the central TCGA cohort revealed
frequent, previously unreported, hemizygous loss of
9p in von Hippel-Lindau (VHL) wild-type papillary RCC
[13]. Likewise, the frequency of 9p loss was significantly
elevated in wild-type TCGA ccRCCs. The 15 suppressor
gene commonly mutated in this setting, demonstrating
9p hemizygous loss, for which silencing significantly
increased proliferation, was PBRM1 [14].

GENETIC ALTERATIONS IN RENAL CELL
CARCINOMA

1 in 63 individuals will develop Renal Cell Carcinoma
(RCQ).Itis clear that both tumors and normal tissues ac-
cumulate multiple mutations and genomic alterations.
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Fortunately, the latest technologies have addressed
whole-exome and next generation sequencing [15]. As
for the other tissues, more than 1.5 x 1010 of the bases
exposed to UV or of the bases wandering in electrons,
are changed every day.The early-stage detection, classi-
fication of the cancer and prediction of drug responses
are typically based on the examination of a layout of a
tissue obtained from a patient by biopsy. Uncovering
of key genetic alterations could pave a way to identify
potential biomarkers, useful for early detection and
prediction of the cancer. Nevertheless, what is more
crucial is the revelation of mechanism of the cancer de-
velopment, so that tailored therapy may be proposed.
The advancement in next-generation sequencing
methods offers the detailed exploration of cancer’s
genetic complexities for the different tissues [2]. A shift
to the molecular view of the disease had encouraged
whole-genome, whole-exome and targeted next-gen-
eration sequencing to analyze the genetic changes in
Renal Cell Carcinoma. Vaccine therapy was found to
decelerate Renal Cell Carcinoma progress. Vaccination
against mutant PBRM1 can prevent Renal Cell Carcino-
ma growth, including the out-of-frame switch peptide.
RCC is a highly drug-resistant and recalcitrant disease
of the kidney. The prevalence among men reaches 2%
and among woman 1%; more than 100,000 individuals
die of it [16].

OVERVIEW OF KEY GENES INVOLVED IN
RENAL CELL CARCINOMA

Renal cell carcinoma (RCC) is the leading cause of
mortality among all urological cancers. Overall survival
at 5 years for patients with advanced RCC is less than
10% [17]. Recent genomic analysis has revealed the
landscape of genetic alterations in RCC that appear
to involve genes mutated at low frequency. The three
genes most commonly mutated in clear cell RCC (ccRCC,
accounting for over 75% of cases) are VHL, PBRM1, and
SETD2 [16].The Products of these genes are part of the
nuclear protein ubiquitin-ligase module or epigenetic
complex involved in chromatin remodeling, transcrip-
tional regulation of targeted genes, and cell cycle con-
trol. The frequent, and often mutual, mutation of these
genes in ccRCC suggests the existence of a complex
network portraying the oncogenic nature of this cancer
type, and provides the opportunity fora comprehensive
study to clarify better ways of intervention for ccRCC
patients. The involvement of interactions of these tu-
mor-associated genes is supported by recent papers
suggesting a novel aspect of PBRM1 biology implicating
the PBRM1 interaction with H3K27me3 marking in the
control of transcript level [18]. The relevance of those
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interactions in RCC carcinogenesis is broadened here,
providing evidence of the involvement of PBRM1 and
SETD2 in ccRCC-stromal cell communication, and their
reciprocal participation in crosstalk between ccRCC
cells and fibroblasts. Independent results obtained on
PBRM1 silencing in ccRCC cell lines, and co-culturing
IHH and HEK 293T cells confirm that CD70, TNFSF13
and IL1RL1 genes are up-regulated or down-regulated,
respectively, in response to PBRM1 loss. Furthermore,
evidence of mutually exclusive mutation of PBRM1 and
SETD2 in RCC patients provides more information to
that reported in the existing literature, and is sugges-
tive of its involvement in common RCC carcinogenic
pathways [18, 19].

PBRM1 GENE

Viaits GIn-rich domain, the PBRM1 gene encodes tumor
suppressive proteins with significant roles in chromatin
regulation and gene expression [20]. This gene was
the most under-reconstructed in PCC, indicating that
it is a rare gene that is frequently mutated or epige-
netically altered in most types of cancer. In ccRCC, it
is the second-most changed gene among 124 cases
[21]. Moreover, the transformation of PBRM1 is the
dominant genetic and epigenetic change in mutations,
deep deletion, DNA methylation and the processes of
histone modification in all types of changes in ccRCC
[22]. To explore the mechanism of PBRM1 transforma-
tion in ccRCC, we note that PBRM1 prefers to interact
with DNA-binding or chromatin-remodeling proteins
and those with PAAR; the PAAR domain is closer to the
transformation profile of PBRM1; discuss and argue
the mechanism of PBRM1 transformation in ccRCC.
This research suggests that mutations in PBRM1 are
correlated with genomic stability, which has been
considered a cause of cancer in previous observations.
But at the individual gene level, mutations of PBRM1
alone did not result in the occurrence of ccRCC or other
cancers. Analyzing data from a variety of tumor forms
and observing that the proliferation of tumors in which
PBRM1 is transformed is slower than in tumors without
transformation. Comparing the effects of altered PBRM1
on OS and DFS in a diversity of cancers, it is found that
PBRM1 has a significantly greater effect on both OS and
DFS specifically in ccRCC [8].

STRUCTURE AND FUNCTION OF PBRM1

The polybromo-1 protein, encoded by the PBRM1 gene,
can structure a Transcriptional inhibits a repressor
complex with SWI/SNF subunits and BCL7B inhibits
transcription. Polybromo-1 is a nuclear protein pres-
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ent in a wide range of human tissues and commonly
expressed in neoplastic cells, which has potential
value for the differential diagnosis of carcinoma and
melanoma. This discovery of PBRM1 has enhanced the
understanding of the broad and critical role of SWI/
SNF gene misregulation in human cancer pathogen-
esis by providing the ability to directly study a near
universal and extensive set of tumors related to the
highly conserved SWI/SNF core ATPase machinery [23].
PBRM1 mutation is particularly common when ARIDTA
is silenced or mutated and demonstrates that ARID1A,
PBRM1 or BRM suppresses or promotes melanocyte
neoplasia and invasion in a BRAFV600E context-de-
pendent manner with distinct kinetics. Hence, both
BRCA1 and Polybromo-1 are independently necessary
for the repair of DNA double-strand breaks [24]. Poly-
bromo-1 is thought to have important functions in cell
cycle regulation, gene transcription, and chromatin
architecture [20]. Polybromo-1 (PBRM1) is a chromatin
remodeling factor that belongs to the protein associ-
ated with the Brg/Brm and BRCA1 complex. BRCA1 is
a tumor suppressor gene associated with breast and
ovarian cancer, and its product has E3 ubiquitin-pro-
tein ligase that acts on histone H2A and regulates the
repair of DNA double-strand breaks. PBRM1 is a DNA
binding protein containing six BRCT domains, similar
to BRCA1 with an ordinary 1,863 amino acids. BRCA1
and PBRM1 co-localize in the nucleus and exhibit similar
expression patterns in various normal human tissues. It
was found for the first time that BRCA1 interacts with
PBRM1 through the third BRCT domain of BRCA1 and
the sixth BRCT domain of PBRM1. BRCA1 is combined
with PBRM1 during DNA replication and/or DNA repair
afterirradiation. The coexistence of these two proteins
is thought to be necessary for the repair of DNA dou-
ble-strand breaks, and RNA interference-mediated
knockdown or gene mutation of BRCA1/PBRM1 will
lead to increased sensitivity to ionizing radiation [25].

ROLE OF PBRM1 IN RENAL CELL
CARCINOMA

There are many recent studies, much of them web-
site-based, which have estimated the impacts of gene
mutations on tumor initiation, progression, or the prog-
nosis of disease. However, few studies have explicitly es-
timated the genetic roles of PBRM1 in a large tumor base
in the pattern of transcriptome expression, immune cell
infiltration, and disease prognosis. Epigenetic modifier
genes are described as the second maximal transforma-
tive genes in many tumors following well-established
tumor suppressor, oncogene, and DNA reparation genes.
For instance; ATM, BAP1, BRCA2, CUX1, KMT2D, MGMT,

and PBRM1 [20]. Therefore, in ccRCC, who has been
reporting epidemiological and clinical aspects with es-
timates of specific metabolic patterns, many crucial the
features of genetic and epigenetic alterations to PBRM1
as well as results of experiments related to anti-PD-1
immunotherapy for clear cell renal cell carcinoma [26].
Further attention is given to the genetic or epigenetic
mutations that occur in PBRM1, which have formed as
one of the two crucial genes correlated with chromatin
regulation in the complete reinterpretation of ccRCC[18].
Itis noted about the systems through which such chang-
es lead to the appearance, mapping, shape, histone
remodeling, and DNA methylation reconfiguration of
tumor [27]. Directions also address the genetic condition
and molecules separately or jointly transforming when
the mutation of PBRM1 arises in different exon domain
amino acids or amino-acid residues of introns. Indicates
that effects include tumor endophytic reprogramming,
skin alteration, tumor metabolic reconfiguration, and
inhibition of T cell activity, genetic instability, and upreg-
ulation of noncanonical oncogene paths, such as JAK/
Stat [28]. It is also noted that the epigenetic mechanics
conduce to the reconfiguration of immune cells in the
TME away from an anti-tumor phorotype [22]. Such the
end Duarte shedding light on the mechanism’s result in
immunotherapy and may have the potential to help the
further innovative treatment of RCC [29].

SETD2 GENE

Recent advances in genomic studies reveal that the ge-
netic landscape of Renal Cell Carcinoma (RCC) includes
mutations in tumor-suppressor genes, prominently
PBRM1, encoding ARID2[31]. PBRM1 is the second
most altered gene in clear cell RCC (ccRCC) [31]. An-
otherimportant gene, SETD2, which encodes a histone
methyltransferase, also contributes to adverse clinical
outcomes in ccRCC by repressing pathogenic LINE-1
[30]. In cases where SETD2 is mutated or downregu-
lated, LINE-1 repression is homogeneously reactivated,
showing a complementary functional enrichment com-
pared to PBRM1 [31]. Reports detail the contributions of
SETD2 mutations to ccRCC progression, indicating these
mutations result in poorer outcomes [32]. SETD2, the
fourth most frequently altered gene, plays a critical role
in DNA damage repair. Its trimethylated H3K36 mark
associates with open-chromatin linked to elongating
RNA polymerase Il. Loss of H3K36 trimethylation due to
SETD2 functional loss correlates with inhibited repair
of DNA double-stranded breaks and decreased survival
[31]. Gene alterations in SETD2 show branched patterns
in multi-regional samples of treated ccRCC [30]. Further-
more, several chemotherapy drugs are significant for
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treating ccRCC with pathological SETD2 alterations and
correlate with H3K36 depletion [31]. Results indicate
that SETD2 gene alterations are linked to unfavorable
clinical outcomes, underscoring its potential as a drug
target and biomarker [31, 32].

STRUCTURE AND FUNCTION OF SETD2
SETD2 (SET domain containing 2) is a ubiquitously
expressed SET domain-containing histone 3 lysine
36 trimethylase (H3K36me3) that interacts with elon-
gating RNA pol Il via the RNA pol ll-associated factor
complex (PAF1c), for the recruitment of H3K36me3 to
transcribing gene bodies, being the principal mediator
of H3K36me3 [32]. The functions for H3K36me3 include
the regulation of Pol Il and nucleosome density across
exons, alternative splicing, and DNA repair. Biallelic in-
activation in SETD?2 is associated in clear cell renal cell
carcinoma (ccRCC) with reduced survival and earlier
time to recurrence [18]. SETD2 mutant tumors harbored
global and tumor-specific alterations in bulk DNA meth-
ylation patterns. There is enrichment of bis-synchronous
methylation events in tumors harboring mutations in
genes of several pathways. Notably, mutual exclusivity
of methylation events was observed in tumors with
alternative mechanisms of pathway deregulation, sug-
gesting a branched epigenetic evolution [33]. In SETD2
WT cells, hypomethylation-induced replication stress
activates the DNA damage response (DDR). Recent
findings have characterized an epigenetic determin-
ism associated with reduced H3K36 tri-methylation,
detected in ccRCC molecular subtypes and correlated
with unfavorable outcomes, suggesting that SETD2
loss may not be restricted to VHL disease [18]. SETD2,
ubiquitously expressed SET-containing methyltransfer-
ase, trimethylates lysine 36 of histone H3 (H3K36me3)
along transcribed gene bodies encompassing in a
wide-open chromatin structure. H3K36me3 enriches
across exons and, due to histone-DNA contacts, induces
higher nucleosome density. Decreasing nucleosome
occupancy at exon boundaries increases nucleosome
turnover, facilitating Pol Il passage across splice sites to
promote exon definition and splicing fidelity. By adopt-
ing decompacted nucleosomal arrays, tumor-specific
mutations impair H3K36me3-mediated exon definition,
decrease fidelity of co-transcriptional splicing, and
increase the inclusion of unique exons. Additionally, ec-
topically methylated loci generated by mutant tumors
exhibit genome-wide altered nucleosome positioning
[34]. Collectively, these findings mechanistically define
how SETD2 mutations dysregulate alternative splicing
and actively utilize physiologic chromatin forces to
directly impact splicing fidelity [35].
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ROLE OF SETD2 IN RENAL CELL CARCINOMA
The findings and functions of PBRM1 and SETD2 genes
on renal cell carcinoma, and the interrelation between
PBRM1 deletions and SETD2 mutations propose a po-
tential therapeutic approach, have attracted a great
deal of attention and have been studied actively by
various research groups [31]. The nature of the gene
mutations that occur in PBRM1 and SETD2 is different:
for PBRM1, the majority of gene alterations are dele-
tions, some of which may be germline variations; and for
SETD2, the majority are single nucleotide substitutions
orinsertions and deletions. Concerning how these gene
alterations contribute to renal carcinogenesis, some
studies report that mutations in PBRM1 or SETD2 have
few, if any, effects on the expression of their target
genes. Detailed examination of the TCGA database
indeed showed that PBRM1 deletion mutations had
no effect on the RNA expression of theoretically related
genes[8, 26]. Similar results were found for PBRM1 dele-
tions [36]. Rather than these expressions, alterations in
PBRM1 and SETD2 mutations were found to be signifi-
cantly correlated with the histological grade and stage
of RCC [18]. This result was also found in studies using
The Cancer Genome Atlas database [37] more than a
half patients with high stage and grade in the ccRCC
deletion group belong to group 1 or 2, respectively.
Similarly, 70% of the carcinoma setting occur in individ-
uals falling into group 1 or 2 [38]. Together, these data
suggest that PBRM1 deletion and SETD2 mutations are
likely to be tumor-promoting by enhancing tumor ma-
lignancy, and that the molecular pathways influenced
by these mutations are not involved in cell prolifera-
tion [39]. According to them mutational analysis, the
novel variant of SETD2 V882l was determined as loss-
of-function [38]. In the single cell growth assay, RCC4
Setd2-/-V882l and pFLAG-SETD2 V882l did not exhibit
significant effects on colony formation with or without
the supplementation of doxycycline. In addition to no
significant increase in H3K36me3 at 23% GC loci, fluc-
tuation H3K36me3 expression was not shown by IF. On
the other hands, the supplementation of doxycycline
in this setting portrayed that H3K36me3 enrichment
was significantly elevated to similar baseline wt levels
just after 5 days [39]. These results suggest that not
only R1621 and V1662, the loss of SETD2 activity by
mutating the highly conserved motif in the bifurcat-
ed SET domain, also showed a loss of the H3K36me3
increase function during the last month, leading to ac-
cumulation of SETD2 substrate and genome instability
[40]. Hadlots of H3K36me3 enrichment on GC notably
failed to elevate cellular level of CDC9A in RCC4 Setd2-
/-V882I, suggesting that optimal cell condition might
be crucial for regulating SETD2 bioorthogonal activity.
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Together, the above results demonstrate that success-
ful analytical approach using the simple model used
enabled the identification of potentially deleterious
SETD2 mutations in RCC[18].

COMPARATIVE ANALYSIS OF PBRM1 AND
SETD2 IN RENAL CELL CARCINOMA

There are now five major gene families known to be
significantly mutated in ccRCC, with an overarching
mutational frequency range of 2.3-8.5% and including
mutations of tens to hundreds of genes. However, very
little is known regarding the relationships between
PBRM1 or SETD2 and the genes in the other families
and how they synergize to create the ccRCC landscape
[41]. Future studies are needed to reveal deep biological
relationships between PBRM1 and SETD2 [18]. Upset
plots represent the intersections between gene sets,
with bar plots showing the individual set sizes. These
plots illustrate that different potential biological con-
sequences result from truncating mutations of PBRM1
and VHL, BAP1, and/or SETD2 in ccRCC, indicating
distinct or complementary functional relationships
among these genes [40]. Annotation, enrichment,
and network analysis of the downstream genes of this
unique set of ccRCC samples revealed that PBRM1A and
VHLABAP1ASETD2A could play complementary rolesin
activating fibroblast growth factor signaling through
dysregulation of the KLF5-GNA13-ERBB3-MAPK path-
way [41]. Published data from patient ccRCC samples
were retrieved [42]. Renal cell carcinoma (RCC) is the
most lethal urological tract malignancy in adults, with
clear cell RCC (ccRCC) accounting for 75-80% of cases
[25]. The majority of sporadic cases are associated with
inactivation of the von Hippel-Lindau (VHL) gene [43].
Besides VHL loss, ccRCC exhibits deregulation of multi-
ple signaling pathways that promote angiogenesis and
tumor growth [5]. Exome sequencing of ccRCC samples
has identified several novel genes, with PBRM1 and
SETD2 identified as two of the five most significantly
mutated in ccRCC [18]. PBRM1 and SETD2 are both
classified as tumor suppressor genes (TSGs) given that
the majority of their mutations are inactivating [39]
[7]. Tumors with PBRM1 mutations appear to have
distinct biology from those with SETD2 mutations
[18]. PBRM1-mutated ccRCCs exhibit a two-fold lower
mutation burden than wild-type tumors and are the
most common type of ccRCC defined by chromosome
aberrations [44]. In contrast, either PBRM1 or SETD2 can
drive a high number of copy number variations (CNVs),
which arein turn associated with a worse outcome [45].
This integrated analysis asserts the unique contribu-
tions of PBRM1 and SETD2 in driving ccRCC genomic

instability and tumor progression and adds a new layer
of understanding to the complex biology of ccRCC[18].

SIMILARITIES AND DIFFERENCES IN
FUNCTION

PBRM1 and SETD2 mutations are the 1st and 3rd most
frequent gene mutations (~40% and ~20% mutation
rate in ccRCC tumors) in ccRCCs, respectively [18][44].
Both genes function in a chromatin remodeling context,
but PBRM1 is a SWI/SNF family chromatin remodeler
and a regulator of transcription while SETD2 encodes
a histone methyltransferase. The results of this review
suggest that the two genes share several functional
similarities (tumor suppression, alteration of cell cycle
regulation and genomic integrity), but the context
of PBRM1 and SETD2 mutations will have discordant
genetic interactions and associated pathways [46].
Elucidating these distinctions in ccRCC tumorigenesis
will be important to understand how PBRM1 and SETD2
mutations influence clinical outcomes and response
to therapeutics [47]. Taken together, this comparative
dialogue will provide insight into the gene-specific roles
of PBRM1 and SETD2 in ccRCC carcinogenesis and will
ultimately help to optimize patient therapies. Loss-of-
function mutations in the Polybromo-1 (PBRM1) and
SET Domain Containing 2 (SETD2) genes in renal cell
carcinoma (RCC) patients have been highly associated
with tumor aggressiveness and poor patient prognosis
[25]. Genomic analysis of primary and metastatic RCC
tumors has revealed a connection between the timing
of PBRM1 and SETD2 mutations and disease state pro-
gression, where PBRM1 mutations are earlier events
that alter chromatin accessibility, and later acquisition
of SETD2 mutations exacerbates these changes [31].

IMPACT ON DISEASE PROGRESSION

The impact of PBRM1 and SETD2 mutations on deter-
mining either association with decreased survival or
propensity to metastasize is analyzed and discussed,
while summarizing and reviewing recent reports direct-
ed at this each aim [18]. The role of the two genes in
the development of consecutive primary clear cell renal
cell carcinoma (ccRCQ) is also assessed, examining the
molecular profile of the two genes for possible clonal
relations, and investigating whether the development
of metastasis is dependent on the multi-regionally het-
erogeneous aspect of these genes [48]. Comparatively
few reports deal with the clinical effect of PBRM1 and
SETD2 gene mutations on renal cell carcinoma (RCC),
currently the third most deadly genitourinary tract can-
cer [18]. However, as their biological effects on RCCand
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ccRCCare elucidated, analyses encompassing larger co-
horts of RCC and ccRCC patients either with or without
gene mutations are being reported [49]. Thus, current
knowledge comprising this review mostly focuses on
alterations to PBRM1 and SETD2 genes found in ccRCC
and gnom AD information considering their changes
in RCC pan-cancer cohorts [50]. Adverse clinical results
are more apparent in ccRCC patients experiencing
changes in both genes when analyzed in all commonly
altered kidney cancer genes [51]. In addition, based
on single-nucleotide variant (SNV) and copy number
variant (CNV) data of PBRM1 and SETD2, a gene set
enrichment analysis (GSEA) is also reviewed for insight
into the biological effect these changes bring to ccRCCs
[52]. The correlation between changes to two genes
and the formation of metastasis in ccRCCis then looked
upon through histopathologic and molecular observa-
tions made on primary sites and its metastasized sites
in ccRCC patients [53]. Ultimately, it is hoped a push is
given to oncologists in paying regards to these genes
mutations in molecular profiling of ccRCC patients,
which in turn may influence decisions made on how
best to manage such individuals [29].

CLINICAL IMPLICATIONS AND THERAPEUTIC
STRATEGIES

In this precision medicine era, advances in technologies
are providing the opportunities to detect various mo-
lecular abnormalities that can be targets for individual-
ized treatment approaches [54]. Starting from inherited
genes, the spectrum of these molecular targets has
been expanded to somatically acquired changes, and
companion diagnostics in therapeutic strategies [55].
However, many clinicians do not yet integrate genetic
profiling into routine oncological practice [56]. This text
aims to summarize the recently defined implications
of PBRM1 and SETD2 genes in renal cell carcinoma
(RCC)-genealogies, prognosis, preferred therapeutic
strategies, and challenges [55]. A good understanding
of genetic contexts underlying PBRM1 and SETD2
abnormalities can offer essential information to the
considerations of therapeutic strategy [44][47]. Addi-
tionally, itis worthy for researchers to further elucidate
the mechanisms of the pronounced mutagenicity of
PBRM1 and SETD2 mutations and to develop drugs
targeting distinctive pathways and diseases caused by
the alterations of these genes [52]. Advanced clear cell
Renal Cell Carcinoma (ccRCC) has a poor prognosis and
is generally refractory to standard chemotherapy and/
or radiation therapy, so novel therapies are urgently
needed [57]. RCC provides an attractive case study for
this challenge, due to the remarkable progress in un-
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derstanding molecular pathogenesis [29]. Large efforts
have been made in identifying and understanding the
alterations that drive RCC and kill off key checkpoints
[15]. Therapy approaches in RCC, including the most
recent ones [17]. In recent years, a deeper understand-
ing of the molecular basis of RCC was obtained, and
several new drugs have been tested in clinical trials,
demonstrating additional to significant therapeutic
promise [58]. Various promising strategies are current-
ly under investigation, including targeted therapies,
immunotherapies, and their combinations [59]. Using
genetic information to stratify patients and to select
more appropriate treatments is a crucial point in the
decision-making process that can significantly improve
the ability to benefit from therapy and, therefore, en-
hance outcomes [60]. Further research and, above all,
the integration of genetic research into ongoing clinical
trials and routine clinical practice aim to adjust the
current strategy and help the development of novel
efficient therapeutic approaches [61].

CURRENT THERAPIES TARGETING PBRM1
AND SETD2

Clear cell Renal Cell Carcinoma (ccRCC) is one of the tu-
mors with a complicated genetic background, in which
PBRM1 geneis one of the most frequently altered genes
[22]. SMARCB1/2 mostly contain genes that encode the
SWI/SNF complex, which can help generate an open
chromatin state by moving or ejecting nucleosomes
[62]. BRG1 and BRM encode a DNA-dependent ATPase
of the SWI/SNF complex [63]. It is known that mutations
in PBRM1 often occur in the domain encoding the
protein-protein interaction (PPI) site of the SWI/SNF
complex [62]. PBRM1 has three KID domains, two BAH
domains and one HMG box domain. Acetylation and
methylation marks are involved in chromatin remodel-
ing, which can be recognized by chromatin remodeling
complexes and modified the nucleosome structure, im-
pacting the accessibility of other proteins to DNA [64].
CC2D1A, BCL11A, BRD7, and UAP1 are mutated in less
than 10% of ccRCC samples, and KDM5C, SETD2, BAP1,
and TCEB1 are more susceptible to biallelic inactivation
[63]. SET domain containing 2 (SETD2) gene RING-type
E3 ligase comprises an array of RING finger proteins
and really interesting new gene finger domain proteins
are components of distinct E3 ubiquitin ligases, which
mediate ubiquitination of target proteins [65]. RING
finger proteins often act in complexes with specific E2
ubiquitin-conjugating enzymes [64], ccRCC is one of
the most common malignant tumor types in the world,
accounting for approximately 65,000 to 100,000 deaths
worldwide [66]. The development of surgery, includ-
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ing targeted molecular therapy, has led to increased
disease-free survival rates. However, patients with
advanced and metastatic RCC have limited treatment
options, including surgical tumor resection, radiother-
apy, new drug therapy, and immunotherapy [67].

CONCLUSIONS

Synthesizing the invaluable insights and extensive
knowledge gained throughout the rigorous and com-
prehensive review serves as a crucial reminder that renal
cell carcinoma (RCC) is an intricate, polygenetic, and
invasive type of solid tumor that is driven by a diverse
and multifaceted array of genetic alterations. Within
this complex landscape, the PBRM1 and SETD2 genes
frequently play critical and pivotal roles during the evo-
lutionary stages of clear cell renal cell carcinoma (ccRCC)
and exhibit a wide range of variable subclonal genetic
alterations that significantly expand their already ex-
pansive clonal evolutionary history over time. However,
a thorough and comprehensive understanding of the
driver genetic alterations that influence RCC is not only
absolutely necessary but could also provide fundamen-
tal and essential genetic insights that are invaluable for
advancing clinical practices in oncology. The analyses
reviewed in this context not only substantiate but also
reinforce the vital relationship between mutations in
PBRM1 and SETD2 and the complex genetic evolution of
ccRCC. Given the notable and high prevalence of genetic
alterations involving PBRM1 and SETD2 in ccRCC cases,
these significant findings might possess substantial
practical and implicational values that could influence
the field of oncology. Specifically, (i) PBRM1 mutation

could serve as a tumor co-initiator that actively cooper-
ates with other driver gene mutations in the formation
of the preneoplastic cell population, thus highlighting
its essential role in the process of tumorigenesis. (ii)
Furthermore, the formation of a subclonal copy number
loss could act as a new and distinctive branch, promot-
ing the advancement of the PBRM1 mutated clone to
a more dominant and predominant status within the
tumor hierarchy itself. (iii) Moreover, the cooperation
of SETD2 mutation with PBRM1 mutation is absolutely
crucial in establishing the potential for distant meta-
static spread of the disease, enhancing the complexity
of the tumor environment. The above predictions and
hypotheses may pave the way for the development of
collaborative and innovative therapeutic avenues and
fundamentally reinforce the pressing necessity for the
ongoing exploration and investigation of PBRM1 and
SETD2 genes in this crucial context. Furthermore, the
pharmacologic studies undertaken thus far suggest
the considerable potential for identifying promising
and innovative treatment strategies that could prove
to be effective against RCC. By actively integrating
those crucial discoveries into larger and more diverse
RCCresearch communities and institutions, there exists
significant potential for transformational novel therapies
to emerge in the future landscape of cancer treatment
that could positively impact patient outcomes. These
informative and promising prospects illustrate the
hopeful benefits and positive impacts of the emerging
genetic findings combined with advanced technologies
in the understanding, prevention, and comprehensive
management of renal cell carcinoma in both clinical and
research settings.
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