
VOLUME LXXVI, ISSUE 6, JUNE 2023 ISSN 0043-5147
E-ISSN 2719-342X

Official journal of Polish Medical Association has been published since 1928

INDEXED IN PUBMED/MEDLINE, SCOPUS, EMBASE, EBSCO, INDEX COPERNICUS,  
POLISH MINISTRY OF EDUCATION AND SCIENCE, POLISH MEDICAL BIBLIOGRAPHY





ALUNA Publishing House

VOLUME LXXVI, ISSUE 6, JUNE 2023 ISSN 0043-5147
E-ISSN 2719-342X

Official journal of Polish Medical Association has been published since 1928



Wiadomości Lekarskie is abstracted and indexed in: PUBMED/MEDLINE, SCOPUS, EMBASE, INDEX COPERNICUS,  
POLISH MINISTRY OF EDUCATION AND SCIENCE, POLISH MEDICAL BIBLIOGRAPHY

Copyright: © ALUNA Publishing House. 

Articles published on-line and available in open access are published under Creative Com-
mon Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) allowing 
to download articles and share them with others as long as they credit the authors and the pu-

blisher, but without permission to change them in any way or use them commercially. 

Memory of   
dr Władysław 
Biegański

The journal Wiadomości Lekarskie  is cofinanced under Contract No.RCN/SN/0714/2021/1
by the funds of the Minister of Education and  Science 



Kris Bankiewicz San Francisco, USA

Christopher  Bara Hannover, Germany

Krzysztof  Bielecki Warsaw, Poland

Zana Bumbuliene Vilnius, Lithuania 

Ryszarda Chazan Warsaw, Poland

Stanislav Czudek Ostrava, Czech Republic

Jacek Dubiel Cracow, Poland

Zbigniew Gasior Katowice, Poland

Mowafaq Muhammad Ghareeb Baghdad, Iraq

Andrzej Gładysz Wroclaw, Poland  

Nataliya Gutorova Kharkiv, Ukraine

Marek Hartleb Katowice, Poland

Roman Jaeschke Hamilton, Canada

Andrzej   Jakubowiak Chicago, USA

Peter Konturek Saalfeld, Germany

Jerzy Korewicki Warsaw, Poland

Jan Kotarski Lublin, Poland

George Krol New York, USA

Krzysztof Łabuzek Katowice, Poland

Jerzy Robert Ładny  Bialystok, Poland

Henryk Majchrzak Katowice, Poland

Ewa Małecka-Tendera Katowice, Poland 

Stella Nowicki Memphis, USA

Alfred Patyk Gottingen, Germany

Palmira Petrova Yakutsk, Russia

Krystyna Pierzchała Katowice, Poland

Waldemar Priebe Houston, USA

Maria Siemionow Chicago, USA

Vladyslav Smiianov Sumy, Ukraine

Tomasz Szczepański Katowice, Poland

Andrzej Witek Katowice, Poland 

Zbigniew Wszolek Jacksonville, USA

Vyacheslav Zhdan Poltava, Ukraine

Jan Zejda Katowice, Poland

International Editorial Board – in-Chief: 

Marek  Rudnicki Chicago, USA 

International Editorial Board – Members:

Distribution and Subscriptions:
Bartosz Guterman prenumerata@wydawnictwo-aluna.pl
Graphic design / production:
Grzegorz Sztank www.red-studio.eu

Publisher:
ALUNA Publishing House
ul. Przesmyckiego 29, 
05-510 Konstancin – Jeziorna
www.wydawnictwo-aluna.pl 
www.wiadomoscilekarskie.pl
www.wiadlek.pl

Editor in-Chief:
Prof. Władysław Pierzchała

Deputy Editor in-Chief:
Prof. Aleksander Sieroń

Statistical Editor:
Dr Lesia Rudenko

Managing Editor:
Agnieszka Rosa – amarosa@wp.pl

International Editorial Office:
Nina Radchenko (editor) – n.radchenko@wydawnictwo-aluna.pl

Polish Medical Association (Polskie Towarzystwo Lekarskie):
Prof. Waldemar Kostewicz – President PTL
Prof. Jerzy Woy-Wojciechowski – Honorary President PTL



1322

Wiadomości Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 6, JUNE 2023 © Aluna Publishing

CONTENTS
ORIGINAL ARTICLES
Aidyn G. Salmanov, Volodymyr Artyomenko, Olena M. Susidko, Svitlana M. Korniyenko, Orusia A. Kovalyshyn, Oleksandr A. Voloshyn,  
Oleg V. Golyanovskiy
CATHETER-ASSOCIATED URINARY TRACT INFECTIONS AFTER CAESAREAN SECTION IN UKRAINE:  
RESULTS A MULTICENTER STUDY (2020-2022) 1325

Evangelos C. Fradelos, Maria Saridi, Vissarion Bakalis, Aikaterini Toska, Viktor Vus, Arndt Büssing, Kyriakos Souliotis
MENTAL HEALTH, QUALITY OF LIFE, SPIRITUAL DRYNESS AND ACEDIA SYMPTOMS IN PATIENTS SUFFERING  
FROM CHRONIC DISEASES 1332

Muhamad Arifin Parenrengi, Wihasto Suryaningtyas, Rifqi Aulia Destiansyah
HYPERGLYCEMIA AS A PREDICTOR OF OUTCOME IN PAEDIATRIC SEVERE TRAUMATIC BRAIN INJURY PATIENTS UNDERWENT  
SURGERY: A SINGLE CENTER EXPERIENCE FROM EASTERN INDONESIA FROM 2017-2022 1342

Olga Bilyayeva, Ivan Karol, Eugeniy Demianenko, Alina Gaidai, Yevhenii Kryzhevskyi, Polina Vakuliuk, Alexander Golub
ORNIDAZOL-BASED APPLICATION SORBENT WITH NANO SILICA AND ITS ANTIMICROBIAL ACTIVITY 1347

Sofia S. Bauman, Olga V. Sheshukova, Valentyna P. Trufanova, Iryna O. Kuz, Tetiana V. Polishchuk, Anna S. Mosiienko,  
Kateryna S. Kazakova
CYTOLOGIC CHARACTERISTIC OF THE CELLULAR COMPOSITION OF THE GUM MUCOUS MEMBRANE IN SCHOOL-AGE CHILDREN 1359

Hayder Ch. Assad, Fadhil A. Rizij, Ayad A. Hussien, Zainab Hadi
ACCEPTANCE OF THE COVID-19 VACCINE AND ITS RELATED FACTORS AMONG IRAQI ADOLESCENTS: A CROSS-SECTIONAL STUDY 1363

Vlasta Vysochanska, Galina Koval
MALASSEZIA COLONIZATION CORRELATES WITH THE SEVERITY OF SEBORRHEIC DERMATITIS 1371

Sidrah Parvez, Ghizal Fatima, Farzana Mahdi, Najah R. Hadi, Jan Fedacko
ASSESSMENT OF THE ASSOCIATION OF SEROTONIN TRANSPORTER GENE (5-HTTVNTR & 5-HTTLPR) POLYMORPHISM  
IN PATIENTS WITH FIBROMYALGIA SYNDROME 1378

Taras V. Romaniv, Nadiya V. Skrypnyk, Ulyana V. Synko, Nataliia M. Voronych-Semchenko, Oleh V. Melnyk, Anna O. Hryb,  
Igor B. Boruchok
THE ASSESSMENT OF COMPENSATION OF CARBOHYDRATE METABOLISM IN PATIENTS WITH TYPE 2 DIABETES MELLITUS  
WITH METABOLIC SYNDROME BEYOND THE LIMITS OF GLYCATED HEMOGLOBIN 1385

Sergiy Stadnik, Olena Radchenko, Orest Komarytsia, Iryna Zhakun, Angelica Filipyuk, Nataliya Bek
PECULIARITIES OF STRUCTURAL CHANGES IN THE BRAIN SUBSTANCE IN PATIENTS WITH ARRHYTHMIAS DEPENDING  
ON THE SEVERITY OF COGNITIVE DISORDERS 1391

Grygoriy P. Griban, Olha S. Zablotska, Halyna A. Kolomoiets, Natalia A. Lyakhova, Iryna M. Nikolaіeva, Iryna I. Shpak, Olena V. Lobova
FAMILY INFLUENCE ON THE FORMATION OF CHILDREN’S MOTIVATION FOR A HEALTHY LIFESTYLE  1400

© Aluna Publishing



1323

Wiadomości Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 6, JUNE 2023© Aluna Publishing

Viktoriia Rudnyk, Nataliia Chaplynska, Liubov Skrypnyk
BRONCHIECTASIS IN ADULT PATIENTS: CLINICAL PECULIARITIES AND APPROACHES TO THE TREATMENT 1406

Тetiana Міyer, Anna Klim-Klimaszewska, Svitlana Palamar, Olga Kotenko, Hennadii Bondarenko, Liudmyla Nezhyva, Yurii Savchenko
CAUSES OF ANXIETY DURING PLAY AS A FACTOR OF NEGATIVE IMPACT ON THE HEALTH OF PRESCHOOL AND SCHOOL CHILDREN 1413

Iryna Yu. Karpiuk, Tetiana K. Obeziuk, Maryna O. Demydenko, Iryna Yu. Zakharova, Olena V. Pidvalna, Oleksandr Ye. Salamakha,  
Iryna A. Holovanova
IMPACT OF MOTOR ACTIVITY ON THE DYNAMICS OF INTELLECTUAL WORKING CAPACITY AND MENTAL COGNITIVE  
PROCESSES IN STUDENTS 1422

Ivan М. Okhrimenko, Vadym V. Barko, Lesia V. Vavryk, Vadym D. Chornous, Svitlana S. Okhrimenko, Yurii V. Aleksandrov,  
Larysa M. Onishchuk
THE IMPACT OF PROFESSIONAL STRESS ON THE MENTAL HEALTH OF LAW ENFORCEMENT OFFICERS 1428

Oleksandr O. Sabirov, Zoia V. Syrovatko, Viktoriia M. Yefremenko, Nataliia Ye. Havrylova, Olena K. Syrotynska, Anna Yu. Chekhovska,  
Oleksandr D. Mokhunko
DYNAMICS OF STUDENTS’ PHYSICAL WELL-BEING INDICATORS DURING QUARANTINE RESTRICTIONS 1436

Yulia G. Kolenko, Tetiana O. Timokhina, Olesya V. Lynovytska, Olena V. Cherkasova, Ilona S. Semenova
INDICATORS OF DENTAL HEALTH AND LOCAL IMMUNITY IN YOUNG ADULTS WHO HAVE SUFFERED FROM CORONAVIRUS INFECTION 1443

Kostiantyn V. Prontenko, Ivan М. Okhrimenko, Olena O. Yevdokimova, Kateryna R. Mannapova, Volodymyr M. Filonenko,  
Iuliia L. Tverdokhvalova, Liliia O. Bondarenko
PECULIARITIES OF FORMATION OF CADETS’ PSYCHOLOGICAL RESILIENCE AND PHYSICAL READINESS FOR COMBAT STRESS 1450

Oleksii V. Tymoshenko, Zhanna H. Domina, Valerii V. Trotsenko, Serhii V. Sembrat, Andrii O. Artiyushenko, Oleksandr A. Tomenko,  
Romana R. Sirenko
DEVELOPMENT OF COORDINATION ABILITIES IN 6-10 YEARS OLD BOYS WITH POSTURAL DISORDERS 1457

Mykhailo F. Khoroshukha, Grygoriy P. Griban, Anatolii I. Bosenko, Natalia A. Lyakhova, Alla M. Harlinska,  
Pavlo P. Tkachenko, Anna A. Bondar
INFLUENCE OF SEROLOGICAL MARKERS OF BLOOD GROUPS UPON THE DEVELOPMENT OF VISUAL MEMORY  
IN HIGH SCHOOLERS AND STUDENTS 1464

Borys P. Savchuk , Inga V. Yehorova, Oksana V. Vintoniak, Ruslan M. Kotenko, Nadiya O. Fedchyshyn, Svitlana Yu. Nesterova,  
Halyna V. Bilavych  
EMOTIONAL INTELLIGENCE AS A FACTOR IN STRENGTHENING THE STUDENTS’ MENTAL HEALTH DURING THE COVID-19 PANDEMIC 1470

Andrii A. Borysenko, Аnna M. Antonenko, Vasyl Aleksiichuk, Mykola Kondratiuk, Igor Pelo
COMPARATIVE HYGIENIC ASSESSMENT OF THE POTENTIAL DIQUAT HAZARD TO THE POPULATION WHEN  
CONSUMING AGRICULTURAL CROPS TREATED WITH THE REGLONE AIR 200 SL FORMULATION USING DIFFERENT  
APPLICATION TECHNOLOGIES (UAV, AERIAL, HIGH-CLEARANCE ROD SPRAYER TREATMENT) 1478

© Aluna Publishing



1324

Wiadomości Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 6, JUNE 2023 © Aluna Publishing

© Aluna Publishing

Volodymyr O. Korshnyak, Julia V. Bovt, Oleksandr R. Pulyk, Oleksandr M. Stoyanov 
MINE-BLAST TRAUMA AS A FACTOR IN THE EARLY DEVELOPMENT OF VASCULAR DISEASES OF THE BRAIN 1485

REVIEW ARTICLES 
Ruzhena Matkivska, Inga Samborska, Oleksandr Maievskyi
EFFECT OF SCORPION VENOM TOXINS ON STRUCTURAL AND FUNCTIONAL PARAMETERS OF INTERNAL ORGANS,  
INCLUDING KIDNEYS (REVIEW) 1491

CASE STUDIES
Oleksandr Pulyk, Myroslava Hyryavets, Vladyslava Ahij
CHRONIC MIGRAINE. CASE REPORT 1499



1325

© Aluna Publishing Wiadomości Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 6, JUNE 2023

INTRODUCTION
Catheter Associated Urinary Tract Infection (CAUTI) is 
one of the most common healthcare-associated in-
fections (HAI) accounting for up to 40% of all hospital 
acquired infections [1]. According to literature, eighty 
percent of these are associated with the use of urinary 
catheters [2]. In Ukraine, fourteen percent of HAIs are 
associated with the use of urinary catheters [3]. Risk of 
infection is about 5-10% with each day of indwelling 
catheterization [4, 5] [and 1-3% with each insertion in 
intermittent catheterization [6]. CAUTIs have a high 
impact in terms of morbidity, mortality, and costs.  

CAUTIs can be associated with Cesarean section (CSEC). 
CSEC is one of the most common surgical procedures 
performed in the both developed and developing coun-

tries [7]. The rate of CSES has seen a soar in the past few 
decades, varying from 0.4% to as high as 44.1% across 
the world [8-11]. Among the European Union Member 
States, CSEC were most frequent in Cyprus (54.8 %), 
Romania (44.1%), Bulgaria (43.1%), Poland (39.3%) and 
Hungary (37.3%) [9]. Similarly, high CSEC rates have been 
reported in the USA, Australia and China, where 32%, 
32.4% and 41% of births are by CSEC, respectively [8, 10, 
12]. The reported rates of caesarean section are 3.3% in 
Africa, 33.7% in Latin America, 27.3% in Asia and 40.5% in 
China with an average of 15.9% [11, 13]. CSEC in Ukraine 
accounts for up to 23% of all births [14]. Over the past 
two decades, along with significant improvements in 
clinical obstetric care in many countries, the incidence 
rate of CAUTIs after CSEC remains an important issue.

CATHETER-ASSOCIATED URINARY TRACT INFECTIONS AFTER 
CAESAREAN SECTION IN UKRAINE: RESULTS A MULTICENTER 
STUDY (2020-2022)
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ABSTRACT
The aim: To obtain the first national estimates of the current prevalence rate of catheter-associated urinary tract infections (CAUTIs) after caesarean section 
(CSEC) and antimicrobial resistance of causing pathogens in Ukraine.
Materials and methods: Prospective multicentre surveillance was conducted from January 2020 to December 2022 in 15 women hospitals of Ukraine. 
Definitions of CAUTIs were adapted from the CDC/NHSN. Antibiotic susceptibility was done by the disc diffusion test as recommended by European Committee 
on Antimicrobial Susceptibility Testing guidelines. 
Results: A total of 15,892 catheterized women undergoing primary CSEC and 13.6% CAUTI were identified. The most common uropathogen was Escherichia 
coli, Proteus mirabilis, and Enterococcus species followed by Providencia stuartii and Pseudomonas aeruginosa. Many uropathogens isolated from CAUTI cases 
were found to be multidrug resistant. 
Conclusions: This study showed that CAUTIs in catheterized women undergoing primary CSEC in Ukraine is a common occurrence and many cases are caused by 
pathogens that are resistant to antibiotics. Optimizing the management and empirical antimicrobial therapy may reduce the burden of CAUTIs in catheterized 
women undergoing primary CSEC, but prevention is the key element. 

 KEY WORDS: catheter-associated urinary tract infection, cesarean section, antimicrobial resistance, pathogens, Ukraine
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Current guidelines for management of CAUTIs rec-
ommend the use of antibiotics for both treatment 
postoperative infections. However, the growing an-
timicrobial resistance is limiting their use in Ukraine. 
Resistant CAUTI is becoming more and more pressing 
for medical specialists a worldwide. In the available lit-
erature, studies on antimicrobial resistance of causing 
pathogens of CAUTIs after CSEC are limited. Monitor-
ing of the prevalence of causing pathogens of CAUTIs 
after CSEC and antimicrobial resistance is necessary to 
enhance our knowledge of its epidemiology.

Incidence rates of CAUTI after CSEC and antimicrobial 
resistance of causing pathogens in Ukraine are currently 
unknown. This creates problems as well for physicians 
and as infection control professionals in hospitals of 
Ukraine. The prevalence of and causative agents of most 
CAUTIs after CSEC among female in-patients have not 
been studies in Ukraine. This was the basis for this study.

THE AIM 
The aim of this study was to obtain the first national 
estimates of the current prevalence rate of CAUTIs after 
CSEC and antimicrobial resistance of causing pathogens 
in Ukraine.

MATERIALS AND METHODS

STUDY DESIGN, SETTINGS AND 
PARTICIPANTS
This a prospective multicenter cohort study was based 
on surveillance data for CAUTIs done in 15 women 
hospitals (located in Odessa, Ivano-Frankivsk, Vinnytsia, 
Volyn, Rivne, Chernivtsi, Lviv, Poltava, Cherkasy, Zhyto-
myr, Chernihiv, Dnipropetrovsk, and Kyiv, Ukraine) from 
13 Ukrainian regions over 36 months period from 1st 
January, 2020 to 31st December, 2022. We compiled 
list of the 18 women medical centers. However, only 
15 hospitals agreed to take part in our study. This study 
included fifty hemodynamically stable women without 
any therapeutic or surgical complications who under-
went bladder catheterization after caesarean section. 
All participants were comparable in terms of indication 
for cesarean section, type of caesarean section, anaes-
thesia and same operating surgeon. All participants 
were local residents. Exclusion criteria: (a) Associated 
medical problem (e.g. Pregnancy Induced Hypertension 
or chronic hypertension, Gestational Diabetes Mellitus 
or Overt Diabetes Mellitus, Renal Disease etc., (b). Sur-
gical complication or previous Caesarean section, (c) 
Rupture of membranes > 4 hours, (d) Pre-existing UTI; 
(e) Patients with CAUTI present on admission and other 

infections of the urinary tract. All patients received the 
antibiotic ceftriaxone intravenously for prophylaxis. 

DEFINITION
СAUTI was evidenced by urine microscopy and culture 
and sensitivity done in urine sample. CAUTIs were de-
fined according to the published CDC definition ((1) use 
of an indwelling foley for more than two consecutive 
days, (2) catheter in place on day of or day prior to event, 
(3) two or more symptoms concerning for CAUTI and (4) 
urine culture with no more than two species of organ-
ism of which at least one is a bacterium of ≥105 CFU/
mL) [Centers for Disease Control and Prevention (CDC). 
Urinary Tract Infection (Catheter-Associated Urinary 
Tract Infection [CAUTI] and Non-Catheter-Associated 
Urinary Tract Infection [UTI]) and Other Urinary System 
Infection [USI]) Events, 2019.].

MICROBIOLOGICAL METHODS
Urine of all patients was sampled immediately before 
and 24 hours, and 48 hours post-surgery (cesarean 
section) and subjected to routine and microscopy 
examination and culture and sensitivity. Urine was 
collected as per the guidelines described earlier for 
culture and sensitivity with aseptic precautions and was 
transported immediately to the laboratory in a sterile 
container. The significant bacteriuria was 105 cfu/ml 
was taken into consideration while confirmation as 
CAUTI. The identification and antibiotic sensitivity was 
done by the disc diffusion test as recommended by 
European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) guidelines.

DATA COLLECTION
The data were collected using socio-demographic 
and clinical data sheets. These were all extracted from 
the patient’s medical records in these units and daily 
observations of the nurses. The Infection control nurse 
collected all the details like name of the patient, age, date 
of catheterization, laboratory reports during her daily 
rounds. All data were collected using the Urinary Tract 
Infection (UTI) Checklist. It is scrutinized for the signs and 
symptoms as per CDC/NHSN criteria for confirmation as 
CAUTI. Caesarean section procedure was performed by 
conventional manner in all cases. The time of onset of sur-
gery was designated as zero hour. The duration of surgery 
was defined as interval between the onset of surgery till 
completion of skin closure, measured by standard clock. 
The duration of hospital stay was defined as the time 
from onset of surgery to the hospital discharge. Discom-
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fort at first voiding was defined as burning, urging and 
difficulty at voiding. The time of first voiding was defined 
into two ways; First, as the time interval between removal 
of urinary catheter and first spontaneous voiding. Sec-
ond, as the time interval from the onset of surgery and 
first spontaneous voiding. The time of first ambulation 
was defined as interval between onset of surgery and 
the time patient first ambulated. Method of voiding was 
noted in the form of use of bedpan or bathroom. Febrile 
morbidity due to UTI and postoperative urinary retention 
was also noted.

ETHICS
Ethical approval was obtained from the ethics com-
mittee of the Shupyk National Healthcare University of 
Ukraine, including the aim of the study and confirma-
tion that all data collected, will be kept confidential and 
used for scientific research only. Informed consent was 
obtained from the study participants. Women who did 
not give informed consent for this study were excluded. 
The Study complies with the Declaration of Helsinki.

STATISTICAL ANALYSIS
Data entry and statistical analysis were done using 
EXCEL and SPSS 10.0 statistical software package. Data 
were presented using descriptive statistics in the form 
of frequencies and percentages. Results were compared 
and analysed using unpaired student t-test. In this study 

all statistical analyses were two-sided and significance 
was set at P < 0.05.

RESULTS

PREVALENCE OF CAUTI
In this study total 15,892 catheterized women under-
going primary CSEC without any medical complication 
or pre-existing Urinary Tract Infections were included 
from January 2020 to December 2022. Total numbers 
of catheterized days were 63,568. Catheterization days 
ranged from 2 days to 9 days. During the study period 
applying CDC/NHSN methods of detection, a total of 
2,168 CAUTIs were identified from 15,892 CSEC proce-
dures. The prevalence of CAUTIs after CSEC in Ukraine 
was 13.6% [95% confidence interval (CI) 13.3-13.9]. 

The CAUTIs cases after CSEC in the participating hos-
pitals varied significantly. This study showed that the 
situation with CAUTI after CSEC in Ukraine varies greatly 
by region. Lower CAUTIs percentages were reported 
by Ukrainian regions in the east and west while higher 
percentages were reported in the central region, north, 
and south of Ukraine. In terms of regions, fluctuations of 
the indicator values were observed – from the smallest 
in Volyn and Rivne region to the largest in Odessa, Lviv, 
Poltava region, and in Kyiv. Distribution of a catheter-
ized women with CAUTIs undergoing primary CSEC 
delivery admitted to the women’s hospitals of Ukraine 
are presented in Table I.

Table I. Distribution of catheter-associated urinary tract infections (CAUTIs) after caesarean section (CSEC) procedures in the participating hospitals

Hospital No. of CSEC procedures CAUTIs 
(n/%) 95% CI

A 1,149 157/13.7 12.3 – 14.7

B 1,242 133/10.7 9.8 – 11.6

C 1,128 127/11.3 10.4 – 12.2

D 1,083 186/17.2 16.1 – 18.4

E 982 112/11.4 10.4 – 12.4

G 1,123 176/15.7 14.6 – 16.8

H 988 93/9.4 8.5 – 10.3

I 1,022 131/12.8 11.8 – 13.9

J 996 117/11.7 10.7 – 12.7

K 1,087 168/15.5 14.4 – 16.6

L 988 122/12.3 11.3 – 13.3

M 979 163/16.6 15.4 – 18.8

N 1,007 159/158 14.7 – 16.9

O 989 186/18.8 17.6 – 20.0

P 1,129 138/12.2 11.2 – 13.2

Total 15,892 2,168/13.,6 13.3 – 13.9

CI, confidence interval
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The CAUTI rates were 5.8% [95% CI 5.6 – 6.0] after 
elective cesarean delivery and 7.8% [95% CI 7.6 – 8.0] 
after urgent CSEC. None of the patients died as a result 
of CAUTIs after CSEC procedure. The median time the 
duration of catheterized period for all CAUTIs was four 
days. The median age of women included in this study 
was 30 years (range 20–51). Characteristics of a cathe-
terized women with CAUTI undergoing primary CSEC 

delivery admitted to the women’s hospitals of Ukraine 
are presented in Table II.

ANTIBIOTIC PROPHYLAXIS
In our study 100% of women for whom information 
was collected were given antimicrobial prophylaxis. 
In most hospitals (12/15) the first choice of antibiotic 

Table II. Characteristics of participants with catheter-associated urinary tract infections (CAUTI) after caesarean section (CSEC) in Ukraine (2020-2022)

Variables Number of 
participants (n)

CAUTI
95% CI

n %

Age of patricipants

≤20 936 95 10.1 9.1 – 11.1

21-25 1,218 161 13.2 12.2 – 14.2

26-30 2,336 316 13.5 12.8 – 14.2

31-35 2,983 362 12.1 11.5 – 12.7

36-40 3,874 570 14.7 14.1 – 13.3

41-45 2,811 381 13.6 12.9 – 14.3

46-50 978 152 15.5 14.3 – 16.7

≥51 756 131 17.3 15.9 – 18.7

Total 15,892 2,168 13.6 13.3 – 13.9

CI, confidence interval

Table III. Distribution of microorganisms (n=2,168) identified in catheter-associated urinary tract infections (CAUTIs) after caesarean section (CSEC) in 
catheterized women in Ukraine (2020-2022)

Microorganisms All isolates Percentages, %

Gram-positive cocci 692 27,3

Staphylococcus aureus 91 13,1

Coagulase-negative staphylococci 162 23,4

Enterococcus species 265 38,3

Streptococcus species 108 15,6

Other Gram-positive cocci 66 9,5

Gram-negative bacilli 1,559 71,9

Enterobacteriales 1,196 76,7

Escherichia coli 421 35,2

Citrobacter species 91 7,6

Enterobacter species 103 8,6

Klebsiella pneumoniae 89 7,4

Proteus mirabilis 274 22,9

Serratia marcescens 59 4,9

Providencia stuartii 159 13,3

Gram-negative non- fermentative bacilli 363 23,3

Acinetobacter species 34 9,4

Pseudomonas aeruginosa 157 19,8

Stenotrophomonas maltophilia 72 3.3%

Fungi 17 0,8

Candida species 17 0,8

Total 2,168 100
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agent was сeftriaxone. A further three hospitals used 
cefazoline or cefotaxim. Of 15,892 CSEC delivery par-
ticipants who underwent chart review, 11,872 (74.7%) 
were prescribed combination ceftriaxone and metro-
nidazole postpartum.

CAUSING PATHOGENS OF CAUTI
In this study a total of 2,971 different bacterial strains 
were isolated from 2,168 a catheterized women are with 
CAUTIs undergoing primary CSEC delivery. Causative 
microorganisms were recorded for all of the CAUTIs. Of 
all CAUTIs 37% (803/2,168) were reported to be polymi-
crobial. Gram-negative bacilli make up 71,9% and 31.9% 
gram-positive cocci from of all isolates. The most com-
monly identified pathogen were Escherichia coli (19.4%), 
Proteus mirabilis (12.6%), and Enterococcus species 
(12.2%). Other pathogens included Coagulase-negative 
staphylococci (7.5%), 

Providencia stuartii (7.3%), Pseudomonas aeruginosa 
(7.2%), Streptococcus species (5%), Enterobacter species 
(4.8%), Staphylococcus aureus (4.2%), Citrobacter species 
(4.2%), Klebsiella pneumoniae (4.1%), Stenotrophomonas 
maltophilia (3.3%), Serratia marcescens (2.7%), Acineto-
bacter species (1.6), and Candida species (0.8%). Distribu-
tion of microorganisms identified in CAUTIs after CSEC in 
catheterized women in Ukraine shown in Table III.

ANTIMICROBIAL RESISTANCE
Bacterial uropathogens isolated from patients with 
CAUTI after CSEC revealed the presence of multidrug 
resistant pathogens. Imipenem was the single best 
antibiotic for all pathogens except P. aeruginosa where 
Amikacin was the drug of choice. The Acinetobacter 
species also showed very high resistance to all anti-
biotics except Imipenem. The overall proportion of 
extended spectrum beta-lactamases (ESBL) production 
among Enterobacteriales was 21.7%. The prevalence of 
ESBL production among E. coli isolates was significantly 
higher than in K.pneumoniae (29.7%, vs 13.8%). Resis-
tance to third-generation cephalosporins was observed 
in 10.5% K. pneumoniae and E. coli 14.7% isolates. 
Methicillin resistance was observed in 9.1% of S.aureus 
(MRSA) and 7,5% CoNS (MRSE). Vancomycin resistance 
was observed in 5.7% of isolated enterococci (VRE). 
In this study carbapenem resistance was identified in 
11.8% of P.aeruginosa isolates.

DISCUSSION
This study presents the first prospective multicenter 
cohort study for current prevalence of CAUTIs in catheter-

ized women undergoing primary CSEC and antimicrobial 
resistance of responsible pathogens in Ukraine. Our study 
showed that CAUTIs in catheterized women undergoing 
primary CSEC in Ukraine is a common occurrence. The 
prevalence of CAUTIs after CSEC in Ukraine was 13.6%. 
The situation with CAUTI after CSEC in Ukraine varies 
greatly by region. The most common uropathogens were 
E. coli (19.4%), P. mirabilis (12.6%), and Enterococcus spp. 
(12.2%) followed by CoNS (7.5%), P. stuartii (7.3%) and 
P.aeruginosa (7.2%) from the cases of CAUTI. Our study 
showed that CAUTIs after CSEC in women in Ukraine 
were significantly associated with pathogens resistant 
to antibiotics. Many uropathogens isolated from CAUTI 
cases in Ukraine were found to be multidrug resistant. 
These findings correlate with various other studies [15, 
16] where multidrug resistant uropathogens were iso-
lated. Increase in the antibiotic resistance amongst the 
uropathogens indicates that they are hospital acquired 
and thus difficult to treat. This will be more dangerous 
if infection prevention practices are not followed during 
care of the catheterized patients. Possibly, higher inci-
dence rate of CAUTIs after CSEC in Ukraine were signifi-
cantly associated with many risk factors and antimicrobial 
resistance of responsible pathogens.

CSEC is a standard obstetric procedure initially recog-
nized as a life-saving intervention to reduce maternal 
and fetal mortality. The rate of CSES has seen a soar in 
the past few decades. Urinary catheter (UC) can keep 
the bladder empty during CSEC procedure, prevent-
ing bladder injury and avoiding postoperative urinary 
retention [17, 18]. Most UTIs acquired in the hospital 
are associated with a urinary catheter, which is a tube 
inserted into the bladder through the urethra to drain 
urine. Therefore, catheters should only be used for ap-
propriate indications and should be removed as soon 
as they are no longer needed. According to literature, 
the conventional time for UC removal is immediately 
after or within 12–24 h of CSEC [19]. Previous studies 
have reported that delayed UC removal following CSEC 
could reduce urinary urgency, decrease the incidence 
of urinary retention, and avoid recatheterization [17, 
20]. However, growing evidence has demonstrated that 
early UC removal after CSEC can reduce the occurrence 
of UTI, contribute to early ambulation and reduce the 
length of hospital stay [21]. Onile et al. suggested that 
UC should be removed immediately after CSEC to 
minimize the risk of UTI [22]. However, Pandey et al. 
suggested that routine use of an indwelling UC during 
CSEC was unscientific and unnecessary, and use of an 
indwelling UC should be based on the prenatal physical 
condition of the pregnant woman [23]. Taken together, 
these studies indicate that the optimal time for UC re-
moval following CS remains debatable [24].
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preventive practices meticulously [25]. Optimizing 
the management and empirical antimicrobial therapy 
may reduce the burden of UTIs, but prevention is the 
key element. This investigation provides valuable data 
as a first study for national surveillance of CAUTIs and 
potential comparison with data from other countries.

CONCLUSIONS
Our study showed that CAUTIs in catheterized women un-
dergoing primary CSEC in Ukraine is a common occurrence 
and many cases are caused by pathogens that are resistant 
to antibiotics. Given of the rapidly developing antimicrobial 
resistance, the policy of antibiotic use for CAUTIs after CSEC 
treatment in each region should be determined depending 
on local data on resistance to antimicrobials. Optimizing 
the management and empirical antimicrobial therapy may 
reduce the burden of CAUTIs in catheterized women un-
dergoing primary CSEC, but prevention is the key element.

Due to CAUTIs there is increase in the hospital stay of the 
patient along with increase in the use of higher antibiotics. 
Multiple risk factors can affect the occurrence of CAUTI. 
These include quality of aseptic technique, duration of 
catheterization, appropriate hand hygiene and care of 
catheter. They directly reflect on the quality care of the 
hospital. CAUTIs occur with high incidence if preventive 
protocols are not maintained. The most common practices 
shall include hand hygiene, close drainage system, aseptic 
method for insertion and catheter care along with daily 
need assessment with evidence-based observations. Our 
study showed moderate to high resistance in few uro-
pathogens which is a concern for all in Ukraine.

Given of the rapidly developing antimicrobial re-
sistance, the policy of antibiotic use for CAUTIs after 
CSEC treatment in each region should be determined 
depending on local data on resistance to antimicrobi-
als. The chances of transmission of these multi drug 
resistant are high if health care workers do not follow 
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INTRODUCTION 
Chronic illness is defined as a condition that lasts a year 
or more and requires continued medical care and/or lim-
itations of daily activities throughout a person’s lifetime 
[1]. Chronic diseases include communicable diseases 
(e.g. AIDS,), non-communicable diseases (e.g. kidney 
failure, cancer, heart disease, diabetes mellitus, chronic 
lung diseases), chronic mental diseases (e.g. schizophre-
nia, depression), neurological disorders (e.g. epilepsy) 
and gradually worsening diseases (e.g. blindness, spinal 
cord atrophy) [1]. Several of these result in changes of 
self-image and, depending on the severity of disease, may 
threaten one’s sense of power or competence and possible 
dependence on others. The decline in strength, fatigue, 
pain, alopecia, the side effects of the treatment drugs 
question the functionality of the body of the sufferers [2].  

Chronic illness can affect the physical, psychological, 
social, and spiritual dimensions of a patient’s life [3]. 
Spirituality and mental health are linked, and many 
people find that their spiritual beliefs and practices 
have a positive impact on their emotional and mental 
well-being [4] and these are thus utilized as a resource 
to cope. Studies have shown that engaging in spiritual 
practices, such as prayer, meditation, or attending 
religious services, can help reduce stress, lower blood 
pressure, and improve overall health. These observa-
tions are often found in healthy people, and cannot 
easily transferred to all patients with different chronic 
diseases, independently from cultural or religious 
context. In addition, having a sense of purpose and 
meaning in life, which is one specific aspect of the 
multidimensional construct spirituality, may to play 
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ABSTRACT
The aim of the present study is to examine mental health, quality of life, acedia and spiritual dryness in patients suffering from chronic diseases. 
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were applied and the analysis was carried out with IBM SPSS 26 and JASP 0.14.01. 
Results: From the total of 210 participants, 106 (50.4%) were male, the mean age was 62.9 years, and the majority of them were diagnosed with type 2 diabetes. 
50 (23.8%) of the participants suffer from anxiety and 39 (18.6%) from depression. In addition, 17.1% experience phases of spiritual dryness frequently or 
regularly. Physical quality of life component, was associated with the following variables: live from faith, psychological wellbeing, type of disease and age. This 
model can predict 31.1% of the variance. In terms of psychological wellbeing, the variables living arrangement, awe/gratitude, anxiety, and spiritual dryness 
can interpret 41.5% of the variance. When it comes to depression, we found that wellbeing, awe/gratitude are predictors of depressive symptoms, explaining 
at least 14.1% of the variance. Finally, anxiety can be predicted by wellbeing, awe/gratitude, and the type of the disease, interpreting 17.2% of the variance. 
Conclusions: Patients suffering from chronic diseases are experiencing spiritual dryness and acedia symptoms, and those aspects can be associated with 
various domains of health and wellbeing. 
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a role in mental health and resilience [3]. Some spir-
itual practices and beliefs can help individuals find 
this sense of purpose and connect with something 
greater than themselves, which can lead to greater 
overall well-being [5]. 

On the other hand, spiritual distress refers to a state 
of lack of inner peace and connectedness to loved ones, 
an inability to accept what is happening, find meaning 
in life, and hope for the future [3]. Such spiritual strug-
gles are connected with low mental health [6]. Spiritual 
dryness refers to a feeling of heaviness, emptiness, or 
disconnectedness towards God or the Sacred that can 
arise when one’s spiritual practice or beliefs are not pro-
viding the sense of fulfillment and purpose they once 
did]. Main predictors are low perception of the Sacred 
in life and low sense of coherence on the one hand, and 
depressive symptoms and emotional exhaustion on the 
other hand [7]. This can be a source of stress and anxiety, 
which can contribute to poor mental health. In turn, 
poor mental health can exacerbate spiritual dryness, 
creating a vicious cycle. For example, depression and 
anxiety can make it difficult to connect with others and 
to feel a sense of purpose in life, which in turn can deep-
en feelings of spiritual emptiness [8,9]. In addition, one 
more term that is linked to spiritual dryness is acedia 
[10]. The definition of this term ranges from the lack of 
care to the lack of care for spiritual matters. Often, the 
term has been used with depression and described as 
weariness, listlessness, boredom, ennui, meaningless-
ness, despair, despondency, and anhedonia, indicating 
the link to depression [10].  Acedia is considered to be 
a contribution factor of spiritual dryness, with symp-
toms of spiritual/emotional fatigue, tiredness or even 
boredom [11]. 

Despite the fact that spirituality and spiritual needs 
have been thoroughly investigated [12-14], the rela-
tionship between spiritual dryness, acedia, mental 
health, and quality of life of patients suffering from 
chronic diseases was rarely addressed. One paper 
addressed these perceptions in the specific group 
of Seventh-day Adventists [11]. In addition, there is 
a lack of instruments to assess those concepts in the 
Greek language.  

THE AIM
Thus, the aim of the present study is to assess the va-
lidity of the Greek version of instruments addressing of 
spiritual dryness and acedia on the one hand, and the 
resources Awe and Gratitude and Transformative Spir-
ituality on the other hand. These indicators of spiritual 
and mental health were addressed in patients suffering 
from chronic diseases.

MATERIALS AND METHODS

STUDY PARTICIPANTS
From June 2022 to August 2022, individuals from the 
Greek region of Larissa took part in an anonymous sur-
vey with standardized measures using the convenience 
sample approach. Participants were recruited during 
their routine check-up at an outpatient healthcare 
facility. To be eligible for the study, participants had to 
be Greek-speaking and at least 18 years old, as well as 
have been diagnosed with at least one chronic health 
condition. 

ETHICS
The study was approved from the ethics committee of 
Nursing Department n. ND 806.10.06.2022. 

MEASURES
The survey included fundamental sociodemographic 
inquiries on gender, age, nationality, religious affiliation, 
and the degree of perceived pressure. The Greek version 
of the measures used in the survey will be described 
below. To create the Greek language version, a bilingual 
researcher translated the original English version, which 
was then reviewed and adjusted by another bilingual 
researcher. After back-translating it into English, any 
inconsistencies were corrected. Seven nursing and 
medical experts were invited to comment on how 
well the items fit within the context of Greek culture in 
order to assess the content validity of the items. Next, 
the tool’s cognitive assessment was conducted utiliz-
ing the feedback of ten chronic patients who met the 
inclusion requirements (those over 18 years old, and 
fluent in Greek) in order to examine the tool’s clarity 
and readability of the questions.

SPIRITUAL DRYNESS
The Spiritual Dryness Scale (SDS) was developed as a 
measure to assess a specif form of spiritual struggle 
[15]. The scale consists of six items that demonstrate 
good internal consistency (Cronbach’s α = 0.87). Specific 
statements make reference to the perceptions of God’s 
distance, that one’s prayers are not heard, as well as the 
feelings of spiritual emptiness, spiritual exhaustion, 
and being abandoned by God. The components of 
the instrument were designed with religious people’s 
everyday experiences in mind. We added one more item 
(SDS0) to this study to address the question of “deep 
longing for God”. A Likert scale with response options 
ranging from not at all (1) to regularly (5) was used by 
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participants to rate their responses. The SDS scores are 
the mean scores and reflect the perceived frequency of 
these perceptions [15]. 

AWE AND GRATITUDE
The seven-item Awe/Gratitude scale (GrAw-7)), which 
has high psychometric qualities (Cronbach’s alpha = 
0.82), was used to measure the perceptions of stand-
ing still in wondering awe with subsequent feelings of 
gratitude [16]. It is regarded as an indicator of experi-
enced spirituality. The experiential elements of being 
affected and touched by specific events and/or places, 
nature-related reactions to suspending daily tasks, and 
the ensuing feelings of awe and gratitude are clearly 
the focus of this measure. The particular statements are, 
“I stop and then think of so many things for which I’m 
really grateful,” “I stop and am captivated by the beauty 
of nature,” “I pause and stay spellbound at the moment”, 
and “In certain places, I become very quiet and devout.” 
The scoring system for each item was a 4-point scale: 0, 
never; 1, seldom; 2, often; and 3, regularly [16]. 

TRANSFORMATORY ASPECTS OF 
SPIRITUALITY 
To address transformatory aspects of spirituality, the 26-
item Franciscan Spirituality questionnaire (FraSpir)  was 
used. It differentiates four topics: “Living from the Faith/
Searching for God” as the intentional and experiential 
aspect of spiritualitzy, and “Peaceful Attitude/Respectful 
Treatment”; “Commitment to the Disadvantaged and 
Creation”; and “Attitude of Poverty” as the behavioral 
consequences of transformation [17]. Their primary 
version’s internal reliability coefficient Cronbach’s alpha 
ranges from 0.79 to 0.97 [14]. Each item was rated on a 
five-point scale from 0 (does not apply at all) to 4 (ap-
plies very much). 11 items from the scale’s Living from 
the Faith/Searching for God subscale were employed 
in the current study [17]. 

ACEDIA SYMPTOMS 
In order to evaluate Acedia symptoms in a broader 
context, we used items that had previously been used 
in a study among religious brothers and sisters. Ten 
items were utilized, of which two were meant to be 
informative items (“My prayer life is rich and fulfilling,” 
“In prayer I am focused and present before God”), 
while the other eight discussed the experiences of 
challenges in prayer life (in terms of inattentiveness 
and distance) and overbearing spiritual demands (in 
terms of perceived overcharging demands referred to 

God). Examples of the former topic include: “I am more 
passive in prayer and without any inner involvement,” 
“My prayer life doesn’t excite me so much anymore”, “I 
really enjoy only a little in my spiritual life”, “I don’t really 
care whether I find God in prayer or not”, while the latter 
topic was addressed by items such as “What God asks 
of me is more than I can give”, “What God asked of me 
is just too much”, “I really don’t know what God wants 
from me”, “Somehow, everything got too much for me”. 
In this paper, a reliability analysis of these items will be 
provided. On a Likert scale, the possible responses were 
not at all (1), rarely (2), occasionally (3), fairly often (4) 
and regularly (5) [18]. 

MENTAL HEALTH
The Patient Health Questionnaire-2 (PHQ-2) and the 
Generalized Anxiety Disorder-2 (GAD-2) questionnaires 
were created as ultra-short depression and anxiety 
screening tools that might be used in epidemiological 
studies  [16-18. Two questions make up the PHQ-2, 
which has been shown to be sensitive and specific for 
identifying depressive disorders. The two-question 
GAD-2 questionnaire also seems to have acceptable 
accuracy for identifying post-traumatic stress disorder, 
generalized anxiety disorder, panic, and social anxiety. 
Each item in both questionnaires asks respondents 
to rank on a four-point scale ranging from “0 = not at 
all” to “3 = nearly every day”. PHQ-2 and GAD-2 total 
scores are determined by summing the results of the 
two questions, yielding a score for each questionnaire 
ranging from 0 to 6, with a higher score indicating a 
more severe mental health condition. On both the PHQ-
2 and GAD-2 scales, the optimal cut-point is 3 based on 
receiver-operating characteristic curve analysis [19-21].

WELLBEING
The 5-item WHO-Five Well-being Index (WHO-5) was 
used to measure psychological wellbeing (Bech et 
al., 2003). The representative items are “I have felt cheer-
ful and in good spirits” or “My daily life has been filled 
with things that interest me.” A 6-step grading scale, 
from at no time (0) to all the time (5), was used to rate 
the intensity of feelings over the past two weeks (5). 
The reported WHO-5 total scores here correspond to a 
100% level [0-100], where scores under 50 are signs of 
diminished wellbeing [22]. 

QUALITY OF LIFE 
The 12-question SF-12 health survey questionnaire 
was used. It was designed as a shorter substitute for 
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the SF-36 questionnaire, which is utilized in large-scale 
studies, particularly when the outcomes of interest are 
general physical and mental health rather than the 
distinctive diagram comprised of the eight scales of 
the SF-36 [23]. All 12 questions have previously been 
employed to assess the total physical and mental 
components (PCS-12 and MCS-12). The validity of 
the Greek version was determined in a study using a 
stratified representative sample (n = 1,005) of a healthy 
Greek population [24].

STATISTICAL ANALYSIS
Descriptive statistics (frequency, mean values, and 
standard deviations) and inductive statistics were 
used to examine the data in order to provide answers 
to all of the research questions. With the use of SPSS 
26.0 and JASP, analyses of variance (ANOVA), inde-
pendent t-tests, first-order correlations (Spearman 
rho), regressions, internal consistency (Cronbach’s 
coefficient), and confirmatory factor analyses were 
performed.

Table I. Demographic characteristics of the sample (n=210)
Frequency Percent %

Gender Male 106 50,4

Female 104 49,5

Age (Mean±SD) 62.9±12.7

Area Of Residence Rural 7 3,3

Semi-Urban 28 13,3

Urban 175 83,3

Marital Status Single 6 2,8

Married 181 86,1

Divorced 1 0,4

Widowed 22 10,4

Living Alone Yes 29 13,8

No 181 86,1

Educational Level Elementary 39 18,5

Junior High School 56 26,6

High School 50 23,8

Student 2 0,9

University 63 30,0

Occupation Unemployed 1 0,4

Household 20 9,5

Freelancer 26 12,3

Private 44 20,9

Public 24 11,4

Pension 95 45,2

Health Status More Or Less Healthy 3 1,4

Acute 2 0,9

Chronic 51 24,2

Mental 18 8,5

Neurological 5 2,3

Pain 9 4,2

Cnacer 14 6,6

Diabetes Type II 108 51,4

Type Disease Diabetes 108 51,4

Other 102 48,5

Duration Of Disease (Mean±SD) 20.8±13.2

Translation and validation of Spiritual Dryness, Awe and Gratitude, Franciscan Spirituality Questionnaire (FraSpir) and Acedia scales. 
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RESULTS
From the total of 210 participants, 106 (50.4%) were 
male, the mean age was 62.9 years, and the majority of 
them were diagnosed with type 2 diabetes.  Detailed 
demographic and health related characteristics are 
presented in table I. 

Forward and backward translation procedure was 
performed in order to obtain the Greek version of the 
instruments. Test – retest reliability was performed to 
examine the stability of the instruments overtime. 
High and strong correlation was observed between 
two administrations (p<0.001) indicating the stability 

Table II. Scales of the study descriptive statistics
Mean SD Min Max

Under pressure 55.11 15.64 10.00 90.00

SF-12 physical component scale 12 (PCS12) 50.01 8.15 22.98 60.66

SF-12 mental component scale 12 (MCS12) 51.11 7.95 27.34 62.85

wellbeing 60.70 14.42 8.00 100.00

Depression 2.33 1.00 0.00 4.00

Anxiety 2.29 0.99 0.00 4.00

Awe Gratitude 75.77 16.79 28.54 99.90

Live from the Faith 1.93 0.69 0.40 4.00

Spiritual Dryness 2.75 0.77 1.00 4.83

Acedia 2.76 0.66 1.00 4.25

Acedia Subscale Excessive Spiritual Demands 2.705 0.732 1.000 4.750

Acedia Subscale Difficulties Prayer Life 2.819 0.683 1.000 4.250

Table III. Differences between T2D and other chronic conditions  
Group Mean SD t-test p

Under pressure Diabetes 58.05 13.68 2.847 0.005

other 52.01 16.99

PCS12 Diabetes 51.32 6.09 2.195 0.029

other 48.79 9.56

MCS12 Diabetes 51.55 6.55 0.744 0.458

other 50.70 9.09

wellbeing Diabetes 59.18 12.51 -1.577 0.116

other 62.31 16.10

Depression Diabetes 2.39 1.05 1.220 0.224

other 2.19 0.86

Anxiety Diabetes 2.38 1.04 1.756 0.081

other 2.09 0.86

Awe Gratitude Diabetes 74.39 14.15 -1.225 0.222

other 77.23 19.16

Live from the Faith Diabetes 1.87 0.56 -1.286 0.200

other 2.00 0.79

Spiritual Dryness Diabetes 2.95 0.46 3.988 <0.001

other 2.53 0.96

Acedia Diabetes 2.94 0.31 4.306 < 0.001

other 2.56 0.85

Acedia Subscale Excessive Spiritual Demands Diabetes 2.91 0.30 4.513 < 0.001

other 2.48 0.95

Acedia Subscale Difficulties Prayer Life Diabetes 2.97 0.43 3.482 < 0.001

other 2.65 0.84
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was 0.042. Results of a confirmatory factor analysis 
of Wellbeing scale showed that the Greek version 
had a satisfactory fit. The comparative fit index (CFI) 
was 0.950, goodness of fit index (GFI) was 0.927, and 
the standardized root mean square residual (SRMR) 
was 0.042.

Regarding the scale’s descriptive statistic, we can 
observe that participants are reporting average quality 
of life as the mean scores of SF12 are slightly above 
50, which is considered to be the mean value of the 
theoretical range. Similarly, the mean values of the 
depression and anxiety scales are above the value 2, 
that is the mean of the theoretical range. While tak-
ing into consideration the cut-off value of 3 on those 
scales 50 (23.8%) of the participants suffer from anxi-
ety and 39 (18.6%) from depression. In addition, 17.1% 
experience phases of spiritual dryness frequently or 
regularly. Detailed descriptive statistics of the scales 
are presented in table II. 

Bivariete analysis revealed that type 2 diabetes 
patients are reporting better physical quality of life 
compered to other chronic patients, more spiritual 
dryness, and more acedia symptoms. A Detailed bi-
variate analysis is presented in table III. 

of the scales over time. Finally, confirmatory factor 
analysis performed to verify the factor structure of 
the instruments.  Based on the results of the confir-
matory factor analysis for the Spiritual Dryness Scale, 
it was determined that the Greek version of the SDS 
was appropriate. The comparative fit index (CFI) was 
0.957, the goodness of fit index (GFI) was 0.924, and 
the standardized root mean square residual (SRMR) 
was 0.028.  Confirmatory factor analysis results re-
vealed that the Greek version of Awe and Gratitude 
scale suited the data fairly well. The comparative fit 
index (CFI) was 0.807, the goodness of fit index (GFI) 
was 0.851, and the standardized root mean square 
residual (SRMR) 0.070. According to the findings of 
the confirmatory factor analysis for the Franciscan 
Spirituality Questionnaire (FraSpir), the Greek ver-
sion had a fair fit. The comparative fit index (CFI) was 
0.795, the goodness of fit index (GFI) was 0.805 and 
the standardized root mean square residual (SRMR) 
was 0.071. Results of a confirmatory factor analysis 
of Acedia Scale showed that the Greek version had 
a satisfactory fit. The comparative fit index (CFI) was 
0.958, the goodness of fit index (GFI) was 0.925, and 
the standardized root mean square residual (SRMR) 

Table IV. Pearson’s Correlations between quality of life , mental health and spirituality measures

Variable Under_
pressure PCS12 MCS12 wellbeing Depression Anxiety Awe 

Gratitude
Live from 
the Faith

Spiritual 
Dryness Acedia

Excessive 
Spiritual 

Demands

PCS12 Pearson’s r -0.120 –

p-value 0.093 –

MCS12 Pearson’s r -0.159 0.283 –

p-value 0.026 < .001 –

wellbeing Pearson’s r -0.228 0.500 0.597 –

p-value < .001 < .001 < .001 –

Depression Pearson’s r 0.112 -0.076 -0.299 -0.334 –

p-value 0.158 0.360 < .001 < .001 –

Anxiety Pearson’s r 0.179 -0.065 -0.376 -0.348 0.811 –

p-value 0.024 0.435 < .001 < .001 < .001 –

Awe Gratitude Pearson’s r -0.002 0.016 0.224 0.119 0.216 0.218 –

p-value 0.977 0.829 0.002 0.084 0.006 0.006 –

Live from the Faith Pearson’s r -0.137 -0.189 -0.068 0.056 0.151 0.121 0.245 –

p-value 0.047 0.008 0.343 0.421 0.057 0.128 < .001 –

Spiritual Dryness Pearson’s r 0.261 0.008 0.042 -0.288 -0.013 -0.014 -0.103 -0.557 –

p-value < .001 0.915 0.560 < .001 0.871 0.862 0.138 < .001 –

Acedia Pearson’s r 0.428 -0.103 0.057 -0.207 -0.022 0.052 0.023 -0.375 0.710 –

p-value < .001 0.152 0.431 0.003 0.785 0.516 0.736 < .001 < .001 –

Excessive 
Spiritual 

Demands
Pearson’s r 0.433 -0.081 0.068 -0.165 -0.077 -0.009 0.012 -0.354 0.679 0.940 –

p-value < .001 0.257 0.343 0.017 0.331 0.907 0.866 < .001 < .001 < .001 –

Difficulties Prayer 
Life Pearson’s r 0.366 -0.112 0.037 -0.225 0.024 0.083 0.033 -0.348 0.649 0.931 0.752

p-value < .001 0.119 0.610 0.001 0.760 0.298 0.637 < .001 < .001 < .001 < .001
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spiritual dryness can interpret 41.5% of the variance. 
When it comes to depression, we found that wellbe-
ing, awe and gratitude are predictors of depression, 
explaining 14.1% of the variance. Finally, anxiety can 
be predicted by wellbeing, awe, gratitude, and the 
type of the disease, interpreting 17.2% of the variance 
(Table V).

DISCUSSION 
The aim of this study was to examine the mental health 
and quality of life of patients suffering from chronic 
conditions, as well as the possible effect that spiri-
tual aspects can have on those domains. According 

In order to examine the relationship between men-
tal health and quality of life and spirituality measures, 
we performed correlations between the scales.  A few 
significant and moderate correlations were observed. 
The detailed results of the Pearson correlation test are 
presented in table IV. 

Finally, in order to examine possible predictors of 
quality of life and mental health, linear regression 
analysis with the stepwise method was performed. 
Regarding the physical quality of life component, 
we observed that live from faith, wellbeing, type of 
disease, and age can predict 31.1% of the variance. 
Regarding mental quality of life component wellbe-
ing, living arrangement, awe gratitude, anxiety, and 

Table V. Predictors of Quality of life and Mental health
Coefficients

Model Unstandardized Standard Error Standardized t p

Physical Quality of 
life component 

(Intercept) 59.200 4.878 12.136 < .001

Live from the Faith -4.363 0.884 -0.360 -4.933 < .001

wellbeing 0.151 0.043 0.268 3.512 < .001

Type disease -T2D 
reference category 

Other chronic conditions -2.897 1.037 -0.199 -2.794 0.006

Age -0.093 0.045 -0.168 -2.064 0.041

F(4,140)=17.231, adR2=31.1%, p<0.001

Mental Quality of life 
component (Intercept) 18.983 5.518 3.440 < .001

wellbeing 0.252 0.039 0.450 6.397 < .001

Living alone yes reference 
category

No 5.125 1.391 0.238 3.686 < .001

Anxiety -1.941 0.480 -0.280 -4.040 < .001

Awe Gratitude 0.077 0.031 0.169 2.513 0.013

Spiritual Dryness 2.183 0.936 0.157 2.333 0.021

F(5,139)=21.424, adR2=41.5%, p<0.001

Depression (Intercept) 2.913 0.527 5.528 < .001

wellbeing -0.027 0.006 -0.327 -4.424 < .001

Awe Gratitude 0.013 0.005 0.207 2.792 0.006

F(2,155)=13.920, adR2=14.1%, p<0.001

Anxiety (Intercept) 3.026 0.515 5.879 < .001

wellbeing -0.026 0.006 -0.321 -4.380 < .001

Awe Gratitude 0.017 0.005 0.264 3.486 < .001

Type disease -T2D 
reference category 

Other chronic conditions -0.352 0.164 -0.164 -2.141 0.034

F(3,154)=12.361, adR2=17.2%, p<0.001
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internal system of values and beliefs. Also, it is worth 
mentioning that the Greek population, as measured, is 
characterized at a rate of almost too much to be very 
religious and close to God.

This study revealed that diabetic patients are report-
ing better QoL and more spiritual dryness and acedia 
symptoms compared to other chronic conditions. This 
is a conflicting study that opposes studies in the in-
ternational literature that report poor QoL in diabetic 
patients compared to controls [32]. Yet our rest sample 
is composed of individuals suffering from other health 
conditions, some of which are serious and life- threat-
ening, such as cancer. Previous studies conclude that 
diabetes can alter not only physical health but also so-
cial, psychological, and spiritual health and wellbeing. 
As stated above, patients who can maintain a sense of 
purpose in life, productivity, and reason for living are 
usually reported to have better health outcomes [33]. 

Despite the fact that this study provided important 
information regarding physical, mental, and spiri-
tual aspects of health, it has some limitations. The 
cross-sectional design of the study doesn’t allow a 
deeper understanding of the effect that spirituality 
can have on physical and mental health. The sam-
ple of the present study was a convenience sample 
and came from a single center, which was in fact in 
regional Greece, and therefore the results cannot be 
generalized to the entire population of Greek patients 
suffering from chronic diseases. By extension, it re-
mains important to evaluate the association between 
mental health, spirituality, and QoL in a larger sample 
of patients in a more representative sample. 

CONCLUSIONS 
Patients suffering from chronic diseases are experi-
encing spiritual dryness and acedia symptoms, and 
those aspects can be associated with various domains 
of health and wellbeing. Spirituality helps patients 
cope with symptoms and reduced functioning while 
still maintaining overall well-being. Finding meaning 
in life is equally important for mental resilience and 
developing recovery methods and strategies, and 
this can be achieved through spirituality. For many 
people, religion and spirituality are central to their 
lives. These axes should be considered during its 
design to provide care to these patients, as there is 
considerable evidence in the literature to support this. 
Spiritual orientation can offer a sense of destination 
in life while providing a multitude of coping strat-
egies for stressor situations and ultimately leading 
to self-empowerment for dealing with stress, even 
adapting to disease. 

to our results, to live from the faith, wellbeing, type 
of disease, age, living alone, anxiety, awe gratitude, 
and spiritual dryness can have an important impact 
on physical and mental quality of life of chronic pa-
tients. Regarding mental health wellbeing, the type 
of disease and awe gratitude can impact the mental 
health of patients. 

The chronicity of the disease is a particularly stressful 
situation and causes fear and uncertainty about the 
outcome of the disease and the new living conditions. 
In addition to negative emotions and physical prob-
lems, chronic disease causes mainly pain, weakness, 
and fatigue, as well as limitation and changes in daily 
habits and side effects from medication. As patients 
are challenged to cope with the new situation caused 
by the disease, recovery and adaptation strategies 
are developed [25]. According to our results, patients 
are reporting high levels of QoL, and almost one in 
five patients are reporting poor mental health. This 
result is in opposition to various studies in the inter-
national literature [26]. Although a recent study in 
Greece among hemodialysis patients also reported 
good levels of QoL among the patients, the variety 
of results can be attributed to cultural factors as well 
as the family structure and enhanced social support 
that patients can have in other cultures [27]. In the 
present study, 23.8% of the participants suffered from 
anxiety and 18.6% from depression. The percentages 
for the prevalence of depression and anxiety vary 
among studies on the emotional burden of chronic 
conditions [28-31]. An explanation that could be given 
is the different diseases, the different family and social 
environments, and the support that individuals get 
from them. Also, one could say that the acceptance 
of the new lifestyle varies from study to study and 
from disease to disease. Finally, we must be aware that 
the amount of information that patients have about 
their chronic health problem and the perceptions 
they have about their illness contribute to their better 
adaptation to it.

According to our results, aspects of spirituality, spir-
itual dryness, and acedia were found to be related to 
aspects of mental health and wellbeing. This result is 
in accordance with recent studies, which conclude 
that spirituality plays an important role in improving 
physical and mental health. Researchers argue that 
maintaining spirituality and religiosity can improve 
health and wellbeing. In addition, spirituality can help 
individuals maintain hope, meaning, purpose, and a 
sense of peace. Patients spiritual/religious practices 
and beliefs can help them cope with chronic illness 
[31]. It is worth mentioning, however, that this is a 
deeply subjective concept, that is mentioned in an 
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INTRODUCTION
Traumatic Brain Injury (TBI) vestiged a significant health 
burden worldwide. Severe TBI subsidized ominously 
to morbidity and even mortality number in paediatric 
patients [1]. Secondary brain insults, including isch-
emia, acidosis and electrolyte imbalance might have a 
noteworthy role in consequences following TBI event 
in patients [2]. Both the adult and paediatric trauma 
literature has evaluated the relationship between hy-
perglycemia and outcomes after TBI. A definite relation 
existed in adult patients between hyperglycemia, se-
verity of head injury and outcome from TBI [3]. Impact 
of hyperglycemia on TBI outcomes is less visible, and 
with several recently conducted studies presented a 
clear relationship between hyperglycemia and deprived 

neurologic outcome, and some study presented no 
affiliation. Up to the present time, no studies appraised 
the clout of glucose regulation on neurologic outcomes 
afterward TBI event, and the need for glucose normal-
ization in acute setting remains controversial.

Prognosticators for severe injury due to various and 
non-specific complaints amid TBI in paediatric patients 
who underwent craniotomy procedure is necessary. 
Age, Glasgow Coma Scale (GCS) score, accidental hy-
pothermia, and coagulation disorders are reported to 
be independent prognostic factors for mortality [4]. 
This retrospective analysis provided descriptive infor-
mation about patient characteristics at admission and 
their relationship to outcomes in paediatric TBI who 
underwent craniotomy procedure.
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ABSTRACT
The aim: Traumatic Brain Injury (TBI) remains a significant health burden worldwide. This study aimed to describe, determine and recommendation concerning 
the impact of hyperglycemia on pediatric TBI.
Materials and methods: Paediatric trauma patients with severe TBI event were identified and admitted to our Dr. Soetomo General Hospital, Surabaya, the 
regional Trauma Center of East Java, Indonesia between calendar year of 2017 and 2022. Our institutions trauma database was utilized to select the patient 
included in this study. Patients with GCS ≤ 8 who underwent neurosurgical interventions were included to the study. Neurosurgical interventions are craniotomy 
for clot evacuation and decompressive craniectomy. We excluded patients with GCS > 8 and/or treated with conservative therapy (no surgery needed). Data 
collected for analysis as independent variables included patient age, admission GCS score and admission serum glucose score, mechanism of injury, type of 
intracranial lesion and type of surgery. Outcome of the patients included was examined at discharge which sub-grouped by Glasgow Outcomes Scale (GOS) 
score. Independent variables were entered into the logistic model in a stepwise fashion with a significant cutoff of p< 0,05.
Results: Patients with worse neurological outcomes (GOS score 1-2) had a mean serum glucose value of over 200 mg/dL. Patients who died (GOS score of 1) 
had higher mean admission glucose values (226.44 ± 62,00) than the patients who had survived with a GOS score of 3 (139.80 ± 10.87), 4 (87), or 5 (134). 
Patients who resulted in a vegetative state (GOS score of 2) had higher mean admission serum glucose values than patients who were discharged with a GOS 
score of 5 (205.14 ± 36.17 vs. 134; p = 0.003).
Conclusions: Hyperglycaemia in pediatric TBI patients that underwent neurosurgical intervention is associated with worse outcomes, even mortality. We 
believe that prospective evaluation of glucose normalization in the context of acute management of pediatric head injuries is both appropriate and necessary 
for the next study.
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THE AIM
The aim of this study is to describe and determine 
whether hyperglycemia at the time of admittance on 
severe paediatric TBI patients who endured craniot-
omy procedure would have a negative connotation 
with neurologic outcome. We postulated that hyper-
glycemia would exhibit a strong relationship with 
mortality, hence, glucose control for pediatric TBI 
should be among the foremost attention and highly 
recommended.

MATERIALS AND METHODS

PATIENTS DATA
Paediatric trauma patients with severe TBI event were 
identified and admitted to our Dr. Soetomo General 
Hospital, Surabaya, the regional Trauma Center of East 
Java, Indonesia between calendar year of 2017 and 
2022. Our institutions trauma database was utilized 
to select the patient included in this study. Patients 
with GCS  ≤  8 who underwent neurosurgical inter-
ventions were included to the study. Neurosurgical 

interventions are craniotomy for clot evacuation and 
decompressive craniectomy. We excluded patients 
with GCS > 8 and/or treated with conservative thera-
py (no surgery needed). Data collected for analysis as 
independent variables included patient age, admis-
sion GCS score and admission serum glucose score, 
mechanism of injury, type of intracranial lesion and 
type of surgery. Outcome of the patients included 
was examined at discharge which sub-grouped by 
Glasgow Outcomes Scale (GOS) score.

STATISTICAL ANALYSIS
Descriptive statistics utilized to evaluate all included 
patient’s data. One-way analysis of variance was used 
for comparison of hyperglycemia and outcome of pa-
tients. Independent t-test used for samples included 
to compare between admission blood glucose and 
outcome of the patients. All serum glucose presented 
as mean±SD. Independent variables were entered 
into the logistic model in a stepwise fashion with 
significant cutoff of p < 0.05. SPSS 24 was used for all 
data analysis.

Table I. Patient’s characteristic
Characteristics n %

Age

<1 yo 1 4.3

1 – 3 yo 3 13

4 – 6 yo 5 21.7

7 – 9 yo 1 4.3

10 – 12 yo 2 8.7

13 – 15 yo 8 34.8

16 – 18 yo 3 13

Sex
Male 20 87

Female 3 13

Mechanism of Injury

MVA* 12 52.2

Pedestrian 4 17.4

Fall 6 26.1

Assault 1 4.3

Intracranial lesion type

EDH* 12 52.2

SDH* 6 26.1

ICH* 8 34.8

Depressed Fracture 6 26.1

Isolated Brain Edema 2 8.6

Single or multiple lesion
Single 12 52.2

Multiple 11 47.8

Type of surgery
Craniotomy Evacuation 21 91.3

Decompressive Craniectomy Only 2 8.7

* MVA: Motor Vehicle Accident; EDH: Epidural Hemorrhage; SDH: Subdural Hemorrhage; ICH: Intracerebral Hemorrhage
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RESULTS
98 paediatric trauma patients were admitted to our 
Trauma Center in calendar year 2017 until 2022. From 98 
patients, 23 patients had GCS ≤ 8 and endured craniotomy 
procedure. All patients had a serum glucose value logged 
at the time of admission. 20 of 23 were male patients (87%) 
and 3 were female patients (13%). Head injury resulted in 
death in 9 patients of our study. From those who deceased, 
seven had admission serum glucose values over 200 mg/
dL. Median age of all studied patients was 9.58 years, male 
dominating over female in almost all age level. Motor ve-
hicle accident (MVA) recorded as the most causal number 
of the injuries (52,2%). Other mechanisms of injury were 
pedestrian (17,4%), falls (26,1%) and other mechanisms 
of injury (4,3%) (Table I).

Epidural hemorrhage (EDH) had the greatest number of 
intracranial injuries with 12 cases (52.2%). Other categories 
were subdural hemorrhage (SDH) (6 cases, 26.1%), intra-
cerebral hemorrhages (ICH) (8 cases, 34.8%), depressed 
fracture (6 cases, 26.1%) and isolated brain edema (2 cases, 
8,6%). In several cases, there were multiple intracranial 
lesions suffered by the patients.  There were 2 kinds of sur-
gery that designated for paediatric TBI cases in this study, 

craniotomy evacuation of hemorrhage (21 cases, 81.3%) 
and decompressive craniectomy only cases (2 cases, 8.7%).

Patients with worse neurological outcomes (GOS score 
1-2) had mean serum glucose value more than 200 mg/
dL at admission serum glucose (Figure 1). Patients who 
deceased (GOS score of 1) had ominously higher mean 
admission glucose values (226.44±62,00) than the patients 
who had survived after neurosurgical intervention, with 
a GOS score of 3 (139.80±10.87), 4 (87), or 5 (134) with 
p value was < 0.05 for each. Furthermore, patients who 
unremitting an injury resulting in a vegetative state (GOS 
score of 2) had significantly higher mean admission serum 
glucose values than patients who were settled with a GOS 
score of 5 (205.14±36.17 vs. 134; p = 0.003) (Table II).

DISCUSSION
The result of our study confirmed prior research that pre-
sented an association between poor neurologic outcome 
and elevated admission serum glucose levels after traumat-
ic brain injury [5]. In addition, hyperglycaemia is a previously 
documented independent risk factor for mortality in adult 
patients with traumatic brain injury [6] . Furthermore, study 

Table II. Glasgow Outcome Scale Score Categories

GOS Clinical Status n %
Serum glucose (mg/dL)

Mean SD

1 Death 9 39.1 226.44 62.00

2 Vegetative; dependent for all activities 7 30.4 205.14 36.17

3 Severe deficit; conscious but requires extensive support 5 21.7 139.80 10.87

4 Moderate deficit; requires some assistance with daily activities 1 4.3 87.00 -

5 Minimal deficit; good neurologic outcome 1 4.3 134 -

Fig.1. Mean admission serum glucose versus 
Glasgow Outrcome Scale (GOS) score
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by Fanchiang et al. mentioned that postoperative glucose 
was an independent predictor of outcomes [7]. Our study 
extends the concept of admission hyperglycaemia being an 
independent predictor of head injury related morbidity and 
mortality number that have a neurosurgical intervention to 
a robust paediatric population [8].

We also aware of a clear relationship between admission 
hyperglycaemia and succeeding mortality in our study 
population, and our finding is that all study patients with 
an admission serum glucose over 300mg/dL died is majorly 
captivating. Although threshold values have been regarded 
in association with mortality in adults TBI, we are insensible 
of any prior research documenting a threshold value for 
admission glucose in children that is consistently associated 
with morbidity and mortality. 

The effectuate of hyperglycaemia after TBI event is 
multifactorial, consistent with its role in the physiologic 
stress response. Numerous theories as to the aetiology 
of hyperglycaemia following head trauma have been 
proposed. The release of catecholamines in response to 
traumatic brain injury is well documented, as is stimulated 
hepatic gluconeogenesis and glycogenolysis in response 
to catecholamine release. Decreased glucose utilization 
associated with cortisol release by adrenal glands, increased 
growth hormone leading to increased lipolysis and insulin 
antagonism are the complementary elements of the stress 
response and may further increase serum glucose [9]. Glu-
cose intolerance has also been documented in association 
with head injury [10]. The predominance of any of these 
mechanisms of hyperglycaemia has not been accustomed, 
and it is probable that they function synergistically.

Distinguishing the cause and effect relationship between 
hyperglycaemia and poor outcome after TBI remains difficult. 
Study by Orellana et al have implied that hyperglycaemia 
may reflect the extent of the disease, in this case is traumatic 
brain injury [11]. However, Shukla et al implied that hyper-
glycaemia exacerbates the impact of ischemia and hypoxia, 
ultimately resulting in worse outcome after a variety of insults 
[12]. Although the epiphenomenon of hyperglycaemia after 
head injury is widely recognized, clarification of the cause-
and- effect relationship of hyperglycaemia to outcome from 
head injury would greatly benefit patient care.

Preceding studies have shown worse neurologic outcomes 
in the existence of hyperglycaemia after head injury in adults 
and have advised advocated prospective evaluation of early, 
aggressive glycaemic control as a potential determinant for 
refined outcomes [13]. Our result of significantly higher se-
rum glucose level in patient with higher GOS is in conjunction 
with the latest research which substantiated a reduction in 
mortality in critically ill patients [14]. Regarding insulin usage 
in hyperglycaemic-head-injured children, argued against 
such treatment due to most cases being only a transient 
hyperglycaemia [15]. However, this study is the only study 
indicating no relationship between hyperglycaemia and 
neurologic prognosis. Subsequent studies, including our 
study, had used standard outcome measures to substan-
tiate a negative association between hyperglycaemia and 
neurologic outcome after neurosurgical interventions in 
severe paediatric TBI cases. Furthermore, we demonstrated 
hyperglycaemia as an independent predictor of mortality in 
paediatric traumatic brain injury patients as the majority of 
our fatal cases had over than 200 g/dL serum glucose. Study 
by Sharma et al. stated that currently there are insufficient 
data to support insulin treatment and does not address the 
issue whether glucose above 200 mg/dL should be treated. 
Insulin administration in such circumstances may be danger-
ous and should be initiated with caution [16].  Recently, Agus 
et al. published a randomized open trial study (HALF-PINT) 
protocol for the relevance of tight glycemic control for chil-
dren undergoing intensive care in the needs to be assessed 
formally before being accepted into standard practice [17].

CONCLUSIONS
In conclusion, paediatric patients with TBI were showed 
increasing serum glucose levels. Hyperglycaemia in 
paediatric TBI patients that underwent neurosurgical 
intervention was associated with worse outcome, even 
mortality. Our findings assembled on the current evi-
dence that neurologic outcomes were associated with 
hyperglycaemia. We believed that prospective evaluation 
of glucose regulation in the context of acute manage-
ment of paediatric head injuries is both appropriate and 
necessary for the next study.
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INTRODUCTION
Combined studies using quantum chemical calculations 
and IR spectroscopy have shown that the interaction 
of ornidazole with hydroxylated nano-silica is due to 
the formation of hydrogen bonds between the oxygen 
atom of the silanol group of the silica surface and the 
hydrogen atom of the hydroxyl group of the molecule.

The highest adsorption energy of the ornidazole 
molecule is inherent in hydroxylated silica (-87.5 kJ / 
mol). The ornidazole OH group is the most active in 
forming a hydrogen bond with the silanol group of 
the silica surface.

Comparison of the IR spectra of nanocomposites 
obtained after the release of the active substance 
(ornidazole) within 24 h, showed that the residual 
concentration of ornidazole on the surface according 

to research and desorption kinetics is about 13%, 
indicating the possibility of prolonged action of the 
synthesized nanocomposite. Given the above, it can 
be assumed that the obtained nanocomposites can be 
further used as promising hybrid nanomaterials that 
prolong the action of traditional drugs.

This is confirmed by the comparison of the thera-
peutic effect of the nanocomposite with ornidazole 
immobilized on the surface of nanodispersed silica with 
the known long-acting drug Gentaxan in vivo, as well 
as comparative use in clinical studies.

The immobilisation of antimicrobial substances on 
the surface of inorganic carriers allows to design the 
modern nanohybrid materials of complex action, as this 
approach combines the therapeutic effect of the active 
ingredient with high adsorption capacity of the carrier, 
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ABSTRACT
The aim: To investigate the effect of application sorbent based on ornidazole with nanosilicon in experiment and clinic.
Materials and methods: In order to study the effectiveness of the Ornidasil application sorbent for the treatment of purulent wounds, we conducted an 
experimental study in rats. Also, we studied the effectiveness of the Ornidasil in the clinic for the treatment of patients with diabetic foot syndrome and to 
prevent the suppuration of postoperative wounds in patients with purulent peritonitis in toxic and terminal stages.
Results: The formation of active substance complexes with hydroxylated matrices is due to hydrogen bonds between the oxygen atom of the silanol group of 
the silica surface and the hydrogen atom of the alcohol group of the ornidazole molecule. This promotes the gradual release of ornidazole from the surface of 
such a matrix into the wound exudate. Thus, on day 13, 9 experimental rats of group I healed completely, 11 rats had a small wound surface, complete healing 
occurred on day 15. We also investigated the effectiveness Ornidasil in the clinic. In the comparison group, postoperative wound suppuration occurred in 6 
patients (31.6%), and in the main group - in 3 patients (12.5%).
Conclusions: A study of the effectiveness Ornidasil in the complex treatment of Diabetic foot syndrome showed that in the experimental groups, wound healing 
occurred 1.6 -1.9 times faster. The use of polyurethane wound protector in combination with Ornidasil reduced the suppuration of postoperative wounds in 
patients of the main group by 2.5 times relative to patients in the comparison group.

  KEY WORDS: ornidazole, nano silica, hybrid nanocomposites, quantum chemical calculations, in vivo therapeutic effect, clinical study
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such as silica [1]. One of the areas of improvement of 
these combined drugs is the creation of nanocomposite 
systems in which silica due to intermolecular interac-
tions with the molecule of the active substance can af-
fect the dynamics of its release. The interest in materials 
with programmed characteristics based on silica is due 
to the fact that they are non-toxic, biocompatible, bio-
logically erosive and have a high adsorption capacity. 
That is why such materials allow to solve a number of 
topical interdisciplinary problems, primarily related to 
the development of modern forms of medicines and 
their delivery systems [1 - 3]. These properties also allow 
the active use of silica in medical and pharmaceutical 
practice and many other areas of human activity [4 - 6].

In particular, one of the promising areas of use of 
highly dispersed silica in modern pharmacology is its 
use as a carrier of drugs and disinfectants [7]. This is due 
to the fact that the immobilization of these compounds 
can improve their physicochemical properties, increase 
stability, reduce toxicity, change the bioavailability and 
kinetics of release of the active substance [8]. When 
creating hybrid nanocomposite systems, including on 
the basis of highly dispersed silica, it should be borne in 
mind that the specific properties of modified nanoma-
terials may be manifested as a result of their interaction 
with active centers occurring in the surface layer [9].

An important characteristic that plays a significant 
role in the use of silica in the biomedical field, as well 
as in the study of silica surface chemistry, are the large 
specific surface area of   the carrier and the concentra-
tion of active groups [10,11]. In addition, in the case of 
hybrid nanocomposite materials for medical purposes, 
it should be borne in mind that the adsorption of anti-
microbial compounds can be one of the effective ways 
to create long-acting drugs with controlled release of 
the active ingredient. In turn, all these features require 
detailed experimental studies, which should primarily 
relate to the interaction of silica (as a matrix) with spe-
cific biomolecules and / or drugs of different classes.

Due to the possibility of changes in certain physico-
chemical properties of the active ingredient when com-
bined with a carrier matrix, as an active ingredient stud-
ied the known drug ornidazole (1-(2-hydroxy-3-chloro-
propyl)-2-methyl-5-nitroimidazole). It is a derivative of 
5-nitroimidazole, has a heterocyclic structure, consists 
of a nitroimidazole nucleus and 2-hydroxy-3-chloropro-
pyl group in position 1 and methyl group in position 2, 
soluble in water, ether, ethanol and chloroform [12]. The 
drug easily penetrates the blood-brain barrier [13], has 
antimicrobial action, and reduced bacterial resistance 
[14], low toxicity and optimal bioavailability [15].

The need to study in detail the intermolecular inter-
action of active drug components with nanomaterials 

used as carriers is extremely important for managing 
pharmacokinetic processes, elucidation of pharma-
cological properties, creation of appropriate design 
of combined drug delivery nanosystems, etc. To this 
end, the authors in many studies are actively using not 
only experimental methods, but also the apparatus of 
quantum chemistry, in particular the method of DFT 
(Density Functional Theory) [16 - 18].

The use of molecular modeling methods revealed that 
the ability to penetrate target cells of the macroorgan-
ism, the peculiarities of drug transport during delivery 
in vivo, the kinetics of release of the active ingredient, 
etc., significantly affect not only the properties of the 
active substance but also the carrier characteristics [17]. 
Therefore, the combination of theoretical modeling and 
experimental studies in vivo, as well as clinical studies 
allows to rationally designing the composition and 
structure of nanoparticles of carriers while creating 
effective systems of controlled drugs delivery to target 
cells [16].

Promising today is the direction of designing modern 
nanocomposite drugs for the treatment of purulent 
wounds by immobilizing drugs on the matrices of 
sorbents that have the property of being a carrier of 
drugs. Immobilization of the drug reduces the side 
effects of the drug and promotes the prolongation of 
the therapeutic effect.

THE AIM
In view of the above, the aim of the study was to investi-
gate the interaction of ornidazole with nanosilica using 
quantum chemical calculations, IR spectroscopy and 
to test the effectiveness and prolonged antimicrobial 
action of potential nanocomposite drugs in vivo and 
in clinical trials.

MATERIALS AND METHODS 
Pyrogenic silica (A-300 «Sillard P») produced by the 
Kalush Research and Experimental Plant of the ISTC 
«Surface Chemistry» with a specific surface area of   300 
m2/g (by low-temperature nitrogen adsorption by the 
BET method) was used as the initial matrix (S).

Ornidazole (1-(3-chloro-2-hydroxypropyl)-2-meth-
yl-5-nitroimidazole) manufactured by Aarti Drugs 
Limited, India was used as the active substance. Immo-
bilization of ornidazole was performed under constant 
stirring (500 rpm) for 20 min at a temperature of 20°C. 
Nanocomposite materials were obtained by immobili-
zation of ornidazole on the surface of the hydroxylated 
matrix, so that the final content of active ingredient in 
dry nanocomposites was 0.184 mmol/g SiO2, which is 
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much less than the number of adsorbable silanol groups 
on the surface of dispersed silica [19].

To confirm the presence of functional groups on the 
surface of matrices and the presence of ornidazole on 
the surface of nanocomposites synthesised on their 
basis after immobilization and after release of the active 
substance the method of IR spectroscopy with Fourier 
transform spectrometer Thermo Nicolet Nexus FT-IR 
(Nicolet, USA) in frequency range 500 - 4000 cm-1 was 
used. All samples were mixed with freshly calcined KBr 
at a mass ratio of 0.015: 0.3 [19].

The release of the active substance (ornidazole) from 
the surface of nanocomposites was carried out under 
static conditions in distilled water (V = 100 ml) at a 
temperature of 37 ° C, the weight of the nanocomposite 
was 0.1 g. The duration of release was 24 hours.

To determine the most active centers for immobiliza-
tion of the ornidazole molecule on hydroxylated and 
functionalized silica, the method of density functional 
theory (DFT) with functional B3LYP [12, 13] and basic 
set 6-31G (d, p) was used. GAMESS (US) program was 
used for calculations [14]. To take into account the 
dispersion effects of binding, which determine the for-
mation of non-covalent intermolecular complexes, the 
energy variance of intermolecular interaction took into 
account the Grimme D3 variance correction [15, 16]. 
Given that the experiment was performed in aqueous 
solution, the effect of the solvent was described within 
the continuum approximation of the PCM (polarizable 
continuum model) [17]. The energy effect of complex-
ation (adsorption) (ΔE) according to the reaction A + B 
→ A…B was calculated by the formula: ΔE = Etot(A…B) 
- (Etot(A) + Etot(B)), where Etot(A) - the total energy of the 
ornidazole molecule taking into account the aqueous 
medium, Etot(B) is the total energy of the cluster that re-
produces the surface, Etot(A…B) is the total energy of the 
intermolecular complex of ornidazole with the cluster.

Study of the prolongation of the therapeutic effect 
of nanocomposite drugs in vivo. In order to study the 
effectiveness of nanocomposite based on silica and 
immobilized on its surface ornidazole (Ornidasil) for 
the treatment of purulent wounds, we conducted an 
experimental study in rats. Thirty adult white male Vistar 
rats were used in the study. All experimental animals 
were in the same conditions, painful manipulations 
were performed under local infiltration anesthesia 
with 0.5% novocaine solution, animals were removed 
from the experiment by sodium thiopental overdose, in 
accordance with generally accepted ethical standards 
and recommendations.

In planning the presented study, they were guided 
by generally accepted domestic and international laws 
in accordance with the «General Ethical Principles of 

Animal Experiments» (Ukraine, 2001), Order of the 
Ministry of Health of Ukraine № 281 of 01.11.2000, 
Law of Ukraine № 3447-IV «On Animal Protection from 
cruel treatment «of 21.02.2006, as well as in compliance 
with the basic provisions of the» Rules for the use of 
experimental animals «(1977), GCP 1996, the Council 
of Europe Convention for the protection of vertebrate 
animals used in experiments and other scientific pur-
poses from 18.03.1986, EEC Directives № 609 from 
24.11.1986, Order of the Ministry of Health of Ukraine № 
373 from 22.07. 2005, Order № 95 of 16.02.2009, Order 
№ 944 of 14.12.2009, Council of Europe Convention on 
Human Rights and Biomedicine (04.04.1997), Helsinki 
Declaration of the World Medical Association on the 
Ethical Principles of Medical Practice human research 
(1964–2000).

Study of the action of Ornidasil for the treatment of 
purulent wounds, compared with a known drug of pro-
longed action. In all experimental animals, a purulent 
wound was simulated according to the method [20]. 
The animals were divided into two groups. In the main 
group (group I) the study was performed on 20 rats, for 
them  Ornidasil was used [21-22]. The comparison group 
(group II) consisted of 10 rats, for which was used the 
known application sorbent «Gentaxan», which includes: 
gentamicin sulfate, polymethylsiloxane, L-tryptophan 
and zinc sulfate [23].

 Also, we studied the effectiveness of the «Ornidasil» 
application sorbent in the clinic for the treatment of 
patients with diabetic foot syndrome and to prevent 
the suppuration of postoperative wounds in patients 
with purulent peritonitis in toxic and terminal stages.

RESULTS 
In the next stage of the study, nanocomposites based 
on hydroxylated silica matrix with immobilized orni-
dazole were created. The method of immobilization 
of ornidazole on the silica matrix used in this work is 
primarily simple. Another of its features is the weak 
fixation of the modifier on the matrix, which leads to 
the gradual release of the active ingredient from the 
surface of the carrier into the wet environment. The 
concentration of ornidazole chosen for immobiliza-
tion was considered optimal on the grounds that the 
content of the active ingredient, according to previous 
studies [19] was sufficient for its antimicrobial action, 
and on the surface of nanosilica there were still enough 
free active centers may be involved in the adsorption 
of toxic wound destructs of polypeptide nature [24]. 
After immobilization of ornidazole, the presence of the 
active substance on the hydroxylated silica matrix was 
also identified by IR spectroscopy. 
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The spectrum of ornidazole contains a number of 
characteristic bands, the assignment of which is shown 
in Fig 1.

The hydroxylated silica in the IR spectra (Fig. 2, curve 
1) has a wide absorption band in the range 3200-3700 
cm-1 due to the superposition of –OH streching and 
adsorbed water molecules. Peak 3750 cm-1 corresponds 
to the free silanol groups. The peak at 1870 cm-1 belongs 
to the oscillations of the SiO2 framework, present in all 

spectra. The band at 1630 cm-1 refers to the deformation 
frequency of water molecules, the band 803 cm-1 corre-
sponds to the symmetric vibration of the tetrahedron 
SiO4. The band at 970 cm-1 belongs to the streching Si–O 
bond in  ºSi-OH groups.

In the spectrum of the nanocomposite (Fig. 2, curve 
2), there were absorption bands at 1540 cm-1, and 1360 
cm-1, corresponding to asymmetric and symmetric 
stretching of NO2 group of ornidazole (Fig. 1). The series 

Fig. 1. IR-spectra of ornidazole.

Fig. 2. IR-spectra of hydroxylated 
silica surfase (1), nanocomposite 
based on silica and ornidazole im-
mobilized on (2) and nanocomposite 
after ornidazole desorption by water 
during 24 h (3).
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of bands in the region 1470-1361 cm-1 belongs to the 
stretching of C=C and C=N bonds. After the water leach-
ing process, the intensity of the characteristic peaks 
of ornidazole decreased significantly (Fig. 2, curve 3), 
which indicates a noticeable but not complete release 
of the active substance into solution. Confirmation of 
this fact is the study of desorption of ornidazole from 
the nanocomposite, which showed that after 24 h of 
leaching on the surface of the nanocomposite remains 
about 13% of the active substance (to be published).

The analysis of adsorption data raises the question 
of the structure of the sorption layer of the silica sur-
face. It is also important to determine the most active 
adsorption centers of the ornidazole molecule relative 
to hydroxylated silica, the structure of ornidazole ad-
sorption complexes on the surface, and to compare the 
energy of hydrogen bonds of ornidazole with water and 

silica molecules. Detailing of elementary processes at 
the level of intermolecular interactions allows a deeper 
interpretation of experimental data.

For quantum chemical modeling of physical sorption, 
the structure of the most probable conformer of the 
ornidazole molecule, which exists in aqueous solution, 

Fig. 3. Optimized structure of ornidazole conformere and its full energy.

Fig. 4. Equilibrium structure of silanol and ornidazole intermolecular com-
plex with lowest energy obtained in B3LYP-D3/6-31G(d,p) approximation. 
Here and then bond length is in Å [28].

Fig. 5. Equilibrium structures of molecular complexes and their formation 
energies: a – water and ornidazole molecules, b – water dimer, с – water 
and silanol molecules [28].

a

b

c
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was first established, because, according to the litera-
ture, several options are possible [25 - 27]. In view of 
this, the structure of the most probable conformers of 
the ornidazole molecule was optimized and the values   
of their total energies were compared, and the most 
thermodynamically stable of them was determined 
[28]. This was the structure (Fig. 3), which has the lowest 
value of total energy. This conformer was involved in 
further calculations.

Taking into account that the ornidazole molecule has 
several functional groups, different in their chemical 
nature, which may participate in the adsorption interac-
tion with the silica surface, to establish the most active 
of them was simulated interaction of the ornidazole 
molecule with the smallest possible silica surface model 
- silanol molecule [24]. There is only one silanol group in 
this molecule, and three hydrogen atoms are attached 
to the silicon atom, which are weakly polarized and do 
not participate in the formation of hydrogen bonds 

Fig. 6. Used for hydroxylated silica surface modeling orthosilicate acid (a) 
and most energetically efficient equivilibrium structure of ornidazole and 
orthosilicate acid molecular complex (b).

a

b

Fig. 7. Main group I, 14 days of the study. Intercellular infiltration extends 
to the entire depth of granulation tissue (a, b), endothelial cell proliferation 
(c). Staining: a, b - hematoxylin and eosin, c - van Gizon. Magnification: 
a, c x 100, b x 400. 

a

b

c
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4). The values   of the interaction energy for these com-
plexes are -41 and -53.0 kJ/mol, respectively.

In addition, the ornidazole molecule contains the 
polar group NO2, which can also form hydrogen bonds 
due to the presence of negatively polarised oxygen 
atoms. In this case, the energy of complexation with 
the participation of the oxygen atom of the nitro group, 
which is located closer to the «tail» of the ornidazole 
molecule, is slightly higher (-45.4 kJ/mol) energy of a 
similar bond with another oxygen atom of this group 
(-41,1 kJ/mol), which correlates with their lengths.

Thus, based on the analysis of the results of calcula-
tions, it was found that the lowest energy obtained for 
intermolecular interaction of the silanol group of the 
silanol molecule with the chlorine atom of the ornida-
zole molecule, and the highest - with the OH group, 
whose hydrogen atom forms a hydrogen bond with 
the oxygen atom of the silanol group . In addition, the 
nominal nitrogen atom and the oxygen atoms of the 
nitro group may also be involved in the intermolecular 
interaction.

Due to the fact that the adsorption of ornidazole oc-
curs from aqueous solution, it is desirable to consider 
the interaction of the water molecule with the OH group 
of the ornidazole molecule. It was found that the length 

- this model is effective for preliminary estimation of 
adsorption energy.

When ornidazole and silanol molecules interact, 
the latter’s silanol group may form intermolecular 
binding to ornidazole functional groups. In one of 
the adsorption complexes, the chlorine atom of the 
ornidazole molecule is located at a distance of 2,837 
Å from the oxygen atom of the silanol group, which 
indicates a weak interaction, as this distance O···Cl 
is less than the sum of van der Waals atomic radii of 
oxygen and chlorine atoms (rw(Cl) + rw(O) = 3.27 Å). 
The interaction energy in this case is -10.4 kJ/mol 
[28]. Significantly higher complexation energy (-42.4 
kJ / mol) when the nitrogen atom of the ornidazole 
molecule interacts with the hydrogen atom of the 
silanol molecule. The distance between these atoms 
(1,716 Å) is much smaller than the distance O···Cl in 
the above-mentioned complex, which indicates the 
possible formation of a hydrogen bond.

The hydroxyl group of the ornidazole molecule can 
form two types of hydrogen bonds with the silanol 
molecule: due to the oxygen atom of the alcohol group 
of the ornidazole molecule with a bond length of 1,711 
Å or with the participation of its hydrogen atom with 
a hydrogen bond length slightly less than 1,707 Å (Fig. 

Table I. Dynamics of the wound process in clinical study groups

Group of 
patients

Clinical indicators

Cupping  pain 
syndrome  
(day 24h)

Normalization of 
body temperature  

(day 24h)

Wound cleansing  
(day 24h)

The appearance of 
granulation  

(day 24h)

Marginal 
epithelialization 

(day 24h)

І 2,7±0,18 4,5±0,18 4,3±0,15 4,6±0,14 6,1±0,25

ІІ 6,4±0,27 7,3±0,23 8,4±0,21 8,7±0,25 10,4±0,26

p < 0,05 p < 0,05 p < 0,05 p < 0,05 p < 0,05

Fig. 8. Comparison group II, 14 days of the study. Fibrinous-purulent overlays (a(↑)), intercellular oedema and infiltration of granulation tissue by 
neutrophils and lymphocytes (b(↑)) are noted. Staining: a - hematoxylin and eosin, b - van Gizon. Magnification: x 200.

a b
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on day 21 of the experiment, complete wound healing 
was not observed. On the 14th day of the experiment in 
11 animals of the basic group from data of histological 
research, there was the formed granulation fabric that 
consists of young collagen fibers and plenty of vascular 
loops. There were areas where a wide strip of granula-
tion tissue with the formation of thin multidirectional 
collagen fibres, between which many cells were seen: 
macrophages, lymphocytes, fibroblasts cells of varying 
maturity and large poorly differentiated cells (Fig. 7).

We also investigated the effectiveness of the apli-
cation sorbent Ornidasil in the clinic. The main group 
of IA included 15 patients who received NO-therapy 
in combination with the application of sorbent Orni-
dasil in the complex treatment of DFS (Diabetic foot 
syndrome). The IB group included 23 patients who 
received the application sorbent Ornidasil for local 
treatment of DFS. The comparison group IIA included 
27 patients who received the application sorbent Gen-
taxan in complex treatment. The IIB comparison group 
included 19 patients who received 10% NaCl solution 
for local treatment of DFS with subsequent transition 
to Levomecol ointment (Table I). The method of the 
application sorbent in patients with DFS of the main 
group was as follows: after treatment of the wound with 
0.9%, NaCl solution on the wound surface for 24 hours 
applied application sorbent «Ornidasil» layer 1-3 mm 
with subsequent overlay by a sterile gauze bandage. 
Bandages are applied daily with this symptom until the 
wound is completely healed.

One of the important manifestations of diabetic foot 
syndrome (DFS) is the presence of pain. Cupping pain 
syndrome occurred in the IA group (main) compared 
to the IIA group (comparison) 2.1 times faster, with the 
IIB group (comparison) - respectively 2.4 times faster. In 
the IB group (main) compared with the IIA group (com-
parison) cupping pain syndrome occurred 1.2 times 
faster, with the IIB group (comparison) - respectively 
1.4 times faster.

To determine the effectiveness of treatment, an im-
portant indicator is the purification of the wound from 
necrotic tissue, which in the IA group in comparison 
with the IIA group was 1.8 times faster, and with the IIB 
group - respectively 1.95 times faster. In the IB group, 
compared with the IIA group, wound cleansing was 
1.4 times faster, and in the IIB group - respectively 1.5 
times faster.

Wound cleansing begins with the appearance of 
granulation tissue, which is an objective criterion for 
the effectiveness of treatment. In the IA group, the 
appearance of granulation tissue occurred on 4.6 ± 
0.14 days, while in the comparison groups (IIA, IIB) the 
appearance of granulation was observed 1.8 and 1.9 

of the hydrogen bond between the oxygen atom of the 
water molecule and the hydrogen atom of the OH group 
of the ornidazole molecule is smaller (Fig. 5, a) and is 
1.67 Å,   compared with that formed by the interaction of 
the silanol group with the same group (Fig. 4, d) and is 
1.707 Å, respectively. This means that the energy of this 
bond is higher and is 56 kJ / mol, which is 3 kJ / mol more 
than the absolute value of the energy of interaction with 
silanol (-53 kJ / mol). Comparing these values   with the 
energy effect of hydrogen bonding between two water 
molecules (Fig. 5, b) (-31 kJ / mol), it can be argued that 
ornidazole will be washed away by water, passing into 
the contact solution, because the absolute value of 
the interaction energy between water molecules and 
ornidazole are higher compared to the binding energy 
between water molecules in the dimer (Fig. 5, b) and 
in the complex of water and silanol molecules, which 
is -28.4 kJ / mol (Fig. 5, c) .

To determine the influence of the chemical nature of 
the functional groups of the silica surface on its adsorp-
tion capacity relative to the ornidazole molecule, adsorp-
tion complexes were considered, in which the orthosilicic 
acid molecule ruled over the silica surface (Fig. 6).

The equilibrium structure of the adsorption complex 
of the ornidazole molecule with orthosilicate acid 
is presented in Fig. 6, b. It is obvious that the largest 
number of hydrogen bonds (namely - three) is formed 
by interaction with the original silica (Fig. 6, b), which 
is confirmed by the values   of adsorption energy calcu-
lated by formula (1), which is -87.5 kJ / mol.

Therefore, complex studies using quantum chemical 
calculations and IR spectroscopy have shown that the 
interaction of ornidazole with hydroxylated silica is 
slightly different. The formation of active substance 
complexes with hydroxylated matrices is due to hy-
drogen bonds between the oxygen atom of the silanol 
group of the silica surface and the hydrogen atom of 
the alcohol group of the ornidazole molecule. This 
promotes the gradual release of ornidazole from the 
surface of such a matrix into the wound exudate.

 The results of the study of the therapeutic effect of 
“Ornidasil” in vivo show that in the main group I already 
on the seventh day in comparison with group II was 
granulation tissue with a large number of newly formed 
vessels of the microcirculatory tract and pronounced 
proliferation of fibroblasts, indicating acceleration.  In 
the comparison group, the regeneration process was 
slower (Fig. 8). Thus, on the 7th day of the study, the 
best results of healing purulent wounds are observed 
in the first group (main) of experimental animals.

Thus, on day 13, 9 experimental rats of group I healed 
completely, 11 rats had a small wound surface, complete 
healing occurred on day 15. In the group comparing rats 
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was as follows: when performing surgical access to 
the abdominal organs (middle laparotomy) cut the 
skin, subcutaneous fat and aponeurosis to the parietal 
peritoneum; at the edge of the aponeurosis, clamps 
were applied and traction was performed upwards, 
after which the parietal peritoneum was dissected; a 
suction cup was introduced into the abdominal cavity 
with the help of which the exudate was evacuated; then 
the lower ring of the polyurethane wound protector 
was wound into the abdominal cavity and the clamps 
were removed from the aponeurosis, then the upward 
traction was performed behind the upper ring of the 
wound protector; between the wall of the wound pro-
tector and the surgical wound was applied a thin layer 
of application sorbent «Ornidasil», and then wound on 
the upper ring wall of the wound protector, carrying out 
its final installation and fixation in the surgical wound; 
at the end of the surgery, the wound protector was re-
moved, and the remnants of the sorbent on the surgical 
wound were washed away with 0.9% NaCl solution. In 
the comparison group, postoperative wound suppu-
ration occurred in 6 patients (31.6%), and in the main 
group - in 3 patients (12.5%).

 

DISCUSSION
On the basis of studies of the biological activity of the 
nanocomposition “Ornidasil” in in vivo and in clinical 
studies it’s obvious advantages over traditional meth-
ods of treatment have been established. As shown by 
IR spectral data and data on the study of adsorption 
and desorption of ornidazole, as well as the results of 
quantum chemical calculations, the molecule of the 
active substance binds to the surface of the carrier with 
the formation of adsorption complexes.

The material thus obtained is a composite consist-
ing of silica nanoparticles [10], the surface of which is 
covered with ornidazole adsorbed due to hydrogen 
bonds, mainly connected to the active silanol groups 
by the hydroxyl of adsorbate molecule. Moreover, the 
interaction of other polar groups of ornidazole with 
the active centers of the silica surface is not excluded. 
In particular, judging by the calculated interaction en-
ergies, a hydrogen bond with the oxygens of the nitro 
group is very likely [19].

The energy of interaction of ornidazole with water 
molecules, that is, the energy of solvation, is relatively 
large and close to the energy of interaction of the ad-
sorbate with the surface due to one hydrogen bond. The 
solvation energy determines the ability of the adsorbate 
to be hydrated and dissolve in water. 

Therefore, after the nanocomposite enters the wound 
solution, ornidazole, bound by one hydrogen bond, 

times later, respectively. In the IV group, the appearance 
of granulation tissue occurred at 5.3 ± 0.15 days, while 
in the comparison groups (IIA, IIB) the appearance of 
granulation was observed 1.6 times later.

Also, an important indicator of the wound process 
is the appearance of marginal epithelialization, which 
indicates the beginning of wound cleansing. In the 
IA group, the appearance of epithelialization was ob-
served at 6.1 ± 0.25 days, which is 1.6 times faster than in 
the IIA group, and 1.7 times faster in the IIB group. In the 
IV group, the appearance of epithelialization was ob-
served at 7.3 ± 0.15 days, which is 1.4 times faster than 
in the IIA group, and 1.7 times faster in the IIB group.

The wounding process in all patients ran with all the 
signs of each phase, but with their different duration. The 
most significant was the phase of hydration, which lasted 
much longer in patients with massive purulent processes.

One of the serious problems of abdominal surgery is 
the problem of peritonitis. Frequent complications of 
peritonitis are wound complications - seromas, hema-
tomas and suppuration of wounds. The most dangerous 
complication is suppuration of postoperative wounds, 
which in diffuse and general peritonitis, according to 
various authors, occurs in 11 - 72% [29]. These compli-
cations prolong the length of stay of patients in the 
hospital, increase the duration of disability, the cost of 
treatment and worsen its results.

The critical number of microorganisms for the occur-
rence of suppuration is 105 microbial bodies per 1 g of 
tissue and in hypoxia enough 100 microbial bodies per 1 
g of tissue. Therefore, in order to study the pathogenesis 
of suppuration of postoperative wounds and to develop 
mechanisms for its prevention, we studied the pollution 
by microorganisms of the surgical wound at the end of 
the operation. The study was performed in 43 patients 
with diffuse and general purulent peritonitis in the 
toxic and terminal stages. At the end of the operation, 
pollution of wounds with microorganisms above the 
critical level of suppuration was observed in 35 patients, 
which amounted to 81.4%.

We have proven the effectiveness of the application 
of sorbent «Ornidasil» for the prevention of suppuration 
of postoperative wounds in patients with purulent peri-
tonitis in the toxic and terminal stages. The comparison 
group consisted of 19 patients who for the prevention 
of suppuration of postoperative wounds used a poly-
urethane wound expander (wound protector) with 
variable height. The main group included 24 patients 
in whom polyurethane wound protector was used in 
combination with the application sorbent «Ornidasil». 
The groups were comparable in age, sex, prevalence 
and nature of peritonitis. The method of protecting the 
wound from infection in patients of the main group 
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CONCLUSIONS
Nanocomposites obtained by immobilization of ornidazole 
on the surface of the hydroxylated silica matrix were studied 
using quantum chemical calculations and IR spectroscopy.

Comparing the IR spectra of nanocomposites, before and 
after the release of the active substance (ornidazole) after 24 
h, it was found that this process occurs gradually and even 
after 24 h the active ingredient still remains in the sorbent.

Quantum chemical modelling of the interaction of or-
nidazole with surface functional groups showed that the 
lowest energy is inherent in the intermolecular interaction 
of the silanol group of the silanol molecule with the chlorine 
atom of the ornidazole molecule, and the highest with the 
OH group whose hydrogen atom forms a hydrogen bond. 
The nominal Nitrogen atom and the Oxygen atoms of the 
nitro group may also be involved in the intermolecular inter-
action. Also, quantum chemistry methods have shown that 
regardless of the size of the silica model, the highest adsorp-
tion energy of ornidazole is inherent in hydroxylated silica.

The results of the study in rats show that in the main 
group, which was treated with nanocomposite “Ornida-
sil” on the seventh day compared with the comparison 
group was granulation tissue with a large number of 
newly formed vessels of the microcirculatory tract and 
pronounced proliferation of fibroblasts, indicating accel-
eration. In the comparison group, which was treated with 
Gentaxan sorbent, the regeneration process was slower. In 
the main group of experimental animals, wound healing 
was observed in 9 rats on day 13, in 11 rats on day 15, 
while in the comparison group, even on day 21, complete 
wound healing did not occur.

A study of the effectiveness of allocating sorbet based 
on nanosilicon and ornidazole (Ornidasil) in the complex 
treatment of Diabetic foot syndrome showed that in the 
experimental groups, wound healing occurred 1.6 -1.9 
times faster than in the control group. 

The use of polyurethane wound protector in combina-
tion with the application of sorbent Ornidasil to prevent 
suppuration of postoperative wounds in patients with 
diffuse and general peritonitis in toxic and terminal stages 
reduced the suppuration of postoperative wounds in pa-
tients of the main group by 2.5 times relative to patients in 
the comparison group.

begins to desorb and pass into the solution due to a 
shift in the equilibrium because of the predominance 
of concentrations of water molecules and  destroys bac-
terial microflora [25]. The surface of silica freed in this 
way begins to adsorb pus and other contamination of 
the wound, primarily of oligo- and polypeptide nature 
[7]. Those ornidazole molecules that are tightly bound 
to the silica surface by multiple hydrogen bonds are 
retained by the surface and gradually releasing from 
the surface over longer periods of time [11]. Thanks 
to this multifunctional ability, the wound is cleaned of 
microorganisms, their waste products and debris [8].

At the same time, there is a synergism of the action of 
the adsorbent and the antimicrobial agent. Our studies 
of the effects of ornidazole and nanosilica separately on 
the most common microorganisms of wound infection, 
such as S. aureus and Pseudomonas aeruginosa [24], 
showed either their weak inhibitory effect or even the 
absence of activity (silica). While together they showed 
a high inhibitory capacity for all tested bacterial strains, 
and the main thing is the prolongation of the action 
of the composite. Such a prolonged effect can be 
explained precisely by the easy release of the active 
substance into the solution, as well as the presence of 
residual adsorbed molecules of ornidazole. Apparently, 
such molecules are tightly bound to the surface due to 
the simultaneous binding by several hydrogen bonds of 
different polar groups of ornidazole, which slows down 
the desorption of the active substance and determines 
the prolongation of the drug’s effect [25].

The synergism or enhancement of the antimicrobial 
activity of ornidazole in the presence of silica can be 
explained by the adsorption of silica nanoparticles 
to the surface of bacteria due to the active centers of 
the surface of silica and the phospholipid membrane 
[4] of bacterial cells and the weakening of bacteria for 
their effective destruction by the antibacterial agent 
ornidazole.

Thus, the mechanism of action of the drug Ornidasil 
consists in the joint action of nanosilica and ornidazole, 
which is released in portions into the wound solution 
at first quickly and then slowly, creating a prolonged 
antimicrobial and simultaneously cleansing effect.
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INTRODUCTION
The diseases of periodontium have a leading place in the 
structure of dental morbidity in both adults and children 
of various ages [1-4] It has been proven that chronic in-
flammation of the periodontium affects the development 
of tissues of the oral cavity and the body negatively [5-8].

The morphological method is the most adequate and 
effective method of treatment and preventing complica-
tions at an early stage of the development of periodontal 
diseases [9-11]. Due to the minimally invasive intervention, 
high informativeness, and accessibility, the cytological 
method is one of the most appropriate for use in children 
[12-15]. To diagnose a pathological condition, it is neces-
sary to determine the stages of physiological maturation 
of gum tissues in children of key age groups - 6, 12, and 
15 years. The choice of age groups depends on the stages 
of development of the maxillofacial system.

THE AIM
The aim of the  research work  was to establish the 
special characteristics of the gingival mucosa cellular 
composition in school-age children.

MATERIALS AND METHODS
We made a dental and cytological examination on 150 
Ukrainian (Poltava city) children aged 6, 12, and 15 years. 
All the children we examined had no clinical signs of infec-
tion or any diseases of the oral cavity. Smears were got by 
scraping with a sickle-shaped spatula from the gum mucosa. 
Subsequently, then this material was applied to a sterile glass 
slide. The smears were dried according to the method of dry 
fixation, namely, at room temperature with open access to 
air. The smears were placed into a special container for glass 
slides and put into a May-Grunwald’s fixative solution.

The procedure was done as follows: the smears were 
fixed for 5 minutes, after that, they were washed with 
water, and stained with a May-Grunwald solution (10 
ml of dye per 100 ml of distilled water). The next step 
was washing the slides with water and laying them out 
in a special support stand for drying.

We analyzed cytograms by using a Biorex-3 BM-500T 
microscope with a DCM-900 digital microphotographic 
attachment. The programs were adapted for these types 
of studies. We used a magnification of 1000.

Quantitative indicators were traditionally determined 
by counting cellular elements in five fields of view. And 
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the fixing in absolute numbers and counting of the aver-
age values were done   using the Excel program. The latter 
data were used to determine the percentage of different 
classes of epithelial cells to establish standard values.

The materials of our research work comply with the 
Council of Europe Convention on Human Rights and 
Biomedicine, the Helsinki Declaration of Human Rights, 
the rules of the Tokyo Declaration of the World Medical 
Association, the legislation of Ukraine, orders of the 
Ministry of Health of Ukraine, and the requirements of 
the Doctor’s Ethical Code of Ukraine. 

Ethical committee clearance reference (Commission on 
Ethical Issues and Biomedical Ethics of Poltava State Med-
ical University, Ukraine) № 210 dated November 23, 2022.

The findings obtained were statistically processed 
using Microsoft Office Excel 2016 software pack. The 
distribution was checked by the Shapiro-Wilk test. The 
arithmetic mean (M), the representativeness error of the 
mean (m), and the significance level of the differences 
in the mean values (P) were calculated. The t-test for 
paired samples was used to compare values. The differ-
ence was considered statistically significant at P<0.05.

RESULTS
It is known that there are 4 classes of cells in the epithe-
lium of the human gingival mucosa, namely, superficial, 
intermediate, parabasal, and basal [15]. Cytograms from 
the gingival mucosa of children lack basal and parabasal 
epithelial cells normally. It is associated with the func-
tional characteristics of the gums as chewing mucosa.

It was found that intermediate gingival epitheliocytes 
had a hexagonal shape. The nucleus had a rounded 
shape, and clear contours, and was localized mainly in 
the centre of the cells. Also, the class affiliation of epi-
theliocytes was indicated by the active contamination 
of microorganisms, mainly by representatives of the 
rod flora.

The cytoplasm stained basophilically, and glycogen 
granules appeared as azure-positive (Fig. 1).

The surface epithelial cells had clear contours of the 
plasmolemma, a centrally or eccentrically localized 
nucleus, and thin filaments of tonofilaments in the 
cytoplasm after using May-Grunwald stain (Fig. 2).

We visualized surface eosinophilic epitheliocytes in 
cytograms along with basophilic azure-positive surface 
epitheliocytes, in school-age children with clinically 
healthy gums. Their characteristic feature, in contrast to 
basophilic cells, was the presence of different sizes of eo-
sinophilic granules in the cytoplasm, which were stained 
in different shades of pink after May-Grunwald solution. 
The volume of the cytoplasm of these cells significantly 
exceeded the size of the nucleus. Most of the granules 
were located diffusely around the nucleus, and they were 
located centrally relative to the cytoplasm, thus shifting 
the nucleus to an eccentric position. Homogeneous eo-
sinophilic masses were detected in the cytoplasm (Fig. 3).

The above-mentioned information indicates that the 
process of gum keratinization is characterized by stages, 
starting from basophilic and eosinophilic superficial 
cells to horny scales (Fig. 4).

It was found that superficial cells predominate in cy-
tograms, according to the results of cytological studies 
of the cellular composition of gum cytograms in school-
age children. The largest number was determined in 
children of 6 years of age (Table І).

The number of superficial epitheliocytes in children 
aged 12 and 15 was significantly higher than in 6-year-
olds but did not differ from each other. Among the three 
age groups, the average number of intermediate cells 
in 6-year-old children was half that of others, and the 
average number of dead keratinized cells was three 
times less (Table I).

DISCUSSION
In our opinion, the different content of eosinophilic gran-
ules and homogeneous eosinophilic structures causes the 
process of keratinization of epitheliocytes in the form of 
keratinization of the gums, characterized by the appearance 
in the surface cells of the gums of horny substance, namely, 
keratohyalin and a layer of horny scales. Previous studies 
show that keratohyalin has the property of staining with 
eosin [1, 6, 13]. The eccentric arrangement of keratohyalin 
granules is a morphological manifestation of the gradual 
process of physiological keratinization of the gums.

The process of physiological keratinization of the 
epithelial cells of the gingival mucosa in schoolchil-

Table І. Average values   of the percentage of different classes of the stratified squamous epithelium of the gums in examined children

The age
Cellular composition of cytograms

Intermediate cells Superficial cells Dead keratinized cells

6 years 5,54±0,71 93,85±0,77 0,61±0,18

12 years 10,42±1,06 * 87,17±1,39 * 2,41±0,46 *

15 years 11,6±0,76 86,51±0,85 1,89±0,31

Note: * - the difference is significant if P<0.05 (compared with 6-year-old children).
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dren is diverse and keratinization occurs both due to 
the phenomenon of physiological necrosis, namely, 
apoptosis of surface cells and due to orthokeratosis, 
namely, in the form of eosinophils in the cytoplasm of 
epithelial cells. This type of keratinization is the main 
one, along with the destruction of mitochondria and 
a decrease in the number of enzymes in dead kerati-
nized cells. 

CONCLUSIONS
As a result of the conducted research, we established 
the peculiarities of the cellular composition of the mu-
cous membrane of the gums in school-aged children. 
From the age of 6, the average number of surface cells in 
cytograms decreases, while the number of intermediate 
and dead keratinized cells increases up to 12 years and 
remains on the previous level in children of 15 years.

Fig. 1. Intermediate epitheliocytes in the cytogram of the gingival mucosa. 
May-Grunwald’s stain. Magn: obj. x 100, eyepiece x 10.
1 - the nucleus of the intermediate epitheliocyte; 2 - cytoplasm; 3 - con-
tamination of microorganisms.

Fig. 2. Superficial basophilic (azure-positive) epitheliocyte. Cytogram of the 
gingival mucosa. May-Grunwald’s stain. Magn: obj. x 100, eyepiece x 10.
1 - tonofilaments; 2 - nucleus; 3 - cytoplasm.

Fig. 3. Superficial eosinophilic epitheliocyte. Cytogram of the gingival 
mucosa. May-Grunwald’s stain. Magn: obj. x 100, eyepiece x 10.
1 - eosinophilic granules; 2 - nucleus; 3 - homogeneous eosinophilic masses.

Fig. 4. Horny scales in the cytogram of the gingival mucosa.  
May-Grunwald’s stain. Magn: obj. x 100, eyepiece x 10.
1 – dead keratinized cell; 2 - microorganisms.
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INTRODUCTION
Vaccination toward COVID-19 is a mandatory preventive 
measure to limit the spread of this devastating viral 
infection and to help in ending of COVID-19 pandemic 
[1].  The U.S. FDA has approved Pfizer-BioNTech COVID-19 
vaccine since December 2020 in people above 16 
years old.  On May 2021, FDA extended its Emergency 
Use Authorization for the mRNA vaccine to include 
adolescents (12–15 years old) [2] because COVI-19 
infection is counted as seventh cause of mortality in 
these age group and the vaccine proven to be safe and 
effective in preventing the infection or minimizing the 
symptoms [3]. 

In Iraq, Ministry of Health mentioned that first 
shipment of COVID-19 vaccine had arrived in March 
2021 [4].  By the end of July 2022, about 19% of the 
Iraq population (about 8 million Iraqis) had been fully 
vaccinated while 28% had received at least one dose 
of COVID-19 [5]. This percentage of vaccinated people 
is significantly lower than that reported vaccination 
status worldwide as the percentage of fully vaccinated 
people exceeded 60% of global population as per 

July 2022 WHO report [6]. According to WHO’s global 
vision, vaccination coverage in each country must 
reached to at least 40% to ensure herd immunity, 
therefore the concern of WHO and health authorities 
in Iraq have raised and imposed many actions to 
increase vaccination campaign and activities. The Iraqi 
Ministry of Health (MOH) announced the opening 
of more vaccination outlets across the country and 
that those over 12 years of age were to be vaccinated 
in order to increase vaccination coverage [7]. For 
many decades, vaccines have been considered a very 
successful measure in preventing the spreading of 
highly contagious disease [8]. However, vaccination 
hesitancy and rejection are considerable worries 
globally therefore WHO announced this vaccination 
hesitancy one of the top 10 health warnings in 2019 [9]. 

Vaccination hesitancy defined as refusal or delayed 
in acceptance to take the vaccine nurtured by many 
reasons such as confusing and incorrect information 
about safety and efficacy, personal belief and rumors 
including that vaccine might cause infertility or brain 
damage, etc. [10, 11]. 
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In Iraq, the compliance rate toward vaccination is 
low because there are some myths about COVID-19 
vaccines, some think that these vaccines are a part 
of conspiracy operations, possible side effects and 
not trust the manufacturer companies [12]. Along 
with the issues of efficacy and the delivery of the 
vaccine, it is important to monitor public confidence 
in immunization programs. Vaccination hesitancy is a 
major barrier to vaccine uptake and achievement of 
herd immunity, which is critical to protect the most 
vulnerable populations and contain the pandemic [13]. 
The level of acceptability to COVID-19 vaccine might be 
a tentative block in global efforts to contain this viral 
pandemic and its associated health and socioeconomic 
consequences. Therefore, several studies are considered 
necessary across the world to get better understanding 
of the influencing factors on vaccine acceptance. In 
Iraq, there is no previous study have been carried out to 
explore the acceptance and belief as well as the barriers 
toward COVID-19 vaccine among adolescent therefore 
we conducted this cross-sectional study. 

THE AIM
To evaluate the acceptability of COVID-19 vaccination 
among the adolescents aged 12-18 years old and 
to investigate the associated independent factors 
that might increase or decrease the likelihood of 
vaccinations.

MATERIALS AND METHODS

STUDY DESIGN
Cross-section observational study based on online 
survey conducted on adolescent student with age of 12 
to less than 18 years old in middle Euphrates provinces 
of Iraq. Respondents were chosen using nonprobability 
convenience sampling from adolescent students. Survey 
data was collected from November 28, 2021 to April 
20, 2022. The study questionnaire was created by using 
Google Form and distributed through invitation link on 
WhatsApp for the closed school group after coordination 
and taken agreement of the student school administration. 
Upon opening of the survey link, there was statements 
highlighting the purpose of the survey and requesting the 
consent of the student to participate in the research survey. 

STUDY QUESTIONNAIRE
The survey questionnaire was adapted from previously 
validated questionnaires in the previous studies and 
most of the questions were slightly modified based 

on expert opinion to ensure clarity and understanding 
from Iraqi students. Also, we performed pilot study on 
small groups to optimize validity and reliability of the 
questionnaire. This study questionnaire was consisting 
of three parts. First part included sociodemographic 
character of the participants such age, gender, place 
of residence and their education level. The second part 
was designed to collect information about participants’ 
clinical information such having chronic disease or 
comorbidities, previous COVID-19 infections, severity 
of the symptoms and vaccination status. The last 
part of the study questionnaire was focused on their 
acceptance and belief about COVID-19 vaccine as well 
as the reasons if they not welling to having the vaccine.  
The measures of student response to these questions 
were based on Yes and No. We included “May be “in the 
third part of the questionnaire about COVID-19 vaccine 
to further explore the uncertainty among the study 
participant about their willingness to take the vaccine 
as well as their attitude. 

ETHICAL CONSIDERATION 
The ethical standards of Helsinki Declaration was 
considered in conducting this study. The study proposal 
and questionnaire were reviewed and approved the 
scientific committee of clinical pharmacy in college of 
Pharmacy university of Kufa. Permission forms were 
incorporated at the opening of the questionnaires. 

SAMPLE SIZE 
To calculate the required sample size of participants 
in this descriptive cross-sectional study, we used 95% 
confidence interval and 5% precision percent [14]. The 
required sample size was minimum of 385 participants. 
We aimed for higher sample size than calculated one 
considering some incomplete or missing data.  Then we 
considered the rule of events for each variable to verify 
the sample required to carry out a logistic regression 
in which a minimum of 10 sample for each variable 
included univariate analysis therefore a total sample 
size of 541 was so enough to run all required analysis 
accurately. 

STATISTICAL ANALYSIS 
Statistical analyses were conducted using the SPSS 
version 26.  Categorical variables were presented as 
count and frequency (%). If the cross-table is bigger 
than a 2x2 contingency table we used (Chi-squared test), 
while for 2x2 contingency table either Fisher’s exact test 
used to determine the association between categorical 
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variables and the acceptance of COVID-19 vaccine (if 
expected values more than 5), or Yate’s Chi-squared test 
when at least one of the groups with expected value 
less than 5, with unadjusted odds ratio and p-value.   
Backward multivariate logistic regression including all 
significant variables, with adjusted odds ratio and 95% 
confidence interval, determined the association between 
independent variables and the acceptance of COVID-19 
vaccine for all other significant variables [15]. A p-value 
less than 0.05 was treated as significant.

RESULTS 

BASELINE CHARACTERS OF THE 
PARTICIPATED ADOLESCENTS 
Total of 541 student adolescents participated in this 
cross-sectional survey. Most of them were female 
aged 15-18years old. More than 80% of them were 
from urban area. Most of the participants did not have 
documented COVID-19 infection. More than half of 
them (288 adolescents) did not get the vaccine yet 

Table I. Baseline characteristics of adolescents aged 12-18.
Variables Adolescents aged 12-18 (n=541)

Gender, N (%)
Male 186 (34.38)

Female 355 (65.62)

Age, N (%)
12-15 152 (28.10)

15-18 389 (71.90)

Residency, N (%)
Urban 437 (80.78)

Rural 104 (19.22)

Education level, N (%)
Middle school 183 (33.83)

Secondary school 358 (66.17)

Smoker, N (%)

No 476 (87.99)

Yes 26 (4.80)

Sometimes 39 (7.21)

Do you have chronic disease? N (%)

No 437 (80.78)

Allergies and immune disease  20 (3.70)

Cardiovascular disease  8 (1.48)

Chronic kidney disease 5 (0.92)

Diabetes  8 (1.48)

Obesity 33 (6.10)

Respiratory diseases and asthma 30 (5.54)

COVID-19 infection, N (%)
No 344 (68.58)

Yes 197 (31.42)

How strong are the symptoms?   N (%)

No 344 (53.59)

Mild 59 (10.90)

Moderate 144 (26.62)

Severe 24 (4.44)

Parents COVID-19   N (%)
No 215 (39.74)

Yes 326 (60.26)

Parents COVID-19 Vaccination, N (%)
No 140 (25.88)

Yes 401 (74.12)

Did you get the corona vaccine?   (%)
No 288 (53.23)

Yes  253 (46.76)

Source of medical information, N (%)

Audio or TV media 71 (13.12)

Government institutions 72 (13.31)

Relatives and friends 122 (22.55)

Social Media 276 (51.02)
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while their parents` vaccination status was higher as it 
exceeded 60% of the parents. The source of information 
was mainly through non-official channel such as social 
media (51%) followed by relatives and friends (22.55%) 
as shown in table I. 

ACCEPTABILITY OF COVID-19 VACCINE 
AMONG NOT VACCINATED ADOLESCENTS 
About 55% of not vaccinated adolescents showed 
refusal to take the vaccine and almost most of them 
(89.8%) showed resistance to take it in the future. About 
third of them (31.6%) showed fear from the vaccination 
while about 68% of them believed that the vaccine 
might not prevent the infection nor reduced its severity 
as well as they have doubt about vaccine importance 
in eliminating the pandemic of Corona virus (Table 
II).  The main reasons of not taken corona vaccine by 
the participants primarily attributed to unavailability 
of sufficient information as stated by 31% of the 
participants and 26% of the adolescent mentioned false 
information or rumors about the vaccine. Only 17% of 

participants showed distrust of vaccine suppliers while 
the remaining 18% and 8% showed doubtful belief 
about vaccine safety and effectiveness respectively 
(Figure 1).

THE ASSOCIATIONS OF PARTICIPANTS 
VARIABLES WITH ACCEPTANCE OF 
COVID-19 VACCINE BY UNIVARIATE AND 
MULTIVARIATE ANALYSIS
Univariate analysis of the adolescent variables with 
acceptance rate of COVID-19 vaccine showed that five 
variables including parents with COVID-19, vaccinated 
parents, belief that vaccine will prevent infection and 
belief vaccine will eliminate pandemic corona virus 
as well as positive attitude by recommending vaccine 
were significantly (p < 0.05) associated increased 
vaccine acceptability (Table III). After adjustment of 
the analysis by multiple regression, only three variable 
revealed statistically significant (p < 0.05) association and 
considered as independent cofactors that will increase 
the level of acceptance for COVID-19 vaccine. These 

Table II. Acceptability and attitude of non-vaccinated adolescents toward COVID-19 vaccine. 
Questions Non vaccinated adolescent aged 12-18 (N=288)

Will you take the corona vaccine?
No 157 (54.51)

Yes 131 (45.49)

Are you afraid of getting the Corona vaccine?
No 197 (68.40)

Yes 91 (31.60)

Do you think that the Corona vaccine will prevent infection or 
reduce its severity? 

No 196 (68.06)

Yes 92 (31.94)

Do you think that the vaccine is important to eliminate the 
Corona virus in Iraq?

No 180 (62.50)

Yes 108 (37.50)

Will you recommend and encourage others to take the 
vaccine? 

No 164 (56.94)

Yes 124 (43.06)

Do you intend to take the vaccine in the future? 
No 141 (89.8)

Yes 16 (10.2)

Fig. 1. Reasons of not taken 
COVID-19 Vaccine 
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independent variables are the parents with COVID-19 
infection with odd ratio - 2.66 (95%CI 1.40 to 5.05), 
parents COVID-19 vaccination with odd ratio 2.87 (95%CI 
1.51 to 5.44) and will you recommend and encourage 

others to take the vaccine with its odd ratio 8.62 (95%CI 
4.60 to 16.17) as shown in table IV. From other side, 
being afraid from corona vaccine is negatively associated 
with acceptability of COVID-19 vaccine and consider as 

Table III. The association between adolescents’ variables and the acceptance of COVID-19 vaccine by univariate analysis unadjusted odd ratio and p-value.

Variables Overall
(N=288)

Acceptance level
Odds ratio

(95%CI) p-valueAccepted
(N=131)

Non accepted
(N=157)

Gender, N (%)
Male 106 (36.81) 49 (37.40) 57 (36.31) 1.0

0.90Female 182 (63.19) 82 (62.60) 100 (63.69) 0.95 (0.59 to 1.55)

Age, N (%)
12-15 100 (34.72) 50 (38.17) 50 (31.85) 1.0

0.2715-18 188 (65.28) 81 (61.83) 107 (68.15) 0.76 (0.46 to 1.24)

Residency, N (%)
Urban 215 (74.65) 94 (71.76) 121 (77.07 1.0

0.34Rural 73 (25.35) 37 (28.24) 36 (22.93) 1.32 (0.79 to 2.23)

Education level,  
N (%)

Middle school 122 (42.36) 56 (42.75) 66 (42.04) 1.0
0.90Secondary school 166 (57.64) 75 (57.25) 91 (57.96) 0.97  (0.61 to 1.54)

Smoker, N (%)
No 265 (92.01) 121 (92.37) 144 (91.72) 1.0

>0.99Yes 23 (7.99) 10 (7.63) 13 (8.28) 0.92  (0.39 to 2.19)

Do you have chronic 
disease? N (%)

No 231 (80.21) 104 (79.39) 127 (80.89 1.0

0.97

0.33

0.86

0.87

0.72

Allergies and immune 
disease 12 (4.17) 6 (4.58) 6 (3.82) 1.22  (0.37 to 4.01)

Cardiovascular 
disease 6 (2.08) 1 (0.76) 5 (3.18) 0.24  (0.02 to 1.82)

Diabetes 6 (2.08) 3 (2.29) 3 (1.91) 0.22  (0.28 to 5.31)

Obesity 18 (6.25) 9 (6.87) 9 (5.73) 1.22  (0.50 to 2.95)

Respiratory diseases 15 (5.21) 8 (6.11) 7 (4.46) 1.39  (0.48 to 3.69)

COVID-19 infection, 
N (%)

No 218 (75.69) 99 (75.57) 119 (75.80) 1.0
>0.99Yes 70 (24.31) 32 (24.43) 38 (24.20) 1.01  (0.59 to 1.72)

How strong are the 
symptoms? N (%)

No 209 (72.57) 98 (74.81 111 (70.70) 1.0

0.92
0.74
0.08

Mild 26 (9.02) 10 (7.633) 12 (7.64) 0.94  (0.39 to 2.16)

Moderate 44 (15.28) 22 (16.79) 22 (14.01 1.133  (0.59 to 2.15)

Severe 9 (3.13) 1 (0.76) 8 (5.10) 0.14  (0.02 to 1.15)

Parent COVID-19 N (%)
No 117 (40.63) 44 (33.59) 73 (46.50) 1.0

0.03Yes 171 (59.37) 87 (66.41) 84 (53.50) 1.72  (1.07 to 2.81)

Parents COVID-19 
Vaccination N (%)

No 109 (37.86) 28 (21.37) 81 (51.59 1.0
<0.001Yes 179 (6215) 103 (78.63) 76 (48.41) 3.92  (2.29 to 6.66)

Are you afraid of 
getting the Corona 

vaccine? N (%)

No 197 (68.40 118 (90.08 79 (50.32 1.0

<0.001Yes 91 (31.60) 13 (9.92) 78 (49.68) 0.11  (0.06 to 0.21)

The vaccine will prevent 
infection or reduce its 

severity, N (%)

No 196 (68.06) 71 (54.20) 125 (79.62) 1.0
<0.001

Yes 92 (31.941) 60 (45.80) 32 (20.38) 3.30  (1.99 to 5.51)

The vaccine is 
important to 

eliminate the Corona 
virus in Iraq. N (%)

No 180 (62.50) 63 (48.09) 117 (74.52) 1.0

<0.001
Yes 108 (37.50) 68 (51.91) 40 (25.48) 3.16  (1.92 to 5.19)

Will you recommend 
and encourage others to 
take the vaccine? N (%)

No 164 (56.94) 39 (29.77) 125 (79.62) 1.0

<0.001Yes 124 (43.06) 92 (70.23) 32 (20.38) 9.21  (5.38 to 15.5)
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According to previous report based on 2015-
2017 data from both WHO and UNICEF, the main 
reasons behind vaccine hesitancy were attributed to 
insufficient knowledge and awareness on top of lacking 
understanding of vaccination importance [23].  The 
results of the present study showed that the primary 
reasons were insufficient information about the vaccine 
and the falsified information or rumors that circulated 
mainly via social media. Additional reasons of vaccination 
hesitancy were the vaccine safety and effectiveness 
[24]. These reasons also reported in our studies. In other 
studies, concern about the safety and efficacy of the 
vaccine were reported as main reasons for not accepting 
the vaccination of COVID-19 [25]. In general, people who 
engaged with public media such as Facebook during 
COVID-19 and this social media considers as mean source 
of information and misinformation about the disease and 
/or the vaccine especially focus on negative one such as 
adverse effects of the vaccine and conspiracy theory as 
being rushed or new vaccine that led to creating fear 
from COVID-19 [26]. In the current study, being afraid 
from the vaccine was the main independent factor that 
negatively associated with vaccine acceptance. Also, in 
another cross-sectional study on Iraqi parents revealed a 
high hesitancy rate to vaccinate their kids mainly related 
to wrong perceptions about the safety and associated 
consequence of the vaccination [17]. The results of this 
study showed that both parents previous COVID-19 and 
parents COVID-19 vaccination were strongly associated 
with acceptability to the vaccine among the adolescents. 
COVID-19 vaccines are expected to be even better 
efficacy and safety than other youthful vaccines [27].  
“First do not harm” is mandatory and basic character in 
vaccine safety and this should be clearly communicated 
to maintain public trust in vaccines to chip away the 
hesitancy from vaccination and improve acceptability 
rate over time [28, 29]. According to these findings, there 
is great importance to enrich people awareness about 
the necessity of COVID-19 vaccine and highlighting 
its safety in children via providing strong evidence-
based information that will increase the adolescents 
and parents trust in the vaccination and improve 
their attitude to encourage acceptance and positive 
promotion toward COVID-19 vaccine. 

independent variables that decrease the likelihood of 
vaccine acceptance as shown by negative coefficient 
and adjusted odd ratio less than one 0.14 (95%CI 0.06 to 
0.29) in table IV. Other cofactors considered dependent 
variables and non-significantly (p > 0.05) associated with 
acceptance for COVID-19 vaccine.

DISCUSSION 
It is very well proven that vaccination has an essential 
role in diminishing the burden of infectious diseases, 
for example on vaccines importance, 33,000 deaths 
was avoided, and 14 million diseases were prevented 
in 2001 [16]. COVID-19 vaccine has been approved to 
the adolescent age group however the hesitancy and 
barriers toward vaccination could be a major barrier 
that counteracting the immunization process and 
accordingly not achieving the aim herd immunity. The 
findings from this online based study showed that 
more than 50% of the adolescents had not taken the 
vaccine yet and more than half of the not vaccinated 
adolescents (about 54%) would not accept to take the 
vaccine as well as almost most (about 90%) revealed 
negative intention toward future vaccination. These 
findings are reflecting low rate of vaccination and high 
level of hesitancy toward future vaccination among 
adolescents. We could not find a previous study on 
adolescents in Iraq however recent study conducting 
on Iraqi parents showed low level of parent’s willingness 
about 38% to vaccinate their children and 35% of them 
refused to vaccinate them [17]. These low levels of 
acceptability of vaccination were also evident in adult 
populations in other middle east countries such as in 
Kuwait acceptance rate was about 24% and about 37% 
in Joran [18]. In another study conducted on Chinese 
adolescents, the results revealed that about 32% were 
hesitant and about 8% were resistant toward COVID-19 
vaccination [19]. From other side, Although the vaccine 
being available in united states for adolescents, the 
adolescent’s vaccination rate was 53% by end of 2021 
and a study showed that among adolescents, only 
63% showed willingness to accept the vaccination 
[20].  In European countries, the hesitancy rate among 
adolescents was ranging from 30-40% [21, 22]. 

Table IV. Multivariate analysis for the association between participants variables and the acceptance of COVID-19 with adjusted odds ratio and p-value.

Variables B S.E. Wald Adjusted Odds ratio  
(95% CI)

Adjusted 
p-value

Parents COVID-19 0.977 0.33 8.89 2.66 (1.40 to 5.05) 0.003

Parents COVID-19 Vaccination 1.052 0.33 10.38 2.87 (1.51 to 5.44) 0.001

Are you afraid of getting the Corona vaccine? -1.999 0.38 27.38 0.14 (0.06 to 0.29) <.001

Will you recommend and encourage others to 
take the vaccine? 2.154 0.32 45.03 8.62 (4.60 to 16.17) <.001
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COVID-19 were associated with increase the level of 
their adolescent’s acceptance for COVID-19 vaccine 
while fear from Corona vaccine related to decrease the 
level of acceptance for the vaccination. 

CONCLUSIONS
Participated adolescents demonstrated hesitancy 
and low acceptance rate toward COVID-19 vaccine. 
The parents having COVID-19 or vaccinated against 
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INTRODUCTION 
The prevalence of clinically significant manifestations of 
seborrheic dermatitis (SD) in the population is approx-
imately 3% [1], and it’s even higher in immunocompro-
mised patients [2]. Each fifth human has minor peeling 
of the skin described as dandruff [3]. Persistent itching, 
redness, and peeling of the skin, especially on the face 
and near the ears significantly reduces the quality of 
life and confidence of patients with SD [4].

Malassezia lipid-dependent commensal fungus is an 
important resident of the skin microbiome. Different 
Malassezia species were mentioned to cause desqua-
mation, hypopigmented macules, and eczematous 
dermatitis [5].    Despite all previous studies the fact of 
Malassezia colonization of seborrheic areas requires 
more proof. Different studies show that the prevalence 
of Malassezia spp. in Canada is 82% [6], in Sweden 88% 
[7], Greece 85% [8]. The pathogenetic role remains un-
clear for people not colonized by Malassezia. 

In addition, few commensalism mechanisms are 
described. In healthy skin, Malassezia interacts with 
keratinocytes and the immune system, as it inhabits 

superficial layers of the skin and follicular infundibulum 
[9]. Skin fungal microbiome, mainly Malassezia, protects 
the skin through its large expansion and competition 
with bacteria. Malassezia metabolites azelaic acid, 
which is known to have antibacterial and anti-mycotic 
properties [10]. Also, Malassezia generates ethyl ester 
derivatives with in vitro show antimycotic properties 
[11]. Malassezia secreted aspartyl protease 1 may dis-
rupt Staphylococcus aureus biofilms via hydrolysis [12]. 
In atopic dermatitis, a significant reduction of Malasse-
zia was described resulting in a potentially decreased 
protective function against S. aureus [13].

Malassezia produces lipase to hydrolyze sebum tri-
glyceride and releases unsaturated fatty acids such as 
oleic acid and arachidonic acid [14] These acids insult 
keratinocyte differentiation, which leads to stratum 
corneum abnormalities such as parakeratosis and cor-
neocyte damage. These metabolites also induce kerati-
nocyte production of pro-inflammatory cytokines such 
as IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-10, IL-12, interferon-gam-
ma, and tumor necrosis factor [15]. At the same time  
M. furfur, M. globosa, and M. restricta enhance expression 
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of toll-like receptor 2 IL-8, human beta-defensin 2, which 
benefits skin protection [16]. These cytokines recruit 
immune cells to skin sites with a compromised barrier, 
for example, follicular infundibulum where tissue-res-
ident dendritic cells, macrophages, and myeloid cells 
can directly meet Malassezia [17]. So Malassezia may be 
a commensal and a trigger of inflammation.

THE AIM
The aim of the study was to compare the number of 
fungi of the genus Malassezia on inflamed and healthy 
areas of the skin and to correlate them with the severity 
of seborrheic dermatitis.

MATERIALS AND METHODS
168 patients with seborrheic dermatitis and 30 healthy

individuals were examined. The study included pa-
tients aged 18-55 years from 2020 to 2022 who were 
treated at the clinical departments of the medical 
faculty of the State Higher Educational Institution 
“Uzhhorod National University”; Regional clinical skin 
and venereological dispensary and private derma-
tological clinic. Before the examination, the patients 
were informed about the research design, developed 
within the framework of the Helsinki Declaration of the 
World Medical Association “Ethical principles of medical 
research with the participation of a person as an object 
of research”, the Convention of the Council of Europe 
on human rights and biomedicine, and the legislation 
of Ukraine, and signed the informed consent.

Patients with typical manifestations of seborrheic 
dermatitis on the scalp and face were included in the 
study after consulting a dermatologist and verifying 
the diagnosis. A mandatory condition was the ab-
sence of SD-associated treatment for the last month 
and the absence of other inflammatory skin diseases. 
Severity was assessed using the seborrheic dermatitis 
area and severity index (SEDASI) scale [18] and divided 
into groups: mild 1-14 points, medium severity 15-29 
points, and severe 30 or more points. Medical workers 
with healthy skin were included in the control group. 

Subjects were asked not to shower or wash in the 
evening and morning before sampling. Samples were 
taken from 3 areas: the first from the hairy part of the 
head, the second from the face (in places where there 
is inflammation, such as the mustache, nasolabial 
fold, and bridge of the nose), and the third from the 
sternum. Patients with manifestations of inflamma-
tion in the chest area were excluded from the study. 
First, smears were taken with a cotton swab dipped 
in a sterile isotonic solution, and transferred to the 

transport medium. Then skin flakes were collected by 
the atraumatic scraping of a 1 cm2 area. The scraped 
material was mixed with an isotonic sodium chloride 
solution, applied to a glass slide, and dried. 96% ethyl 
alcohol and direct heating were used to fix the sample. 
Methylene blue was applied for 1 min and washed. To 
count the number of yeasts, a light microscope was 
used at a magnification of 40 and 100 with the addition 
of immersion oil. The results were evaluated as follows: 
1–5 yeasts per field = +; 6–10 = ++; > 10 = +++.

Swab material was inoculated directly onto Malasse-
zia Leeming & Notman Agar Modified (MLNA) Kairosafe. 
Petri dishes were kept in a thermostat for 72 hours at a 
temperature of 37 °C. Gram staining was used for veri-
fication. Microscopy and lactophenol cotton blue dye 
were used to count the number of CFUs (colony-form-
ing units) of fungi. The obtained results were divided 
into 4 groups according to the number of CFUs: no 
fungi, 1-sample with 1-25 CFUs, 2 - 26-50 CFUs, 3 - 51, 
and more CFUs.

The chi-square test was used to determine the dif-
ference in gender distribution between the SD and 
control groups. The Mann-Whitney t-test for indepen-
dent samples was used to determine the difference in 
age between groups and to compare the distribution 
of the number of CFUs between groups. Fisher’s exact 
test to compare the mean number of CFUs in groups. 
Spearman’s correlation was used to determine the re-
lationship between the severity of SD and the number 
of CFUs in the sample. Kruskal-Wallis test was used to 
compare fungi colonization in healthy and SD patients. 
A correlation was considered significant at p≤0.05. 
Dwass-Steel-Critchlow-Flinger pairwise comparisons 
test was used to compare CFU quantity between dif-
ferent skin sites.

RESULTS
According to the microscopy of skin scrapings, the 
prevalence of Malassezia spp. in patients with SD was 
53% (89/168), and in healthy individuals 27% (8/30). A 
difference between prevalence in SD and control group 
is significant (р≤0,05). Both groups showed the largest 
number of fungi on the scalp and face, and the lowest 
on the trunk in the area of the sternum. A significant 
difference was found between the number of fungi in 
samples with seborrheic plaques and samples without 
skin inflammation (7.44; 4.51; p≤0.05) and compared 
with healthy individuals (2.83; p≤0.05) (Fig. 1).

Comparing the growth of colonies on modified Lem-
ing-Notman agar taken from skin swabs (Fig. 2), the 
prevalence of Malassezia spp. in patients with SD was 
87% (113/168). Culture result was considered positive 
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if at least one skin zone showed positive fungi growth. 
The minimum number of CFU was 2, the maximum was 
68. In the group of healthy individuals, the prevalence of 
Malassezia spp. was 60% (18/30), the minimum number 
of CFUs was 2, the maximum was 65.

Similar body zones of healthy and SD people were 
compared to estimate the density of fungi colonization. 
21% of SD patients had seborrheic plaques on the scalp. 

The Mean of CFU in samples taken from inflamed skin 
regions was 53,5. These patients were excluded from 
the comparison. SD patients without scalp lesions had 
no statistical difference in the number of CFU compared 
with healthy people (p=0,291). In particular, the face 
zone with lesions of SD patients was two times more 
colonized with funguses than in the control group 
(38,5 vs 16,5 p=0,003). The sternal area with no skin 

Table I. Quantity of CFU Malassezia spp. cultivated from typical seborrheic zones in patients and healthy controls.

Skin zone SD patients  
(total n=168)

Control
(total n=30) Statistic* p

Scalp with seborrheic plaques 53,5 (42,8;58,5)
n=36 0

Scalp without seborrheic plaques 27,0 (16,0;42,0)
n=113

16,5 (7,25;44,8)
n=18 859 0,291

Face 38,5 (22,0;47,0)
n=146

16,5 (8,75;40,8)
n=18 744 0,003

Trunk 25,0 (19,0;36,0)
n=109

9,0 (4,0;34,0)
n=17 580 0,013

*Mann-Whitney U test;  n=number of swab samples with Malassezia spp. growth on MLNA.

Table II. Quantity of CFU Malassezia spp. on different skin zones in patients with different SD severity.
mild moderate severe χ2* df p

Scalp with lesions
(total n=36) 0 46,5(38,3;54,3)

n=24
57,5(54,8;62,3)

n=12 8,84 1 0,003

Scalp without lesions
(total n=113)

15,0(9,0;19,0)
n=55

42,0(32,0;52,3)
n=58 0 79,07 1 ≤0,001

Lesions on face
(total n=146)

18,0(13,8;19,0)
n=52

44,0(38,0;47,8)
n=82

57,0(53,8;62,5)
n=12 104,36 2 ≤0,001

Trunk with no lesions
(total n=109)

5,0(4,0;11,0)
n=15

26,0(22,0;33,0)
n=82

52,0(44,8;54,3)
n=12 52,57 2 ≤0,001

* Kruskal-Wallis test

Fig. 1. Distribution of patients with SD and healthy individuals according to the number of Malassezia fungi in the skin scrapings.



Vlasta Vysochanska, Galina Koval

1374

lesions was more colonized in the SD group (25,0 vs 
9,0 p=0,013) (Table I). Was found a probable difference 
in the number of CFU depended on the skin area in 
patients with SD and healthy individuals (Kruskal-Wallis 
test χ2 15,9; df 2; p≤0,001).  The control group had no 
statistical difference in the number of CFU between the 
face and scalp and a significant difference compared 
with the trunk. Dwass-Steel-Critchlow-Flinger pairwise 
comparisons: trunk vs face (W 5.72; p≤0,001); trunk vs 
scalp (W 3.93; p=0.15); face vs scalp (W -1.32; p=0,618).

We have found a statistical difference in colonization 
intensity between all body zones (Dwass-Steel-Critch-
low-Flinger pairwise comparisons p≤0,001). As shown 
in table II, the quantity of CFU Malassezia spp. has 
increased according to the severity of seborrheic der-
matitis symptoms. Patients with a mild form of SD had a 
mean of 15,0 CFU on the scalp, 18 on the face, and 5 on 
the trunk. The mild form was associated with moderate 
growth of fungi, per 42 on the scalp, 44 on the face, and 
26 on the trunk. Patients with severe form had the most 
intensive Malassezia spp. grows.  Lesioned areas on the 
face and scalp were colonized more intensively than 
non-inflamed areas typical for SD occurrence. 

Based on the severity of symptoms and percentage of 
inflamed skin patients were divided into having severe 
7% (12/168), moderate 49 % (82/168), and mild 44% 
(74/168) symptoms. All patients with severe form had 
lesions on the scalp and face and tested positive for 

Malassezia. The moderate symptom group also tested 
positive for Malassezia and the third part had scalp and 
face lesions. A quarter part of patients with mild symp-
toms tested negative for Malassezia. Half patients in the 
mild symptom group had positive cultivation results on 
the scalp and face but no growth on the trunk.

The correlation between the SEDASI score and 
quantity of CFU was counted only for the patients with 
positive Malassezia spp. grows and the absence of any 
lesions on the scalp. A larger inflamed area would have 
a logical impact on the increase in severity measured 
by SEDASI. To avoid false statistical evidence, we com-
pared inflamed areas on the face with intact areas on 
the trunk. The severity of SD measured by SEDASI is 
positively correlated with the amount of CFU on the 
face (Spearman’s rho 0,849; p≤0,001) and trunk (Spear-
man’s rho 0,714; p≤0,001). The results suggest that the 
intensity of fungi growth has a strong impact on the 
severity of symptoms.

 DISCUSSION
This study reports a difference in the prevalence of 
Malassezia spp. as a result of counting by different meth-
ods. According to the results of inoculation on modified 
Lemming-Notman agar, the prevalence was 87%, which 
coincides with the results of studies in different countries 
[6,7,8]. When counting the number of CFU by microscopy 

Fig. 2. (A) Representative image of direct 
culture on modified Leming-Notman 
agar from skin swab of SD patient (kept 
in thermostat for 3 days at 37°C). (B) 
Representative image of Malassezia spp. 
under a light microscope (original mag-
nification x400) after Gramm staining for 
species identification. (C) Representative 
image of purified colony of Malassezia 
sympodialis on modified Leming-Notman 
agar cultured at 37°C for 7 days. Clear 
zone around the colony indicates a lipo-
lytic activity (D) Representative image of 
Malassezia spp. stained with lactophenol 
cotton blue dye under a light microscope 
(original magnification x400).
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after staining with methylene blue, the prevalence was 
60%. Only yeast forms of fungi were counted, as they are 
the most recognizable. Short filaments were considered 
accidental finds. It is described that about a third of all 
fungi are in the form of hyphae and predominate on 
seborrheic plaques. Researchers suggest using fluores-
cence microscopy to count CFUs, as the dye delineates 
the polysaccharide particles of hyphae [19].

We found a positive correlation between the number 
of CFUs of Malassezia fungi and the severity of sebor-
rheic dermatitis. Studies that adhere to the hypothesis 
that Malassezia fungi are a main factor in pathogenesis 
indicate a strong correlation between the intensity of 
fungi colonization and SD severity [19-21]. It has been 
described that there is a significant difference in the 
intensity of fungal growth on inflamed and healthy 
areas of the skin in patients with SD [22]. An additional 
argument for this theory is the reduction of symptoms 
after the use of ketoconazole. Antifungal drugs inhibit 
the growth of Malassezia so they shed together with the 
dead epithelium particles. Inhibition of the growth of 
fungi leads to a decrease in redness and desquamation 
of the skin [23]. It was hypothesized that the triggers of 
inflammation are directly the hyphae and not the yeast 
form of the fungus. Hyphae grow into the depths of the 
derma, changing the immune response and metabo-
lism of the skin [24]. Excessive colonization by fungi and 
the transformation of yeast into hyphae are considered 
novel factors of pathogenesis [25].

However, some studies consider sebum metabolism 
or other homeostasis changes as the main trigger fac-
tors of seborrheic dermatitis [26]. Lately described the 
theory of the pathogenesis of SD points to the lead-
ing role of immune and neuroendocrine factors that 
change the composition and amount of sebum. Such 
changes create favorable conditions for the growth of 
lipophilic Malassezia fungi over time inhibit the growth 
of other commensals and damage the integrity of the 
skin barrier with their waste products. Skin defects trig-
ger a nonspecific inflammatory response that triggers 

the release of inflammatory cytokines, which further 
destroys the skin barrier. Thus, excessive colonization 
by fungi starts a pathological circle of inflammatory 
reactions [27].

In contrast, sebum secretion, skin pH, and trans-epider-
mal water loss (TWEL) of SD patients were analyzed. There 
was no statistical difference between the normal and le-
sion sites on the scalp. But Staphylococcus, Pseudomonas, 
Malassezia, and Aspergillus were proposed as potential 
biomarkers for SD [28]. SD lesions were reported to have 
reduced Corynebacterium spp. amount, and were dom-
inated by Firmicutes, Pseudomonas spp., Staphylococcus 
spp., and Micrococcus spp. at the genus level. Bacterial 
alterations were found to be predominating factors of 
SD development [29]. Another study stated that TWEL is 
3 times more increased in the SD group, decreases after 
ketoconazole treatment but still does not reach the level 
of the control group. Increased Malassezia, Staphylococcus, 
and decreased Cutibacterium are treatment goals as they 
represent disturbed skin microbial diversity [30].

Promising results were reported in the first-ever 
conducted study of the identification of differentially 
expressed miRNAs (DEMs). Skin lesions of elderly male 
patients with SD had several up and downregulated 
miRNAs. They were predicted to be significantly asso-
ciated with typical dermatological pathogenesis like 
immune response, cell proliferation, and apoptosis [31]. 

Furthermore, skin biopsy of SD patients revealed se-
baceous gland atrophy that opposes the idea of greasy 
skin and high colonization of lipid-depended fungi [32]. 

CONCLUSIONS
Our results demonstrate that inflamed seborrheic areas 
are more colonized with Malassezia fungi than intact 
areas. The intensity of Malassezia growth is correlated 
with the severity of the symptoms of seborrheic der-
matitis. The level of colonization may be a potential 
biomarker to indicate the efficiency of new treatment 
approaches.
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INTRODUCTION
Fibromyalgia (FMS) is a syndrome characterized by 
persistent widespread pain, extreme sensitivity on 
palp, and other problems such as insomnia, stiffness, 
tiredness, and psychosocial problems [1]. Disturbances 
in serotonin metabolism and transmission are hypoth-
esized to be pathophysiologic mechanisms that cause 
FMS [2]. This hypothesis is supported by numerous 
studies. According to Das et al., patients with FMS have 
a lower level of 5-HT in their blood plasma, which can 
be associated with sleep disorders and pain [3]. In the 
cerebrospinal fluid of FMS patients, similar alterations 
in 5-HT metabolism have been reported [4].

The sodium-dependent serotonin transporter gene 
(5-HTT), encoded by SLC6A4 which transports serotonin 
from synaptic space into presynaptic neurons for re-
cycling, therefore playing a crucial role in serotonergic 
transmission termination [5]. The location of the 5-HTT 

gene on the chromosome is 17q11.1-q12, which has 
been reported for two polymorphisms. first, in the 
second intronic region, that contains 17 variable num-
ber tandem repeats (VNTR) with 9, 10, and 12 number 
repeats [6]. Several studies have associated 5-HTTVNTR 
to various mental diseases, including schizophrenia 
and bipolar disorder [7,8]. But several researches have 
concluded that this polymorphism is not significantly 
associated with psychiatric disorders [9, 10].

Second, another polymorphic region is the 5-HTTLPR 
promoter region, a 44-base pair polymorphism that 
results in two different alleles, including deletion(S/
short) alleles and insertion(L/long) alleles [7]. The pres-
ence of the S allele reduced the transcription activity of 
the 5-HTT promoter gene as compared to the L allele, 
resulting in lower serotonin transporter binding and 
uptake [11]. As a result, this genetic variation may raise 
the risk of developing psychiatric diseases; indeed, 
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ABSTRACT
The aim: To study the clinical and the genetic association of 5-HTTVNTR and the 5-HTTLPR polymorphisms in women with FMS.
Materials and methods: 105 FMS patients and 105 controls were enrolled in the study. Polymerase chain method was used to analyse the 5-HTTLPR & 
5-HTTVNTR gene polymorphism. The psychopathology status of the 105 FMS patients and 105 healthy controls was assessed using the Beck Depression Inventory 
(BDI) and the Symptom Checklist-90-Revised (SCL-90-R) questionnaires.
Results: In FMS patients and controls, the 10/10, 10/12, and 12/12 genotypes of the 5-HTTVNTR polymorphism were found in 3.8% and 2.9%, 20% and 15.2%, 
and 76.28% and 81.90%, respectively. Additionally, the L/L, S/L, and S/S genotypes of the 5-HTTLPR polymorphism were found in 4.8% and 2.9%, 36.2% and 
40%, 59% and 57.1%, in FMS patients and healthy controls, respectively. There were no significant differences in the frequency of genotypes between FMS 
patients and controls. There were no significant differences in the BDI and the SCL-90-R scores according to the serotonin transporter genotypes.
Conclusions: We found no significant difference between 5-HTT gene polymorphism (5-HTTVNTR and 5-HTTLPR) and the psychiatric test results (P>0.05) in 
FMS patients. Hence, we conclude that serotonin gene polymorphism (5-HTTLPR & 5-HTTVNTR) is not associated with FMS in north Indian women. Our results 
suggests that the serotonin transporter polymorphism does not seem to be a susceptibility factor for FMS.
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studies have related the 5-HTTLPR polymorphism to 
significant psychiatric problems [12]. Only a few stud-
ies have found that the 5-HTT gene polymorphism is 
related to depression and anxiety in patients with FMS 
[13]. These studies provide evidence supporting that 
the 5-HTTVNTR and the 5-HTTLPR could be candidate 
gene polymorphism for psychiatric disorders.

Currently, there is insufficient data supporting the 
role of 5-HTT gene polymorphism in FMS. However, 
the use of 5-hydrooxytrptamine type-3 receptor an-
tagonist and re-uptake blockers in the treatment of 
FMS suggests that genes influencing the serotonergic 
pathway may be involved in the pathogenesis of FMS 
[14]. Depression, anxiety, and fatigue are common in 
FMS patients, and the serotonergic pathway indirectly 
influences these symptoms [15]. Therefore, it is possible 
that 5-HTT gene polymorphism may contribute to the 
clinical symptoms in FMS. To our knowledge, no study 
has reported the association of the 5-HTTVNTR and the 
5-HTTPLR gene polymorphism with clinical phenotypes 
or symptoms in North Indian women with FMS. There-
fore, the present study investigates the association of 
the 5-HTTVNTR and the 5-HTTLPR gene polymorphisms 
in North Indian women with FMS.

THE AIM
The aim of the study was to determine the clinical and 
the genetic association of 5-HTTVNTR and the 5-HTTLPR 
polymorphisms in women with FMS.

MATERIALS AND METHODS

PATIENTS AND CONTROLS SELECTION
All procedures performed in this study involving human 
participants were done according to the ethical stan-
dards of Era’s Lucknow Medical College and Hospital 
(ELMCH), Era University, Lucknow, India. This study was 
approved by the ethics committee of the ELMCH. 105 
FMS patients and 105 healthy control participants from 
ELMCH were recruited in this case control study. The 
study includes only those FMS patients who satisfied 
the American College of Rheumatology 2016 inclusion 
criteria for FMS [16]. All the patients diagnosed as hav-
ing FMS between 2019 and 2022 at the Department of 
Rheumatology, ELMCH, Era University, Lucknow, India. 
The patients with multiple comorbidities like diabetes, 
rheumatoid arthritis, systematic lupus erythematosus 
and multiple myeloma were excluded from the study. 
The patients suffering from any other endocrine disor-
der were also excluded. The FMS patients and controls 
were all female belonging from the same ethnicity 

and geography. The controls were participants of the 
ELMCH, Lucknow who are visiting for routine check-
up. The controls were defined as those without FMS 
and no past history of rheumatic disease and none of 
them receiving any medicine at the time of enrolment 
in the study will be included. The mean age of the 
FMS patients was 36.1±11.1 years and controls were 
34.6±10.3 years. The duration of illness for the patients 
suffering from FMS was 19.5±2.5 weeks. The blood 
samples were collected from all patients and controls 
after signing an informed consent form. The psychiatric 
test was evaluated using Beck Depression Inventory 
(BDI) and symptom Checklist-90-revised (SCL-90-R). 
Therefore, BDI and SCL-90-R were used to identify the 
psychological distress in all patients and controls. The 
patients with psychiatric disorders were excluded from 
the study. 

GENOTYPING OF 5-HTTVNTR AND 
5-HTTLPR 
The peripheral blood was taken in a blood collection 
tube from the subjects after taking written consent. 
Salting out method was used for isolating DNA from 
the blood samples. Extracted DNA was used for the 
amplification of the 5-HTTVNTR and 5-HTTLPR gene 
polymorphism by Polymerase chain reaction (PCR) 
method. The primer details for the 5-HTTVNTR are 
given in Table I.

PCR was performed in a final volume of 25µl consist-
ing of 150-200ng genomic DNA, 10pmol of each primer 
and 2x master mix (Takara) per tube using a gradient 
Master-Cycler (BIO-RAD). PCR amplification consisted 
of an initial denaturation at 94 oC for 5 min, followed by 
30 cycles of denaturation were carried out at 94 oC for 
40 sec, annealing was carried out at 61.1 oC for 40 sec, 
extension was carried out at 72 oC for 40 sec, followed 
by final extension at 72 oC for 5 min. PCR products were 
run on agarose gel (3%) containing ethidium bromide 
and visualized by gel documentation apparatus (EZ 
BIO-RAD, California), which allow the identification of 
267 bp product (10 repeats) and 300 bp product (12 
repeats), constituting three types of genotypes, 10/10, 
10/12, and 12/12 (Fig.1)

Primer details for 5-HTTLPR are given in Table I. PCR 
was performed in a final volume of 25µl consisting of 
150-200ng genomic DNA, 10pmol of each primer and 
2x master mix (Takara) per tube using a gradient Mas-
ter-Cycler (BIO-RAD). PCR amplification consisted of 
an initial denaturation at 94 oC for 5 min, followed by 
30 cycles of denaturation were carried out at 94 oC for 
40 sec, annealing was carried out at 61.1 oC for 40 sec, 
extension was carried out at 72 oC for 40 sec, followed 
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by final extension at 72 oC for 5 min. PCR products were 
run on agarose gel (3%) containing ethidium bromide 
and visualized by gel documentation apparatus (EZ 
BIO-RAD, California), which allows for the identification 
of long (265 bp) and short (221 bp) alleles, resulting in 
three genotypes: S/S, S/L, and L/L (Fig.2).

STATISTICAL ANALYSIS 
FMS patients and controls were compared using statisti-
cal analysis performed with sufficient post hoc analysis 
using SPSS statics 28.0 software (IBM). The chi-square 
(χ2) test or Fisher’s exact test were used to compare the 
genotyping data between FMS patients and controls. χ2 
test was used to evaluate the Hardy-Weinberg Equilibri-
um (HWE) for the genotype distribution of the patients 

and controls. Logistic regression was used to calculate 
Odds Ratio (OR), 95% Confidence Interval (CI), and Risk 
Ratio (RR) of genotype. To evaluate the relationship be-
tween genotype and the occurrence of FMS, we used 
three different models, including co-dominant, domi-
nant, and recessive models. The value was considered 
to be significant when P<0.05.

RESULTS
Table II shows the clinical characteristics of FMS pa-
tients according to both serotonin transporter poly-
morphisms. However, no significant association was 
observed with the clinical symptoms such as BDI and 
SCL-90-R score include Somatization, Obsessive-Com-
pulsive, Interpersonal Sensitivity, Depression, Anxiety, 

Table I. Primer sequences used for 5-HTTVNTR and 5-HTTLPR PCR.
Primer Sequence

5-HTTVNTR
Forward 5′-GTCAGTATCACAGGCTGCGAG-3′

Reverse 5′-TGTTCCTA GTCTTACGCCAGTG-3′

5-HTTLPR
Forward 5′-GGCGTTGCCGCTCTGAATGCC-3′

Reverse 5′-CAGGGGAGATCCTGGGAGAGGT-3′

Fig. 1. Representative agarose gel 
showing three types of genotypes of 
5-HTTVNTR. Lane 2- 267 bp (10/10); 
Lane 1 & 7- 300 bp, 267 bp (10/12); Lane 
3, 4, 5, 6 & 8- 300 bp (12/12); M- DNA 
Ladder (50 bp).

Fig. 2. Representative agarose gel 
showing three types of genotypes of 
5-HTTLPR. Lane 1 & 3- 221 bp (S/S); Lane 
2 & 4- 221 bp, 265bp (S/L); Lane 5- 265 
bp(L/L); M-DNA Ladder (100 bp).
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Hostility, Phobic Anxiety, Paranoid Ideation, Psychoti-
cism, and GSI (Global Severity Index) (p>0.05) according 
to the serotonin transporter polymorphisms. Despite 
not reaching statistical significance, FMS patients with 
S/S genotype had higher the BDI and the SCL-90-R 
mean scores as compared to the L/L and S/L.

Table III shows the genotype frequency of the 5-HT-
TVNTR gene polymorphism in the FMS patients (n=105) 
and control groups (n=105). In both FMS patients and 
healthy controls, the 10/10, 10/12 and 12/12 genotypes 
were represented in 3.8% and 2.9%, 20% and 15.2%, 
and 76.2% and 81.90%, respectively. The genotype 
distributions of the two groups were in Hardy-Weinberg 
equilibrium. Despite not reaching statistical significance 
(p=0.59), the incidence of 10/10 and 10/12 genotypes 
was higher in FMS patients than in the control. 

Table IV shows the genotype frequency of the 
5-HTTLPR gene polymorphism in the FMS patients 

and control groups (n=105). In both FMS patients and 
healthy controls, the L/L, S/L and S/S genotypes were 
represented in 4.8% and 2.8%, 36.2% and 40.3%, 59% 
and 57%, respectively. The genotype distributions of 
the two groups were in Hardy-Weinberg equilibrium. 
There was no significant difference in the 5-HTTLPR 
genotypes distribution between FMS patients and 
controls (P>0.05). 

Comparison of frequency distribution of genotype 
of 5-HTTVNTR and 5-HTTLPR polymorphism among 
FMS patients and controls were performed by logistic 
regression analysis in Table V and VI. In 5-HTTVNTR and 
5-HTTLPR polymorphism, none of the models show 
any significant differences between FMS patients and 
controls by logistic regression analysis. Therefore, 5-HT-
TVNTR and 5-HTTLPR polymorphism is not associated 
with the increased risk of FMS in North Indian women, 
according to our findings. As a result, the 5-HTTVNTR 

Table II. Clinical characteristics (data on depression and psychological problems as measured by the BDI and the SCL-90-R) of FMS patients according 
to the serotonin transporter genotypes.

Variable
5-HTTVNTR 5-HTTLPR

10/10
(n=4)

10/12
(n=21)

12/12
(n=80) P-value L/L

(n=5)
S/L

(n=38)
S/S

(n=62)
P-

value

BDI score 23.7±9.1 21.2±11.4 21.1±11.3 0.90 18.2±7.3 21.8±11.4 21.1±11.3 0.78

SCL-90-R score Somatization 1.2±0.3 1.1±0.3 1.2±0.6 0.72 1.1±0.4 1.0±0.4 1.2±0.6 0.44

Obsessive-Compulsive 0.8±0.1 1.0±0.3 1.1±0.4 0.46 1.0±0.3 0.9±0.2 1.1±0.4 0.05

Interpersonal Sensitivity 1.2±0.4 1.1±0.3 1.0±0.3 0.79 0.9±0.1 1.0±0.3 1.1±0.3 0.29

Depression 1.1±0.4 1.1±0.3 1.1±0.4 0.82 1.1±0.3 1.0±0.2 1.2±0.4 0.10

Anxiety 1.3±0.4 1.3±0.6 1.2±0.4 0.39 1.1±0.4 1.1±0.3 1.3±0.5 0.07

Hostility 0.9±0.1 1.0±0.4 1.0±0.4 0.94 1.0±0.2 0.9±0.4 1.0±0.3 0.76

Phobic Anxiety 0.7±0.5 0.8±0.5 0.9±0.4 0.49 0.6±0.5 0.8±0.4 0.9±0.5 0.25

Paranoid Ideation 0.4±0.4 0.5±0.4 0.7±0.5 0.06 0.3±0.4 0.6±0.4 0.7±0.5 0.05

Psychoticism 0.6±0.4 0.5±0.4 0.7±0.5 0.45 0.4±0.4 0.5±0.3 0.7±0.5 0.14

GSI (Global Severity Index) 0.9±0.1 1.0±0.3 1.0±0.4 0.84 0.8±0.1 0.9±0.1 1.0±0.4 0.70

Table III. Genotype frequency of the 5-HTTVNTR gene polymorphism in the FMS patients and control groups.

Subjects
 5-HTTVNTR

χ2 df P-value
10/10 10/12 12/12

Patients (105) 4(3.8%) 21(20%) 80 (76.2%)
1.035 2 0.596

Controls (105) 3(2.9%) 16(15.2%) 86(81.90%)

Hardy–Weinberg equilibrium test for 5-HTTVNTR: (χ2 = 2.68, df= 1, p= 0.10 in FMS patients), (χ2 = 3.69, df= 1, p= 0.05 in control groups). 

Table IV. Genotype frequency of 5-HTTLPR gene polymorphism in the FMS patients and controls.

Subjects
5-HTTLPR

χ2 df P-value
L/L S/L S/S

Patients (105) 5(4.8%) 38(36.2%) 62(59%)
  0.641 2  0.732

Controls (105) 3(2.8%) 42(40.3%) 60(57%)

Hardy–Weinberg equilibrium test for 5-HTTLPR: (χ2 =0.07, df = 1, p= 0.79 in FMS patients), (χ2 = 1.89, df= 1, p= 0.16 in controls).
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and 5-HTTLPR gene polymorphism is not associated 
with FMS susceptibility in the North Indian population.

DISCUSSION
This study was designed to investigate the association 
of 5-HTTNVTR and 5-HTTLPR gene polymorphisms in 
North Indian women with FMS. 5-HTT gene polymor-
phisms have been most extensively investigated in vari-
ous populations. To our knowledge, this is the first study 
to investigate the correlation between 5-HTTNVTR 

and 5-HTTLPR polymorphism with clinical symptoms 
in North Indian women with FMS. According to our 
findings, there is no significant difference between the 
psychiatric test results and 5-HTT gene polymorphism 
(5-HTTVNTR and 5-HTTLPR) in North Indian women 
with FMS. Similar result was also reported by Gursoy 
(2002), who showed that neither 5-HTTVNTR nor 5-HT-
TLPR gene polymorphism were associated with FMS 
susceptibility in patients with normal psychiatric status 
[10]. Likewise, a meta-analysis found no correlation 
between the variations in the 5-HTT gene and FMS [17].

Table V. Comparison of 5-HTTVNTR genotype in FMS patients by logistic regression analysis.

Genotype Patients
(n=105)

Controls
(n=105)

OR
(95% CI)

Risk Ratio
(RR) P-value

Co-dominant Model

12/12 80
(76.2%)

86
(81.9%) 1 (ref.) 1 (ref.)

10/12 21
(20%)

16
(15.2%)

1.41
(0.68-2.89)

1.17
(0.85-1.62) 0.44

10/10 4
(3.8%)

3
(2.9%)

1.43
(0.31-6.60)

1.18
(0.61-2.29) 0.93

Dominant Model

12/12 80
(76.2%)

86
(81.9%) 1 (ref.) 1 (ref.)

10/12 + 10/10 25
(23.8%)

19
(18.1%)

1.41
(0.72-2.76)

1.17
(0.87-1.59) 0.39

Recessive Model

12/12 + 10/12 25
(23.8%)

19
(18.1%) 1 (ref.) 1 (ref.)

10/10 4
(3.8%)

3
(2.9%)

0.98
(0.19-4.94)

0.99
(0.49-1.98) 0.98

Table VI. Comparison of 5-HTTLPR genotype in FMS patients by logistic regression analysis.

Genotype Patients
(n=105)

Controls
(n=105)

OR
(95% CI)

Risk Ratio  
(RR) P-value

Co-dominant Model

L/L 5
(4.8%)

3
(2.9%) 1 (ref.) 1 (ref.)

S/L 38
(36.2%)

42
(40%)

0.54
(0.12-2.42)

0.76
(0.42-1.36) 0.66

S/S 62
(59%)

60
(57.1%)

0.62
(0.14-2.71)

0.81
(0.46-1.43) 0.78

Dominant Model

L/L 5
(4.8%)

3
(2.9%) 1 (ref.) 1 (ref.)

S/L + S/S 100
(95.2%)

102
(97.1%)

0.58
(0.13-2.52)

0.79
(0.45-1.37) 0.71

Recessive Model

L/L + S/L 43
(41%)

45
(42.9%) 1 (ref.) 1 (ref.)

S/S 62
(59%)

60
(57.11%)

1.08
(0.62-1.87)

1.04
(0.78-1.37) 0.88
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significant association with 5-HTTVNTR gene polymor-
phism in FMS patients [20].

We examined both 5-HTTLPR and 5-HTTVNTR gene 
polymorphism in North Indian women with FMS. There 
was no statistical difference between FMS patients and 
controls. The following explanations may account for 
the above findings. First, the sample size of this study 
is small; second, the genetic variations depend on the 
region or the population being studied; third, genetic 
diversity could have also affected the outcome. Also, 
not enough information on the influence of 5-HTT 
gene polymorphism on FMS susceptibility is available. 
Consequently, the role of 5-HTT gene variants in the 
pathogenesis of FMS patients remained inconclusive 
till date. Further research with a large sample size is 
needed to confirm our observation in FMS patients.

CONCLUSIONS
No association of 5-HTTVNTR (p=0.59) and 5-HTTLPR 
(p=0.73) gene polymorphism was observed in FMS patients. 
Thus, we could say that 5-HTTVNTR and 5-HTTLPR gene 
polymorphism is not important contributor in FMS patients.

In contrast to our results, Cohen et al. (2002), inves-
tigated polymorphism in 5-HTTLPR (5-HTT promoter 
region) in FMS patients. Female patients with FMS 
selected from two different ethnic groups of Israelis 
like Arab and Jewish were genotyped. Tridimensional 
Personality Questionnaire (TPQ) was used to assess 
each patient with a self-reported assessment con-
sisting of one hundred Yes/No questions. The result 
showed that FMS and 5-HTTLPR polymorphism were 
associated in both Israeli groups. Moreover, TPQ scores 
of FMS patients were associated with the 5-HTTLPR 
polymorphism [18]. Leschi et al. (1996), found that the 
S allele of 5-HTTLPR polymorphism was associated with 
anxiety [19]. 

These results are consistence with our finding that 
Offenbaecher et al. (1999), studied the genotypes in 
the 5-HTT gene in FM patients. The genotype S/S was 
high, comprising 31% in FM patients compared to 16% 
in controls. Moreover, the patients with S/S genotype 
had more severe depressive symptoms and psycholog-
ical problems, as demonstrated by the high scores in 
SCL-90-R and BDI compared with the group of L/L and 
L/S genotype patients. However, they did not analyse 
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INTRODUCTION 
Diabetes mellitus (DM) is a complex chronic disease 
that requires constant medical care with multifactorial 
risk reduction strategies and extraglycemic control 
[1]. The prevalence of diabetes in 2019 was estimat-
ed at 9.3% (463 million people), rising to 10.2% (578 
million) by 2030 and 10.9% (700 million) by 2045. [2]. 
Compensation ¬ a state in which, under the influence 
of antidiabetic treatment, normalization of glycemia, as 
well as indicators of lipid metabolism, blood pressure, 
and body weight has been achieved [1]. The criteria for 
compensation of carbohydrate metabolism of type 2 di-
abetes mellitus according to the American Diabetes As-
sociation are: glycated hemoglobin (HbA1c) - less than 
7%; fasting plasma glucose - 4.4-7.2 mmol/l (80-130 mg/
dL); postprandial glycemia in capillary plasma - <10.0 
mmol/l (<180 mg/dL). These glycemic goals are relevant 
for the majority of patients with type 2 diabetes, but 

one should not forget about the individual character-
istics of each patient, which depend on the presence of 
concomitant pathology, the presence of hypoglycemic 
states, the duration of the disease, expected length of 
life, vascular complications, patient compliance, and 
material resources. HbA1c is a hemoglobin in which 
a glucose molecule is non-enzymatically linked to the 
β-terminal valine of the β -chains of globin hemoglobin 
A1. The content of HbA1c has a direct correlation with 
the level of blood glucose, and thus it is used as the gold 
standard for assessing glycemic control and predicting 
chronic complications of diabetes [3-5]. An increase in 
the level of HbA1c determines the development and 
progression of chronic diabetic micro- and macroan-
giopathies [6,7].According to scientists, until today 
there was an era of HbA1c, because it was considered 
to be the main glycemic marker for the intensification 
of therapy, the main glycemic marker of the quality 
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ABSTRACT
The aim: To investigate glycemic variability in type 2 diabetes patients with metabolic syndrome (MS) and to assess its effect on diabetes compensation.
Materials and methods: We used traditional indicators of glycemia variability according to the recommendations of the American Diabetes Association 
Professional Practice Committee. We proved that patients with type 2 diabetes mellitus with MS reliably have worse CGM indicators: Time in range TIR: 
(3.9–10.0 mmol/l) – 53.30±5.90%; Time above range (TAR): (time above range) (>10.1 mmol/l) – 43.33±5.96%; Time above TAR range (>13.9 mmol/l) 
– 22.1±3.91%; Glucose Variability СV – 44.10±4.89% compared to patients with type 2 diabetes without MS, which proves the negative effect of insulin 
resistance on compensation of diabetes.
Results: Determination of the level of EI in the blood, calculation of the Caro index, HOMA-IR are informative for verifying the presence of IR in patients with 
type 2 diabetes with MS. For optimal diabetes control, in addition to HbA1c, we must consider CGM data and % Time in range (TIR).
Conclusions: TIR should be used as a target point and an indicator of glycemic control in routine clinical practice. TIR provides accurate data on a patient’s 
glycemic status and helps better control diabetes.

  KEY WORDS: type 2 diabetes mellitus, metabolic syndrome, continuous glucose monitoring
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of diabetes control and the effectiveness of drugs, a 
diagnostic criterion for diabetes and various metabolic 
disorders, a standard marker of the risk of developing 
chronic complications, a target index of the algorithm 
intensification of therapy in clinical practice and re-
search [8]. The average level of glycemia does not reflect 
the real situation, does not indicate experienced hypo-
glycemia or high variability of glycemia, the accuracy 
of determining the level of HbA1c may be impaired in 
the case of: hemoglobinopathies, iron deficiency ane-
mia, CKD, liver diseases, individual lifespan of erythro-
cytes, unknown genetic factors that lead to glycation 
disorders , it does not provide complete information 
on diabetes control compared to Continuous glucose 
monitoring (CGM) [9]. CGM measures glucose levels in 
the interstitial fluid. Thanks to new trends in glucose 
measurement, we can more accurately determine the 
variability of glycemia, namely the amplitude of fluctua-
tions. According to the latest recommendations, achiev-
ing diabetes compensation and low glycemic variability 
will allow achieving strategic goals and criteria for the 
effectiveness of diabetes treatment [10]. Measurement 
of the level of HbA1c, CGM and self-monitoring of the 
level of glucose in the blood are used for the purpose 
of evaluating treatment and, if necessary, adjusting 
therapy. CGM plays an important role in evaluating the 
effectiveness and safety of treatment, including the 
prevention of hypoglycemia [1, 11].

THE AIM  
The aim of our study was to investigate glycemic 
variability in type 2 diabetes patients with metabolic 
syndrome (MS) and to evaluate its effect on diabetes 
compensation.

MATERIALS AND METHODS
In accordance with the aim and objectives of the study, 
the examined group consisted of 52 patients with type 
2 diabetes mellitus with MS and without MS who were 
undergoing inpatient treatment at the endocrinology 
department of the Communal non-profit enterprise 
“Regional Clinical Hospital” of the Ivano-Frankivsk Re-
gional Council and the daughter enterprise “Sanatorium 
“Morshynresort” Private Joint Stock Company “Ukrpro-
fozdorovnytsia”. Patients with type 2 diabetes were on 
oral glucose-lowering therapy (metformin monotherapy 
and in combination with sulfonylurea derivatives, DPP 
inhibitors, inhibitors of sodium-dependent glucose 
cotransporter type 2, thiazolidinediones, etc.). Patients 
were recommended with moderate physical activity and 
an appropriate diet. Each patient signed an informed 

consent. IDF criteria, 2005 were used to detect signs of 
MS in the examined persons. According to the structure 
of the work, elements of typological sampling (stratifica-
tion randomization) were used in the controlled clinical 
study of MS patients with type 2 diabetes. Depending on 
the applied treatment methods, all examined patients 
with type 2 diabetes were divided into 2 groups, repre-
sentative by age, gender, and degree of compensation of 
diabetes: group of patients with type 2 diabetes with MS 
– 28, group of patients with type 2 diabetes without MS 
– 24 The degree of IR was determined by waist circum-
ference (WC), IR indices: HOMA-IR index (Homeostasis 
Model Assessment Insulin Resistance) and Caro index. 
The HOMA IR indicator was calculated according to the 
formula: HOMA IR=fasting blood glucose (mmol/l)×-
fasting blood insulin (μU/l)/22.5 [Matthew D. R., 1985]; 
the Caro index was calculated according to the formula: 
ratio: glucose (mmol/l)/insulin (μU/l) [CaroA. A., 2004]. 
Using BMI indicators, the degree of general obesity was 
assessed according to the recommendations of the WHO 
(1997) and the International Diabetes Federation (2005). 
BMI was considered normal - less than 24 kg/m2; OT - less 
than 80 cm in women, less than 94 cm in men, HOMA 
IR indicator, which does not normally exceed 2.77, Caro 
index, which normally exceeds 0.33. Mandatory scope 
of laboratory tests included: general clinical analysis of 
blood and urine, fasting blood glucose and postprandial 
glycemia, blood glycemic profile by the glucose oxidase 
method using the Exan apparatus. The concentration of 
endogenous insulin (EI) was determined by a set of re-
agents DRG (USA), by the enzyme immunoassay method 
using the “StatFax - 303” analyzer. Glycated hemoglo-
bin (HbA1c) was determined by the chromatographic 
method using a test system (fully automated analyzer) 
for determining the content of hemoglobin D-10TM of 
the company “Bio-Rad” (USA).

CGM was performed using the Guardian Connect 
system of the Metronic company in 28 patients with 
type 2 diabetes and MS and 24 patients with diabetes 
without MS for an average of 14 days, who were treated 
in the endocrinology department of the Communal 
non-profit enterprise “Regional Clinical Hospital” of the 
Ivano-Frankivsk Regional Council and the daughter 
enterprise “Sanatorium “Morshynresort” Private Joint 
Stock Company “Ukrprofozdorovnytsia”. We used tra-
ditional indicators of glycemia variability according 
to the recommendations of the American Diabetes 
Association Professional Practice Committee [1]: Time 
below range (TBR): <54 mg/dl (<3 mmol/l) - <1% was 
considered the norm; Time below range (TBR): <69 
mg/dL (3.8 mmol/L) – <4%; Time in range TIR: 70 – 180 
mg/dl (3.9–10.0 mmol/l) – >70%; Time above range 
(TAR): >181 mg/dl (10.1 mmol/l) – <25%; Time above 
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range TAR: >250 mg/dl (13.9 mmol/l) – <5%; Glucose 
Variability СV (coefficient of variation) – ≤36%; Average 
Glucose - goal <154 mg/dl (8.6 mmol/l); Glucose Man-
agement Indicator (GMI) - HbA1% level according to 
CGM - goal < 7%; < 8%.

Statistical processing of the obtained results was 
carried out using the “STATISTICA” statistical data anal-
ysis package on a Pentium-IV personal computer and 
the use of parametric and non-parametric methods of 
evaluating the obtained results.

RESULTS
According to our data, the average age of 28 patients 
with type 2 diabetes with MS was 54.8±10.03, of which 
16 were men and 12 were women. All patients with 
type 2 diabetes and MS had signs of abdominal obesity, 
which was evidenced by an increase not only in BMI, but 
also in OT compared to patients with type 2 diabetes 
without MS (p<0.05) (Table І). Their waist circumference 
was 114.8±15.54 in men and 109.94±2.32 in women. 
The analysis of the obtained results indicates an in-
crease in the fasting blood glucose level of 9.53±0.24 

mmol/l and 9.47±0.21 mmol/l, the relative content of 
HbA1c in the range of 9.32±0.13% and 8.57±0.86%, 
postprandial glycemia within 11.54±0.28 mmol/l and 
11.67±0.21 mmol/l in two comparison groups (p>0.05). 
Thus, all examined patients of the two groups were 
equally representative in terms of age, gender, and 
degree of DM compensation.

Determination of the level of EI in the blood, calcu-
lation of the Caro index, HOMA-IR are informative for 
the verification of the presence of IR in patients with 
MS. We found a probable difference in the EI indicator 
in the group of patients with type 2 diabetes with MS 
compared to patients without signs of MS by almost 
2.3 times (p<0.05). The HOMA IR score was inconsistent 
in different groups. In particular, in patients with type 
2 diabetes without MS, this indicator fluctuated within 
the normal range. In patients with type 2 diabetes with 
MS, the HOMA IR indicator was elevated - 10.32±0.80 
(р<0.05), which indicated insulin resistance. Analyzing 
the indicators of the Caro index, it was established that in 
patients with type 2 diabetes with MS it was significantly 
different from the index of patients with type 2 diabetes 
without MS (p<0.05).CGM was performed using the 

Table І. Indicators of carbohydrate metabolism and variability of glycemia in patients with type 2 diabetes with MS

Indicators Type 2 diabetes with MS
n=28

Type 2 diabetes without MS
n=24

Age of diabetes, years 9,8±6,10 8,6±8,63

Age, years 54,8±10,03 52,8±6,11

Gender, М/F 16/12 10/14

Diabetes severity, mild/moderate/severe 3/15/10 3/14/7

Circumference Waist, cm (М) 114,8±11,54* 91,06±0.59

Circumference Waist, cm (F) 109,94±2,32 * 77,64±0.46

BMI 31,85±4,72164* 24,57±0,34

EI, micro IU/ml 28,45±2,49 * 12,85±0,40

HOMA IR index 10,32±0,80 * 2,37±0,07

Caro index 0,34±0,01* 0,29±0,03

Fasting blood glucose, mmol/l 9,53±0,24 9,47±0,21

Postprandial glycemia, mmol/l 11,54±0,28 11,67±0,21

HbA1c% 9,32±0,13 8,57±0,86

Glucose Management Indicator (GMI) % по CGM 8,26±1,05 7,26±1,05

Time below range (TBR): (<3 mmol/l), % 0,19±0,07  0,13±0,06

Time below range TBR (<3,8 mmol/l), % 0,91±0,54* 1,4±0,62

Time in range TIR: (3,9–10,0 mmol\l), % 53,30±5,90* 74,42±7,83

Time above range (TAR):  (>10,1 mmol/l), % 43,33±5,96* 25,41 ±7,86

Time above range TAR (>13,9 mmol\l), % 22,1±3,91* 12,34±2,39

Glucose Variability СV,% 44,10±4,89* 28.32 ±6,27

Average Glucose, mmol/l 10,1±0,52* 8,41±0,56

Glucose Management Indicator (GMI), % 9,6 ±1,19  8,6 ±1,12  

Notes: 1.* – the difference is reliable in relation to the indicators of the comparison group (p < 0.05).
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Guardian Connect system of the Metronic company in 
28 patients with type 2 diabetes and MS and 24 patients 
with diabetes without MS for an average of 14 days, 
who were treated in the endocrinology department of 
the Communal non-profit enterprise “Regional Clinical 
Hospital” of the Ivano-Frankivsk Regional Council and 
Daughter enterprise “Sanatorium “Morshynresort” Private 

Joint Stock Company “Ukrprofozdorovnytsia” (see Table І). 
The absence of hypoglycemia is an essential condition 
for the successful and safe treatment of patients with 
blood sugar levels less than 3.8 mmol/l and 3.0 mmol/l. 
Time below range (TBR): (<3 mmol/l) in patients with 
diabetes with MS was 0.19±0.07% and probably did 
not differ in patients with diabetes in the type without 

Fig.1. Variability of glycemia at 
HbA1c = 6,4% CV = 54%

Fig. 2. Variability of glycemia at  
HbA1c = 6,8% CV = 28%
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MS (<1% was considered the norm); Time below range 
(TBR): (<3.8 mmol/l) in patients with diabetes mellitus 
with MS was 0.91±0.54% (<4% was considered the 
norm); Time in range TIR: (3.9–10.0 mmol/l) in patients 
with diabetes mellitus with MS - 53.30±5.90% probably 
differed from patients with diabetes mellitus without 
MS - 74.42±7.83% ( p<0.05) (with a norm of >70%); Time 
above range (TAR): (>10.1 mmol/l) in patients with dia-
betes with MS was 43.33±5.96% and was significantly 
different from patients in the other group (p < 0.05) 
(norm <25% ); Time above range TAR: >13.9 mmol/l in 
patients with DM with MS – 22.1±3.91%, in patients with 
DM without MS – 12.34±2.39% (norm <5%); Glucose Vari-
ability СV in patients with diabetes mellitus with MS was 
44.10±4.89%, which probably differed in patients with 
diabetes mellitus without MS – 28.32 ±6.27% (p < 0.05), 
( norm ≤36%); Average Glucose in patients with diabetes 
with MS was 10.1±0.52 mmol/l (target < 8.6 mmol/l); Glu-
cose Management Indicator (GMI) – the level of HbA1% 
by CGM in patients with diabetes mellitus with MS was 
9.6 ± 1.19% (target < 7%; < 8%).

HbA1c is the gold standard for diabetes control, but 
it has its limitations. HbA1c does not indicate previous 
hypoglycemia or high variability of glycemia, does not 
provide complete information about diabetes control. We 
give an example of patients with the same level of HbA1c 
and a difference in the variability of glycemia (Fig. 1, Fig. 2).

DISCUSSION 
In view of the updated international guidelines for di-
abetes care and the standardized CGM report [1], CGM 
plays an important role in evaluating the effectiveness 
and safety of treatment, including the prevention of hy-
poglycemia in patients with diabetes. The results of our 
study prove that patients with type 2 diabetes and MS 
tend to have marked glycemic variability. None of the ex-
aminees had a mild degree of glycemia variability. Similar 
conclusions coincide with the results of P. Pozzilli’s study 
that in patients with type 2 diabetes who had good gly-
cemic control, the HbA1c level did not correlate with the 
parameters of glycemia variability calculated from CGM 
data [13]. HbA1c is the gold standard for diabetes control, 
but it has its limitations: it only assesses HbA1c1 every 3 
months, does not record glycemic/hypo-/hyperglycemic 

variability, does not allow assessment of the patient’s 
condition immediately after a change in therapy, does 
not correspond very well to patient-reported condition, 
has insufficient accuracy (different laboratories, anemia, 
age, other), correlates well with clinical outcomes, has 
a large number of long-term studies [13]. We have ob-
tained indisputable data that coincide with the studies 
of Cappon G, Curt Rohlfing et al., which prove that TIR 
provides accurate data on the patient’s glycemic status 
and helps better control diabetes: the blood glucose 
level is continuously assessed; any time periods are eval-
uated; reflects glucose fluctuations more informatively 
than HbA1c and determines the time of stay within safe 
limits; allows to assess the patient’s condition immedi-
ately after the change of therapy; correlates well with 
patient-reported condition; has sufficient accuracy; the 
correlation with clinical consequences has not yet been 
clarified; there are no long-term studies [9, 12].

CONCLUSIONS
1.  HbA1c is the gold standard for diabetes control, but it 

has its limitations. HbA1c does not indicate previous 
hypoglycemia or high variability of glycemia, does 
not provide complete information about diabetes 
control.

2.  For optimal diabetes control, in addition to HbA1c, we 
must consider CGM data and % Time in range (TIR). 
TIR should be used as a target point as an indicator 
of glycemic control in routine clinical practice.

3.  TIR provides accurate data on a patient’s glycemic 
status and helps better control diabetes.

4.  Determination of the level of EI in the blood, calcula-
tion of the Sago index, HOMA-IR are informative for 
the verification of the presence of IR in patients with 
type 2 diabetes with MS.

5.  We proved that patients with type 2 diabetes mellitus 
with MS reliably have worse CGM indicators: Time 
in range TIR: (3.9–10.0 mmol/l) – 53.30±5.90%; Time 
above range (TAR): (time above range) (>10.1 mmol/l) 
– 43.33±5.96%; Time above TAR range (>13.9 mmol/l) 
– 22.1±3.91%; Glucose Variability СV – 44.10±4.89% 
compared to patients with type 2 diabetes without 
MS, which proves the negative effect of insulin resis-
tance on compensation of diabetes.
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INTRODUCTION
Violations of higher brain functions are one of the 
most urgent medical and social problems, as they 
lead to a decrease in the quality of life, disorders of 
social and professional activity of a person, and with 
a long course – to the development of dementia and 
complete social disadaptation [1-3]. Early diagnosis of 
cognitive disorders (CD) makes it possible to prescribe 
timely treatment and postpone the onset of disability. 
Predemented CD have important clinical significance, 
as they are more amenable to therapeutic correction 
[4]. Detection of early, potentially reversible CD against 
the background of cardiovascular pathology makes it 
possible to timely identify groups of patients with an 
increased risk of developing cognitive dysfunction, 
especially among people of working age.

In most works devoted to the study of CD, their role in 
the occurrence of arterial hypertension and cerebral ath-
erosclerosis was investigated [5, 6], however, the impact 
of arrhythmias on the development of cognitive deficits 

has not been sufficiently studied. In the literature, the 
question of changes on the part of the nervous system 
in various forms of arrhythmias has been reflected [7-9], 
but most of the data on this issue have been obtained 
in elderly patients, including patients with a history of 
stroke. The possibilities of the development of CD in 
young and middle-aged patients with arrhythmias and 
the absence of obvious morphological cerebrovascular 
disorders have not been fully explored. The importance 
of the problem is evidenced by the fact that in March 
2018 the joint consensus of the «European Heart Rhythm 
Association (EHRA), Heart Rhythm Society (HRS), Latin 
American Heart Rhythm Society (LAHRS), Asia-Pacific 
Heart Rhythm Society (APHRS) was published on the 
problem arrhythmias and cognitive functions: what is 
the best strategy?» [10]. The document deals with ap-
proaches to the diagnosis and tactics of treating CD in 
patients with various arrhythmias.

Possible mechanisms of CD in arrhythmias are: de-
crease in brain perfusion due to low cardiac output; 
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SUBSTANCE IN PATIENTS WITH ARRHYTHMIAS DEPENDING 
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ABSTRACT
The aim: To evaluate the structural changes of the brain in relation to the formation of cognitive disorders (CD) in patients with arrhythmias
Materials and methods: 147 patients with different clinical forms arrhythmias against the background of ischemic heart disease were examine. At the first 
stage, all patients with arrhythmias assessed cognitive functions. At the second stage, patients were distributed divided into two groups: the main group 
patients with CD, control – patients without CD. These groups underwent computed tomography examination of the brain.
Results: CD were established in 83% patients with arrhythmias. Mild CD were more often diagnosed in patients with persistent form of atrial fibrillation (AF), 
severe CD – in patients with permanent form of AF and atrioventricular blockade ІI-III degrees. Neuroimaging changes were found in 73.8% patients with CD 
and in 36% patients without CD. They were manifested by atrophic changes of the cortex, internal hydrocephalus, a decrease in the density of the brain sub-
stance of the periventricular area. In patients with CD, compared to patients without CD, showed lacunar foci with predominant localization in the parietal and 
frontal lobes of the brain, periventricular and subcortical leukoaraiosis. Multiple correlations were established between CD and structural changes of the brain.
Conclusions: The increase in the severity of CD in patients with arrhythmias is associated with atrophic changes at the cortical-subcortical level, accompanied 
by the phenomena of internal hydrocephalus, periventricular and subcortical LA, lacunar foci, with a predominant localization in the frontal-temporal-occipital 
lobes, in the visual hump and basal ganglia of both cerebral hemispheres.
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occurrence of leukoaraiosis, «silent» brain infarc-
tions; transient ischemic attacks; hypercoagulation; 
neurodegenerative cerebral changes [11]. Structural 
lesions of the brain of a focal or diffuse nature due 
to ischemia are considered as one of the factors of 
vascular dementia, and arrhythmias are considered a 
predictor of CD [12].

An integrated complex approach to the study of the 
mechanisms of development of CD in patients with 
arrhythmias, their early diagnosis, the choice of the cor-
rect strategy for the treatment of arrhythmias can slow 
down the progression of cognitive deficits, which will 
make it possible to improve not only the clinical status 
of patients, but also their prognosis. The above positions 
determined the relevance of the chosen direction of 
research and determined its purpose.

THE AIM
The aim of our work was to evaluate the structural 
changes of the brain in relation to the formation of CD 
in patients with arrhythmias.

MATERIALS AND METHODS
To solve the set goal of followed 147 patients aged from 
30 to 75 years (mean age 62.7 ± 4.6 years) with different 
clinical forms arrhythmias against the background of isch-
emic heart disease. Persistent form of atrial fibrillation (AF) 
diagnostic staged in 47 (32%) patients, permanent form of 
AF – in 40 (27.2%) patients, atrioventricular blockade (AVB) 
ІI-III degrees – in 34 (23.1%) patients, sick sinus syndrome 
(SSS) – in 26 (17.7%) patients. The group of patients with SSS 
included patients with persistent sinus bradycardia (42.3%), 
recurrent sinus auricular block (23.1%), sudden periodic 
disappearance of the sinus node (sinus node arrest) (15.4%), 
persistent bradysystolic form of atrial fibrillation (11.5%), the 
syndrome of «tachycardia-bradycardia» (7.7%).

The criterion for inclusion in the study is arrhythmias 
was associated with ischemic heart disease. In research 
not included patients who had acute forms of acute 
forms of coronary heart disease, expressed female ext-
racardiac pathology, diabetes mellitus, acute history of 
cerebral circulation. Besides, the study did not include 
patients with contraindications to proconducting com-
puted tomography (CT) of the brain.

Fig. 1. The structure of cognitive disor-
ders in patients of the studied groups

Fig. 2. Frequency of neuroimaging 
changes in patients depending 
on the severity of CD 
* – statistically significant dif-
ferences when compared with 
patients without CD (p<0.05)
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The choice of inclusion and exclusion criteria is deter-
mined by the following considerations. Thus, ischemic 
heart disease is considered the most common cause of 
arrhythmias. Patients with myocarditis, congenital and 
acquired heart disease and other diseases associated 
with arrhythmias in many relationships are not compa-

rable with patients suffering from ischemic heart dis-
ease, are relatively rare and, obviously, need a separate 
research. Selection of exclusion criteria is also explained 
by the need to exclude as much as possible all possible 
diseases and states capable of being independent cause 
of brain damage.

Table I. Localization of lacunar foci in patients with arrhythmias depending on the severity of CD
Localization of lacunar foci without CD mild CD severe CD

Subcortical white matter 1 (50.0%) 6 (54.5%) 8 (44.4%)

Basal ganglia and thalamus 1 (50.0%) 3 (27.3%) 5 (27.8%)

Pons and cerebellum 0 2 (18.2%) 5 (27.8%)

In total 2 11 18

Table II. Relationship between CD risk and neuroimaging changes in patients
Indicator OR 95% CI р

CD and external hydrocephalus 1.61 1.14–2.2 0.008

CD and internal hydrocephalus 1.84 1.16–2.64 0.007

CD and periventricular LА 3.57 1.54–5.82 0.006

CD and subcortical LА 5.68 2.21–9.62 <0.001

CD and lacunar foci 4.68 1.92–7.54 0.003

Fig. 3. Frequency of diffuse brain 
changes in patients depend-
ing on the severity of CD, 
* – statistically significant dif-
ferences when compared with 
patients without CD (p<0.05)

Fig. 4. Diffuse changes in the brain 
(in points) in patients depending  
on the severity of CD (* p<0.05)
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The research was carried out in two stages. At the 
first stage, all patients with arrhythmias assessed cog-
nitive functions using a set of neuropsychological tests. 
Neuropsychological examination included: Mini-Mental 
State Examination (MMSE) (Folstein M. et al., 1975), 
Frontal Assessment Battery (FAB) (Dubois B. et al., 2000), 
dementia scale of Mattis (DSM) (Mattis S., 1976), test 
“10 words” (Luria AR, 1969), test “5 words” (Grober E. 
et al., 1988), verbal association test (Kazdin A., 1982), 
lines orientation test (Benton A., 1975), test “unpainted 
objects” (Luria AR, 1969), clock drawing test (Sunderland 
T. et al., 1989), test of connection of numbers and letters 
(Trail making test) (Reitan RM, 1958), Boston naming 
test (Kaplan J. et al., 1978), Spilberger-Khanin anxiety 
self-assessment scale (Spilberger C.D. et al, 1976), Beck 
depression scale (Beck A.T. et al, 1975) [13].

At the second stage, patients were distributed divided 
into two groups: the main group consisted of patients 
who, in the course of neuropsychological testing, had 
the presence of cognitive dysfunction; control – pa-
tients without CD. These groups underwent computed 
tomography (CT) examination of the brain on a multi-
system spiral computed tomograph «Asteion-4 mod. 
TSX-021B» (Japan). The severity of internal and external 
atrophy, periventricular and subcortical leukoaraiosis 
(LA), lacunar foci (LV) were evaluated.

When analyzing the obtained data, we solved such 
tasks as describing the studied parameters in groups, 
evaluating the significance of differences in quantita-
tive and qualitative indicators, checking the empirical 
distribution of variables for compliance with the law of 
normal distribution, and identifying the factor structure 
in the multidimensional space of features. Depending 
on the type of distribution of the investigated quanti-
tative variables, the results of their statistical processing 
are represented by the average value and standard 
deviation M±σ. Frequencies – n (%) were determined 
for qualitative data.

During the study, the following methods of statistical 
analysis were used:
-  determination of numerical characteristics of variables;
-  comparison of parametric data (after checking the 

number of data for normal distribution using the 
Kolmogorov-Smirnov and Shapiro-Wilk tests) using 
the Student’s test (for 2 independent elections) and 
the ANOVA method – for several groups;

-  assessment of the significance of differences in quan-
titative indicators in independent samples: according 
to the Mann-Whitney U Test – for 2 independent sam-
ples and the Kruskel-Wallis test – for several groups. 
Comparison of paired samples was performed using 
the Wilcoxon test (for 2 groups);

-  to find differences in frequencies, the odds ratio was 

determined – Odds Ratio (OR), which was calculated 
as a fraction of the division of the frequency of occur-
rence of cases in the examined groups. A 95% confi-
dence interval (CI) was calculated for the indicators of 
OR. An indicator was considered reliable if the CI did 
not contain an odds ratio value equal to 1;

-  assessment of the strength and direction of the rela-
tionship between quantitative indicators using the 
Pearson correlation coefficient (r); the strength of the 
relationship was assessed by the following values   
of the correlation coefficient: a value < 0.3 was con-
sidered as the absence of a relationship, 0.3–0.7 – a 
moderate relationship, and > 0.7 – the presence of a 
strong correlation.

The study used application packages Statistica for 
Windows v. 8.0 (StatSoft Inc, USA, 2012) in accordance 
with the recommendations for processing the results 
of biomedical research.

RESULTS
Cognitive disorders were established in 36 (76.6%) 
patients with persistent form of AF, in 33 (82.5%) pa-
tients with permanent form of AF, in 31 (91.2%) patients 
with AVB ІI-III degrees, in 22 (84.6%) patients with SSS. 
Mild CD were more often diagnosed in patients with 
persistent form of AF (OR 1.47, CI 1.13–1.88, p=0.036), 
severe CD – in patients with permanent form of AF (OR 
2.15, CI 1.45–3.32, p<0.001) and patients with AVB ІI-III 
degrees (OR 2.62, CI 1.51–4.13, p<0.001) (Fig. 1).

Heart rhythm and conduction disorders are an in-
dependent risk factor for cognitive disorders and are 
characterized by a diffuse deterioration of all cognitive 
functions. In most cases, these disorders were of mod-
erate and mild degrees.

In patients with a persistent form of AF, a violation 
of the neurodynamic component of cognitive activity 
has been established, which do not reach clinically 
significant CD and do not affect professional and so-
cial activity. In patients with a permanent form of AF, 
violations of regulatory functions come to the fore, 
forming a polymodal cognitive deficit with a relatively 
uniform violation of all cognitive functions. In patients 
with bradyarrhythmias, the leading neuropsychological 
mechanism of cognitive disorders is the lack of volun-
tary regulation of activity against the background of a 
decrease in general mental activity, which is manifested 
by a significant decrease in cognitive functions and 
emotional maladaptation, most pronounced in AVB.

Neuroimaging changes were found in 90 (73.8%) 
patients with CD and in 9 (36%) patients without CD 
(p=0.037). They were manifested by atrophic changes 
of the cortex, internal hydrocephalus, a decrease in the 
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density of the brain substance of the periventricular 
area, which depended on the duration of the arrhyth-
mia (r=0.42, р=0.026), its severity (r=0.31, р=0.032), the 
variability of the daily BP rhythm (r=0.36, p=0.035), BP 
increase episodes (r=0.32, p=0.032). Atrophic changes 
and internal hydrocephalus occurred more often in 
patients with severe CD (p=0.04) (Fig. 2).

On the basis of the evaluation of densitometric data, 
in 45 (36.8%) patients with CD and in 6 (24%) patients 
without CD, expansion of the ventricular system was 
established in the absence of changes or with slight 
expansion of subarachnoid spaces. In 40 (32.8%) pa-
tients with CD and in 6 (24%) patients without CD, 
predominant expansion of the subarachnoid spaces 
was noted, while expansion of the cerebellar space, 
frontal and parietal lobes was more common. Com-
bined expansion of the ventricles and subarachnoid 
spaces was noted in 37 (30.3%) patients with CD and 
in 5 (20%) patients without CD. At the same time, the 
frequency of expansion of the ventricular system of the 
brain among patients with CD significantly exceeded 
that of patients with severe CD (p=0.033). 

Compared to patients without CD, the absolute 
transverse dimensions of the anterior and posterior 
horns of the lateral ventricles significantly increased in 
patients with CD – by 8.7±0,3% and 8.1±0,2%, respec-
tively (p=0.048); indices of the front horns increased by 
9.4±1,7% (р=0.036), rear – by 6.5±1,3% (р=0.18). The 
absolute transverse dimensions of the central parts of 
the lateral ventricles increased by 8.1±0,4% (р=0.04), 
the index of the III ventricle – by 25±3,5% (р=0.027), 
the width of the III ventricle – by 13.1±2,2% (р=0.027), 
the width IV ventricle – by 8.1±0,7% (p=0.047). The 
maximum width of the sylvian fissure increased by 
23.8±2,9% (р=0.047 and р=0.021), the front sections 
– by 16.4±2,5% (р=0.047). Expansion of the subarach-
noid spaces of the large hemispheres of the brain and 
cerebellum is more pronounced in patients with severe 
CD. In patients with CD, a moderate expansion of all 
sections of the ventricular system and subarachnoid 
spaces was observed, more pronounced in patients 
with severe CD (p=0.025).

An increase in the average values   of linear indices 
was found in patients with CD compared to patients 
without CD. They were uneven: the highest rates were 
observed in the projection of the parietal lobes (by 
1.38 times) and less pronounced – in the projection of 
the frontal lobes (by 1.2 times). The parameters of the 
ventriculo-lobular indices, indicating predominantly 
central atrophy of the brain substance, increased ap-
proximately equally in the projection of the parietal and 
frontal lobes (respectively by 2.3 and 2.4 times) and to a 
lesser extent in the projection of the temporal lobes (in 

1.6 times). The volume of subarachnoid spaces, deter-
mined by the value of the subarachnoid-partial indices 
and which reflects the degree of cortical atrophy of 
the brain substance, increased with the progression of 
chronic brain ischemia in the parietal area (by 1.4 times) 
and to a lesser extent (by 1.3 times ) in the projection 
of the mediobasal divisions of the temporal lobes. 
The results in the projection of the parietal lobes were 
reliable (р=0.034).

Lacunar foci of reduced density with a diameter of up 
to 2 cm, localized mainly in the deep parts of the white 
matter of the parietal and frontal lobes of the brain, 
were found in 29 (23.7%) patients with CD, of them – in 
11 (9%) of patients with mild CD (p=0.053) and in 18 
(14.8%) patients with severe CD (p=0.027). Lacunar foci 
occurred in 2 (8%) patients without CD.

In patients with severe CD, multiple hypodense foci 
were found, localized in almost all departments with a 
preference in the cerebellar hemispheres, temporal and 
occipital lobes (Table I). Foci of 1–3 mm indicate the ex-
pansion of perivascular spaces as a result of chronic brain 
ischemia. Their localization is characteristic of damage 
mainly to the vessels of the vertebro-basilar basin.

Diffuse changes in the white matter of the brain 
are presented in 57 (46.7%) patients with CD and in 
5 (20%) patients without CD by periventricular and/
or subcortical leukoaraiosis (LA) and expansion of the 
periventricular spaces. Subcortical LA  was visualized 
to a greater extent in the occipital and parietal lobes, 
periventricular LA – in the white matter in the area of   
the posterior horns of the lateral ventricles (occipital 
«caps»). In 54 (44.3%) patients with CD, there were signs 
of periventricular LA, in 33 (27%) patients – subcortical 
LA, in 43 (35.2%) patients – expansion of the periven-
tricular spaces (Fig. 3).

Intergroup differences related not only to the fre-
quency of detection of LA, but also to the severity of 
changes in the white matter of the brain. The degree of 
severity of periventricular LA in 20 (37%) patients with 
CD reached 1 point, which corresponded to single foci 
with a diameter of less than 5 mm, limited to the front or 
back areas. Such changes were considered as a variant 
of the age norm [14]. Foci with a diameter of 6–10 mm 
were found in 34 (63%) patients. The expressiveness of 
periventricular LA in them was estimated at 2 points. 
In patients without CD, changes in the periventricular 
substance amounted 1 point in 3 (100%) patients.

In 20 (60.6%) patients with CD, less than 5 small, up 
to 5 mm in diameter, local subcortical LA foci or less 
than 2 large, 6–10 mm in diameter, foci were found, 
which corresponded to 1–3 points. In 10 (30.3%) pa-
tients, multiple foci (more than 6, size of 6–10 mm) of 
subcortical LA were found, which corresponded to 4 
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of the anterior horn of the lateral ventricle on the left / 
right and the «orientation» subtest of MMSE (r= -0.36, 
p=0.008 and r= -0.24, p=0.046, respectively); between 
the sizes of the anterior horns of the lateral ventricle 
and the tests of «literal associations» (r= -0.43, p=0.004), 
«categorical associations» (r= -0.38, p=0.008), «undrawn 
objects» (r= - 0.4, p=0.01), «line orientations» (r= -0.43, 
p=0.006); between the total temporal index and MMSE 
(r= -0.34, p=0.037), FAB (r= -0.32, p=0.041); between 
the ventriculo-partial temporal index and the tests «10 
words» (r= -0.33, p=0.036), «connection of numbers and 
letters» (r=0.35, p=0.028); between the central linear 
index and the tests «10 words» (r= -0.31, p=0.034), «line 
orientations» (r= -0.4, p=0.007); between the posterior 
linear index and the «underdrawn objects» test (r= 
-0.33, p=0.035).

A correlation was observed between the presence of 
the LA phenomen and the degree of cognitive decline 
(r= -0.41, p=0.006). LA is a sufficiently specific pattern 
for CD vascular genesis.

We established correlations between the severity 
of LA and the tests: MMSE (r= -0.41, p=0.032), FAB (r= 
-0.38, p=0.034), DSM (r= -0.38, p= 0.027), «10 words» (r= 
-0.36, p=0.035), «5 words» (r= -0.35, p=0.028), literal as-
sociations (r= -0.31, p=0.041 ), categorical associations 
(r= -0.39, p=0.035), undrawn objects (r= -0.35, p=0.04), 
clock drawing (r= -0.36, p=0.028), both blocks of the 
number and letter association test (r=0.37, p=0.027 
and r=0.38, p=0.03, respectively), the Boston naming 
test (r=0.39, p=0.017).

The presence of single asymptomatic lacunar foci 
was correlated with the following tests: MMSE (r= -0.32, 
p=0.028), FAB (r= -0.35, p=0.024), «10 words» (r= -0.39, 
p= 0.02), literal associations (r= -0.36, p=0.031), cate-
gorical associations (r= -0.40, p=0.007), line orientations 
(r= -0.38, p=0.026), clock drawing (r= -0.36, p=0.035), 
both blocks of the number and letter association test 
(r=0.39, p=0.008 and r=0.38, p=0.026 respectively), the 
Boston naming test (r=0.34, p=0.04).

In addition to determining the correlations, we cal-
culated the OR of CD development for each of the de-
tected pathological neuroimaging signs. The results of 
univariate logistic regression indicate that external and 
internal hydrocephalus, periventricular / subcortical LA 
and the presence of lacunar foci are additional factors 
that increase the risk of CD in patients with arrhythmias 
(Table II).

Thus, the pathological processes that develop in the 
vascular system in arrhythmias cause damage to the 
actual substance of the brain with the formation of 
angioencephalopathy. The morphological substrate 
of these disorders is small focal and diffuse changes 
mainly in the deep parts of the brain.

points. In 3 (9.1%) patients, a focus with a diameter of 
more than 10 mm was found, which corresponded to 5 
points. In all patients without CD, less than 5 small, up 
to 5 mm in diameter, local foci or less than 2 large, 6–10 
mm in diameter, subcortical LA foci were found, which 
corresponded to 1–3 points. Differences in the severity 
of subcortical LA between patients with severe CD and 
those without CD were significant (p=0.034) (Fig. 4).

We determined the influence of heart rate level 
(according to the results of daily blood pressure mon-
itoring) on the severity of periventricular LA (r=0.34, 
p=0.041) and subcortical LA (r=0.37, p=0.038) in the 
frontal lobes of the brain. The influence of blood pres-
sure on the degree of severity of white matter damage 
was established in middle-aged and elderly patients: 
the level of systolic blood pressure was correlated with 
the severity of subcortical LA in the frontal lobes of the 
brain (r=0.42, p=0.007), and the level of diastolic blood 
pressure was correlated with the severity of widespread 
subcortical LA (r= 0.34, p=0.046) and subcortical LA in 
the occipital lobes of the brain (r=0.41, p=0.008).

The presence of small vascular foci in the white matter 
of the large hemispheres of the brain was associated 
with the daily BP rhythm of the «non-dipper» type 
(r=0.35, p<0.05). At the same time, the frequency of 
small foci in «non-dipper» was 2.1 times higher (OR 2.14, 
CI 1.43–3.00, p=0.012). The presence of small vascular 
foci was associated with the average night time index of 
systolic blood pressure (r=0.38, p=0.04). With increased 
systolic blood pressur load at night, the frequency of 
small vascular foci in the white matter of the brain 
was 1.8 times higher (OR 1.81, CI 1.46–2.24, p=0.002). 
Thus, the systolic blood pressur load at night reliably 
influenced the risk of structural damage to the brain.

Thus, in patients with CD on the background of 
arrhythmias, compared to patients without CD, brain 
spiral computed tomography showed lacunar foci with 
predominant localization in the parietal and frontal 
lobes of the brain, periventricular and subcortical LA, 
signs of an atrophic process.

Correlations were established between the expan-
sion of the lateral ventricles and the results of FAB (r= 
-0.33, p=0.036), DSM (r= -0.4, p=0.024), tests of «10 
words» (r= -0, 37, p=0.028), drawing a clock (r= -0.39, 
p=0.017), undrawn objects (r= -0.35, p=0.025); between 
the expansion of the periventricular spaces and the 
«concentration» subtest of DSM (r= -0.36, p=0.041); 
between the index of the III ventricle and the total 
score according to the screening scales (MMSE – r= 
-0.38, p=0.007; FAB – r= -0.32, p=0.032; DSM – r= -0.32, 
p=0.027); between the index of the III ventricle and 
the «10 and 5 words» tests (r= -0.35, p=0.038 and r= 
-0.33, p=0.026, respectively); between the dimensions 
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variate logistic regression indicate that external and 
internal hydrocephalus, periventricular and subcortical 
leukoaraiosis, and the presence of lacunar foci are ad-
ditional factors that increase the risk of CD in patients 
with arrhythmias.

Neuropsychological changes detected in patients 
with arrhythmias, as well as the nature of changes 
in the brain according to spiral CT (moderately ex-
pressed leukoareosis, isolated lacunae in the absence 
of pronounced brain atrophy), suggest the presence of 
subcortical frontal dysfunction as the main mechanism 
of CD development. The basis of frontal dysfunction 
probably lies in the damage of various parts of the 
brain (due to the formation of «silent» lacunae), as well 
as the disruption of associative connections between 
the frontal lobe and the visual hump, basal ganglia, 
and other parts of the brain. The results of our study 
confirm the connection between CD and structural 
changes in the brain (leukoareosis, lacunar infarcts, 
and subcortical brain atrophy), previously shown in a 
number of works [16].

CONCLUSIONS
1.  The increase in the severity of cognitive deficits in 

patients with heart rhythm and conduction disorders 
is associated with atrophic changes at the corti-
cal-subcortical level (OR 1.61, CI 1.14–2.2, p=0.008), 
accompanied by the phenomena of internal re-
placement hydrocephalus (OR 1.84, CI 1.16–2.64, 
p=0.007), leukoaraiosis [periventricular (OR 3.57, 
CI 1.54–5.82, p= 0.006) and subcortical (OR 5.68, CI 
2.21–9.62, p<0.001)] and lacunar foci (OR 4.68, CI 
1.92–7.54, p=0.003), with a predominant localization 
in the frontal-temporal-occipital lobes, in the area of   
the visual hump and basal ganglia of both cerebral 
hemispheres.

2.  Leukoaraiosis, localized subcortically, leads mainly to 
a violation of mnestic function, periventricular – to 
disorders of attention and praxis. With widespread 
leukoaraiosis, a whole complex of cognitive disor-
ders is revealed, among which there is a violation of 
speech function, thinking and memory. The combi-
nation of leukoaraiosis with the expansion of the ven-
tricular system of the brain leads to a deterioration in 
such indicators as praxis and attention.

DISCUSSION
The main morphological substrate of CD in patients 
with arrhythmias is white matter damage in the frontal 
lobes of the brain, which causes dysfunction of these 
parts and manifested by subcortical and periventric-
ular leukoaraiosis. The consequence of such changes 
is the functional isolation of the frontal lobes due to 
disruption of their connections with other cortical and 
subcortical cerebral structures [7].

The changes detected during the neuropsychological 
examination in patients with arrhythmias, as well as the 
nature of brain changes according to spiral CT (mod-
erately expressed LA, single lacunae in the absence of 
pronounced brain atrophy) give grounds to assume the 
presence subcortical frontal dysfunction as the main 
mechanism of CR development. The basis of frontal 
dysfunction probably lies in the damage of various parts 
of the brain (due to the formation of «silent» lacunae), 
as well as the disruption of associative connections 
between the frontal lobe and the visual hump, basal 
ganglia, and other parts of the brain [15].

In patients with arrhythmias in the presence of CD, com-
pared to patients without CD, «silent» lacunar infarcts in the 
frontal lobe of the brain, leukoareosis around the bodies of 
the lateral ventricles, as well as signs of an atrophic process 
were detected on spiral CT scans. Therefore, taking into 
account the more pronounced CD in patients with arrhyth-
mias, it is possible to assume that it is the above-mentioned 
changes in the brain that play a leading role in the devel-
opment of cognitive deficits.

Neuroimaging changes in patients with arrhythmias were 
manifested by mild atrophic changes in the cortex, internal 
hydrocephalus, and a decrease in the density of the brain 
matter of the periventricular area, which depended on the 
duration of the arrhythmia, its severity, the variability of the 
daily rhythm, and episodes of increased blood pressure. 
Atrophic changes and internal hydrocephalus occurred 
more often in patients with moderate CD (p=0.04).

In patients with CD, compared to patients without 
CD, CT scans of the brain showed lacunar foci with pre-
dominant localization in the parietal and frontal lobes of 
the brain, periventricular and subcortical leukoaraiosis, 
signs of an atrophic process.

We established inverse correlations between the 
severity of leukoaraiosis / lacunar foci and the results 
of most neuropsychological tests. The results of uni-

REFERENCES
  1.   Blumenthal JA, Smith PJ, Mabe S et al. Lifestyle and neurocognition in older adults with cognitive impairments. Neurology. 2019;92:212–

23. doi: 10.1212/WNL.0000000000006784.
 2.  Livingston G, Sommerlad A, Orgeta V. Dementia prevention, intervention, and care. Lancet. 2017;390:2673–734. doi: 10.1016/S0140-

6736(17)31363-6.



Sergiy Stadnik et al. 

1398

 3.  Mishchenko TS. Kognitivnyye narusheniya: aktual'nost', prichiny, diagnostika, lecheniye, profilaktika. [Cognitive impairment: relevance, 
causes, diagnosis, treatment, prevention]. Healthy Ukraine. Thematic issue “Neurology, Psychiatry, Psychotherapy”. 2017;1(40):15–7. 
(in Russian).

 4.  Golovchenko YuI, Goreva GV, Slobodin TM et al. Kliniko-neyropsykholohichne spivstavlennya kohnityvnoho defitsytu iz pokaznykamy 
systemnoyi ta tserebral'noyi hemodynamiky pry syndromi pomirnykh kohnityvnykh porushen' [Clinical and neuropsychological 
manifestations of cognitive deficits as indicators of systemic and cerebral hemodynamics in the syndrome of mild cognitive impairment]. 
Collection of scientific workers of NMAPE named after P.L. Shupyk. 2015;24(2):241–8. (in Ukrainian).

 5.  Dotsenko NYa, Boev SS, Shekhunova IA et al. Narusheniye kognitivnoy funktsii u bol'nykh s arterial'noy gipertenziyey i dopolnitel'nymi 
faktorami riska, podkhody i ikh korrektsii [Impaired cognitive function in patients with arterial hypertension and additional risk factors, 
approaches and their correction]. Therapia. 2016;10(113):11–5. (in Russian).

 6.  Sviridova NK. Kohnityvni ta emotsiyno-osobystisni porushennya u khvorykh na hipertenzyvnu entsefalopatiyu. Stan mozkovoho 
krovoobihu pry arterial'niy hipertenziyi (naukovyy ohlyad ta osobysti sposterezhennya) [Cognitive and emotional-personal disorders in 
patients with hypertensive encephalopathy. State of cerebral blood circulation in arterial hypertension (scientific review and personal 
observations)]. International neurological journal. 2016;1(79):123–30. (in Ukrainian).

 7.  Rivard L, Khairy P. Mechanisms, clinical significance, and prevention of cognitive impairment in patients with atrial fibrillation. Can. J. 
Cardiol. 2017;33:1556–64. doi: 10.1016/j.cjca.2017.09.024.

 8.  Chen LY, Norby FL, Gottesman RF. Association of atrial fibrillation with cognitive decline and dementia over 20 years: the ARIC-NCS 
(Atherosclerosis Risk in Communities Neurocognitive Study). J. Am. Heart. Assoc. 2018;7:37–73. doi: 10.1161/JAHA.117.007301.

 9.  Dietzel J, Haeusler KG, Endres M. Does atrial fibrillation cause cognitive decline and dementia? Europace. 2018;20:408–19. doi: 10.1093/
europace/eux031.

 10.  Dagres N, Chao Tze-Fan, Fenelon G et al. European Heart Rhythm Association (EHRA). Heart Rhythm Society (HRS). Asia Pacific Heart 
Rhythm Society (APHRS). Latin American Heart Rhythm Society (LAHRS) expert consensus on arrhythmias and cognitive function: what 
is the best practice? Heart Rhythm. 2018;1–24. doi: 10.1016/j.hrthm.2018.03.005.

 11.  Demenko TN, Chumakova GA, Veselovskaya NG. Osobennosti kognitivnykh funktsiy, kachestva zhizni i psikhologicheskogo sostoyaniya 
patsiyentov s raznymi formami fibrillyatsii predserdiy [Features of cognitive functions, quality of life and psychological state of patients 
with different forms of atrial fibrillation]. Heart. 2017;2:123–134. (in Russian).

 12.  Singh-Manoux A, Fayosse A, Sabia S. Atrial fibrillation as a risk factor for cognitive decline and dementia. Eur. Heart J. 2017;38:2612–8. 
doi: 10.1093/eurheartj/ehx208.

 13.  Belova AN. Shkaly, testy i oprosniki v nevrologii i nejrohirurgii: Rukovodstvo dlya vrachej i nauchnyh rabotnikov [Scales, tests and questionnaires 
in neurology and neurosurgery: A guide for doctors and researchers]. Мoscow: Practical medicine. 2018, p.432. (in Russian).

 14.  Fazekas F, Barkhof F, Wahlund L. CT and MRI rating of white – matter lesions. Cerebrovasc Dis. 2002;13(2):31–6. doi: 10.1159/000049147.
 15.  Derevetska VG. Osoblyvosti strukturno-funktsional'nykh zmin holovnoho mozku u khvorykh na fibrylyatsiyu peredserd [Peculiarities 

of structural and functional changes of the brain in patients with atrial fibrillation]: autoref. thesis ... candidate of medical sciences: 
14.01.15. Nervous diseases. Kharkiv. 2006, p.22. (in Ukrainian).

 16.  Lobzin VYu, Odinak MM, Emelin AYu et al. Osobennosti kognitivnykh narusheniy, progressirovaniya atrofii golovnogo mozga i tserebral'nogo 
gipometabolizma u bol'nykh-nositeley allelya e4 gena apolipoproteina Ye [Features of cognitive impairment, progression of cerebral 
atrophy and cerebral hypometabolism in patients with the ε4 allele of the apolipoprotein E gene]. Abstracts of the All-Russian Scientific 
and Practical Conference “Davidenkov Readings”. St. Petersburg: Publishing house “Man and his health”. 2014, p.136–7. (in Russian).

ORCID and contributionship: 
Sergiy Stadnik: 0000-0002-9987-7069 A-C

Olena Radchenko: 0000-0003-1108-963X B,D-F

Orest Komarytsia: 0000-0002-5822-8281A,C,D

Iryna Zhakun: 0000-0002-5729-1270E,F

Angelica Filipyuk: 0000-0001-6641-0780 E,F

Nataliya Bek: 0000-0002-5822-1928 E,F

Conflict of interest: 
The Authors declare no conflict of interest. 



PECULIARITIES OF STRUCTURAL CHANGES IN THE BRAIN SUBSTANCE IN PATIENTS WITH ARRHYTHMIAS...

1399

CORRESPONDING AUTHOR
Sergiy Stadnik
Danylo Halytsky Lviv National Medical University
69 Pekarska st.,  79010 Lviv, Ukraine
e-mail: deporss76@gmail.com

Received: 08.07.2022
Accepted: 14.04.2023

A - Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis, D – Writing the article, E – Critical review, F – Final approval of the article

     Article published on-line and available in open access are published under Creative Com mon Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)



1400

© Aluna PublishingWiadomości Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 6, JUNE 2023

INTRODUCTION 
Health is the highest value of every individual and society 
as a whole. The World Health Organization (WHO) defines 
“health” as a state of adequate physical, spiritual, and so-
cial well-being and not merely as the absence of disease 
or infirmity. The achievement of this state of well-being 
depends not only on the influence of factors that directly 
determine it (heredity, quality of medical care, environ-
mental conditions, etc.) but also on the understanding 
by the population of different age groups, including 
children, of the value of their health and the conscious 
adherence to the principles of a healthy lifestyle [1, 2].

Childhood is the most favorable age for learning 
certain norms and patterns of behavior, accumulating 

the necessary knowledge and skills, understanding 
needs and motives, and identifying key life priorities. 
Establishing motivation for a healthy lifestyle involves 
directing parents’ work to form children’s conscious 
positive attitudes toward personal hygiene, morning 
exercises and motor activity, sensible and balanced 
nutrition, responsible attitude to their health, etc. [3, 4].

Today, a significant portion of the world’s population 
does not adhere to the principles of a healthy lifestyle, 
resulting in an increasing percentage of children and 
youth with bad habits, obesity, physical inactivity, dys-
function, and diseases of organs and body systems. 
Negative lifestyle patterns are becoming a model for the 
younger generation, which jeopardizes not only their 
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ABSTRACT
The aim: To study the family influence on the formation of children’s motivation for a healthy lifestyle.
Materials and methods: The medical and sociological study among parents was conducted to assess their children’s adherence to the principles of a healthy 
lifestyle and the influence of the family on the formation of children’s motivation for a healthy lifestyle. The survey was conducted using a specially designed 
questionnaire using Google Forms. The design of the questionnaire was typical and contained the following structural components: addressing the respondent, 
obtaining informed consent to participate in the survey, and blocks with targeted questions (25 questions in total). The research involved 150 parents (including 
54.7 % (82 people) of women and 45.3 % (68 people) of men).
Methods: bibliosemantic, system-oriented analysis and logical generalization, medical and sociological (questionnaire), statistical data processing. 
Results: It has been found that positive attitudes towards a healthy lifestyle prevail in the families of the respondents (44.0 %), 42.0 % of parents indicated 
that their family members regularly adhere to a healthy lifestyle. Herewith, 48.0 % are interested in teaching their children about a healthy lifestyle. The main 
motives that most parents form in their children regarding a healthy lifestyle are maintaining and promoting health (38.0 %), improving physical condition 
(16.0 %), and creating a healthy family (10.0 %). However, almost a third of parents do not instill responsibility for their children’s life and health due to a lack 
of time and knowledge about a healthy lifestyle.
Conclusions: To foster a positive attitude toward a healthy lifestyle in children, parents should set their example, create favorable conditions for a healthy 
lifestyle, and follow traditions related to active recreation, sensible nutrition, and the absence of bad habits. Children’s motivation for a healthy lifestyle is the 
main responsibility of the family.
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health but also the health of the world’s population as 
a whole. With this in mind, the role of parents in moti-
vating children to adopt a healthy lifestyle is growing.

THE AIM
The aim is to study the family influence on the formation 
of children’s motivation for a healthy lifestyle.

MATERIALS AND METHODS
The research was conducted in 2020-2022 at Zhyto-
myr Medical Institute of Zhytomyr Regional Council 
and Zhytomyr Ivan Franko State University. Methods: 
bibliosemantic, which included an analytical review 
of sources of scientific information on the research 
topic (12 sources from the scientometric databases 
Index Copernicus, Scopus, PubMed, and others were 
investigated); system-oriented analysis and logical 
generalization – to formulate conclusions based on the 
results of the research; medical and sociological – for 
questioning parents; statistical processing method – 
for processing the experimental data obtained in the 
course of the research. 

The research involved 150 parents (including 54.7 % 
(82 people) of women and 45.3 % (68 people) of men). 
The medical and sociological study among parents was 
conducted to assess their children’s adherence to the 
principles of a healthy lifestyle and the influence of the 
family on the formation of children’s motivation for a 
healthy lifestyle. The survey was conducted using a spe-
cially designed questionnaire using Google Forms. The 
design of the questionnaire was typical and contained 
the following structural components: addressing the 
respondent, obtaining informed consent to participate 
in the survey, and blocks with targeted questions (25 

questions in total). The questionnaire was anonymous 
without any references to the authors of the article in 
the answers. The results were used for scientific purpos-
es only. Questionnaire was assessed by the experts in 
this field (2 professors and 4 associate professors) and 
was approved by the Academic Council of Zhytomyr 
Ivan Franko State University (Protocol No.  14 dated 
26.08.2020). Consent to voluntary participation in the 
survey was obtained from all the respondents involved 
in the study. This research followed the regulations of 
the World Medical Association Declaration of Helsin-
ki – ethical principles for medical research involving 
human subjects.

RESULTS 
Motivation is an incentive to act, a dynamic process 
of physiological and psychological plan that governs 
human behavior and determines its organized nature, 
activity, and stability, the ability of a person to active-
ly meet his or her needs [5]. Scientists [6, 7] identify 
the following motivational components of a healthy 
lifestyle and health promotion in children: at the level 
of physical health (striving for physical perfection, at-
titude to one’s own health as the highest social value, 
physical development, general physical working ca-
pacity, body hardening, observance of a rational daily 
routine, fulfillment of personal hygiene requirements, 
sensible and balanced nutrition); at the level of mental 
health (development of mental processes, presence 
of self-regulation, adequate self-esteem, absence of 
character accentuations and bad habits); at the level 
of spiritual health (coherence of universal and national 
moral and spiritual values, presence of a positive ideal, 
diligence, sense of beauty in life, nature, art); at the 
level of social well-being (formed civic responsibility for 

Fig. 1. Distribution of 
parents’ answers about 
their understanding of 
the essence and princi-
ples of a healthy lifestyle
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the consequences of an unhealthy lifestyle, positively 
directed communication skills, kindness in attitude to 
people, ability to self-actualization, self-regulation, and 
self-education).

The survey revealed that young respondents (25-
44 years old) prevailed among the parents surveyed 
– 76.0 % (114 people); middle-aged parents (44-60 
years old) – 24.0 % (36 people); more than half of 
the respondents (61.4  %) have higher education. 
The results of parents’ answers to the questionnaire 
about their knowledge and understanding of the 
essence and principles of a healthy lifestyle are pre-
sented in Fig 1.

These results show that most parents understand the 
essence of a healthy lifestyle. At the same time, it was 
found that only 44.0 % of respondents have a positive 
attitude towards a healthy lifestyle in the family, 36.0 % 
found it difficult to answer, 14.0 % were neutral, and 
6.0 % were negative. Moreover, only 20.0 % of respon-
dents provided an affirmative answer regarding the 
importance and necessity of adhering to the principles 
of a healthy lifestyle in the family, the remaining 28.0 % 
do not see the need for this, 22.0 % say that this issue 
does not concern them, and 30.0 % said that they found 
it difficult to provide a specific answer. The majority of 
respondents (58.7 %) believe that their children need 
knowledge about a healthy lifestyle. However, only 
42.0 % of parents confirmed that they and other fam-
ily members regularly lead a healthy lifestyle, 40.0 % 
sometimes lead a healthy lifestyle, and 18.0 % do not 
follow a healthy lifestyle at all. 

When parents were asked what motivates them to 
follow the principles of a healthy lifestyle, the answers 
were distributed as follows: 30.0 % of parents believe 
that a healthy lifestyle helps prevent and eliminate bad 
habits, 28.0 % want to be a role model for their children, 
24.0  % want to maintain and improve their health, 
10.0 % want to alleviate existing diseases, and 6.0 % 
want to prevent diseases. And only 2.0 % of parents 
said that the main motivation for a healthy lifestyle is 
their responsibility for their health. Among the mo-
tives that parents form in their children to ensure their 
commitment to a healthy lifestyle, the main ones are 
maintaining and promoting health – 38.0 %, improving 
physical condition – 16.0 %, creating a healthy family – 
10.0 % and others (Fig 2).

The analysis of parents’ responses to the most effec-
tive methods for teaching children to maintain a healthy 
lifestyle showed that the most effective method is the 
parents’ example. Among the main elements of their 
behavior that, according to the respondents, are a 
model for children’s perception of a healthy lifestyle, are 
the following: adherence to the rules of balanced and 
regular nutrition – 42.0 %; systematic exercise – 12.0 %; 
giving up bad habits – 8.0 %; outdoor recreation – 2.0 % 
(3 people). Only 10.0 % of parents talk to their children 
but do not follow the principles of a healthy lifestyle. 
It is worth noting that 26.0 % do nothing to help their 
children take responsibility for their health. Based on 
this, we believe that parents, as role models for their 
children, should not only be aware of health issues but 
also directly demonstrate a healthy lifestyle in practice.

Fig. 2. A healthy lifestyle 
motives that parents 
form in their children
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It was also found that more than half (52.0 %) of the 
surveyed parents systematically pay enough attention 
to promoting their children’s health, one-third of the 
respondents, namely 30.0 %, sometimes take an inter-
est in their children’s general condition, and 18.0 % do 
not devote the necessary time, arguing that they have 
no time for their children. The results of the survey on 
the measures parents use to promote their children’s 
health show that the main measures, in their opinion, 
are: proper nutrition – 36.0 %, outdoor walks – 22.0 %, 
sports (attending sports clubs, etc.) – 16.0  %. Some 
respondents prefer to harden children by going to the 
pool, rubbing, etc. (12.0  %), conducting systematic 
medical examinations (10.0 %), and using massages as 
a means of promoting children’s health (4.0 %).

It was found that only one-third of respondents 
(32.0 %) said they regularly do morning exercises with 
their children, while the other part of respondents 
said they sometimes or not at all do morning exercises 
(34.0 % each). The vast majority of respondents (46.0 %) 
believe that their children need 6-8 hours of sleep for 
a good night’s rest; 42.0 % say 9 hours or more; 12.0 % 
say less than 6 hours. According to expert recommenda-
tions, children aged 6 to 12 should sleep 9 to 12 hours, 
and adolescents (13-18 years old) should sleep 8 to 10 
hours. Therefore, based on these results, we conclude 
that not all parents are sufficiently informed about the 
specifics of the recommended sleep duration. It was 
found that 50.0  % of parents partially adhere to the 
balance and regularity of nutrition in the family; 20.0 % 
do not adhere to these principles and only 30.0 % claim 
to adhere to good nutritional behavior. At the same 
time, 57.3 % of respondents emphasized that there are 
no overweight or obesigenic relatives in their families; 
42.7 % said that there are overweight and obese people 
in their families. 

It is known that the types of activities children do in 
their free time also have a certain impact on their health. 
Thus, it was found that 30.0 % of children spend most of 
their free time playing games on their phones or com-
puters, 22.0 % communicate on social media, 28.0 % go 
in for sports, 10.0 % relax outdoors, 6.0 % watch movies, 
and 4.0 % read books. Thus, most children spend their 
free time without benefit to their health.

It was found that 52.0 % of respondents’ families have 
no bad habits. However, 36.0 % reported smoking in 
the family, and 12.0 % reported drinking alcohol. There 
must be no cases of drug use in the families of the sur-
veyed respondents. At the same time, only 20.0 % of 
respondents would like to get rid of bad habits, 4.0 % 
did not express such a desire, 24.0 % said they were in-
different, and 52.0 % repeatedly confirmed the absence 
of bad habits in their families. 

Among the reasons for parents’ lack of attention to 
their children’s health, the main reason is lack of time 
due to high professional workload (48.0 %). Other rea-
sons include lack of knowledge and skills (22.0 %). Only 
one-third (30.0 %) of parents surveyed said they spend 
enough time on their children’s health. It is worth noting 
that none of the parents surveyed indicated that they 
were not interested in their children’s health.

DISCUSSION
The analytical review of scientific sources [8, 9] shows 
that health as a multidimensional phenomenon in-
tegrates various aspects – physical, mental, spiritual, 
and social. Scientists believe that a healthy lifestyle 
integrates the relationship between lifestyle and human 
health, and combines all the conditions that ensure the 
normal functioning of a person in professional, social, 
and domestic spheres. A healthy lifestyle expresses a 
person’s attitude and guidelines for the development 
and improvement of individual and public health. 

According to scientists [10, 11], among all periods, 
childhood is the most favorable for the formation of 
healthy lifestyle principles, because it is at this age that 
a child becomes aware of his or her “Ego”. The task of 
parents is not to overload the child with a stream of 
ready-made information but to provide an opportunity 
to reflect and listen to their bodies. Only under such 
conditions can the acquired knowledge about a healthy 
lifestyle be used by children in various unexpected sit-
uations and transformed into their skills in real life. In 
middle preschool age, children form an idea of health as 
“not a disease” (they show a negative attitude to illness 
based on their experience). Nevertheless, children do 
not realize what it means to be healthy and feel healthy. 
As a result, an attitude towards health is formed as 
something abstract. In children’s understanding, be-
ing healthy means not getting sick. That is, in middle 
preschool age, children begin to realize threats to their 
health from the external environment, as well as in their 
actions [12]. 

According to studies of the age dynamics of the im-
portance of health and a healthy lifestyle, their priority 
role is most often noted among representatives of the 
older generation. The hierarchy of children’s values is 
dominated by games and communication with peers, 
i.  e. children’s understanding of the role of physical, 
mental, and social health and the appropriate lifestyle 
is still in its infancy [3]. 

Fostering the need for a healthy lifestyle in children 
should be accompanied by the acquisition of a set of 
necessary skills and habits of caring for themselves, 
their bodies, and caring for others, in a special inter-
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nal state associated with a sense of satisfaction and 
comfort. Experts recommend that parents make a list 
of healthy lifestyle skills that they are guaranteed to 
be able to instill in their children. At the same time, it 
is necessary to analyze existing habits, both good and 
bad, and help eliminate them. It is necessary to take into 
account the best family experience in the process of 
developing healthy lifestyle skills in children. The family 
should have a “fashion” for health among parents and 
all family members. When forming a child’s motivation 
for a healthy lifestyle, the family should be guided by 
the algorithm referred to as “from habit to need, from 
the need to a healthy lifestyle”. 

CONCLUSIONS
Adherence to a healthy lifestyle is a pressing issue today. 
The quality of health directly depends on many factors, 
including a person’s healthy lifestyle and motivation. 
Motivating children to adopt a healthy lifestyle and 
making them responsible for their health is the main 
obligation of the family. 

As a result of a sociological study among parents, 
we found that even though 50.0  % of respondents 
understand the essence of a healthy lifestyle, only 
20.0 % of respondents consider it necessary to form the 
motivation for it. For the most part, positive attitudes 
towards a healthy lifestyle prevail in the families of the 
respondents (44.0 %), 42.0 % of parents indicated that 
their family members regularly adhere to a healthy 
lifestyle. Herewith, 48.0  % are interested in teaching 
children about a healthy lifestyle. However, in our opin-
ion, these figures are insufficient and indicate that a 

healthy lifestyle in a family is secondary to other factors 
that affect health. 

It is worth noting that parents, in addition to the 
motives for a healthy lifestyle, such as preventing or 
getting rid of bad habits, and maintaining and promot-
ing their health, said that they intend to be role models 
for their children. Based on the latter statement, the 
main motives that most parents form in their children 
regarding a healthy lifestyle are maintaining and pro-
moting health (38.0 %), improving physical condition 
(16.0 %), and creating a healthy family (10.0 %). Howev-
er, almost a third of parents do not instill responsibility 
for their children’s life and health. The lack of time and 
insufficient attention to children’s health, according to 
parents, is caused by professional workload and lack 
of knowledge about a healthy lifestyle. These factors 
confirm that parents are interested in the health of 
their children, but for the reasons mentioned above, 
they cannot devote sufficient time to it. We believe that 
parents are role models for their children, and therefore 
they should not only be aware of health issues but also 
directly adhere to a healthy lifestyle.

Thus, fostering children’s motivation for a healthy 
lifestyle requires considerable effort and willingness 
on the part of parents. To foster a positive attitude to-
wards a healthy lifestyle in children, parents should set 
their example, create receptive conditions for a healthy 
lifestyle, follow traditions related to active recreation, 
exercise, practicing a healthy diet, avoiding bad habits, 
and involving all family members in a healthy lifestyle. 

Prospects for further research are aimed at studying 
the motivation of children and adolescents to follow 
healthy lifestyle rules.
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INTRODUCTION
Bronchiectasis (BE) – is an acquired or congenital, 
segmental pathological enlargement of the bronchial 
lumens with changes in the anatomical structure of the 
bronchial wall due to destruction and/or disruption of 
neuromuscular tone due to inflammation, fibrosis and 
hypoplasia of the structural elements of the bronchi 
[1]. Bronchiectasis has a variety of etiologies. It can be 
idiopathic (in 35-57% of cases), and can be secondary 
to many diseases (allergic bronchopulmonary asper-
gillosis, cystic fibrosis, mycobacterial infection, immu-
nodeficiency, chronic obstructive pulmonary disease, 
bronchial asthma, etc.). However, the most common 
factor is a respiratory infection [1, 2].

At present, there are no accurate world data on the 
epidemiology of bronchiectasis, and it is difficult to talk 
about the prevalence of bronchiectasis not associated 
with cystic fibrosis. It is known that with the advent 
of the era of antibiotic therapy, the frequency of their 
prevalence in the population has decreased. According 

to the results of epidemiological study performed in 
the United States, the prevalence of bronchiectasis 
is approximately 4 per 100,000 young adults and 272 
per 100,000 patients older than 75 years. There is an 
increase in the number of patients with bronchiectasis 
caused by non-tuberculous mycobacteriosis with lung 
damage [3, 4].

Clinical symptoms of the disease are usually charac-
terized by a picture of chronic infectious inflammation 
of the respiratory tract, which has a wavy course with 
periodic exacerbations [2]. The degree of severity of 
the disease and the frequency of its exacerbations sig-
nificantly affect the duration and quality of life of the 
patient. The quality of life of a patient with BE is com-
parable to the quality of life in severe chronic obstruc-
tive pulmonary disease (COPD), idiopathic pulmonary 
fibrosis and other debilitating lung diseases. More than 
70% of patients complain of daily cough with sputum in 
greater or lesser quantities, shortness of breath. In some 
cases, the disease is asymptomatic. Despite treatment, 
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ABSTRACT
The aim: To perform a clinical analysis of bronchiectasis in adults, to analyze the effectiveness of nebulizer therapy with hypertonic NaCl solution with 
hyaluronic acid
Materials and methods: All patients were performed clinical-functional examination (MRC dyspnea index, Sp O2, 6-minute walking test, external respiration 
function); calculated the index BODE, analyzed the SGRQ, studied the results of sputum. Statistical data analysis was performed using the Microsoft Excel for 
Microsoft 365 MSO 16.0.13530.2040418 package of statistical functions.
Results: The main symptom in 100% of cases was chronic cough with production of sputum. Patients were concerned about shortness of breath (91.7%), 
episodic hemoptysis (29.2%), systemic symptoms (fatigue, weight loss). Hypertonic NaCl solution has a direct mucolytic effect, osmotic and anti-edematous 
effect. Protection of the mucous membrane of the respiratory tract makes hyaluronic acid an ideal additional component of hypertonic saline solution.  
All patients showed a positive effect of treatment immediately. After 2 weeks, the respiratory rate decreased, the FEV1 index increased at 8.6 (p<0.05), SpO2 
increased up to 93.75 ± 7.13%, the number of points according to the SGRQ decreased, BODE index also decreased
Conclusions: Leading clinical signs of bronchiectasis were: a chronic cough with daily sputum production (100% of patients), shortness of breath (91.7%). 
The use of nebulizer inhalations decreased shortness of breath at 17.6% (р<0.05), improved external respiratory function indices (FVCL increased at 9.7% 
(р<0.01), FEV1 at 8.6% (р<0.01)) and blood oxygen saturation increased at 4.9% (р<0.05)). The offered complex increased  tolerance to physical exertion 
(the 6-minute walk test and 4-year survival (BODE prognostic index)
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about 50% of patients note that they had one or more 
exacerbations during the year, and every third patient 
with exacerbation requires hospitalization [4]. Com-
plications of bronchiectasis include hemoptysis and 
persistent bronchial-obstructive disorders. Secondary 
amyloidosis and septic emboli in patients with bronchi-
ectasis described in the past are very rare today [2, 5].

To date, the European and US regulators have not reg-
istered any medicine for the treatment of BE. Treatment 
is performed by analogy with that of cystic fibrosis, but 
research data and clinical experience suggest that the 
effectiveness of therapy is different and some special 
recommendations are needed for the management of 
patients with BE which is not caused by cystic fibrosis [3].

THE AIM
The aim of the study was to perform a clinical analysis 
of cases of bronchiectasis in adults and evaluate the 
effectiveness of nebulizer therapy with hypertonic NaCl 
solution in combination with hyaluronic acid.

MATERIALS AND METHODS
There was performed a prospective study. There were 
examined 24 patients with bronchiectasis who were 
treated at the Pulmonology Department № 1 of the 
UNPE “Regional Clinical Phthisiology-Pulmonology 
Center (Pulmonary Diseases Center)” in 2018-2019. The 
average age of patients was 47.23 ± 4.18 years. 

The diagnosis was confirmed by computed tomog-
raphy. All patients were performed clinical-functional 
examination, namely: determination of dyspnea index 
according to MRC [6], measurement of blood oxygen 
saturation SpO2, 6-minute test-walk [7], study of ex-
ternal respiration by spirography, calculation of the 
prognostic index BODE [8], analysis of the SGRQ ques-
tionnaire [9], study of the results of a microbiological 
analysis of sputum.

The complex of treatment in addition to broad-spec-
trum antibacterial medicines (selected according to the 
results of antibioticogram of the sputum), bronchodila-

tors, anti-inflammatory agents, includes inhalation with 
a nebulizer of hypertonic sodium chloride solution in 
combination with hyaluronic acid (medicine containing 
30 mg sodium chloride and 1 mg of sodium hyaluro-
nate in 1 ml at a dose of 4 ml twice a day for 2 weeks). 
To assess the effectiveness of this treatment approach, 
patients were divided into 2 groups: Group I (n=12) – 
received traditional treatment, Group II (n=12) – addi-
tional inhalations of 3% NaCl solution in combination 
with sodium hyaluronate twice a day for 14 days.

Statistical data analysis was performed using the Mic-
rosoft Excel for Microsoft 365 MSO 16.0.13530.2040418 
package of statistical functions. License ID: EWW_58c-
c64b2-cc32-48b6-bd4b-cce379e20247_574357c00
167ce3139. Session ID: F1221D8E-124A-49E5-892D-
0BDA291BF859.

RESULTS 
The presence of bronchiectasis in our examined adult 
patients in 11 (54.2%) cases was associated with fre-
quent respiratory infections in childhood, which ran 
as bronchitis (45.5%), pneumonia (36.4%), measles 
(9.1%), whooping cough (9.1%). In adulthood, the 
main clinical symptom in 100% of cases was chronic 
cough with daily production of sputum. In addition, 
patients were concerned about shortness of breath 
(91.7%), episodic hemoptysis (29.2%), systemic symp-
toms (fatigue, weight loss). An objective picture was 
also characteristic: deformation of fingers in the form 
of “drumsticks” (41.7%), barrel-shaped chest (58.3%), 
auscultatory manifestations in the form of foci of 
tiny- or medium-bubbling wet rales over certain areas 
of lungs (mostly lower lobes) in all studied patients. 
In all patients, the diagnosis was confirmed by spiral 
computed tomography of the chest. There are some 
examples of these examinations of two of our patients 
in Fig. 1 and Fig. 2.

Indications for nebulizer therapy with hypertonic so-
dium chloride solution in combination with hyaluronic 
acid were: poor coughing of thick sputum against the 
background of oral and injectable use of various mu-

Table I. Study of the life quality according to SGRQ during the treatment of patients with bronchiectasis

Index
Group І Group ІІ 

Before treatment After treatment Before treatment After treatment

Symptoms 77.35±4.16 55.12±3.24 * 78.39±5.05 47.86±3.27 *#

Activity 55.35±3.91 25.23±2.05 * 53.88±3.95 21.13±2.15 *#

Influence 34.17±3.18 22.14±2.05 * 33.71±3.15 20.41±2.01*

General 52.58±3.77 39.68±3.07 * 53.43±3.75 34.24±3.07

Note: Significance of differences before and after treatment * p<0.01
# p<0.01 – indices of groups I and II after treatment
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coactive drugs. Hypertonic NaCl solution has a direct 
mucolytic effect, osmotic and anti-edematous effect, is 
able to change the viscosity of sputum, moisturize and 
cleanse the mucous membrane, improves epithelial 
function of airways, has anti-inflammatory and antibac-
terial properties, affects the formation of biofilms [10].

The second component of the medication is hyal-
uronic acid in the form of sodium hyaluronate, having 
a chemical structure, molecular weight and rheological 
properties similar to mucin – a component of bronchial 
mucus. Due to its water-binding properties, hyaluronic 
acid moisturizes the bronchial mucosa without impair-
ing mucociliary transport. It has an anti-adhesive effect, 
inhibits the production of pro-inflammatory mediators, 
improves mucociliary clearance, participates in the re-
pair and regeneration of the ciliated epithelium, increas-
es local immunity, has an antioxidant effect. Protection 
of the mucous membrane of the respiratory tract from 
the irritating effect of salt in high concentrations, as 
well as moisturizing properties make hyaluronic acid 
an ideal additional component of hypertonic saline 

solution [10, 11].
All patients in group II had a positive effect of treat-

ment in the first few days, when the cough became 
more productive and the sputum became less thick 
and viscous. They noted an improvement in external 
respiratory function, namely an increase in VLC and 
FEV1. When comparing the effectiveness of traditional 
treatment with therapy with the inclusion of inhalations 
of hypertonic NaCL/sodium hyaluronate solution, a 
tendency to a more positive effect of this medicine on 
the above-mentioned indices (Fig. 3 A and B). After 2 
weeks, shortness of breath significantly decreased, the 
rate of forced VLC increased at 9.7% (p<0.01), FEV1 – at 
8.6% (p<0.01), SpO2 increased from 89.13 ± 1.29% up 
to 93.75 ± 1.02% (p<0.05).

With the help of the questionnaire of St. George 
(SGRQ) the quality of life of patients with bronchiecta-
sis was determined (Table I). The addition of nebulizer 
therapy with hypertonic sodium chloride solution in 
combination with hyaluronic acid was found to reduce 
scores in sections of the questionnaire such as symp-

Fig. 1 (a, b). Spiral computed 
tomography of the chest organs 
of patient K., born in 1977, with 
bronchiectasis in the lower lobe of 
the left lung

b

a
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toms and physical activity. And this, in turn, indicates 
a decrease of manifestations of social and physical 
maladaptation in patients. 

Assessment of exercise tolerance was performed by 
measuring the distance in a 6-minute walking test. In 
general, in patients of group II against the background 
of treatment with the inclusion of inhalation of 3% NaCl/
sodium hyaluronate the distance has increased from 
357.24 ± 6.27 m up to 391.81 ± 9.27 m (p<0.01), an in-
crease in walking distance was 34.57 m and was at 15.59 
m higher (p<0.05) than in the first group of patients.

BODE-index (BMI), Obstruction (FEV1), Dyspnnea 
(Shortness of breath according to Modified Medical 
Research Council (MMRC)), Exercise (exercise toler-
ance in a 6-minute walking test)) were calculated to 
determine individual risk of death or hospitalization. 
Among patients of group II of our study after the offered 
treatment, two (16.7%) scored 2.08 ± 0.67 points and 
moved from the rubric “3-4 points” to the rubric “1-2 
points”, which means an increase in approximate 4-year 
survival from 67% up to 80%.

DISCUSSION
The basis of conservative treatment of patients with 
bronchiectasis is effective sanitation of the tracheo-
bronchial tree, which includes endoscopic methods 
in combination with rational antibiotic therapy and 
mucoactive therapy [1, 2, 5]. Actually, we’ve focused our 
attention on the last position and performed the study. 
After all, improvement of the evacuation of sputum plays 
one of the key roles in the management of patients with 
bronchiectasis. This is achieved with the help of physical 
methods (manual techniques, postural drainage, etc.) 
and medicinal means, in particular hypertonic sodium 
chloride solution. This agent, applied with the help of a 
nebulizer, contributes to the improvement of rheological 
properties and the evacuation of bronchial mucus due 
to several mechanisms, including the rehydration of 
mucus due to the increased osmosis of water under the 
influence of ions contained in the solution. These effects 
also help reduce the viscosity of bronchial mucus [3].

However, inhalation of only saline solution can induce 
the cough, chest tightness, bronchospasm, throat irri-

Fig. 2 (a, b). Spiral computed 
tomography of the chest organs 
of patient S., born in 1960, with 
bronchiectasis in both lungs

b

a
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tation, and a salty taste in the mouth in the patient. It 
was possible to solve this problem by supplementing 
the product with hyaluronic acid [3, 4].

Hyaluronic acid (HA, sodium hyaluronate) – is a hy-
drophilic mucopolysaccharide, chemically classified as 
a non-sulfonated glycosaminoglycan. HA is in every cell 
of the human body. Its highest concentration occurs in 
connective, epithelial and nervous tissues. HA is one of 
the main components of the extracellular matrix con-
tained in many biological fluids (saliva, synovial fluid, 
etc.). It takes an active part in the proliferation and mi-
gration of cells. In the intercellular space, it binds liquid 
molecules, giving them a gel-like consistency. Since HA 
is a hydrophilic element, many people call it a “natural 
moisturizer” [10]. Due to hyaluronic acid, the activity 
of the inflammatory process in the mucous membrane 
of the respiratory tract decreases. At the same time, its 
swelling decreases and hydration occurs, which con-
tributes to recovery. In addition, under the influence 
of HA, the rheological properties of sputum improve 

(mucolytic action) and at the same time, mucociliary 
clearance (mucokinetic action) is restored, facilitating 
the evacuation of sputum from the respiratory tract, the 
restoration of bronchial patency, and the elimination 
of symptoms of bronchial obstruction. HA also reduces 
the unpleasant taste of hypertonic solution [11]. 

The above-mentioned effects of the combined neb-
ulizer therapy using a hypertonic solution of NaCL/
hyaluronic acid are confirmed by the results of our 
study. This is evidenced by the improvement of the 
function of external breathing and the reduction of the 
manifestations of broncho-obstruction according to the 
results of spirography of patients having received the 
offered treatment scheme. In addition, they noted an 
increase in tolerance to physical exertion, a decrease 
in the manifestations of social and physical maladap-
tation, and an improvement in quality of life indices. 
The results of the study suggest a better prognostic 
survival in patients with bronchiectasis having received 
the offered treatment. 

Fig. 3. Dynamics of spirographic indices of 
VC (A) and FEV1 (B) during the treatment of 
patients with bronchiectasis
Note: reliability of the differences between 
and before treatment * p<0.01
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4.  The offered treatment complex contributed to an 
increase in tolerance to the physical exertion, as the 
distance of the 6-minute walk test has increased at 
9.7% (p<0.01) and 4-year survival at 13% (p<0.05) 
according to the BODE prognostic index. 

In the management of patients with bronchiectasis, 
the important components are early diagnosis of the 
disease and proper treatment, the directions of which 
are the prevention or treatment of bacterial infections, 
improvement of mucociliary clearance, effective sani-
tation of the respiratory tract.

PROSPECTS FOR FURTHER RESEARCH
Bronchiectasis has not been given due attention for a 
long time. To date, there are no international guidelines 
for the treatment of bronchiectasis in adult patients 
other than cystic fibrosis. However, the economic bur-
den of this pathology can be compared with that of 
COPD and it increases with the increasing severity of the 
disease, increasing number of hospitalizations, increas-
ing necessity for intensive care. Therefore, thorough 
research in this section of pulmonology is promising, 
in particular the study of therapeutic approaches and 
rehabilitation programs that would affect the chronic 
inflammatory process in the bronchi, would reduce 
the frequency of exacerbations and hospitalizations, 
improve the patients’ quality of life. 

CONCLUSIONS
1.  The leading clinical signs of bronchiectasis in adult 

patients were: a chronic cough with daily sputum 
production (100% of patients), shortness of breath 
(91.7%) and an auscultatory picture in the form of 
foci of tiny- or medium-vesicular moist rales over 
certain areas of the lungs (mainly the lower lobes) 
(100% of people). 

2.  The use of nebulizer inhalations of a hypertonic 
solution of sodium chloride in combination with 
hyaluronic acid in cases of impaired secretion and 
expectoration contributed to a decrease of disease 
symptoms, namely – shortness of breath at 17.6% 
(р<0.05). The external respiratory function indices 
(FVCL increased at 9.7% (р<0.01), FEV1 – at 8.6% 
(р<0.01)) and blood oxygen saturation (SpO2 in-
creased at 4.9% (р<0.05)) have improved.

3.  According to the St. George questionnaire (SGRQ), 
it was found that the addition of nebulizer therapy 
with a hypertonic solution of sodium chloride in 
combination with hyaluronic acid to the treatment 
complex has improved the quality of life of such pa-
tients. This was reflected in a decrease in the number 
of points in such sections of the questionnaire as 
disease symptoms (at 38.9% (p<0.01)) and physical 
activity (at 60.8% (p<0.01)). And this, in turn, indicates 
a decrease in patients’ manifestations of social and 
physical maladaptation.
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INTRODUCTION
A sign of modernity is the impact on a person of chang-
ing information flow, global and regional socio-eco-
nomic transformations, manifestations of growing 
instability, changes in lifestyle and rhythm. These and 
other signs of modernity cause anxiety in people of all 
ages. On the one hand, any unknown situation that 
is perceived as dangerous, causes person negative 
feelings (anxiety, fear, panic). These negative feelings 
are a form of internal psychological tension and a 
factor that causes the formation of neurotic states or 
exacerbates existing ones. On the other hand, any se-
rious ordeal pushes a person to rethink their life, their 
values, discover new abilities and talents, rethink the 
meaning of their existence, a sharp change in attitude 

to themselves and the world, and change the direc-
tion of life. The described manifestations characterize 
human development in modern conditions. Of course, 
the negative impact of modern signs on the psyche of 
a child of preschool and school age is somewhat offset 
by the process of its gradual socialization. At the same 
time, the process of gradual socialization of the child is 
permeated with situations that cause the formation of 
the child’s various personality traits, including anxiety.

The described manifestations characterize human 
development in modern conditions. Of course, the 
negative impact of modern signs on the psyche of a 
child of preschool and school age is somewhat offset 
by the process of its gradual socialization. At the same 
time, the process of gradual socialization of the child 
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ABSTRACT
The aim: Generalization of the results of research by various scientists in the context of anxiety as a stable personality trait, determining the list of causes of anxiety during 
play in children of preschool and school age.
Materials and methods: The research was conducted within the framework of the agreement for international cooperation between Borys Grinchenko Kyiv 
University and University of Natural Sciences and Humanities in Siedlce. 400 people took part in the research from the Ukrainian side, 125 people from the 
Polish side, a total of 525 people. Of them: 130 (100/30) preschool children, 132 (105/27) primary school children, 130 (96/34) adolescents and 133 (99/34) 
young people.
The methodologies “CMAS Explicit Anxiety Scale” (adapted by A. Prihozhan) and “Personal Anxiety Scale” (A. Prihozhan) were used to achieve the stated goal 
of the research.
Results: Play as a social phenomenon has a positive impact on the health of preschool and school children. The positive impact is in identifying and resolving 
emotional and social issues. Negative effects on the health of preschool and school-age children have also been identified. This is the formation of anxiety as a 
stable personality trait. Three blocks of causes of anxiety in children of preschool and school age have been identified. The first block of reasons concerns the low 
level of organization of preparation for the game. The second block includes the reasons that are a consequence of the low level of the game process. Subjective 
experience of participation of children of preschool and school age in the game is reflected in the third block of reasons “Negative subjective result of the game”.
Conclusions: The article summarizes scientific data on the need to take into account during play the levels of activity of preschool and school age children, their individual 
psychophysiological capabilities and the existing situational and personal anxiety. Also, three blocks of causes of anxiety during the game were identified (block I – during 
the preparation of the game; block II – during the game; block III – getting a negative subjective result in the game).
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is permeated by various situations. These situations 
cause the formation of various personality traits in 
the child, including anxiety. The described manifes-
tations characterize human development in modern 
conditions. Of course, the negative impact of modern 
signs on the psyche of a child of preschool and school 
age is somewhat offset by the process of its gradual 
socialization. However, different situations permeate 
the process of gradual socialization. These situations 
cause the formation of the child’s various personality 
traits, including anxiety.

Anxiety is the experience of emotional discomfort 
associated with anticipation of trouble, with a sense of 
danger. Н. Miklyaeva [1] referred to the term “anxiety 
level” as a person’s tendency to perceive most life sit-
uations as threatening, as well as individual sensitivity 
to stress. Taking into account the level of anxiety A. 
Prihozhan [2] analyze anxiety as a factor that can help 
mobilize mental reserves, stimulate search activity, and 
as a factor that outside the optimal values of anxiety 
negatively affect the child’s behavior and activities.

Researchers have linked anxiety to various processes. 
According to L. Bozhovych [3], anxiety arises as a result 
of negative emotional experience, low self-esteem of 
their capabilities. A. Prihozhan [2] see the emergence of 
anxiety in the deepening of negative emotional experi-
ences and in experiencing situations that may threaten 
the child’s sense of self-worth. D. Elkonin [4], G. Kostyuk 
[5] attribute to the causes of anxiety and fears in young-
er students family and school environment, as well as 
communication with peers. According to the research’s, 
in the senior preschool age anxiety can be formed as 
a stable personality trait and be part of the subjective 
component of the structure of self-regulation of child 
behavior.

THE AIM
The purpose of this work is to summarize the results of 
research by various scientists in the context of anxiety 
as a stable personality trait. Also, determine the list of 
causes of anxiety during play in children of preschool 
and school age.

Research hypothesis. Involving preschool and school 
age children in the game without taking into account 
the causes of anxiety during the preparation of the 
game, in the process of its implementation and in the 
context of receiving negative results from the game 
may have a negative impact on their health. 

Tasks of research. 1. Summarize scientific data on play 
as a social phenomenon. Reveal the importance of the 
game process for preschool and school children. 2. To 
generalize scientific data on anxiety as a stable person-

ality trait and the period of trait formation in children. 
3. Analyze the results of scientific research and summa-
rize data on the levels of activity of preschool children 
and individual differences in psychophysiological ca-
pabilities of schoolchildren, which will serve as a basis 
for determining the conditions of anxiety in preschool 
and schoolchildren during play. 4. To summarize the 
results of the experiment in the blocks “Low level of 
organization of preparation for the game”, “Low level 
of the game process” and “Negative subjective result 
of the game”. 5. To draw conclusions about the causes 
of anxiety during play as a factor of negative impact on 
the health of preschool and school children.

MATERIALS AND METHODS
The set of methods is used in the work: theoretical 
(analysis, synthesis, comparison, systematization, gen-
eralization) and empirical (observations, conversations, 
questionnaires). Using theoretical methods, 23 scientific 
sources were analyzed, which were published in the 
period 1988-present in printed format.

Conducting research to identify the causes of anx-
iety during the game was organized in the following 
sequence:
1)  acquaintance of the respondents of each age catego-

ry with the new game. The game “Bear and Bunnies” 
was offered to preschool children, the game “Crucian 
and Pike” to primary school children, and the game 
“Shadow Leader” to adolescents and young people. 
During the games, special attention was paid to the 
emotional state of the children (at the beginning of 
the game, during it, after the end of the game). And 
how children reacted to the distribution of roles was 
also studied; how they interacted with other game 
participants; as expressed a desire to play with the 
same composition of participants (variable compo-
sition of participants).

2)  involvement of respondents of each age category 
in the organization of the game. The children were 
asked to organize the games that they liked the most 
(liked by each of the respondents). At this stage of 
the research, special attention was paid to: children’s 
attitude to the game initiatives of others; active per-
formance of main and secondary roles in the game; 
change in emotional state іn activity.

3)  conducting conversation with of preschool children 
using the questions of the 1st block; surveying 
respondents of primary school children using the 
questions of the II block, adolescents and young 
people using the questions of the III block.

Three blocks of questions were developed for the 
research:
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-  The first block is a question for preschool children (Do 
you want to be a bear (main role) or a bunny (second-
ary role) in the game? Why? Do you always like the role 
you have to play? Why? You will be upset if you have 
to become a bunny ( play a secondary role)? Why? Do 
you want to choose the role yourself or do you want 
adults to decide the role you will play in the game? 
Why? Are you interested in playing new games? Why? 
Do you want to play a new game with all the children 
or only with friends? Why? Do you always not want to 
play with all the kids, or just today? Do you cry while 
playing? Why? Do you remember why you cried? Do 
you want to play this game again? Why?).

-  The second block are questions for primary school 
children (How do you think roles should be distribut-
ed in the game? Do you always like the distribution 
of roles in the game? What role in the game do you 
always want to play: main or secondary? Why do you 
always want to play main role in a game? Do you get 
upset when you have to play a secondary role? Are 
you interested in playing a new game with the whole 
class or just with your friends? Do you remember a 
game that made you really, really sad? Do you want 
to play that game today? Why? What can the game 
teach? What is your experience of the game, positive 
or negative?).

-  The third block are questions for adolescents and young 
people (Does your mood depend on the role you 
have to play in the game? How do you think the roles 
in the game should be distributed? Do you always 
want to play the main role? Why? Are you interested 
in a new game with classmates or a new game with 
friends? Why? How often do you suggest a new game 
to classmates or friends? Do you remember a game in 
which you had a negative experience? Do you want 
to play that game again to gain a positive experience? 
Why? Do you think about knowledge and skills when 
you play a game? Do you think it is possible to play 
a game and study at the same time? What is your 
favorite game?).

The method of collecting information had certain differ-
ences for each category of respondents. Educators who 
worked with these children were involved in interviews 
with preschool respondents. Educators asked the ques-
tions of block I to each child individually and recorded 
their answers on a form that was developed according 
to the questions of block I. Teenagers and young men 
also took part in the questionnaire, prepared on the 
basis of the questions of the III block.

The research was conducted within the framework of 
the agreement for international cooperation between 
Borys Grinchenko Kyiv University and University of 
Natural Sciences and Humanities in Siedlce. 400 people 

took part in the research from the Ukrainian side, 125 
people from the Polish side, a total of 525 people. Of 
them: 130 (100/30) preschool children, 132 (105/27) 
primary school children, 130 (96/34) adolescents and 
133 (99/34) young people.

The criterion for inclusion in the category of “respon-
dents” was defined as studying in basic institutions of 
universities where students undergo pedagogical prac-
tice. The personal desire of each child was defined as the 
exclusion criterion. A sample of primary statistical data 
was obtained as a result of a specially targeted survey. 
The sample is representative, as it maximally reflects 
the properties and structure of the general population 
(those who have a certain level of education in Ukraine 
and Poland).

To research the causes of anxiety during the game, 
the coefficient (Kz) was used - the ratio of the sum of 
positive answers to the total number of questions. A 
negative answer (correlated with the words “I don’t like”) 
was evaluated with one point, a positive one (correlated 
with the words “I like”) - zero. The maximum number of 
points is 10. If Kz was equal to 0.8-1.0 (the respondent 
received 8-10 points), which meant a high level of influ-
ence of the cause on the occurrence of anxiety during 
the game; Kz = 0.79-0.60 (5-7 points) – average level, 
Kz< 0.60 (less than 4 points) – low level.

The Kz coefficient was calculated according to the 
formula: 

К =  
П

Х П %100´
, where:

Х П - the number of negative answers of all respon-
dents of the age group;

П - the maximum possible number of negative an-
swers in the group;

П = (number of respondents) x (number of ques-
tions).

RESULTS
In this article, we consider the occurrence of anxiety 
during the game. We focus on the game, because the 
game is “a form of free expression of a person of any 
age, unfolds either in the form of competition or in the 
form of images (performance, representation) of certain 
situations, meanings, states” [6].

Regarding children of preschool and school age, 
scientists consider play as a social phenomenon, as 
the game arose in response to the “needs of children to 
become active members of society” (M. Stelmakhovich) 
[7]. The game arises from the living conditions of the 
child in society. In the game, the child is aware of the 
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variety of human objects. Play is an activity through 
which children reproduce social relations between 
people, learn to transform reality, change the world (O. 
Bessarabova) [8].

Play is the main activity for preschool children. The 
child’s need to influence the world, to become a subject 
of his activity is first formed and manifested in the game. 
According to S. Rubinstein [9], when a child plays a role, 
he is transformed into another person. In the course 
of the game, the child expands, enriches, deepens his 
own personality.

Play is the main form of active activity of the child. 
During the game, the preschool child meets his bi-
ological needs. The child implements the output of 
excess energy; satisfies the desire to become a leader; 
manifests itself as a person; checks own opportunities 
in collective activity; in a way manifests itself among 
peers; satisfies the need for rest, etc. (P. Blonsky [10], L. 
Bozhovich [3], D. Elkonin [4], G. Kostyuk [5]).

Scientists consider the game as a means of teaching 
school-age children (N. Anikieva [11], P. Podkasisty [12] 
and others), the formation of their cognitive activity 
(V. Zakharov [13], T. Shukurov [14]). Also, the game is a 
means of mental development and use of mental po-
tential (J. Bruner) [15]. Play is an important method of 
forming social behavior and accumulating practical life 
experience of the child [7]. During the game, students 
can experiment with different situations, test their 

abilities and skills, develop communication skills and 
learn social relationships and roles. For young people, 
the game becomes a form of self-affirmation in front 
of society [16].

We emphasize that the process of play can have dif-
ferent effects on children’s health, namely:
1.  Positive impact. The game helps to identify and solve 

emotional and social problems (According to Freud, 
the game is a symbolic repetition of a situation that 
in the past caused the child psychological trauma). 
Compared with traditional learning contributes to 
more effective development of skills [17].

2.  Negative impact. Participation in the play process 
can cause anxiety in preschool and school-age chil-
dren, i.e. have a negative impact on their health. This 
research focuses only on the negative impact of play 
on children’s health, which is recorded as anxiety.

The analysis of scientific works was carried out in order to 
summarize information about anxiety as a stable person-
ality trait that has developed in preschool and school age 
children. First of all, we singled out the work of D. Usyk [18]. 
The scientist’s study concluded that anxiety, which in older 
preschool age acquires the quality of a stable personality 
trait and can be included in the subjective component of 
the structure of self-regulation of behavior.

In H. Miklyaeva’s [1] research, anxiety was defined as 
one of the factors of the four-factor structure of fear 
(Fig 1). 

Fig. 1. Four-factor structure of fears of primary school children (Figure developed by the authors of the article based on the scientific work of H. Miklyaeva [1])
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H. Miklyaeva [1] studied the levels of anxiety and fear 
in younger students. The scientist found that children 
aged 8-9 years have an average level of anxiety. 49% 
of children showed a high level of fear of animals and 
an average level of fear of fairy-tale characters (49%), 
medical (52%), socially mediated (43%) and spatial 
(45%) fears; low level of fear of darkness and nightmares 
(50%) and fear of physical injury (50%).

Researchers also drew attention to gender differ-
ences in anxiety and fear. According to the results of 
research, boys have higher levels of anxiety and lower 
rates of autonomy of subjective regulation than girls 
(D. Usyk [18]). Primary school boys are more likely to 
show interpersonal anxiety, general anxiety, hostility 
in a family situation (H. Miklyaeva [1]). Girls are prone 
to medical fears, fear of physical injury, fear of death, 
fear of animals, fear of darkness and nightmares, spatial 
fears (H. Miklyaev [1]).

D. Usyk [18] established that the interaction of chil-
dren in the plot-role has certain gender differences. 
Girls prefer domestic and professional plots. The boys 
like moving games with a less pronounced plot. In the 
game interaction, boys are more likely to conflict, talk 
less about the plot, roles and temporal parameters of 
the game.

Researchers are considering anxiety in the context 
of adolescents’ and young people’s understanding of 
the phenomenon of “my health.” According to the re-
search of O. Bogucharova [19], adolescents and young 
people, on the one hand, show a willingness to take 
responsibility for their health, and, on the other - un-
derstand the dependence of health on other factors 
(anxiety and fears, life satisfaction, positive experience, 
extroversion as a vector of activity). O. Bogucharova 
[19] notes that adolescents treat health as a list of a 
set of physical and mental characteristics, while young 
people associate health with the image of the physical 
self. High levels of positive values cause tension in 
adolescents and cause them to be almost constantly 
in a state of anxiety, which, in turn, leads to the further 
formation of anxiety as a personality trait. For young 
people, constant anxiety is weakened. O. Bogucharova 
[19] explains this process by the emergence of certain 
personal formations (freedom of choice, responsibility, 
autonomy, self-worth and life satisfaction) and the ex-
isting positive experiences that operate at the highest 
mental level - the level of subjectivity.

Also, the analysis of scientific works was carried out 
in order to summarize information on levels of activity. 
Anxiety during play can be caused by not taking into 
account the levels of activity inherent in preschool and 
school-age children. In the context of the above, we 
consider the results of M. Savchenko’s [20] research to 

be significant. The scientist identified sufficient, medi-
um and low levels of activity of older preschool children 
during the game.

As a result of M. Savchenko’s [20] research it was 
established that medium and low levels of activity 
predominate in children of older preschool age during 
play. Children with a low level of activity in the game 
do not show active actions when choosing a role and in 
the process of its implementation. They focus on other 
children’s play ideas and do not offer their own ideas for 
organizing the game. Game actions depend on the toy 
or game attribute. The actions of children are monoto-
nous. They often repeat the same actions with objects, 
because the plot of the game is missing. Children do 
not show persistence in achieving their own result in 
the game; do not follow the rules of conduct estab-
lished by other players in the game. Instead of actively 
participating in the game, the children watched with 
interest the actions of other participants in the game.

The activity of middle-level children is aimed at re-
alizing the role of play and expressing their own ideas 
about the game plan. Children try to realize the game 
idea. They independently determine the roles; partic-
ipate in the distribution of roles in the game. Children 
follow certain rules of the game. They resent it when 
other players break the rules. Students are also inter-
ested in fulfilling a role that does not involve making 
independent decisions and influencing the overall 
course of the game.

Only 7% of children show a sufficient level of activity 
during play. According to M. Savchenko [20], children 
of this level of activity are characterized by: 1. Active 
actions aimed at realizing their own role in the game 
and activating other participants in the game. 2. Expres-
sion of own ideas on the organization of the game and 
the idea for the implementation of all its participants 
in the game. 3.  Definition of roles in the game and 
their distribution among the participants of the game, 
expression of awareness in the implementation of their 
role. 4.  Appropriate use of role speech; tendency to 
conflict in case of inconsistency of actions with partners 
and withdrawal from the role. 5. Do not need tips from 
adults to diversify and clarify the game activities. Chil-
dren independently follow the rules of behavior in the 
game. They are persistent in achieving the result of the 
game. Children are able to control their own play activ-
ities and the actions of other participants in the game.

In relation to junior schoolchildren, we consider the 
work of M. Alekseeva [21] to be significant. The scientist 
determines the range of individual differences in the psy-
chophysiological abilities of 1st grade students (including 
attention, memory, thinking, imagination, etc.) using a ratio 
of 1:15. This means that if the capabilities of the weakest 
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Because of the analysis of the questionnaires of school-
age children, another list of causes of anxiety during the 
game was established. For children of primary school 
age it is: 
1.  Appointment to the main roles of the same partici-

pants in the game (92% of cases; р0,001). 
2.  Lack of desire to play a secondary role in the game 

(54% of cases; р0,001). 
3.  Recalling the negative experience of participating in 

games (29% of cases; р0,001). 
In adolescence, other reasons dominate, in particular: 
1.  Unwillingness to interact with a particular participant 

in the game (52% of cases; р0,001). 
2.  Inconsistency between the plot of the game and the 

actual cognitive needs of game participants (48% of 
cases; р0,001). 

The causes of anxiety during the game in young people 
include. 
1.  The mismatch between the plot of the game and the 

actual cognitive needs of game participants (89% of 
cases; р0,001). 

2.  Unwillingness to interact with a particular participant 
in the game (45% of cases; р0,001). 

3.  Recalling negative experiences of participating in 
previous games (32% of cases; р0,001).

We also investigated the stage of children’s partici-
pation in the game. Anxiety was recorded when pre-
school children were partially aware of the role to be 
played (68% of cases; р0,001). Primary school students 
experience anxiety when the role requires significant 
intellectual effort from them, which prevents them from 
enjoying the game process itself (73% of cases; р0,002). 

Anxiety in adolescents is caused by the following 
factors. 
1.  Fulfilling the role requires the application of knowl-

edge and skills that are formed at a low level (51% 
of cases). 

2.  External motivation to participate in the game (45% 
of cases; р0,001). 

Anxiety in young people’s is caused by two reasons. 
1.  Fulfilling the role requires significant intellectual ef-

fort from the participant of the game. This prevents 
enjoyment of the game process itself (43% of cases; 
р0,001). 

2.  Fulfilling the role requires the application of knowl-
edge and skills that are formed at a low level (38% 
of cases; р0,001).

Anxiety in preschool children was also recorded as a 
result of negative experiences of participation in the 
game (58% of cases; р0,001). Primary school students 
felt anxious when they had negative associations with 
the game process (63% of cases; р0,001). Anxiety in 
adolescents is caused by lack of satisfaction with the 

child are taken as one, then the capabilities of the strongest 
student will be equal to 15 units, i.e. will be 15 times higher. 
Indicators of children’s abilities are very diverse.

This may be the number of repetitions required to 
memorize and reproduce the information. The amount 
of time it took to perform a certain action on your own, 
etc. M. Alekseeva [21] explains a certain range, first, the 
age differences of children (one child turned six years 
old, and the other children will soon turn 7 years old); 
secondly, children have different anatomical and phys-
iological traits for future physical development; third, 
differences in the conditions of upbringing of children 
in preschool and school age.

According to L. Nozdrova’s [22] research, differences 
in the readiness of junior schoolchildren for the learn-
ing process are significantly deepening. This is due to 
a number of factors. 
1.  Additional training of some students during the 

holidays. 
2.  Purposeful mastery of various techniques for orga-

nizing their working time.
We also consider significant the results of A. Sheiko’s 
[23] research, which deals with the readiness of adoles-
cents and young people to overcome critical situations. 
Critical situations can be caused by instability, dissatis-
faction with the need for interpersonal communication, 
prestige and respect, insufficient formation of a stable 
image of “I”, lack of experience in effective social in-
teraction. According to the scientist’s generalizations, 
mentally stable adolescents and young people show 
higher rates of self-organization, emotional intelligence, 
problem-orientation, and lower rates of situational and 
personal anxiety, motivation to achieve and focus on 
social support.

Mentally resilient adolescents and young people are 
characterized by greater self-organization, determina-
tion, and a tendency to imagine themselves as a strong 
person who has sufficient freedom of choice and acts 
in accordance with their goals. A. Sheiko [23] notes that 
critical situations that arise in the learning process lead 
to a statistically significant increase in the level of per-
sonal anxiety. While critical situations in everyday life 
affect the level of general stress, they cause significant 
changes in self-organization indicators.

We conducted an experiment to determine the causes 
of anxiety during the game. The survey of preschool 
children revealed the causes of anxiety at the stage of 
organizing the game.
1.  The distribution of roles in the game without taking 

into account the wishes of game participants (78% 
of cases; р0,001). 

2.  Inconsistency of the game plot with the actual cog-
nitive needs of the game participants (62% of cases).
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Causes of anxiety during the game are divided into 
three blocks.

Block I – “Low level of organization of preparation for the 
game”. The block includes the following reasons: 1. The dis-
tribution of roles in the game without taking into account 
the wishes of game participants. 2. Appointment to the 
main roles of the same participants in the game. 3. Lack 
of desire to play a minor role in the game. 4. Mismatch 
between the plot of the game and the current cognitive 
needs of game participants. 5. Recalling the negative 
experience of participating in games. 6. Unwillingness to 
interact with a particular participant in the game.

Actions to eliminate the causes of anxiety at the level of 
the game preparation organization:
1.  Take into account the wishes of children when as-

signing roles in the game. Avoid the occurrence of a 
conflict situation due to the child’s reluctance to play 
a secondary role.

2.  Do not assign the same players to the main roles.
3.  Select the plot of the game taking into account the 

actual cognitive needs of the game participants.
4.  Timely identify the negative experience of partic-

ipating in the games that were held earlier, and 
promote the replacement of this experience with a 
positive one.

5.  Take into account the reluctance of individual game 
participants to interact with each other.

-  Block II – “Low level of the game”. The following reasons 
are included in the block: 1. Partial awareness of the 
participants of the game of the essence of the role. 2. 
Organization of the game without prior trial play of 
its plot. 3. Fulfilling the role requires significant intel-
lectual effort from the participant of the game. This 
prevents from enjoying the gameplay itself. 4. Fulfilling 
the role requires the application of knowledge and 
skills that are formed at a low level. 5. External motiva-
tion to participate in the game. 6. Game participants 
do not want to communicate directly.

Actions to eliminate the causes of anxiety at the level of 
the game process:
1.  To organize a test play of the plot of the game to elim-

inate the partial understanding of the essence of the 
role to be performed by the participants of the game.

2.  Determine such a level of intellectual load during 
the game that will not prevent enjoyment of the 
process itself.

3.  Use didactic materials that will help a game participant 
with a low level of knowledge and skills to enjoy the 
game process and master new knowledge and skills.

4.  Transfer the external motivation of participation in 
the game to the internal one (I want to play because...)

5.  Use your own example to show examples of possible 
communication between game participants.

game process (72% of cases; р0,002) and lack of posi-
tive dynamics in personal development (48% of cases; 
р0,001). The causes of anxiety in young people include 
lack of satisfaction with the game process (70% of cas-
es; р0,001). As well as the presence of the process of 
transferring negative emotions that arose during the 
game, to overt or covert confrontation in interpersonal 
interaction during school and extracurricular time (34% 
of cases; р0,001).

DISCUSSION
Play is the main activity of preschool children and one 
of the activities of primary school children, adolescents 
and young people. The wide range of use of the game 
in the process of teaching children is explained by the 
variety of its types (story-role play, educational game, 
business game, etc.) and the purpose of implemen-
tation. Compared to traditional learning, involving 
children in play has a positive effect on their mental 
development, helps to solve emotional and social 
problems. At the same time, the process of the game 
can cause anxiety in its participants and have a negative 
impact on their health.

Anxiety as a stable personality trait can be formed in 
older preschool age (D. Usyk [18]). Anxiety is included in 
the structure of self-regulation of behavior (H. Miklyae-
va [1]). Primary school students are most likely to show 
anxiety in areas of life that are particularly important 
to them. This is school education, situations of testing 
knowledge, fear of magical creatures, evaluation of 
the child by peers and adults, etc. (H. Miklyaeva [1]). 
Adolescents and young people are characterized by an 
understanding of the dependence of health on anxiety 
and fears (O. Bogucharova [19]).

Medium and low levels of activity predominate in 
older preschool children. In particular, children with 
low levels of activity often observe the actions of other 
participants with interest instead of actively participat-
ing in the game. Medium-level children are interested 
in the implementation of role-playing actions and the 
implementation of the role, which does not provide for 
independent decisions that affect the overall course of 
the game (M. Savchenko [20]). The activity of primary 
school children in the game depends on individual 
psychophysiological capabilities. If the capabilities of 
the weakest child are taken as one, the capabilities of 
the strongest student will be almost 15 times higher. 
(M.  Alekseeva [21]). Mentally stable adolescents and 
young people in comparison with the unstable show 
lower rates of situational and personal anxiety, achieve-
ment motivation and focus on seeking social support 
(A. Sheiko [23]).



Тetiana Міyer et al. 

1420

CONCLUSIONS 
In accordance with the purpose of the study, it was 
found that the game is used for the purpose of edu-
cation, upbringing, development and socialization of 
children of preschool and school age. The originality 
of the study is that the game process is analyzed for 
the first time not in the context of a positive impact 
on children’s health, but in the context of the negative. 
In addition, for the first time, the causes of anxiety 
during the game are determined. These reasons are 
arranged in three blocks “Low level of organization of 
game preparation”, “Low level of the game process”, 
“Negative subjective result of the game”. The impact of 
the results of the game on the use of mental self-man-
agement techniques by adolescents and young peo-
ple, which in turn has a positive effect on their health, 
remains controversial. And also questions aboutthe 
presence of intrapersonal conflicts, which can be 
caused by subjective factors (emotional instability of 
teenagers and young men, low self-criticism, impul-
sivity, exaggerated harassment, depressive state) and 
objective factors (external influences, biorhythms, 
tense relations).

-  Block III – “Negative subjective result of the game”. The 
block includes the following reasons: 1. Getting a neg-
ative experience of participating in the game. 2. Lack 
of pleasure from the game process. 3. Lack of positive 
dynamics in personal development. 4. Formation of 
negative associations in the participants of the game. 
5. Transfer of negative emotions that arose during the 
game, to overt or covert confrontation in interpersonal 
interaction in the educational and extracurricular time.

Actions to eliminate the causes of anxiety at the level of a 
negative subjective result of the game:
1.  To prevent children from having a negative expe-

rience of participating in the game and negative 
associations with the game process.

2.  End the game at the moment when the children are 
enjoying the game process.

3.  To record positive dynamics in the personal devel-
opment of children (for example, we learned to be 
attentive and overcome obstacles).

4.  To prevent the transfer of negative emotions that 
arose during the game to overt or hidden confron-
tation in interpersonal interaction in educational and 
extracurricular time
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INTRODUCTION 
The significant intensification of the educational pro-
cess in higher educational institutions (HEIs) of Ukraine, 
which is designed to ensure the high quality of training 
of future specialists for professional activities, has led 
in recent years to a significant intellectual overload of 
students and caused a decrease in their motor activity 
[1]. This negative trend has been significantly intensified 
during the period of regular transitions from full-time 
to distance (online) education. As a result of a heavy 
learning load with low motor activity (students spend 
most of their time sitting in classrooms or at computer 
and phone screens), negative changes began to occur 
in students’ bodies, associated with a general deterio-
ration in health, diseases (pathologies) of many organs 
and systems, excess weight gain, and problems in the 
psycho-emotional sphere (irritability, aggressiveness, 
isolation, poor health, etc.) [2]. The above factors hurt 
the indicators of intellectual working capacity (IWC) and 

mental cognitive processes (MCP) of students: academic 
performance deteriorates, attention, memory, thinking 
decrease, and fatigue sets in quickly [3]. Fatigue is based 
on a decrease in the body’s functional capabilities and 
reserves. Since students’ learning activities by their 
nature belong to the types of mental and intellectual 
labor, one of the first signs of fatigue is a decrease in 
their IWC.

According to some scientists [4], an effective way to 
combat fatigue, and deterioration of the intellectual, 
as well as the physical working capacity of students 
is to increase the amount of their motor activity (MA) 
and physical exertion, including their rational dosage 
during the period of intense intellectual activity. It is 
proved that physical exercises (PEs) actively influence 
the effectiveness of students’ learning, elements of 
IWC, and are used to prevent and eliminate mental 
fatigue in the conditions of intensification of educa-
tional activities [5].
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Of particular interest among scientists is the ques-
tion of the rational use of PEs to restore working ca-
pacity during intellectual functioning. According to 
experts [6], a high level of IWC is maintained provided 
that the optimal excitability of the corresponding 
cortical areas of the cerebral cortex is maintained. As a 
result of prolonged intellectual functioning, inhibitory 
processes occur in the higher parts of the brain, which 
cause a decrease in attention, memory, the ability to 
creatively analyze information, and result in errors. A 
periodic transition to performing physical exercises 
allows you to accelerate the recovery of IWC, relieve 
fatigue, and have a general health effect. However, 
scientists emphasize the need to take into account 
the amount of physical exertion and the time of exer-
cise in the daily routine for IWC recovery. It is during 
intellectual functioning, according to scientists [7], 
that the negative effects of physical exertion are most 
often encountered. Heavy physical exertion results in 
a disruption of the nerve centers, to the creation of 
a new dominant system of inter-center connections 
in the higher parts of the brain. This can complicate 
further intellectual functioning which is based on a 
different mechanism. Significant muscle exertion can 
create persistent fatigue. If the following processes 
occur during intellectual functioning, productivity 
may decrease. Therefore, training sessions with heavy 
physical exertion should be carried out after the end 
of intellectual activity, at the end of the working day.

Scientists [8] note that the selection and duration of 
PEs in the process of intellectual activity depend on 
the nature of such functioning. If it consists of habitual 
intellectual operations that do not contain complex 
analytical components, then in this case, moderate 
exertions of increased duration and intensity will not 
cause a decrease in the productivity of the main work. 
However, if intellectual functioning is creative in nature 
and involves analyzing a wide range of information, 
then the system of inter-center connections should not 
be disrupted by switching to intense muscle activity. In 
this case, a positive effect is achieved by light PEs, the 
performance of which does not disturb the dynamic 
stereotype of the main work in the cortex.

According to experts [9], within the daily or weekly 
cycles of activities, in which mental work and other 
types of work alternate, there must be a place for 
training sessions aimed at improving physical fitness. 
Depending on the conditions, they can take the form 
of regular physical education training sessions, inde-
pendent training, or athletic training. It is better to 
conduct training sessions with high physical activity 
in the afternoon so that complete recovery of IWC 
occurs during evening rest and night sleep.

THE AIM
The aim is to study the impact of physical exercises 
of different intensity on the dynamics of intellectual 
working capacity and mental cognitive processes in 
students.

MATERIALS AND METHODS
The research was conducted at the Department 
of Health and Sports Technologies of the National 
Technical University of Ukraine “Igor Sikorsky Kyiv 
Polytechnic Institute” (Kyiv, Ukraine) in 2021. The 
research involved 293 students (168 men and 125 
women) of the first and second instructional years 
of technical specialties. 

The research was conducted in 2 stages. The 1st 
stage involved the study of the level of intellectual 
working capacity as well as the indicators of atten-
tion and memory of students with sufficient (the 
experimental group, n = 76) and insufficient levels of 
motor activity (the control group, n = 217). The level 
of MA was determined by interviewing students and 
assessing their involvement in various forms of MA: a 
sufficient level involved systematic physical exercise 
throughout the day and week (morning physical 
exercises, physical education training sessions at the 
HEI, club training sessions by sports, independent 
training); insufficient level – irregular, occasional 
attendance of physical education training sessions 
at the HEI, absence of morning exercises, indepen-
dent and club training sessions in the daily routine. 
The 2nd stage provided for the determination of the 
dynamics of IWC and MCP indicators in students 
(n = 76) before and after physical exercises of different 
intensity, which was determined by the value of HR. 
Thus, two groups of students were randomly created: 
the EG1 (n = 38) and the EG2 (n = 38). The EG1 had 
low-intensity training sessions (students’ heart rate 
during the training sessions did not exceed 130-150 
beats / min), and the EG2 had high-intensity training 
sessions (heart rate – 160-180 beats / min). The dura-
tion of the training sessions was 90 minutes.

We used the following scientific methods: theo-
retical analysis and generalization of scientific and 
methodological literature, testing of students’ indi-
cators of IWC and mental cognitive processes, and 
methods of mathematical statistics. The IWC was 
assessed by Anfimov’s correction task (a form with 
1480 characters (37 lines of 40 characters each) [10]. 
The test lasts 10 minutes. The task was to consistent-
ly cross out the letters C and K in the form (M). At 
the same time, it was necessary to process as many 
characters as possible (H) and make as few mistakes 
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as possible (O). A mistake is considered to be the 
omission of letters that should be crossed out, as well 
as incorrectly crossed-out letters. Based on the test 
results, we determined the rate of accuracy (A) and 
IWC: A = M / (M + O) × 100; IWC = A / 100 × H. The 
scope of attention and visual memory of students was 
assessed using the numerical operations method, the 
essence of which is to operate with certain volumes 
of information in the form of one-digit numbers. A 
25-cell form with numbers from 1 to 40 (15 numbers 
were omitted) was used. According to the test condi-
tions, the student should find and cross out the num-
bers missing in the test form as quickly as possible 
(1-minute test). After that, using another form, the 
students had to write down the difference between 
the crossed-out numbers they had to memorize and 
the number 10.The scope of attention and visual 
memory were assessed on a 9-point scale. During 
each subsequent test, the position and order of the 
letters in the correction task form and the numbers 
in the forms were changed.

The significance of the difference in the results of 
the students was determined during the studying 
based on the Student’s test. The significance for all 
statistical tests was set at p<0.05. All statistical anal-
yses were performed with the SPSS software, version 
21, adapted to medical and biological researches. 
This research followed the regulations of the World 
Medical Association Declaration of Helsinki. Informed 
consent was received from all students who took part 
in this research.

RESULTS 
The analysis of the results obtained at the 1st stage of 
the research showed that most of the studied indica-
tors in students with a sufficient level of MA were sig-
nificantly (p < 0.05; p < 0.01) better than those with an 
insufficient level of MA (Table I). Thus, only in terms of 
the number of processed characters, the indicators of 
the EG and the CG do not have a significant difference 
(p < 0.05). The number of errors in the CG was higher 
than in the EG by 3.5 c. u.; the indicators of accuracy, 
IWC, the scope of attention, and visual memory were 
better in the EG by 1.8, 48.5, 0.4, and 0.4 c. u., respec-
tively. This indicates that MA is an effective factor in 
improving students’ IWC and MCP while studying at 
the HEI.

The comparative analysis of students’ IWC and MCP 
indicators before and after the training sessions with 
low- and high-intensity PEs in the educational process 
(in the intervals between academic studies) shows 
that all the studied indicators either improved or did 
not change after PEs performance in the EG1, where 
training sessions with PEs were characterized by low 
intensity. The most qualitative changes (p > 0.05) were 
found in the reduction of the number of errors (by 1.5 
c. u.), in the accuracy indicators (by 1.3 c. u.) and in IWC 
(by 22.8 c. u.) (Table ІІ).

There was deterioration in all indicators in the EG2, 
where the training sessions with PEs were conducted 
with high intensity, in contrast to the EG1. The most 
pronounced changes were found in the indicators of 
accuracy (by 3.0 c. u., at p < 0.05), the number of errors 

Table І. The level of IWC and MCP indicators in students with sufficient (EG, n = 76) and insufficient (CG, n = 217) levels of MA (Mean ± SD), c. u.
The studied indicators EG (n=76) CG (n=217) Level of significance (р)

Volume of information (number of processed characters) 1261.5±14.3 1235.2±6.7 >0.05

Number of mistakes made 14.6±0.95 18.1±0.68 <0.01

Work accuracy indicator 91.2±0.51 89.4±0.34 <0.05

Intellectual working capacity 1147.8±13.2 1099.3±7.5 <0.01

Scope of attention 7.3±0.15 6.9±0.11 <0.05

Visual memory 6.1±0.17 5.7±0.10 <0.05

Table ІІ. Dynamics of students’ IWC and MCP before and after training sessions with PEs of low (EG1, n = 38) and high (EG2, n = 38) intensity (Mean ± SD), c. u.

The studied indicators
EG1

р
EG2

р
Before After Before After

Volume of information 1257.8±19.1 1255.2±20.3 >0.05 1268.1±18.7 1249.4±19.2 >0.05

Number of mistakes made 15.3±1.04 13.8±0.99 >0.05 14.1±1.02 16.5±1.07 >0.05

Work accuracy indicator 89.3±0.81 90.6±0.79 >0.05 90.4±0.94 87.4±0.90 <0.05

Intellectual working capacity 1119.4±22.7 1142.2±21.9 >0.05 1141.3±23.2 1086.9±24.1 >0.05

Scope of attention 7.1±0.32 7.3±0.30 >0.05 7.2±0.34 6.7±0.35 >0.05

Visual memory 5.9±0.39 6.0±0.37 >0.05 5.8±0.40 5.6±0.41 >0.05
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made during the processing of the correction task (by 
2.4 c. u., at p < 0.05), IWC (by 54.4 c. u., at p < 0.05) and 
the scope of attention (by 0.5 c. u., at p < 0.05). The 
obtained results indicate that training sessions with 
PEs in the process of academic studies should not give 
a heavy load on students. However, low-intensity train-
ing sessions with a health-improving effect are quite 
effective in improving both students’ IWC and MCP.

DISCUSSION
Physical education is an integral part of the formation 
of a harmoniously developed modern specialist. It is 
proved that systematic optimal training sessions with 
PEs contribute to health promotion, improvement of 
physical and intellectual working capacity as well as the 
quality of education of students [11]. Scientists argue that 
intellectual functioning and intellectual development 
require an appropriate physical condition of students, 
that is, intellectual activity directly depends on MA [12]. 
Scientists describe the dependence of intellectual func-
tioning productivity on physical activity as follows: the 
effectiveness of intellectual functioning in conditions 
of low MA decreases by 50 % on the second day. During 
intellectual activity, blood flow to the brain vessels in-
creases, peripheral vessels of the extremities constrict, 
and the vessels of the internal organs dilate, i. e., reac-
tions are reversed from those characteristics of muscle 
exertion. During PEs performance, many impulses are 
sent to the cerebral cortex from all organs and systems, 
especially from muscles and the entire musculoskeletal 
system, the importance of which is extremely important 
for the recovery of fatigue, ensuring thinking processes 
and sustainable intellectual activity. Thus, motor activity 
and physical exertion are a prerequisite for successful, 
fruitful, and long-term intellectual activity [13]. 

Specialists [14] note that PEs used in the educational 
process has a double effect on the students’ body: spe-
cific and nonspecific. The specific effect is manifested in 
the direct participation of the motor analyzer in various 
learning activities: the ability to hold a static posture; 
performing movements necessary for intellectual func-
tioning, i. e. finger and hand movements while writing; 
eye movements, moving the torso in space; manipulating 
various objects. The nonspecific effect is that muscle 
activity causes an increase in the tone of the cerebral 
cortex, thus creating favorable conditions not only for 
the functioning of existing connections but also for the 
development of new ones. However, physical exercises 
have the most beneficial effect on students’ bodies only 
within the limits of optimal load. Excessive motor activity 
in the process of studying (between academic studies) 
can hurt the body – the general condition worsens, the 

activity of the nervous system is disturbed, recovery pro-
cesses slow down, excessive fatigue and overstrain arise 
and accumulate. That is why it is necessary to perform PEs 
with high intensity after the end of the academic day so 
that the body can recover by the next day [15]. 

In the course of our research, we found that MA is an 
important factor not only in promoting students’ health 
but also in improving their IWC and MCP: students who 
had a sufficient amount of MA had significantly better 
indicators of intellectual and mental functioning (at-
tention, memory). At the same time, the use of optimal 
physical exertion in the students’ working day routine 
performs the function of active rest and recreation to 
prevent their intellectual fatigue. Thus, PEs has a posi-
tive impact on the effectiveness of students’ learning, 
on the indicators of their intellectual functioning and 
is a means of relieving negative emotions and intellec-
tual fatigue. Our results confirmed the conclusions of 
scientists, where it was found that PEs in the process 
of intellectual functioning contributed to the improve-
ment of mobility of nervous processes and thus created 
prerequisites for the longer preservation of IWC. At the 
same time, one should avoid excessive physical and 
emotional stress when performing PEs in the process 
of intellectual functioning, which can increase the ex-
citability of the central nervous system and complicate 
further involvement in intellectual activity.

CONCLUSIONS
It was found that students who systematically engage 
in PEs and have a sufficient amount of MA have signifi-
cantly (p < 0.05; p < 0.01) better indicators of IWC and 
MCP than students with insufficient MA. The difference 
between the EG and the CG in terms of the number of 
errors, accuracy, IWC, the scope of attention, and visual 
memory was 3.5, 1.8, 48.5, 0.4, and 0.4 c. u., respectively.

It was found that in the process of academic studies, 
low-intensity PEs of recreational nature had a more 
positive effect on the indicators of IWC. Thus, most 
of the indicators of students’ intellectual functioning 
improved after training sessions in the EG1, in contrast 
to the EG2, where training sessions were of a training 
nature of high intensity. Such training sessions should 
take place only after the end of intellectual function-
ing. Thus, organized MA and optimal physical exertion 
during and after the end of intellectual functioning 
can directly affect the preservation and improvement 
of students’ intellectual working capacity.

Prospects for further research are aimed at studying 
the impact of physical exertion of different intensity 
on the indicators of physical development and health 
of students.
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INTRODUCTION 
Stress is a very strong and prolonged psychological ten-
sion that occurs in a person in situations where his or her 
nervous system experience a significant emotional load. 
During stressful conditions, the human body strives 
to achieve relative stability, so psychophysiological 
changes occur in the human body under the influence 
of negative factors [1-3]. Able-bodied people who have 
to be exposed to stressors every day due to certain cir-
cumstances are most susceptible to stress. Therefore, 
scientists identify the development of professional 
stress as an important problem that affects productivity, 
as well as the state of human mental health [4-6].

Scientific research confirms the tendency for stress 
levels to increase among specialists in socio-economic 
professions, which include the professional activities of 

law enforcement officers [7-10]. Its analysis shows that 
the typical characteristics of work that provoke stress 
on the nervous system of law enforcement officers are 
the excessive intensity of workloads, high responsibil-
ity for the final results of activities, a multiple system 
of professional relationships, etc. The activities of law 
enforcement officers are multifaceted and heteroge-
neous in their content, with irregular working hours, 
the emergence of systematic sources of stress (service 
conflicts, life crises, confrontation between personal 
and corporate values), and significant flows of service 
information being its integral elements. Moreover, 
law enforcement activities take place in conditions 
of constant manifestation of external stressors (insta-
bility of social dynamics, relations with the criminal 
environment, etc.), which hurts the performance and 

THE IMPACT OF PROFESSIONAL STRESS ON THE MENTAL 
HEALTH OF LAW ENFORCEMENT OFFICERS

DOI: 10.36740/WLek202306115 

Ivan М. Okhrimenko1, Vadym V. Barko2, Lesia V. Vavryk3, Vadym D. Chornous3, Svitlana S. Okhrimenko1, 
Yurii V. Aleksandrov4, Larysa M. Onishchuk5

1NATIONAL ACADEMY OF INTERNAL AFFAIRS, KYIV, UKRAINE
2STATE RESEARCH INSTITUTE OF THE MINISTRY OF INTERNAL AFFAIRS OF UKRAINE, KYIV, UKRAINE
3NATIONAL ACADEMY OF THE SECURITY SERVICE OF UKRAINE, KYIV, UKRAINE
4KHARKIV NATIONAL UNIVERSITY OF INTERNAL AFFAIRS, KHARKIV, UKRAINE
5NATIONAL UNIVERSITY «YURI KONDRATYUK POLTAVA POLYTECHNIC», POLTAVA, UKRAINE

ABSTRACT
The aim: To investigate the impact of professional stress on the mental health of law enforcement officers.
Materials and methods: The research involved two groups of law enforcement officers (aged 25-40): the first group with up to 7 years of service activities 
(n = 52), the second group – 8-15 years (n = 48). Research methods: bibliosemantic, questionnaire, testing, method of system analysis and generalization, 
mathematical and statistical. 
Results: It was found that law enforcement officers of both groups identified indicators of a significant professional workload, lack of adequate rest, and the 
nature of communication with participants in professional relationships among the factors of professional stress. It is proved that the mental health of law 
enforcement officers deteriorates under the influence of professional stress with the experience of their professional activities. Law enforcement officers with 
8-15 years of service experience have significantly (p < 0.05-0.001) worse indicators of anxiety, aggressiveness, motivation, personal detachment, impulsive-
ness, vigor, and work efficiency.
Conclusions: It was established that the professional stress of law enforcement officers is the result of an imbalance between the internal resources of the 
individual and the requirements of the external environment, embodied in the peculiarities of law enforcement activities. Law enforcement officers are char-
acterized by the presence of professional stress of average and high severity, which increases with the experience of their service activities. A set of measures 
was proposed to provide psychological assistance to law enforcement officers to effectively counteract professional stress and improve their mental health.
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mental health of law enforcement officers. Thus, scien-
tists consider law enforcement to be one of the most 
nerve-wracking and stressful activities, the conditions 
of which lead to the formation of professional defor-
mation of law enforcement officers. This manifests in 
protective reactions, maladjustment, negative experi-
ence, deterioration of health, etc. [11, 12]. That is why 
the search for ways to overcome professional stress 
in law enforcement officers is of significant scientific 
and applied importance since the negative impact of 
stress on their mental health leads to a decrease in the 
effectiveness of their law enforcement activities.

THE AIM
The aim is to investigate the impact of professional 
stress on the mental health of law enforcement officers. 
Objectives: 1)  to identify the factors of professional 
stress in law enforcement officers; 2)  to find out the 
impact of stress on their mental health during their 
service activities.

MATERIALS AND METHODS
The research involved two groups of law enforcement 
officers (aged 25-40) who attended advanced training 
courses at the National Academy of Internal Affairs 
(NAIA, Kyiv, Ukraine) in 2022: the first group with up to 
7 years of service activities (n = 52), the second group 
– 8-15 years (n = 48). The criterion for the selection and 
formation of the study groups was the experience of 
law enforcement officers.

Research methods: bibliosemantic, questionnaire, 
testing, method of system analysis and generaliza-
tion, mathematical and statistical. The bibliosemantic 
method was used to conduct an analytical review of 
scientific sources on the outlined range of issues (16 
sources from the scientometric databases PubMed, 
Scopus, Web of Science Core Collection, Index Coper-
nicus, and others were analyzed). The questionnaire 
method involved surveying police officers using a 
questionnaire developed by the author’s team to study 
the factors of professional stress. The questionnaire 
contains 10 questions that assessed the frequency of 
the factors: a – never, b – sometimes, c – often, and d 
– always. The questionnaire was anonymous. The sep-
arate questionnaire was used to survey the managers 
of police units (n  =  39) where the law enforcement 
officers involved in the research served to assess the 
impact of professional stress on the mental health of 
subordinate law enforcement officers in the course of 
their service activities. The questionnaire contains 13 
statements-characteristics, according to which man-

agers assessed the mental health of subordinate law 
enforcement officers on a 5-point scale, where 1 point 
is a low level of characteristic manifestation, and 5 – a 
high level. Both questionnaires were anonymous. Both 
questionnaires were assessed by the experts in this 
field (5 professors and 7 associate professors) and was 
approved by the Academic Council of NAIA (Protocol 
No. 1 dated 12.09.2022). Consent to voluntary partici-
pation in the survey was obtained from all the cadets 
involved in the study.

Testing, as a method of scientific research, was used to 
assess the impact of professional stress on the mental 
health of law enforcement officers with different service 
experience. Two methods were used: 1) “Assessment of 
the Level of Professional Stress”; 2) “Inventory of Stress 
Symptoms” [13,  14]. The “Assessment of the Level of 
Professional Stress” method is based on the under-
standing of professional stress as an indicator of mental 
stress relevant at the time of measurement, which is 
interpreted as a level of threat to the employee’s mental 
health. The examinee must indicate the frequency of 
occurrence of a particular stressful phenomenon in his 
or her professional activities. It contains 15 questions, 
for which the respondent gives 1 to 5 points for each 
proposed position. The data is processed by summing 
the scores. The higher the score, the higher the level 
of stress in the law enforcement officer’s professional 
activities, and the greater the negative impact on his 
or her mental health. The level of professional stress 
is considered low if a law enforcement officer scores 
15-30 points, average – 31-50 points, and high – 51-75 
points. The “Inventory of Stress Symptoms” method 
allows one to assess the frequency of their occurrence 
and the degree of exposure of a law enforcement of-
ficer to the negative effects of stress. The subjects of 
interest were offered 20 stress symptoms to assess the 
frequency of their manifestations in their life-sustain-
ing activities on a four-point scale: 1 – never, 2 – rarely, 
3 – often, and 4 – always. Then the total number of 
points was calculated, which was used to determine 
the level of stress symptoms manifestation. The level 
of stress symptoms manifestation was considered low 
if the law enforcement officer scored up to 30 points, 
average – 31-45 points, high – 46-60 points, and very 
high – 61-80 points.

The method of system analysis and generalization was 
used to analyze the results obtained and formulate the 
conclusions of the research and practical recommen-
dations for combating professional stress among law 
enforcement officers.

The methods of mathematical statistics were applied 
to correctly process the data and identify the difference 
between the indicators under study. The compliance of 
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the data distribution with the Gauss’ law was assessed 
using the Shapiro-Wilk W-test. The authenticity of the 
difference between the indicators that were evaluated 
in percentages was determined by means of Chi-square 
(χ2) Pearson’s criterion (Т). The authenticity of the dif-
ference between the indicators that were evaluated in 
points was determined by means of Student’s test (t). 
The statistical significance for all statistical tests was 
set at p<0.05. All statistical analyses were performed 
with the SPSS software, version 21, adapted to medical 
and biological researches. This research followed the 
regulations of the World Medical Association Decla-
ration of Helsinki and ethical principles for medical 
research involving human subjects. Informed consent 
was received from all police officers who took part in 
this research.

RESULTS
The study results of the factors of professional stress 
occurrence in law enforcement officers with different 
service experience are presented in Table І.

It was found that the first group of respondents can 
be characterized by the occurrence of the following 
most significant factors of professional stress: 1) gaps 
in the management system of units and relations with 
the senior executives (often – 59.7  %); 2)  high pro-
fessional load, lack of adequate rest (often – 57.7 %, 
always – 19.2  %); 3)  tension in communication with 
participants of professional relations (often – 53. 8 %, 
always – 25.0 %); 4) insufficient salary (often – 53.8 %, 
always – 21.2  %); 5)  the imperfection and constant 
changes in the legislation regulating law enforcement 
activities (often – 53.8 %, always – 23.1 %). The second 
group of law enforcement officers was characterized by: 
1) heavy professional workload, lack of adequate rest 
(often – 52.1 %, always – 16.7 %); 2) insufficient salary 
(often – 50.0 %, always – 29.1 %); 3) tension in communi-
cation with participants of professional relations (often 
– 47. 9 %, always – 18.8 %); 4) constant shortage of time 
(often – 47.9 %, always – 12.5 %); 5) the imperfection 
and constant changes in the legislation regulating 
law enforcement activities (often – 45.8  %, always – 
22.9 %). The data obtained indicate that both groups 
of respondents to a greater or lesser extent highlight 
the indicators of heavy professional workload, lack of 
adequate rest, and the special nature of communication 
with participants of professional relations. At the same 
time, no significant difference (p  >  0.05) was found 
between the groups for all the factors studied, which 
confirms the presence of factors of professional stress 
occurrence in the service activities of law enforcement 
officers with different experience. 

The analysis of the results obtained using the “As-
sessment of the Level of Professional Stress” method 
indicates the presence of professional stress in law 
enforcement officers with different experience, which 
negatively affects their mental health (Table ІІ).

It was found that only 3.8 % of law enforcement of-
ficers of the first group and 2.1 % of the second group 
have a low level of professional stress and, accordingly, 
a high level of mental health. This indicates that both 
groups of law enforcement officers are characterized by 
daily stressful service activities, a high level of reduced 
productivity, and the likelihood of complications in 
the physiological and mental spheres of activities. 
Law enforcement officers of the second group have an 
average level of professional stress (56.2 %) (compared 
to the first group, where a high level of 55.8 % prevails). 
First of all, this can be explained by the fact that over 
the course of a longer service career (8-15 years), the 
emotionality of social interaction is gradually lost, and 
the facts of the surrounding reality and objects of pro-
fessional communication are already perceived as quite 
typical and ordinary. There is a decrease in the degree 
of satisfaction with everyday activities. However, no 
significant difference was found between the indicators 
of both groups of law enforcement officers (p > 0.05). 

The results obtained using the “Inventory of Stress 
Symptoms” method are presented in Table ІІІ.

It was found that only 1.9 % of respondents with up 
to 7 years of service experience and 2.1 % with 8-15 
years of experience have low levels of professional stress 
symptoms manifestation. The vast majority of surveyed 
law enforcement officers with 8-15 years of experience 
(47.9  %) and those with up to 7 years of experience 
(38.5 %) were characterized by average levels of profes-
sional stress manifestation. On the other hand, 53.8 % 
of respondents with up to 7 years of service activities 
and 45.8 % with 8-15 years of service activities had a 
high level of professional stress symptoms manifesta-
tion (p > 0.05). Systematic stressful phenomena in the 
indicators of service activities cause excessive mental 
stress, provoke a deterioration of relations with col-
leagues and senior executives, and can gradually lead 
to emotional burnout and professional deformation as 
inevitable processes.

The survey of senior executives (n  =  39) of police 
units confirmed our previous findings and showed that 
certain indicators of the mental health of subordinate 
law enforcement officers significantly deteriorate with 
the experience of their professional activities (Table ІV).

It was found that law enforcement officers with up to 7 
years of service experience are more anxious but better 
motivated, more productive, and vigorous; they have a 
strong interest in their career, sensitivity to colleagues 
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Table І. Factors of professional stress occurrence in law enforcement officers with different professional experience (%)

Factors of professional 
stress occurrence

Frequency of 
manifestation

Groups of law enforcement officers studied Significance of 
the difference

The first group  
(up to 7 years of 
service, n = 52)

The second group  
(8-15 years of 

service, n = 48)
Т р

Imperfection and constant changes in the 
legislation regulating law enforcement 

activities

а 9.6 10.4

0.86 >0.05
b 13.5 20.8

c 53.8 45.8

d 23.1 22.9

High level of personal responsibility for the 
decision made in conditions of information 

uncertainty

а 7.7 16.7

5.13 >0.05
b 28.8 33.3

c 48.1 39.6

d 15.4 10.4

Riskiness of the functions performed

а 13.5 18.7

0.62 >0.05
b 26.9 29.2

c 48.1 41.7

d 11.5 10.4

High professional load, lack of adequate rest

а 5.8 6.3

1.28 >0.05
b 17.3 25.0

c 57.7 52.1

d 19.2 16.7

Constant shortage of time

а 9.6 6.3

1.91 >0.05
b 23.1 33.3

c 51.9 47.9

d 15.4 12.5

Tension in communication with participants 
of professional relations

а 7.7 10.4

8.43 >0.05
b 13.5 22.9

c 53.8 47.9

d 25.0 18.8

Constant interaction with representatives of 
the criminal world

а 11.5 12.5

1.47 >0.05
b 32.8 14.6

c 44.2 43.7

d 11.5 29.2 

Insufficient salary

а 5.8 6.3

5.11 >0.05
b 19.2 14.6

c 53.8 50.0

d 21.2 29.1

Gaps in the management system and 
relations with senior executives

а 9.6 10.4

7.47 >0.05
b 19.2 20.8

c 59.7 43.8

d 11.5 25.0

Performing additional functions not 
provided for by functional responsibilities

а 5.8 12.5

4.70 >0.05
b 25.0 33.3

c 50.0 41.7

d 19.2 12.5

Legend: a – never; b – sometimes; c – often; d – always; T – the value of χ2 – criterion; Tcritical – 9.50; p – significance of the difference between the 
indicators of the study groups
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and objects of professional relationships; they are less 
prone to conflicts. On the other hand, law enforcement 
officers with 8-15 years of experience are more respon-
sible, although they no longer have the same vigor and 
interest in their work, their attitude towards colleagues 
and work in general changes in some way; they become 
more impulsive, critical and aggressive, and show a 
certain indifference to career success. It can also be 

argued that with the experience of service and under 
the influence of systematic stress, there is a gradual 
decline in the effectiveness and vigorous attitude of law 
enforcement officers, as well as their detachment from 
the professional environment. The comparative analysis 
of the two groups showed that law enforcement officers 
with 8-15 years of service experience had significantly 
(p < 0.05-0.001) worse indicators of anxiety, aggressive-

Table ІІ. The level of professional stress and mental health among law enforcement officers with different service experience (%)

Level  
of professional stress

Level  
of mental health 

Groups of law enforcement officers studied Significance of 
the difference

The first group (up to 7 
years of service, n = 52)

The second group (8-15 
years of service, n = 48) Т р

Low High 3.8 2.1

5.11 >0.05Average Average 40.4 56.2

High Low 55.8 41.7

Legend: T – the value of χ2 – criterion; Tcritical – 9.50; p – significance of the difference between the indicators of the study groups

Table ІІІ. Indicators of stress symptoms manifestation in law enforcement officers with different service experience (%)

Level  
of stress symptoms manifestation

Groups of law enforcement officers studied Significance  
of the difference

The first group  
(up to 7 years of service, n = 52)

The second group  
(8-15 years of service, n = 48) Т р

Low 1.9 2.1

0.96 >0.05
Average 38.5 47.9

High 53.8 45.8

Very high 5.8 4.2

Legend: T – the value of χ2 – criterion; Tcritical – 9.50; p – significance of the difference between the indicators of the study groups

Table ІV. Assessment of mental health indicators of subordinate law enforcement officers with different professional experience by unit senior executives 
(M ± m), points

Indicators characterizing  
the mental health  

of law enforcement officers

Groups of law enforcement officers studied Significance  
of the difference

The first group  
(up to 7 years of service, n = 52)

The second group  
(8-15 years of service, n = 48) t р

Anxiety 3.9±0.18 3.2±0.20 2,60 <0.05

Sociability 3.7±0.16 4.1±0.19 1,61 >0.05

Aggressiveness 1.8±0.20 2.7±0.21 3,10 <0.01

Motivation 4.9±0.21 3.6±0.22 2,30 <0.05

Criticism in work 2.9±0.19 3.4±0.19 1,86 >0.05

Sensitivity to colleagues 3.5±0.18 3.0±0.20 1,85 >0.05

Personal detachment 2.1±0.22 3.1±0.19 3,44 <0.01

Impulsiveness 2.2±0.19 3.4±0.23 4,02 <0.001

Vigor 4.1±0.16 3.2±0.20 3,51 <0.01

Conflicting nature 2.6±0.17 3.1±0.19 1,96 >0.05

Responsibility 3.4±0.20 4.1±0.19 2,54 <0.05

Interest in career 4.6±0.16 4.2±0.18 1,66 >0.05

Work efficiency 4.2±0.17 3.4±0.21 2,96 <0.01

Legend: t – Student’s t-test value; p – the significance of the difference between the indicators of the study groups
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•  competent management support for staff;
•  effective management that is adequate to the stage of 

development of a particular law enforcement agency;
•  defining standards of formal and informal behavior of 

law enforcement officers;
•  fair personnel policy and qualification career devel-

opment of personnel;
•  clear and balanced system of incentives for law en-

forcement officers, etc.
2. As part of the restorative approach, psychological 
assistance includes measures to restore the psy-
cho-energetic resources of law enforcement officers 
and overcome the negative effects of professional 
stress. This is facilitated by conducting various ed-
ucational and rehabilitation training, using psycho-
logical relief rooms, organizing corporate holidays, 
etc. The main goal of such measures should be to 
create a comfortable psychological environment that 
would help restore physical and mental strength, 
develop an adequate assessment of work processes, 
practice conflict-free communication skills, creative 
thinking, etc.

CONCLUSIONS
It was found that law enforcement officers of both 
groups identified indicators of a significant profes-
sional workload, lack of adequate rest, and the nature 
of communication with participants in professional 
relationships among the factors of professional stress. 
It is proved that the mental health of law enforcement 
officers deteriorates under the influence of professional 
stress with the experience of their professional activ-
ities. Law enforcement officers with 8-15 years of ser-
vice experience revealed significantly (p < 0.05-0.001) 
worse indicators of anxiety, aggressiveness, motivation, 
personal detachment, impulsiveness, vigor, and work 
efficiency.

It was established that the professional stress of law 
enforcement officers is the result of an imbalance be-
tween the internal resources of the individual and the 
requirements of the external environment, embodied 
in the peculiarities of law enforcement activities. Law 
enforcement officers are characterized by the presence 
of professional stress of average and high severity, 
which increases with the experience of their service 
activities. A set of measures was proposed to provide 
psychological assistance to law enforcement officers to 
effectively counteract professional stress and improve 
their mental health.

Prospects for further research are to investigate the 
effect of professional stress on the state of mental 
health of servicemen.

ness, motivation, personal detachment, impulsiveness, 
vigor, and work efficiency. All this gives us grounds to 
assert that the greater the experience of professional 
activities, the more pronounced the negative impact of 
professional stress on the indicators of mental health 
of law enforcement officers.

DISCUSSION
According to many scientists [2-3,  5,  7], stress is a 
nonspecific reaction of an organism in response to an 
unexpected and tense situation. At its core, this reaction 
reflects the emergency mobilization of an organism’s 
internal resources to overcome an obstacle or protect 
itself from its harmful effects. Strong external stimuli 
(worries, negative emotions) caused by stress are very 
dangerous for the human nervous system. They can 
disrupt the balance, lead to the formation of foci of 
stagnant brain excitation, and this, in turn, contributes 
to the development of psychosomatic changes in the 
personality.

Some scholars [1, 4, 8-10] rightly note the negative 
impact of professional stress on employees in the form 
of health problems, low motivation, reduced occupa-
tional safety, etc. This is also confirmed by the analysis 
of literature [12, 15, 16], pointing to the processes of 
exhaustion, loss of well-being, and productivity among 
representatives of socio-economic professions, includ-
ing law enforcement officers. Researchers [9, 11] have 
also established the connection between professional 
stress and changes in the functional state of the organ-
ism, various psychosomatic diseases, and somatoform 
disorders provoked by significant physical and mental 
workload. This is because stress can intensify and de-
velop, causing some specific changes in the organism. 
Instead, the human psyche tries to protect itself from 
stress, prevent it, or suppress it. However, the capabil-
ities of the organism have their limits, and therefore, 
they are quickly exhausted in the case of a strong and 
systematic stressful impact.

Based on the research, we developed practical rec-
ommendations for providing psychological assistance 
to law enforcement officers to effectively counteract 
professional stress and improve their mental health.

1. Within the framework of the resource-management 
approach, psychological assistance measures are aimed 
at mitigating the factors contributing to the emergence 
of professional stress in law enforcement officers during 
their service activities:
•  organizational development and unification of work-

ing groups of employees;
•  stimulation of a favorable atmosphere for the team 

functioning;
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INTRODUCTION 
Training of competitive, highly qualified, harmoniously 
developed, and healthy professionals is one of the main 
tasks facing higher educational institutions (HEIs) in 
Ukraine. “Physical Education” is one of the main aca-
demic subject areas in higher educational institutions 
that contributes to the effective solution of this task and 
was a compulsory academic subject until 2015. At the 
same time, according to scientists [1, 2], the health and 
fitness level of student youth has rapidly deteriorated 
over the past decade. The concept of reforming the 
sphere of physical education in higher educational insti-
tutions, which was aimed at improving the catastrophic 
situation with the state of health of young people, in 
practice first manifested itself in a decrease in the num-
ber of ECTS credits allocated for teaching the academic 
subject area referred to as “Physical Education”, then in 
an attempt to organize it as an elective (extra-credit 
academic subject without final control and inclusion in 
the curriculum and compulsory attendance). This was 
manifested in the fact that in many Ukrainian HEIs, the 
academic load for physical education during the 1-2 
instructional years was reduced to two hours per week, 

and the academic subject was transferred to the status 
of an educational component of students’ choice or re-
moved altogether in the senior instructional years. The 
works of scientists [3, 4] indicate that the transition from 
compulsory academic training sessions to a system of 
voluntary participation of students in physical educa-
tion has led to a significant decrease in the involvement 
of students in specially organized motor activity in the 
conditions of studying in HEIs and a deterioration in 
their health and physical fitness. As a result, the level 
of motor activity of most modern youth does not meet 
the established age-related physiological norms and is 
no more than 20 %, i. e. 1/5 of the proper level, which 
is one of the lowest in Europe [5]. 

The situation worsened even more with the onset of 
the COVID-19 pandemic and forced quarantine mea-
sures [6, 7]. According to experts [8], in the conditions 
of extremely limited motor activity during the introduc-
tion of quarantine measures, when students are forced 
to spend all their time only on mental activities, there is 
a situation where learning takes place “at the expense 
of health”. However, the quality of higher education 
is equated with the quality of training of employable 
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specialists, which is ensured by the proper state of their 
health and is the main driver of progress in all spheres of 
society and the state. That is why the issue of preserving 
students’ health and maintaining their physical well-be-
ing and fitness during quarantine restrictions cannot be 
considered outside the context of physical education. 
Scientists [9] argue that under quarantine restrictions, 
independent training sessions using all possible types 
of physical activities are the basis of students’ physical 
education. Human physical activity is directly related 
to the body’s ability to adequately respond to external 
threats in the form of viruses and to resist them with 
maximum efficiency [10]. Systematic exercise will im-
prove physical and mental health, ensure that students’ 
physical well-being and fitness are maintained at the 
proper level, and strengthen their immune system [11].

THE AIM
The aim is to study the dynamics of students’ physical 
well-being and physical fitness during the quarantine 
restrictions caused by the COVID-19 pandemic.

MATERIALS AND METHODS
The research involved 263 students (148 men and 115 
women) of the main division aged 18-20 years who en-
tered the National Technical University of Ukraine “Igor 
Sikorsky Kyiv Polytechnic Institute” (Kyiv, Ukraine) in 2019 
at the Faculty of Radio Engineering, Faculty of Chemical 
Engineering and Faculty of Electric Power Engineering 
and Automatics. The research was conducted during 
2020-2021. Depending on the volume of physical activity 
performed by students during quarantine restrictions, 
they were divided into three groups (with sufficient, 
high, and low volume): group A (77 men and 56 wom-
en) – students who performed physical exercises only 
within the distance course referred to as “Physical Edu-
cation: Distance Learning”, conducted by teachers of the 
Department of Health and Sports Technologies, twice a 
week for 90 minutes each (sufficient volume); group B (39 
men and 32 women) – students who performed physical 
exercises within the framework of the specified course 
and additionally (independently or in sports clubs) in the 
amount of 5-6 hours or more (high volume); group C (34 
men and 27 women) – students who for various reasons 
(laziness, lack of interest, lack of desire, mood, lack of time, 
etc.) did not perform physical exercises either within 
the specified course or additionally (low volume). The 
students were divided into groups based on the results 
of a survey conducted at the end of quarantine.

A questionnaire created by the authors of this article 
was used for the survey in accordance with the re-

quirements of the Code of Ethics of National Technical 
University of Ukraine “Igor Sikorsky Kyiv Polytechnic 
Institute”. The questionnaire contains 5 questions and 
is aimed at studying the amount of motor activity of 
students during quarantine. The questionnaire was 
assessed by the experts in this field (2 professors and 4 
associate professors) and was approved by the Academ-
ic Council of National Technical University of Ukraine 
“Igor Sikorsky Kyiv Polytechnic Institute” (Protocol No. 
11 dated 28.07.2020). The survey was anonymous. 
Consent to voluntary participation in the survey was 
obtained from all the students involved in the study.

The physical well-being of students was assessed 
by indicators of their body weight, body length, age, 
heart rate, and blood pressure and was determined by 
the formula of the physical well-being index (PW-BI) 
proposed by Ye. A. Pyrohova [12]: PW-BI = (700 – 3   HR 
– 2.5   BPavg – 2.7   age + 0.28   body weight) / (350 – 2.6   
age + 0.21   body length), where BPavg is the average 
blood pressure (mm Hg), which was determined by the 
formula: BPavg = ((SBP – DBP) / 3) + DBP, where SBP 
is systolic blood pressure and DBP is diastolic blood 
pressure. The ranking of physical well-being levels by 
PW-BI was carried out according to Table I.

The level of physical fitness was determined by the 
results of students’ performance of the following ex-
ercises: 100 m run (speed qualities), pull-ups (males), 
push-ups (females) (strength qualities), 3000  m run 
(males), and 2000  m run (females) (endurance). The 
assessment was conducted under the Regulations on 
State Tests and Standards for Assessment of Physical Fit-
ness of the Population of Ukraine. The testing took place 
in the morning. The uniform was sportswear. The study 
of the level of physical well-being and physical fitness 
of students was conducted before the introduction of 
quarantine restrictions and after their cancellation. The 
duration of quarantine restrictions is 6 months. 

The methods of investigation: questionnaire survey, 
testing, methods of mathematical statistics, theoret-
ical analysis and generalization of the scientific and 
methodological literature: 19 sources on the topic of 
the article from the scientometric databases PubMed, 
Scopus, Web of Science Core Collection and others 
were analyzed. Statistical processing of the obtained 
results was carried out by methods of variation statistics 
using the STATISTICA 6.1 software package (number 
AGAR909E415822FA). The compliance of the data 
distribution with the normal law (Gauss’ law) was as-
sessed using the Shapiro-Wilk W-test. The results were 
presented as (M ± m), where M is the arithmetic mean, 
m is the error of the arithmetic mean. The authenticity 
of the difference between the indicators of students of 
studied groups was determined by Student’s t-test. The 
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level of threshold statistical significance of the research 
results was chosen as p < 0.05.

This study complies with the ethical standards of 
the Act of Ukraine “On Higher Education” No. 1556-VII 
dated 01.07.2014 and the Letter from the Ministry of 
Education and Science of Ukraine “On the Academic 
Plagiarism Prevention” No. 1/11-8681 dated 15.08.2018. 
Also, this study followed the regulations of the World 
Medical Association Declaration of Helsinki – ethical 
principles for medical research involving human sub-
jects. Informed consent was received from all individ-
uals who took part in this research.

RESULTS 
An important criterion for human health and physical 
working capacity is the level of physical well-being, 

which is determined by a set of factors, among which 
the main ones are cardiovascular system indicators 
and body weight. These indicators are most adversely 
affected by quarantine restrictions, in particular low 
motor activity, and have the greatest impact on the 
physical well-being index. The results of the analysis 
of the dynamics of these indicators and the physical 
well-being index are presented in Table II.

The most pronounced negative changes in the phys-
ical well-being indicators of students are observed 
in group C (both among male and female students). 
Thus, during the period of self-isolation, male students 
increased their body weight by 2.2 kg (p > 0.05), and 
female students – by 1.7 kg (p > 0.05). Heart rate de-
teriorated by 0.5 and 0.7 bpm, respectively (p > 0.05). 
Body weight indicators also slightly deteriorated in 
groups A and B but the difference between initial and 

Table І. The ranking of physical well-being levels by PW-BI, c.u.
Well-being levels Range of PW-BI values

Low ≤ 0.375

Below average 0.376–0.525

Average 0.526–0.675

Higher than average 0.676–0.825

High ≥ 0.826

Table ІI. Dynamics of students’ physical well-being indicators during quarantine restrictions (males – n = 148, females – n = 115), M ± m

Studied indicators Groups Gender n
Stages of quarantine restrictions Significance of the differences

Before After t p

Body weight, kg

A
m 77 73.5±1.23 74.8±1.37 0.71 >0.05

f 56 57.3±1.19 58.1±1.21 0.47 >0.05

B
m 39 73.8±1.42 74.2±1.45 0.20 >0.05

f 32 57.5±1.29 57.8±1.30 0.16 >0.05

C
m 34 73.7±1.36 75.9±1.40 1.13 >0.05

f 28 57.9±1.31 59.6±1.33 0.91 >0.05

HR, bpm

A
m 77 72.5±0.52 72.7±0.53 0.11 >0.05

f 56 70.1±0.61 70.2±0.60 0.12 >0.05

B
m 39 71.3±0.58 70.8±0.56 0.62 >0.05

f 32 69.8±0.64 69.8±0.63 0.00 >0.05

C
m 34 72.4±0.55 72.9±0.56 0.64 >0.05

f 28 70.6±0.68 71.3±0.70 0.72 >0.05

PW-BI, c.u.

A
m 77 0.651±0.005 0.643±0.005 1.13 >0.05

f 56 0.662±0.006 0.656±0.006 0.71 >0.05

B
m 39 0.684±0.006 0.695±0.006 1.30 >0.05

f 32 0.691±0.006 0.705±0.005 1.79 >0.05

C
m 34 0.632±0.007 0.613±0.006 2.06 <0.05

f 28 0.647±0.006 0.629±0.006 2.12 <0.05

Legend: M – arithmetic mean, m – error of the arithmetic mean, m – male students, f – female students, t – Student’s t-test value, p – significance of 
the difference between the indicators of studied groups before and after the quarantine restrictions
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final data was not significant (p > 0.05) and was smaller 
compared to group C. No significant changes in heart 
rate were observed in groups A and B (p > 0.05). It is 
important to note that the greatest changes during 
the quarantine period were in students’ PW-BI: PW-BI 
deteriorated insignificantly (p  >  0.05) in group  A by 
0.008 c. u. among men and by 0.006 c. u. among wom-
en; this indicator improved insignificantly (p > 0.05) by 
0.011 c. u. and 0.014 c .u., respectively in group B; PW-BI 
deteriorated significantly (p < 0.05) by 0.019 c u. and 
0.018 c. u., respectively in group C. At the same time, in 
groups A and C, both before and after the end of quar-
antine restrictions, the PW-BI was at an average level, 
and in group B it was above average. This shows that 
physical exercises have a positive effect on the physical 
well-being of students during quarantine restrictions. 

The analysis of the dynamics of students’ physical 
fitness indicators during quarantine restrictions showed 
that the least influence was on the indicators of the 
development of speed qualities among the studied 
physical qualities, and the greatest – endurance (Ta-
ble III). The most expressed negative changes took place 
in group C among the studied groups of students. 

Results in the 100 m run deteriorated by 0.1-0.3 s in 
all groups, but did not change significantly during the 

research period (р > 0.05). In terms of strength exercises, 
there was an insignificant (p > 0.05) deterioration in the 
students’ indicators, both men and women, by 0.3 and 0.1 
times, respectively in group A; strength indicators even 
improved by 0.2 and 0.1 times (p < 0.05), respectively in 
group B, and they deteriorated significantly (p < 0.05) by 
1.6 and 1.9 times, respectively in group C. Negative dynam-
ics are observed in all studied groups of students when it 
comes to endurance exercises but the difference between 
the initial and final data is not significant (p > 0.05) in 
group B, and it is significant (p < 0.05) in groups A and C. 
However, while the indicators in the 3000 m and 2000 m 
run deteriorated by 38.4 s and 41.5 s, respectively in 
group A, the situation deteriorated by 43.7 s and 49.5 s, 
respectively in group C. This shows that quarantine re-
strictions and distance learning hurt students’ physical 
fitness in general and their endurance level in particular.

DISCUSSION
The task of higher education today is to prepare a healthy, 
educated personality with a high level of culture, capable 
of critical and creative thinking, proficient in terms of 
self-development, professional and personal self-actu-
alization. However, according to experts [5, 13], today in 

Table IІI. Dynamics of students’ physical fitness indicators during quarantine restrictions (males – n = 148, females – n = 115), M ± m

Physical qualities Groups Gender n
Stages of quarantine restrictions Significance of the differences

Before After t p

Speed qualities, s

A
m 77 14.4±0.09 14.6±0.10 1.49 >0.05

f 56 16.8±0.10 16.9±0.11 0.67 >0.05

B
m 39 14.3±0.12 14.3±0.13 0.00 >0.05

f 32 16.4±0.11 16.5±0.12 0.61 >0.05

C
m 34 14.5±0.13 14.7±0.13 1.09 >0.05

f 28 16.8±0.12 17.1±0.13 1.70 >0.05

Strength qualities, times

A
m 77 9.5±0.54 9.1±0.56 0.51 >0.05

f 56 13.2±0.63 13.1±0.61 0.11 >0.05

B
m 39 10.2±0.49 10.4±0.51 0.28 >0.05

f 32 13.5±0.71 13.6±0.73 0.10 >0.05

C
m 34 9.2±0.52 7.6±0.50 2.22 <0.05

f 28 12.8±0.65 10.9±0.67 2.04 <0.05

Endurance, s

A
m 77 837.3±11.08 875.7±11.64 2.39 <0.05

f 56 703.6±9.96 745.1±10.23 2.91 <0.05

B
m 39 826.2±12.37 848.4±12.86 1.24 >0.05

f 32 689.5±10.18 712.7±10.67 1.57 >0.05

C
m 34 852.8±12.62 896.5±12.91 2.42 <0.05

f 28 709.4±11.07 758.9±11.58 3.09 <0.05

Legend: M – arithmetic mean, m – error of the arithmetic mean, m – male students, f – female students, t – Student’s t-test value, p – significance of 
the difference between the indicators of studied groups before and after the quarantine restrictions
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Ukraine there is a steady deterioration in the health and 
physical fitness of students, a low level of their physical 
culture, a lack of need and habit of regular motor activity, 
and insufficient involvement of young people in physical 
exercise during their extracurricular activities. A particu-
larly sharp decline in students’ motor activity is observed 
during quarantine restrictions. Studies conducted by ex-
perts [14] have shown that the transition of the education 
system to a remote mode due to quarantine restrictions 
has increased the burden on all participants in the edu-
cational process (teachers, students, parents), which has 
led to changes in their health, both mental and physical. 
According to scientists [15], during the quarantine pe-
riod, a decrease in motor activity is usually associated 
with an irrational student’s daily routine: when studying 
educational material remotely, the time when students 
are forced to maintain an uncomfortable static position 
while sitting at their workplace and limit their natural 
physical activity increases. A negative consequence of 
reduced motor activity is the exacerbation of symptoms 
of existing chronic diseases and the deterioration of the 
main functional systems of the body. There is weakness 
and lethargy of the muscles, impaired general cerebral 
circulation, venous stasis in the lower extremities, and 
decreased body working capacity [16].

Experts strongly recommend maintaining an active 
lifestyle during quarantine, as much as possible in con-
ditions of limited movement, following the usual daily 
routine, and staying physically active. Physical activity 
is an important component of disease prevention, 
strengthening the immune system, and improving 
its ability to respond to pathogens [17]. People who 
regularly performed moderate physical activity had a 
much higher chance of a mild course of the disease in 
case of coronavirus infection. Physical activity also helps 
reduce the risks of cardiovascular disease, diabetes, 
hypertension, and depression [18]. 

According to the authors [15], who studied physical 
activity during COVID-19, in the spring of 2020, peo-
ple’s daily activity decreased by about 12 % on average 
worldwide compared to the spring of 2019. The most 
popular types of motor activity during the quarantine 
restrictions were walking and stationary bicycle riding. 
The number of stair-climbing workouts has increased 
dramatically. Compared to 2019, when more than half 
of all indoor training sessions were strength training, 

in the spring of 2020, about half of all training sessions 
were focused on cardio. In addition, scientists [19] have 
found that people who led the most active lifestyles 
began to devote even more time to sports during 
quarantine. Conversely, people who led a sedentary 
lifestyle began to move even less. That is, the choice of 
motor activity during quarantine in favor of one’s health 
and healthy lifestyle is a conscious choice of students 
who must understand the importance of their physical 
well-being and its impact on their quality of life and 
working capacity. People who lead an active lifestyle 
become more resilient and competitive than those who 
neglect motor activity and exercise. The results of our 
research confirmed the findings of many scientists that 
students who maintained a high level of personal motor 
activity and at least a sufficient level had a better level of 
physical well-being and physical fitness indicators after 
the quarantine restrictions abolishment than students 
whose motor activity was low.

CONCLUSIONS
The dynamics of students’ physical well-being and phys-
ical fitness indicators during the quarantine restrictions 
caused by the COVID-19 pandemic were investigated. 
The most pronounced negative changes in physical 
well-being indicators (body weight, heart rate, PW-BI) 
were found in group C students (both men and wom-
en), whose volume of motor activity during quarantine 
restrictions was low. Among the physical qualities of 
students, the least affected during the quarantine peri-
od were indicators of speed qualities development, and 
the greatest – endurance. It was found that quarantine 
restrictions negatively affect the physical well-being 
and physical fitness of students. It was found that 
physical exercises have a positive effect on students’ 
physical well-being during quarantine restrictions. The 
rational use of physical education makes it possible to 
mobilize the reserve motor capabilities of the students’ 
body, offset the negative impact of low motor activity 
and sedentary lifestyle during quarantine restrictions, 
and help maintain the physical well-being and level of 
physical fitness at the proper level.

Prospects for further research are aimed at studying 
the dynamics of indicators of students’ mental and 
physical health during the self-isolation period.
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INTRODUCTION
Since December 2019, the novel coronavirus disease 
2019 (COVID-19) has spread rapidly around the world, 
causing various complications that can be fatal [1-3]. 
The impact of the transmitted coronavirus disease 
on various organ systems is of considerable interest 
today [4].

The pathogenesis of COVID-19 involves selective 
virulence and pathogenicity factors that are specific 
to β-CoV viruses in general or unique to the SARS-
CoV-2 virus that caused the COVID-19 pandemic. One 
of its pathogenic strategies is the ability of the virus 
to provoke aggression of the immune system against 
its own tissues in the form of autoimmune and auto 
inflammatory processes, which is considered a unique 
feature of the survival of β-CoV in the body of an in-
fected person [5].

In general, diseases of the oral cavity are considered 
as signs of SARS-CoV-2 infection: [6]. Preliminary obser-
vations indicate the expression of ACE-2 in the epithelial 

cells of the oral cavity and raised the question of its 
ability to contribute to the fact that the periodontal 
pocket serves as a reservoir for severe infectious dis-
eases, in particular, SARS-CoV-2 [7]. There are several 
potential sources of viral infection in these pockets, 
such as direct exposure of the gingival epithelial tissue 
to the oral environment or virus movement in the blood 
or via infected immune cells in the periodontium [8]. 
Natto prove the hypothesis that samples obtained from 
periodontal pockets or carious lesions will show positiv-
ity for SARS-CoV-2 and this may serve as an alternative 
means of detecting the virus, comparable to other 
methods such as nasopharyngeal swab, oropharyngeal 
swab and saliva examination [9].

SARS-CoV-2 infection can cause changes in the organs 
and tissues of the oral cavity, which is associated with 
a significant representation of angiotensin-converting 
enzyme type 2 (ACE2) receptors in the epithelial cells 
of the oral mucosa, gums and fibroblasts of the peri-
odontal ligament [10, 11]. Thus, the oral mucosa can 
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be a gateway for the virus and function as a reservoir 
for SARS-CoV-2. The role of mucous membranes in the 
implementation of the immune function explained by 
the fact that a large part of antigens enters the body, 
overcoming this physiological barrier [12].

S-IgA of saliva in combination with specific epitopes 
of cariogenic bacteria causes a site-specific immune 
response. [13-16]. Conditions associated with hypofunc-
tion of the salivary glands, impaired oral clearance, low 
pH of saliva, and changes in the composition of saliva 
often lead to a disturbance in the function and composi-
tion of the oral microbiota, which causes dysbacteriosis 
and the associated risk of oral diseases [16-18]. The 
levels of s-IgA in the saliva of caries patients fluctuate 
[19, 20]. Therefore, the heterogeneity of s-IgA levels in 
saliva observed due to regional differences, differences 
in age, types of teeth, and methods of detecting s-IgA 
in saliva [21].

At the same time, there are significant gaps in our 
knowledge regarding the interaction between patient 
immunity, the development and progression of major 
dental diseases, and SARS-CoV-2, although Wyllie et al. 
(2020) demonstrated that saliva analysis is an accurate 
screening tool for SARS-CoV-2 infection, equivalent to 
nasopharyngeal swab analysis [22]. Nowadays, saliva 
considered as unique sample for evaluating the secre-
tory immunity of the oral cavity [23]. There is evidence 
that age affects immune functioning associated with 
periodontitis and (less studied) dental caries, however, 
the mechanistic changes in the functioning of the im-
mune system are complex and not fully explored [24].

THE AIM
To determine the dental status and the state of local 
immunity in young adults who suffered a coronavirus 
disease.

MATERIALS AND METHODS
The main group consisted of 30 people aged 20-22 
who had Covid19 coronavirus infection, mostly mild 
to moderate severity. The comparison group included 
20 people who did not have a coronavirus infection. 
The control group consisted of 35 people, randomized 
by age and sex, who did not have signs of caries and 
periodontal tissue disease and did not have coronavirus 
disease. In the main group of patients, the duration from 
the moment when there was a disease with coronavirus 
disease to the moment of inclusion in the study was 
6.1±1.2 months.

The performed dental examination for these patients 
included: determination of the prevalence and inten-

sity of dental caries, Average of Decayed, Missing and 
Filled Teeth index (DMFT); Standard debit of seized, 
shooting, and imprinted text index (SD of DMFT); 
quality of restorations according to a modified version 
of the clinical and radiographic criteria of Hickel et al. 
(2010); halitosis was assessed using the Winkler WTCI 
(Winkler Tongue Coating Index) plaque index; the 
intensity of the inflammatory process in periodontal 
tissues was assessed by the papillary-marginal-alve-
olar index (PMA) (G. Parma, 1960; Masler, 1967); oral 
hygiene status Average of Oral Hygiene Index Score 
(OHIS) (OHI-S); degree of bleeding sulcus bleeding 
index (SBI). A specially developed questionnaire was 
made specifically to included 40 questions on oral 
care, living conditions, and diet.

To assess the state of local immunity of the oral 
cavity, the following were evaluated in the oral fluid: 
the phagocytic activity of neutrophils by the degree 
of absorption of latex particles with the calculation of 
the Hamburg phagocytic index and Wright’s phago-
cytic number; the functional state of B-lymphocytes 
by examining the level of the main classes of immu-
noglobulins Ig G, Ig A, Ig M by the method of simple 
radial immunodiffusion in a gel according to G. Mancini 
et al., 1965; the concentration of circulating immune 
complexes (CIС) - by the method of precipitation in 
a solution of polyethylene glycol (PEG-6000) on a 
microspectrophotometer «Specol-21» (Germany) at a 
wavelength of 450 nm [24]; the level of cytokines was 
studied by the immunoenzymatic method according 
to the methods of the developing companies with kits 
certified in Ukraine.

The results of the descriptive analysis presented in 
the form of percentage distribution, mean value and 
standard deviation (SD). Chi-square and Fisher’s exact 
test were used to determine any differences in the dis-
tribution of categorical variables. Because continuous 
variables did not follow a normal distribution, Krus-
kal–Wallis analysis of variance and the Mann–Whitney 
U test used to detect differences in means between 
two or three groups. The level of significance was 
set at p < 0.05. Pearson’s correlation coefficient used 
for non-normally distributed data or Spearman’s for 
non-normally distributed data to assess the correlation 
between measures. For interpretation, the Chaddock 
scale used: the strength of the relationship was de-
termined by the value of the correlation coefficient r 
(0.00-0.29 - “very weak”, 0.30-0.49 - “weak”, 0.50-0.69 - 
“medium”, 0.70-0.89 - “strong”, 0.90-1.0 - “very strong”). 
Statistical data processing was also determined by the 
method of variational statistics using the Microsoft XP 
“Excel” application program package and the special-
ized “STATGRAPHICS Plus version 2.1” program.
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RESULTS 

DENTAL STATUS OF THE EXAMINED 
PATIENTS
Tables І and ІІ show some indicators of the dental status 
of the examined young adults who suffered from the 
coronavirus disease.

According to a modified version of the clinical and 
radiographic criteria described by Hickel et al. (2010), 
the quality of the restorations in the examined patients 
was recorded clinically and, if possible, radiographically.

During the clinical examination of patients of the 
main group, 16 (53.33%) patients were diagnosed with 
bleeding gums, and 12 (40.0%) patients were diagnosed 
with halitosis and bleeding gums.

Patients with bleeding gums had dental deposits, 
which were found in 11 (68.75%) of the examined. In 
the second place, it should be noted the presence of 
carious cavities and their irrational filling, which were 
found in 3 (18.75%) patients. Orthodontic pathology 
was detected in 2 (12.50%) persons.

The indicators of the condition of the gums in the 
patients were assessed as mild and moderate severity of 
gingivitis, the indicators of the PMA index were around 
39.41±1.3%. The state of individual oral hygiene was 
mostly assessed as unsatisfactory: (OHI-S index was 
on average 1.8±0.12 points). SBI index was on average 
1.48±0.1 points.

In 8 (66.6%) examinees with the clinical symptom of 
halitosis and bleeding gums, dental deposits are the 
main etiological factor affecting the periodontal tissues. 
Among local traumatic factors it should be noted the 
presence of carious cavities and their irrational filling, 
which occurred in 2 (16.66%) cases. Crowding of teeth 
was found in 1 (8.34%) examinee.

Indicators of the PMA index around 42.2±1.9%. The 
state of individual oral hygiene was mostly assessed as 
unsatisfactory: (OHI-S index around 2.10±0.25 points). 
SBI index around 1.68±0.33 points.

It has been found a direct correlation between the 
state of oral hygiene, the presence of caries on the 
contact and cervical surfaces of the teeth, and the 
prevalence of periodontal diseases (gingivitis) (r=0.75).

The report results of the main group of examinees 
intended to show the level of oral care, some aspects of 
eating behavior, some conditions and lifestyle that can 
affect oral care, the nature of changes in oral care after 
the coronavirus infection. From the survey data, 20% were 
senior students, 53.3% were junior students, and 26.6% 
were studying at a medical college. 70% worked as dental 
assistants. 43.3% of healthy eating behavior was noted by 
those individuals who had previously observed a nutrition 
schedule. From the questionnaire data, a direct correla-
tion was found between the indicators of the change in 
the nature of nutrition after the transferred coronavirus 
infection with the increased KPV index (r=0.63; p<0.001). 
Is was also found a statistically significant direct correlation 
between the number of meals per day and the intensity 
of dental caries (r=0.91; p<0.001). The respondents noted 
that they began to consume sweets more often after 
suffering a coronavirus infection, which is confirmed by a 
direct statistically significant correlation (r=0.66; p<0.001). 
Young adults living in a dormitory used sweets more 
often (r=0.74; p<0.001). Only 6.6% of respondents added 
vitamins and trace elements to their daily diet, and 83.3% 
started doing so only after contracting the coronavirus 
infection. Regarding the frequency of visits to the dentist: 
53.3% visited annually, 46.6% - once or twice in the pre-
vious 5 years, the rest - as needed. 43.3% claim that they 
did not receive oral hygiene instructions from their dentist. 

Table І. Mean number of decayed surfaces (DS), decayed teeth (DT) and decayed filled surfaces (DFS) in persons who suffered from coronavirus disease 
(p < 0.05)

Indicators Main (Mean (SD) Control (Mean (SD)

DS 2,1 (3,0) 1.4 (2.6)

DT 1.2 (2.1) 0.8 (1.4)

DFS 25.9 (16.6) 11.6 (12.1)

Table ІІ. Distribution of subjects according to the quality of the poorest dental restoration
Indicators Main Control

Individuals with restorations 24 (80%) 8 (40%)

Quality of poorest filling

Good 1 (4,2%) 5 (65%)

Acceptable 14 (58,3%) 3 (37,5%)

Poor 7 (29,2%) 0

Unacceptable 2 (8,4%) 0
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Regarding daily teeth cleaning, the interviewees used the 
following set of tools: electric toothbrush, dental floss, 
brushes, mono-bundle brush, irrigator - 13.3%; manual 
toothbrush, dental floss, monobundle brush - 16.6%, man-
ual toothbrush, dental floss - 36.6%, others - only manual 
toothbrush. 73.3% of the respondents noted that they did 
not take care of oral hygiene as usual during the illness due 
to coronavirus infection and during the first month after. 
59% of them cited improper physical condition as the rea-
son, 27.2% cited a temporary change in taste sensations.

From the data of the questionnaire survey, it can be con-
cluded that the peculiarities of the course of the coronavi-
rus infection can have a negative impact on individual oral 
hygiene care in the direction of its temporary deterioration.

INDICATORS OF LOCAL IMMUNITY IN THE 
EXAMINED PERSONS
The analysis of literary sources showed the leading role 
of local immunity of the oral cavity in the pathogenesis 
of dental diseases. Local immunity of the oral cavity is 
represented by the phagocytic activity of macrophages, 
specific bactericidal or bacteriostatic and virus-neutral-
izing activity of immunocompetent substances of the 
oral cavity, primarily cytokines present in the oral fluid. 
In addition, the T- and B immune systems play a signif-
icant role in the formation of the immune response.

Scientific works shows that phagocytosis is an import-
ant mechanism of resistance of the mucous membrane 
to various bacterial infections.

In the available literature, there are data on changes 
in indicators of local immunity in dental patients, espe-
cially in patients with generalized periodontitis. As it is 
known from the literature [2, 15, 25], TNF-α is considered 

as the main mediator that initiates and prolongs the 
development of 

Table ІІІ shows the results of examination of indicators 
of local immunity in examined patients.

The analysis of the data presented in Table III showed that 
in the main group of patients, found significant increase 
in the level of Ig G in the oral fluid, as well as a probable 
decrease in the concentration of SIg A relative to the com-
parison group. A violation of the ratio of the concentration 
of CICs with a probably higher normative value of patho-
genic small- and medium-molecular CICs with a significant 
decrease in the level of physiological large-sized CICs com-
pared to the comparison group was established. In both 
groups of patients, was detected a low level of IL-4 in the oral 
fluid. A decrease in the content of anti-inflammatory IL-4 is a 
compensatory immunological reaction to the development 
of dental caries. Established that the patients of the main 
group also had a probable increase in the concentration of 
pro-inflammatory cytokines TNF-α, IL-1β in the oral fluid, 
and an increase in the content of IL-6.

In patients from the comparison group with caries 
and periodontal tissue diseases, who did not suffer 
from coronavirus infection, immunological indicators, 
had the same direction changes, but their degree of 
expression was probably less.

The study of the phagocytic activity of phagocytes in 
the oral fluid established a significant inhibition of this 
function in all groups of patients.

DISCUSSION
Therefore, we conducted an examination of the con-
dition and data of local immunity in young adults who 
suffered a mild and moderate coronavirus infection.

Table ІІІ. Indicators of local immunity in the oral fluid of examined patients (M±m)

Immunological indicators Main group
(n=30)

Comparison group  
(n=20)

Control group
(n=35)

Ig G, g/L 2,75 ± 0,22* 1,96±0,23* х 1,03±0,04

SIg A, g/L 0,67 ±0,01* 1,05 ± 0,02* х 1,29±0,03

CIC large  (>19S), cu. 29,43±1,18* 36,08 ± 1,15*х 43,5±3,13

CIC middle (11-19S), cu. 51,46±1,97* 42,89± 1,16 х 36,32±2,18

CIC small  (<11 S), cu. 31,42±1,06* 23,11 ± 1,14*х 15,83±1,44

TNF-α, pg/mL 88,6 ±3,7* 63,9±3,1*х 42,3±4,9

ІL-1β, pg/mL 87,6±2,6* 62,1±2,4 *х 39,42±4,5

ІL-4, pg/mL 17,2±1,6 * 18,5±0,9 *х 25,42±3,3

ІL-6, pg/mL 11,9±0,6 13,2±0,5 12,8±1,3

Phagocytic number 5,08±0,22 * 6,97±0,17 *х 9,53 ± 0,56

Phagocytic index, % 38,71±2,36 * 46,21±1,43 *х 52,82 ± 2,21

Notes: *− the difference between the indicator and the control group is significant (p<0.05);
x - the difference in the indicator between the groups is significant (p<0.05);
n - the number of patients.
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The analysis of indicators of dental status revealed 
that within 6 months after experiencing the corona-
virus disease in the examined patients, its indicators 
significantly worsened: the prevalence of caries was 
significantly higher, the quality of restorations was 
unsatisfactory than in the comparison group, were 
detected halitosis and bleeding gums (chronic catarrhal 
gingivitis).

This indicates the existence of a relationship between 
the signs of acute SARS-Cov2 viral infection and the de-
velopment of caries and periodontal tissue diseases. In 
the studies of Matsuyama Y. et al. shows similar results: 
“A degree-cohort interaction criterion for caries using 
a difference-in-differences analysis showed that dental 
caries among the cohort exposed to COVID-19 showed 
a significant increase in caries” [26].

Data from Sari A. et al. (2021) report: “In general, 
diseases of the oral cavity are considered signs of 
SARS-CoV-2 infection: among 5342 respondents from 
43 countries of the world (8.1% reported infection with 
COVID-19), 42.7% had oral manifestations” [6]. Natto 
et al. (2022) used real-time polymerase chain reaction 
(RT-PCR) to assess SARS-CoV-2 in periodontal carious 
pockets. From the scientists’ data: “A total of 180 samples 
from 72 patients were examined by RT-PCR for amplifi-
cation of the E and S genes of SARS-CoV-2. SARS-CoV-2 
was present in 41.7% of patients with COVID-19 and 
periodontal pockets and in 16.7% with carious lesions”.

The presented observations support the hypothesis 
that samples obtained from periodontal pockets or 
carious lesions will show positivity for SARS-CoV-2, 
and this may serve as an alternative means of detect-
ing the virus, comparable to other methods such as 
nasopharyngeal swab, oropharyngeal swab and saliva 
examination. [9]. Due to the tropism of the virus to 
mucous membranes, Paradowska-Stolarz attempted 
to describe oral manifestations of SARS-CoV-2 infec-
tion. The author emphasizes that there are many oral 
symptoms in COVID-19, but the coexistence with the 
underlying disease is not fully established.

It is still not clear whether the oral symptoms are man-
ifestations of the disease or its arise from a loss of im-
mune response. Of the identified symptoms in the oral 
cavity, the most common are: dysgeusia (disturbance 
of taste), toothache, exacerbation of autoimmune dis-
eases, herpes simplex, chicken pox viruses, ulcers and 
aphthous stomatitis [11].

From the answers that we have from questionnaire 
of the main group of examinees about the level of their 
oral care, some aspects of eating behavior, some con-
ditions and lifestyle that can affect the care of the oral 
cavity after suffering a coronavirus infection, it follows 
that such changes are observed in the direction of 

deterioration, which is confirmed by direct statistically 
significant correlations.

The use of the above-mentioned data can help the 
dentist in forming a further set of individual preventive 
measures in the development of dental caries and 
periodontal tissue diseases in young people who have 
suffered a coronavirus infection.

Significant changes in local immunity were found 
in the examined patients, which contributed to the 
pathogenetic role in the development and progression 
of the carious process and periodontal tissue diseases.

They were manifested by changes of different degrees 
of severity: in the main group of patients was found a 
significant increase in the level of Ig G in the oral fluid, as 
well as a probable decrease in the concentration of SIg 
A relative to the comparison group, a probably higher 
normative value of pathogenic small- and medium-mo-
lecular CICs with a significant decrease in the level of 
physiological large CICs size relative to the comparison 
group, a decrease in the content of anti-inflammatory 
IL-4, as well as an increased concentration of pro-in-
flammatory cytokines.

Zinchuk O.M. et al. showed that the vast majority of 
the examined (86.1%) had a high level of anti-coro-
navirus antibodies, which exceeded the limits of 
quantitative indication. At the same time, there was 
no statistically significant difference in the level of IgG 
to SARS-CoV-2 among patients and persons with an 
asymptomatic course of the infectious process [3].

In particular, research in recent years has shown that 
secretory immunoglobulin A (s-IgA) of saliva plays an 
important role in local immunity, preventing microbial 
adhesion to the surface of hard tooth tissues, neutraliz-
ing certain enzymes and bacterial toxins of cariogenic 
bacteria, and also synergizes with other saliva proteins. 
such as lactoferrin or lysozyme, preventing caries [13-
15, 27, 28]. Salivary s-IgA levels in the group of children 
with caries were significantly lower than in healthy 
control children, and adults did not show significant 
differences [20].

According to the review of scientific literature Preshaw 
P.M. et al. notes about age-related changes in immune 
function in the context of periodontitis, which should 
not be considered a decrease in immune functioning: “A 
systematic literature search revealed aspects of innate 
immunity (antimicrobial peptides, neutrophils and NEO, 
dendritic cells, natural killer cells, Toll-like receptors) 
and adaptive immune response (B and T cells, secretory 
IgA and IgG), which may play a role in susceptibility to 
caries with age” [23].

It can be assumed that a history of coronavirus disease 
can be attributed both to local factors of the occurrence 
of caries and periodontal tissue diseases, as local immu-
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torations, significantly higher values   of the bleeding 
index, PMA index and hygiene index, halitosis, which 
indicates a significant deterioration of dental health 
in these individuals and the further development of 
a strategy for the prevention of hard dental tissues 
and periodontal disease for this category of patients.

2.  A study of local immunity has shown that 6 months 
after suffering from the COVID-19 disease, pro-
nounced changes persist in young adults. It consist 
in an imbalance of circulating immune complexes 
with a predominance of the content of small-sized 
pathogens, as well as an increased concentration of 
pro-inflammatory cytokines against the background 
of a decrease in the phagocytic activity of immuno-
competent cells of the oral fluid.

nological factors in saliva change, and to general causes, 
as there are disorders in various somatic organs. In the 
available literature, there is little data about the global 
pandemic on the course of dental diseases, especially 
in young adults. Therefore, there is a need for a more 
detailed study of the impact of SARS-CoV-2. on the 
prevalence and parameters of dental diseases among 
young adults infected with COVID-19.

CONCLUSIONS
1.  In young adults who have suffered a coronavirus 

infection during the last 6 months, the prevalence of 
caries and its intensity are significantly higher than in 
the comparison group, unsatisfactory quality of res-
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INTRODUCTION 
The combat activities of the military personnel of 
the Armed Forces of Ukraine in the modern war are 
accompanied by many factors that are stressful (or 
psycho-traumatic) in nature and that negatively af-
fect the psyche of soldiers, causing them a sense of 
fear, strong mental stress, lack of confidence in their 
abilities, and fatigue. The determining psycho-trau-
matic factors of combat activities are constant danger 
and threat to life as well as extremely high physical 
exertion [1, 2]. 

According to scientists [3], the main psycho-traumat-
ic factors of combat activities are: a conscious feeling 
of a threat to one’s life, the so-called biological fear 
of death, injury, pain, and disability; death of a fellow 
soldier in front of somebody’s very eyes or the need 
to kill a person; lack of time, acceleration of the pace 
of action, suddenness, uncertainty, and novelty (fac-
tors of the combat situation); lack of adequate sleep, 

peculiarities of hygiene and nutrition, etc. The cumu-
lative impact of psycho-traumatic factors on military 
personnel is defined by the concept of “combat stress”, 
which significantly changes the human psyche [4]. 
Combat stress is the process of mobilizing all available 
capabilities of the body, immune, protective, nervous, 
and mental systems to overcome a life-threatening sit-
uation. Combat stress is experienced by all servicemen 
in a dangerous combat situation, without exception. 
However, the degree of influence of stress factors 
on the psyche of each serviceman depends on his 
psychological preparedness, which is determined by 
the individual mental properties and moral qualities 
of the serviceman [5]. If the level of psychological 
preparedness corresponds to the level of danger, the 
serviceman retains the ability to perform his duties on 
a combat mission. If the level of mental preparedness 
of the serviceman does not correspond to the danger, 
fear, as a natural human reaction to danger, becomes 
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more pronounced. This begins to affect a person’s 
mental and physiological functions [6].

Physical fatigue is also a powerful psychogenic 
factor that depresses the human psyche. It arises as 
a result of the impact on military personnel of the 
heavy physical exertion that accompanies modern 
combat activities [7]. Special physical training (SPT) 
plays an important role in the formation of the psy-
chological readiness of servicemen to act in extreme 
conditions, increasing their psychological resistance 
to combat stress [8, 9]. This is because the means of 
SPT ensure the development and improvement of 
not only the physical but also the mental nature of a 
person. If properly applied, the means of SPT can sig-
nificantly improve all components of the psychological 
readiness of servicemen including spiritual welfare, 
volitional qualities, and emotional stability. Physical 
exercises have the greatest impact on the will and 
emotional stability of servicemen [10]. Therefore, the 
development of SPT exercises should be systematic 
to form cadets’ psychological resilience and physical 
readiness for combat stress.

THE AIM
The aim is to investigate the impact of special phys-
ical training sessions on the formation of cadets’ 
psychological resilience and physical readiness for 
the stress factors of future professional and combat 
activities.

MATERIALS AND METHODS
The research involved 96 cadets (men) in the 2nd 
training year of the Faculty of Technical Types of 
Intelligence and Information Warfare of S. P. Koroliov 
Zhytomyr Military Institute (ZMI) (Ukraine) aged 18-20 
years, who were divided into two groups: the experi-
mental (E, n = 47) and the control (C, n = 49). The ca-
dets of the E group studied according to the authors’ 
improved work program of the academic subject area 
(WPASA) referred to as “Physical Education, Special 
Physical Training” (PESPT) (hereinafter – the author’s 
program), and the C group cadets – according to the 
traditional WPASA on PESPT (hereinafter – the existing 
program). The research lasted from April to Septem-
ber 2022. The weekly volume of physical activities (in 
hours) in the E and the C groups was the same and 
amounted to 10 hours (morning physical exercises 
(MPEs) – 6 times a week for 30 minutes, training 
sessions – 2 times a week for 2 hours, sporting and 
mass participation events (SMPEs) – 3 times a week 
for 1 hour). At the same time, the content of the MPEs 

and SMPEs did not differ in the E and the C groups; 
the only difference was in the content of practical 
training sessions. All training sessions in the E and 
the C groups were conducted by instructors of the 
Department of Physical Education, Special Physical 
Training and Sports of ZMI according to the schedule 
of training sessions.

Cadets’ psychological resilience was studied using 
psycho-diagnostic methods aimed at assessing their 
volitional qualities: the “Study of Willpower” method 
(by M. M. Obozov); the “Study of Volitional Self-Reg-
ulation” method (by A. V. Zvierkov and E. V. Eidman); 
the “Study of Patience” method (by Ye.  P.  Ilin and 
Ye.  K.  Feshchenko) [11]. The “Study of Willpower” 
method includes 15 questions and aims to assess 
cadets’ ability to use volitional efforts to overcome 
obstacles. Answers “yes” are worth 2 points; “don’t 
know” or “sometimes” – 1 point; “no” – 0 points. If the 
sum of points was 0-12 points, then willpower was 
assessed as weak, with 13-21 points – medium, with 
22-30 points – high. The “Study of Volitional Self-Reg-
ulation” method contains 30 statements and aims to 
determine the values of the volitional self-regulation 
index. Cadets answered questions or statements with 
“yes” or “no”, and if the answer matched the key, they 
were awarded 1 point. The index of volitional self-reg-
ulation is high if the cadet scored 16 or more points, 
medium – 9-15 points, and low – 8 or fewer points. The 
“Study of Patience” method contains 18 statements 
and was scored 1 point if the answer matched the 
key. The level of patience is low if a cadet scored up 
to 6 points; medium – 7-11 points; high – 12 points 
or more.

Cadets’ physical fitness was assessed by the tests of 
general physical training (GPT) (100 m run; pull-ups; 
3 km run) and SPT (6x100 m shuttle run with a sub-ma-
chine gun, magazine pouch, and two magazines; 5 km 
cross-country run; throwing grenades at a distance; 
performing hand-to-hand combat techniques). The 
GPT exercises were tested in sports uniforms, and the 
SPT exercises were tested in military uniforms. Both 
the psychological resilience and physical readiness 
of cadets were tested twice: at the beginning (April) 
and at the end of the experiment (October) in 2022. 

Research methods: theoretical analysis and syn-
thesis of literature, pedagogical experiment, testing, 
methods of mathematical statistics. Theoretical analy-
sis and synthesis of literature were used to find out the 
current state of the researched problem, systematize 
and generalize information to achieve the aim of the 
article (16 sources on the topic of the article from the 
scientometric databases PubMed, Scopus, Web of 
Science Core Collection, Index Copernicus, and others 
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were investigated). Pedagogical experiment was used 
to test the effectiveness of the authors’ program. Test-
ing was used to assess the level of physical readiness 
and psychological stability of cadets of groups E and 
С. The significance of the difference in the results of 
the cadets was determined during the studying based 
on the Student’s t-test and the dynamics of the results 
was investigated in both groups. The significance for 
all statistical tests was set at p<0.05. All statistical anal-
yses were performed with the SPSS software, version 
21, adapted to medical and biological researches.

This research followed the regulations of the World 
Medical Association Declaration of Helsinki. Also 
this research complies with the ethical standards of 
the Order of the Minister of Defense of Ukraine “On 
Approval of the Regulation on the Organization of 
Scientific and Technical Activity in the Armed Forces 
of Ukraine” No. 385 dated 27.07.2016. Informed con-
sent was received from all students who took part in 
this research.

RESULTS
The purpose of cadets’ physical training during war-
time is to accelerate the formation of their psycholog-
ical resilience and physical readiness for future profes-
sional and combat activities, to perform assigned ser-
vice tasks, and to facilitate the solution of other tasks 
of their training and education. Therefore, taking into 
account the above, we have improved the traditional 
WPASA of ESPT by increasing the volume of SPT in 
the following sections, topics and means: overcoming 
natural obstacles in various ways (mountains, ravines, 
ditches, rivers, and marshland); hand-to-hand combat 
(a special place for the formation of cadets’ volitional 
qualities and psychological resilience to engage in 
conditioned and semi-conditioned clashes); moun-
tain training (ascent and descent on steeply inclined 
surfaces, arrangement and overcoming of single- and 
double-channel banksides, descent in various ways on 
different terrain, overcoming of banksides in various 
ways); military-applied swimming (in uniform, with 

Table I. The dynamics of the indicators of GPT and SPT of the E and C group cadets during the pedagogical experiment (Mean±SD)

Stages of the experiment
Studied groups

Significance of the difference, t; p
E (n=47) C (n=49)

Indicators of GPT

100 m run, s

Before 13.3±0.08 13.2±0.09 0.83; р>0.05

After 13.3±0.09 13.1±0.08 1.66; р>0.05

Pull-ups, times

Before 15.9±0.65 15.8±0.59 0.11; р>0.05

After 15.8±0.63 16.0±0.58 0.23; р>0.05

3 km run, s

Before 755.1±5.94 758.9±5.86 0.39; р>0.05

After 759.4±6.02 751.7±5.79 0.79; р>0.05

Indicators of SPT

6x100 m shuttle run, s

Before 134.1±1.12 133.3±1.07 0.52; р>0.05

After 127.8***±1.05 130.9±1.04 2.10; р<0.05

5 km cross-country run, s

Before 1457.2±6.57 1452.8±6.41 0.48; р>0.05

After 1431.7*±6.32 1449.6±6.27 2.01; р<0.05

Throwing grenades at a distance, m

Before 35.6±1.16 36.2±1.09 0.38; р>0.05

After 40.9**±1.19 37.5±1.11 2.09; р<0.05

Performing hand-to-hand combat techniques, points

Before 3.7±0.14 3.9±0.13 1.05; р>0.05

After 4.8***±0.13 4.0±0.12 2.26; р<0.05

Note to tables I and II: Mean – arithmetical average; SD – standard deviation; t – t-test value; р – significance of difference between the indicators of E and C 
group cadets due to the t-test; *, **, *** – significance of difference between the indicators of each group according to p<0.05, p<0.01, p<0.001 respectively
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models of weapons, using improvised means); tactical 
medicine (the main attention was paid to evacuation 
of the wounded in various ways); grenade throwing 
(for accuracy, for range, from a place, from a step, from 
running, from the knee, from the lying position, from 
behind shelters, etc.); combat army system (methods 
of movement with weapons, quick reloading of weap-
ons, etc.); marches and accelerated marches (for 5, 10 
and more km in full equipment); performing physical 
exercises for the formation of military-applied motor 
skills using improvised means (trees, tire casings, logs, 
terrain features, exercises with the weight of one’s 
body and the body of a partner, etc.). Thus, the volume 
of SPT in the E group was increased to 90 %, respec-
tively, 10 % was allocated to the GPT (track and field 
athletics and accelerated movement, gymnastics and 
athletic training, sports, and outdoor games, etc.). The 
level of GPT of the E group cadets, formed at the pre-
vious stages of their training, was maintained during 
the MPEs and SMPEs. In the C group, according to the 
existing program, 30 % of the time was allocated to 
SPT, and 70 % to GPT.

The real situation of modern combat was recreated 
according to the author’s program during training 
sessions in bad weather and by using various means 
of simulation and naturalizing the combat situation: 
shooting, explosions, smoke, fires, screams, the smell 
of blood and meat, etc. Simulation tools have a strong 
emotional impact on the human psyche. Therefore, 
according to the author’s program, we systematically 
used simulation tools in the SPT sessions, which con-
tributed to solving the problems of cadets’ psycho-
logical training. 

The volitional qualities that are most important in the 
formation of cadets’ psychological resilience to combat 
stress are courage, determination, perseverance, endur-
ance (patience), self-control, and self-confidence. All 
of these qualities are effectively developed during the 

performance of the SPT exercises that contain elements 
of novelty, risk, and danger: overcoming high-altitude 
obstacles; jumping over trenches and fences; hand-
to-hand combat; accelerated marches with the simul-
taneous overcoming of obstacles; exercises with logs, 
carrying boxes, dragging bags; Commando crawling in 
difficult weather conditions; throwing grenades from 
different positions; overcoming elements of a tactical 
(psychological) obstacle course, etc.

The results of testing the level of GPT and SPT of the 
E and the C group cadets are given in Table I.

The analysis of Table  I shows that there was no 
significant difference between the E and the C group 
cadets in all studied tests in terms of their GPT and 
SPT (p > 0.05) before the experiment. At the end of the 
research, it was found that the indicators of GPT in the 
C group, in contrast to the E group, tend to increase, 
but no significant difference between the groups’ 
indicators was also found (p > 0.05) at the end of the 
experiment. This indicates that training sessions ac-
cording to the author’s program allow maintaining the 
level of cadets’ GPT in the E group at the achieved level. 
In terms of the SPT indicators, we found significantly 
(p < 0.05) better results in the E group at the end of 
the experiment, compared to the C group, in 6x100 m 
shuttle run – by 3.1 s; in 5 km cross-country run – by 
17.9 s; in grenade throwing – by 3.4 m; in hand-to-hand 
combat – by 0.8 points. Moreover, all the studied indi-
cators significantly (p < 0.05-0.001) increased during 
the experiment in the E group. The obtained results 
allow us to state that the SPT sessions conducted ac-
cording to the author’s program have a much greater 
effect on the formation of cadets’ physical readiness 
for future professional and combat activities.

The analysis of cadets’ psychological readiness 
showed that all studied indicators of the groups did 
not differ significantly (p > 0.05) before the experiment 
(Table II). The E group cadets showed significantly bet-

Table IІ. The dynamics of the indicators of psychological readiness of the E and C group cadets during the pedagogical experiment (Mean±SD), poins

Stages of the experiment
Studied groups

Significance of the difference, t; p
E (n=47) C (n=49)

“Study of Willpower” method

Before 15,8±1.58 16.1±1.33 0.15; р>0.05

After 22.9**±1.48 18.5±1.26 2.26; р<0.05

“Study of Volitional Self-Regulation” method

Before 15.1±1.07 14.9±1.03 0.13; р>0.05

After 19.3** ±0.89 16.7±0.91 2.04; р<0.05

“Study of Patience” method

Before 12.9±0.92 12.4±0.81 0.41; р>0.05

After 16.7±0.85 14.2±0.75 2.21; р<0.05
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ter indicators by all three methods at the end of the 
experiment – by 4.4, 2.6, and 2.5 points, respectively 
(p < 0.05). At the same time, all methods revealed a 
tendency to improve performance in both groups, 
but the difference between the pre- and post-experi-
ment scores was significant in the E group, unlike the 
C group (p < 0.01).

According to the results of the assessment of cadets’ 
psychological readiness indicators, it was found that 
after the experiment the E group cadets differ from 
their peers in a high level of willpower, self-confi-
dence, stability of intentions, the realism of views, 
developed sense of duty, proactive attitude, inde-
pendence, self-sufficiency, high level of endurance 
and self-control. 

DISCUSSION
Experts [12, 13] argue that psychological and physical 
readiness are the main components of the combat 
capability of servicemen. Psychological readiness is 
a state of mental, volitional, and emotional elements 
of the serviceman psyche that ensures the highest 
efficiency and reliability of their military and pro-
fessional activities in a combat situation. Physical 
readiness for combat activities is manifested in the 
physical condition of servicemen, which ensures 
the successful performance of assigned tasks. These 
components are interconnected, so in no case should 
the importance of any component in the formation of 
cadets’ readiness for combat stress be played down 
or underestimated.

According to scientists [14, 15], combat stress is 
manifested in the acceleration of the pulse, breath-
ing, increase in body temperature of a serviceman, 
redness or pallor of the skin, intense sweating, dry 
mouth, muscle tremors, changes in external activity 
(number, frequency, and amplitude of movements), 
increased anxiety, vigilance, etc. There are significant 
changes in the motor activity of servicemen in a 
state of intense fear. They begin to perform actions 
irrationally, with much greater effort than usual. 
Depending on the strength of the stressor and the 
individual psychological preparedness of the soldier, 
his actions may become inhibited, unmotivated and 
inappropriate, or they may accelerate significantly, 
but become chaotic and therefore less accurate. The 
soldier begins to make significantly more mistakes 
when performing certain military and professional 
tasks. A significant excess of the level of danger over 
the level of mental preparedness of a serviceman 
can lead to his complete inability to control himself, 
respond to the requirements and orders of command-

ers, act according to the situation, and even move. A 
serviceman may forget to use his weapon in combat 
under the influence of intense fear. In such circum-
stances, fear can cause complete incapacitation of a 
serviceman, and sometimes the only reason for the 
death of servicemen or a unit [16]. 

Modeling of psychological difficulties is achieved 
through the use of various techniques and actions 
during the SPT sessions the implementation of which 
is associated with danger and risk. Such actions cause 
tension, excitement, and fear in cadets. Overcoming 
them forces them to rise above themselves and thus 
strengthen the emotional and volitional sphere. 
When conducting training sessions using emotion-
ally stimulating actions, the main focus should be on 
developing the ability of cadets to consciously act 
in tense situations, to mobilize their will to achieve 
the maximum possible success in performing the 
tasks. Conducting training sessions according to the 
author’s program showed its effectiveness, compared 
to the existing one, in forming cadets’ psychological 
resilience and physical readiness for combat stress. 

CONCLUSIONS
The influence of SPT sessions on the formation of 
cadets’ psychological resilience and physical readi-
ness for combat stress was studied. It was found that 
the level of GPT of the E and the C group cadets was 
significantly the same (p  >  0.05) at the end of the 
research but in terms of SPT and psychological readi-
ness, the E group cadets had all indicators significantly 
(p < 0.05-0.001) better than those of the C group. Thus, 
the E group showed significantly (p  <  0.05) better 
indicators at the end of the experiment, compared to 
the C group in 6x100 m shuttle run – by 3.1 s; in 5 km 
cross-country run – by 17.9 s; in grenade throwing – 
by 3.4 m; in hand-to-hand combat – by 0.8 points; by 
three psycho-diagnostic methods – by 4.4, 2.6 and 2.5 
points, respectively. Moreover, all the studied indica-
tors increased significantly (p < 0.05-0.001) during the 
experiment in the E group, unlike the C group. It has 
been proved that the SPT sessions conducted accord-
ing to the authors’ program were more effective than 
the existing program in forming cadets’ physical read-
iness and psychological resilience for stress factors of 
future professional and combat activities.

THE PROSPECT OF FURTHER RESEARCH
It is planned to investigate the impact of SPT sessions 
on the physical readiness and psychological resilience 
of the female cadets.
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INTRODUCTION 
According to scientists [1, 2], the degree of develop-
ment and possibilities of improving children’s motor 
sphere are limited by the presence of disorders in 
functional activity of sensory and physiological systems 
of the body, including disorders in the musculoskeletal 
system, which includes deviations in the development 
of posture. Deviations in the development of posture 
occupy one of the leading places in the structure of 
morbidity of school-age children, and, in addition to 
a significant cosmetic defect, they create the prereq-
uisites for slowing down the pace of physical develop-
ment, the emergence of pathological processes in the 
body. At the same time, the formation of the correct 
motor stereotype of posture depends on muscle 
tone and coordination of symmetrical trunk muscles, 
muscles that support the physiological curves of the 
spine, so the development of coordination of move-

ments of primary schoolers is a prerequisite for fixing 
physiologically correct body position when holding 
stable position and during movement [3, 4]. Skills of 
holding physiologically correct body positions in stat-
ic and dynamic positions are formed due to constant 
application of precisely dosed tensions of muscular 
corset on the basis of training of different coordination 
movements [5].

Primary school age is favorable for the development 
of the majority of motor qualities and is an active period 
of motor function development; therefore, deviations 
in posture development at this age are unstable and 
successfully undergo pedagogical influence. Physical 
exercises that have a stabilizing effect on the spine, 
improve respiratory function and strengthen the 
muscles of the trunk are the main means used during 
physical education lessons for schoolers with postural 
disorders [6, 7]. 
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In equal measure, modern pedagogical theory and 
practice lacks researches devoted to peculiarities of 
motor function development of primary school children 
with deviations in posture development along with 
sufficient elaboration of the problem of high schooler’s 
posture formation, prevention and correction of its 
disorders by means of physical exercises. The question 
of the development of coordination abilities in prima-
ry school boys with postural disorders remains open, 
which requires scientific research.

THE AIM
The aim is to develop, substantiate and experimentally 
test the methodology for the development of coordina-
tion abilities in 6-10 years old boys with postural disor-
ders during their physical education training sessions.

MATERIALS AND METHODS
The experimental (EG) and the control groups (CG) were 
formed to organize the pedagogical experiment. The 
EG included 17 boys and the CG consisted of 19 boys. 
The EG was engaged in sports activities according the 
worked out methodology for the development of co-
ordination abilities in boys with postural disorders and 
the CG followed the current school curricula on physical 
education. The homogeneity of the groups of schoolers 
created for the pedagogical experiment was proved by 
the fact that the average results obtained during the 
study of the EG and CG schoolers at the beginning of 
the pedagogical experiment did not have a significant 
difference in all the studied indicators.

The following methods of the research were used: anal-
ysis and generalization of literature sources was used to 
study the relevance of the research topic and the actual 
state of development of the scientific question, to outline 
the algorithm of the research, theoretical substantiation 
of its results; pedagogical observation was implemented 
to study the real state of educational process of physical 
culture of primary schoolers, and special attention was 
paid to the quality of health-promoting tasks realization, 
in particular formation of posture and the development 
of coordination abilities in primary schoolers; the pur-
pose of method of indices was to determine the type 
of postural disorders in schoolchildren by the method 
of indices: scoliotic posture according to the index of 
vertical curvature of the spine, kyphotic posture (stoop) 
according to the shoulder index; testing was used to 
check the level of coordination abilities manifestation in 
primary schoolers, in particular static and dynamic body 
balance, coordination of movements and coordination 
abilities at body position change. 

The static balance of the body was determined using 
the modified Romberg test [8]. The ability to maintain 
balance was assessed as follows: holding the position of 
“attention” for less than 15 seconds – grade “1”; holding 
the position of “attention” for 15 seconds–grade “2”; 
raise the arms forward, stand for another 15 seconds–
grade “3”; close the eyes (or lower the bandage) and 
stand for another 15 seconds–grade “4”; raise the head 
with eyes closed and stand for another 15 seconds–
grade “5”. The Yarotskyi test was used to determine 
dynamic balance [8]. The exercise was performed from 
a preparatory standing position with eyes closed, while 
the examinees began to continuously rotate their heads 
to one side at a rate of 2 movements per second. The 
time was recorded with an accuracy of 0.1 seconds 
from the beginning of rotation to the loss of balance. 
The test referred to as “Ten Eights” proposed by Yu. A. 
Kopylov [8] was used to determine the level of move-
ment coordination. This coordination test provided for 
a schooler’s performance of ten cycles of movements 
with tennis ball “in figure eight” between legs from an 
angle position with the legs straddled, passing the ball 
from hand to hand. As a result of the test performance 
by schoolers of the 1-4th grades, the performance time 
is estimated according to the relevant normative data: 
“excellent” – 10.0 - 16.0 seconds; “good” – 16.1 - 22.0 
seconds; “satisfactory” – 22.1 - 22.8 seconds. Coordina-
tion abilities at body position change of schoolers were 
determined by means of the Burpee test [8]. A schooler 
was offered to perform a sequence of movements for 10 
seconds: 1 – squat rest position; 2 – front plank; 3 – squat 
rest position; 4 – standing position. The final result of 
the test was to record the number of complete cycles 
and partial exercise performance for 10 seconds. Evalu-
ation of partial performance was as follows: ¼ – motion 
execution on the count of 1; ½ – motion execution on 
the count of 2; ¾ – motion execution on the count of 3.  
Integral indicator of coordination abilities in schoolers 
with deviations in posture development was estimated 
by the index of coordination abilities, calculated as dif-
ference in speed of 3 x 10 m shuttle run and 30 m run.

The pedagogical experiment lasted 1 year The meth-
ods of mathematical and statistical data processing 
were used for quantitative and qualitative processing 
of digital research materials, for quantitative and qual-
itative processing of the obtained research results and 
determination of their reliability. The significance of 
the difference in the obtained results was determined 
during the studying based on the Student’s test. The 
significance for all statistical tests was set at p<0.05. 
The procedure for organizing the research was previ-
ously agreed with the Committee on compliance with 
Academic Integrity and Ethics of the Ukrainian State 
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Dragomanov University. Prior consent to participate 
in the research was obtained from all the participants.

RESULTS 
The educational process of physical education of pri-
mary schoolers includes the implementation of many 
tasks: educational, health-promoting and educational. 
Given that the health-promoting orientation of physical 
education of schoolers with poor health is a priority, and 
taking into account the connection between coordina-
tion of movements and the formation of a stereotype 
of schoolers’ posture, the development of coordination 
abilities is the purpose of physical education of primary 
schoolers with postural disorders. The content, means, 

methods and organizational forms of the educational 
process for the realization of the set purpose on the 
basis of determined principles and compliance with the 
necessary organizational and pedagogical conditions 
constitute the methodology for the development of 
coordination abilities in primary schoolers with postural 
disorders. Its peculiarity lies in the accentuated influ-
ence on the vestibular, motor and visual analyzers with 
the help of a system of exercises aimed at controlling 
movements in space in static positions and during 
movement. The content of the methodology was based 
on the principle of combined action on motor coordi-
nation and correction of muscle asymmetry, which con-
sists in the variable use of physical loads associated with 
the reproduction of spatial, rhythmic, dynamic, plastic 

Table І. Peculiarities of selection of load components in the process of coordination abilities development in primary schoolers with postural disorders
Components of the load Methodological peculiarities of load planning and direction of impact

Complexity of movements Wide range of coordination complexity: 30-60 % of individually accessible level. 

Intensity of work Gradual increase in intensity as the developmental effect accumulates. The intensity of a 
particular task depends on the type of coordination abilities and conditions of performance.

Duration of a separate motor task 
or a set

Wide range from 1-5 seconds to 180 seconds depending on the coordination complexity and 
intensity of the motor task.

Number of repetitions From 5 to 10 times for short-term work (1-5 seconds). Reducing the number of repetitions (up 
to 1-2 times) as the duration of the exercise and their total number increases. 

Duration and nature of rest
From 30 seconds to 2-3 minutes depending on the duration and intensity of the load until full 

recovery of efficiency and attention, as well as for psychological mood. The nature of rest is 
active, passive or combined.

Table ІІ. Methodical peculiarities of application of exercises for coordination abilities development in primary schoolers with postural disorders
Type of coordination 

abilities Peculiarities of physical loads planning 

Static balance

Exercises of a static nature. Complexity: 30-60 % of the individual maximum. The intensity is low. 
Duration of a single exercise: 1-5 seconds or until balance disorder. Number of repetitions: up to 10-12 

times. Change of conditions and methods of performance: limitation of visual control, support area, 
inclusion of accompanying movements. Rest between sets: 30-120 seconds, the character is active.

Dynamic balance

Exercises of a dynamic nature. Complexity: 30-60 % of the individual maximum. Intensity of a separate 
motor task: from low to medium. Duration of a single exercise or a series of exercises: up to 30 seconds 

or until the appearance of a balance disorder. Number of repetitions (depending on complexity and 
intensity): 2-8 times. Change of conditions and methods of performance: limitation of visual control, 

inclusion of accompanying movements, change of preparatory positions, tempo, direction, amplitude 
of movements. Rest between sets: 30-60 seconds. Character of rest: passive or combined.

Coordination of 
movements

Exercises of a dynamic nature. Complexity: 30-60 % of the individual maximum. Intensity of a separate 
motor task: average and above average. Duration of a single exercise or a series of exercises: up to 30-
60 seconds or until the coordination of movements, interest or concentration of attention decreases. 
Number of repetitions (depending on complexity and intensity): up to 8 times. Change of conditions 

and methods of exercise performance: inclusion of accompanying or additional movements, change of 
preparatory positions, tempo, direction, amplitude of movements. Rest between sets: 60-180 seconds. 

Character of rest: passive or combined.

Coordination abilities at 
body position change

Exercises of a dynamic nature. Complexity: 30-60 % of the individual maximum. Intensity of a single 
task: average and above average. Duration of a single exercise or a series of exercises: 5-30 seconds or 
until coordination of movements, interest or attention decreases. Number of repetitions (depending 

on complexity and intensity): up to 8 times. Change of conditions and methods of performance: 
change of preparatory positions, orienting points, spatial boundaries, tempo, direction of movements. 

Rest between sets: 60-180 seconds. The character of rest is passive.
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characteristics of static positions or movements. Con-
sideration of age peculiarities of physical development 
provided for ensuring biological need for movement, 
combined development of coordination abilities and 
formation of movement organs i. e. skeletal muscles, 
bones, tendons and articulo-ligamentous apparatus, 
planning adequate parameters of muscular appara-
tus loads, emphasis on symmetrical development of 
muscles of the right and the left sides of the trunk and 
limbs, as well as training of correct breathing during 
exercises (Tables І, ІІ).

The obtained results in the process of conducting the 
formative stage of the pedagogical experiment testify 

to the effectiveness of the proposed methodology for 
the development of coordination abilities in primary 
school boys with postural disorders (Table ІІІ). Thus, the 
EG children revealed significantly higher indicators of 
static balance and coordination abilities at body posi-
tion change than the CG primary schoolers (p ≤ 0.05). 
Flexibility of the EG and the CG boys significantly 
improved at the end of the pedagogical experiment 
(p ≤ 0.05). As for the indicators of vestibular stability, 
ability of voluntary muscle relaxation and coordination 
of movements in the EG and the CG boys, they did not 
change significantly during the pedagogical experi-
ment (p > 0.05).

Table IІІ. Dynamics of coordination and motor abilities development in 6 primary schoolers with postural disorders (Mean ± SD)

Studied indicators Groups
Stages of the experiment % increase in 

the indicator р
Before After

6-8 years old boys

Static balance, points
CG 2.0 ± 0.6 2.9 ± 0.8 36.7 p> 0.05

EG 1.8 ± 0.3 4.0 ± 1.2 75.9 p ≤ 0.05

Dynamic balance, seconds
CG 20.6 ± 1.1 21.2 ± 0.8 2.5 p > 0.05

EG 20.9 ± 0.8 21.4 ± 1.0 1.6 p > 0.05

Coordination abilities at body position change, times
CG 5.6 ± 0.6 5.8 ± 0.4 3.5 p > 0.05

EG 5.4 ± 0.4 6.2 ± 0.5 13.8 p ≤ 0.05

Coordination of movements, seconds
CG 20.9 ± 0.2 21.2 ± 0.3 2.6 p > 0.05

EG 21.1 ± 0.3 22.6 ± 0.5 6.9 p > 0.05

9-10 years old boys

Static balance, points
CG 2.1 ± 0.7 2.8 ± 0.9 28.6 p > 0.05

EG 2.2 ± 0.8 4.3 ± 1.1 64.6 p ≤ 0.05

Dynamic balance, seconds
CG 23.0 ± 1.2 23.5 ± 0.9 2.2 p > 0.05

EG 22.8 ± 1.0 23.4 ± 1.1 2.6 p > 0.05

Coordination abilities at body position change, times
CG 6.0 ± 0.3 6.3 ± 0.5 4.9 p > 0.05

EG 6.2 ± 0.4 7.7 ± 0.8 21.6 p ≤ 0.05

Coordination of movements, seconds
CG 19.0 ± 0.8 19.4 ± 0.6 2.1 p > 0.05

EG 19.2 ± 0.6 21.3 ± 1.1 9.9 p > 0.05

Note: Mean: arithmetical average; SD: standard deviation; p: the significance of the difference between the indicators of studied groups before and after 
the experiment

Table ІV. Dynamics of the indicators of general coordination of movements in 6-10 years old boys with postural disorders in the conditions of the ped-
agogical experiment (Mean ± SD)

Studied indicators Groups
Stages of the experiment % increase in 

the indicator р
Before After

6-8 years old boys

Index of coordination abilities, seconds
CG 4.32 ± 0.2 3.95 ± 0.3 8.9 p > 0.05

EG 4.34 ± 0.3 3.76 ± 0.2 14.3 p ≤ 0.05

9-10 years old boys

Index of coordination abilities, seconds
CG 4.03 ± 0.3 3.72 ± 0.2 8.0 p > 0.05

EG 4.01 ± 0.2 3.45 ± 0.3 15.0 p ≤ 0.05

Note: Mean: arithmetical average; SD: standard deviation; p: the significance of the difference between the indicators of studied groups before and after 
the experiment
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The significant improvement of the indicators of 
general coordination of movements was revealed in 
the EG boys at the end of the pedagogical experiment 
(Table IV).

Thus, these results increased by 14.3 % in 6-8 years 
old schoolers and by 15.0 % in 9-10 years old schoolers 
at p ≤ 0.05. The index of general coordination of move-
ments improved insignificantly in boys of the control 
group: by 8.9 % in 6-8 years old schoolers and only by 
8.0 % in 9-10 years old schoolers at р > 0.05.

It was established that the use of the worked out 
methodology for the development of coordination 
abilities in primary schoolers with postural disorders 
during the educational process of general secondary 
education institutions allows solving a number of issues 
relevant to the modern national school: increasing the 
level of development of coordination of movements 
and correction of deviations in the development of 
posture. Thus, it was found that the number of 6-10 
years old boys who have various deviations in the de-
velopment of posture, on average decreased by 7.4 % 
(from 26.8 % to 19.4 %).

DISCUSSION
The study of modern scientific researches allows us to 
say that physical culture with its main means of influ-
ence i. e. physical exercises is the only school subject 
that takes into account the biological need of schoolers 
in movement and has a health-promoting character [9, 
10]. It was established that physical exercises that have 
a stabilizing effect on the spine, improve respiratory 
function and strengthen the muscles of the trunk are 
the main means used during physical education lessons 
for schoolers with postural disorders [11, 12]. There are 
active anatomical and physiological changes in the 
body of children in primary school age, the course of 
which is smooth without significant sex differences. It 
is characterized by complex morphofunctional, mental 
restructuring: high growth rates, weight gain, intensive 
changes in both structure and functions of individual 
organs and body systems. The presence of an incorrect 
dynamic stereotype of posture causes disturbances 
in the biomechanical structure of posture and move-
ments, as the interaction of mechanisms responsible 
for the coordination of motor processes deteriorates. 
Children with deviations in the development of posture 
are characterized by a decrease in the tone of individual 
muscles, which is described by a violation of the interac-
tion of individual muscle groups and reduced ability to 
muscle-articular sensitivity and movement control [13]. 
This explains the decrease in the level of manifestation 
of motor abilities of schoolers with postural disorders 

and requires special attention to the development of 
their motor function.

It was revealed that deviations in posture develop-
ment influence the development of motor function and 
limit possibilities of full motor development. To ensure 
the quality of motor activities and the formation of the 
motor fund of children, it is important to develop coor-
dination abilities, which are characterized as innate pre-
requisites for the compliance of motor function with the 
biomechanical requirements of performing movements 
according to certain kinematic and dynamic parame-
ters and allow choosing the optimal means of motor 
tasks solving [14]. Therefore, we have developed and 
substantiated the methodology for the development 
of coordination abilities in primary schoolchildren with 
postural disorders during physical education lessons. In 
addition, consideration of age peculiarities of physical 
development provided for ensuring biological need for 
movement, combined development of coordination 
abilities and formation of movement organs i. e. skele-
tal muscles, bones, tendons and articulo-ligamentous 
apparatus, planning adequate parameters of muscular 
apparatus loads, emphasis on symmetrical develop-
ment of muscles of the right and the left sides of the 
trunk and limbs, as well as training of correct breathing 
during exercises.

CONCLUSIONS
The methodology for the development of coordination 
abilities in primary schoolers with postural disorders in 
the process of their physical education was developed 
and substantiated. Its peculiarity lies in the accentuated 
influence on the vestibular, motor and visual analyzers 
with the help of a system of exercises aimed at con-
trolling movements in space in static positions and 
during movement. The content of the methodology 
was based on the principle of combined action on mo-
tor coordination and correction of muscle asymmetry, 
which consists in the variable use of physical loads 
associated with the reproduction of spatial, rhythmic, 
dynamic, plastic characteristics of static positions or 
movements. Differentiation of the content of physical 
loads was provided taking into account the type of 
postural disorders of boys, in particular the associated 
characteristic features of spinal asymmetry and infor-
mative varieties of coordination abilities.

The results of the formative stage of the pedagogical 
experiment testify to the effectiveness of the proposed 
methodology for the development of coordination 
abilities in primary school boys with postural disorders. 
Thus, the EG boys had significantly higher indicators of 
static balance and coordination abilities at body position 
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years old boys with various postural disorders decreased 
by 7.4 % on average (from 26.8 % to 19.4 %).

Prospects for further research are to use the electro-
myography method to diagnose disorders of the ver-
tical spine and to correct children’s postural disorders 
in frontal plane.

change, as well as general coordination of movements 
(p ≤ 0.05) at the end of the academic year than those 
of the CG. As for the indicators of dynamic balance and 
coordination of movements in the EG and the CG boys, 
they did not change significantly during the pedagogical 
experiment (p > 0.05). In addition, the number of 6-10 
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INTRODUCTION 
Not only individual and typological features of higher 
nervous activity (strength and functional mobility of 
nervous processes) but also the level of development 
of such mental properties of individuals as attention, 
thinking, and memory play great importance in ensur-
ing effective physical and mental activity in sports that 
require from athletes quick and accurate assessment 
of situations, ability to think and make decisions in 
conditions of physical and emotional fatigue of their 
organisms, etc.[1-3].

It is known that the function of visual memory is an ac-
tive process in various spheres of human activities, and 
in sports practice, like other mental functions (attention, 
logical thinking, time perception), it directly affects the 
effectiveness of sports activities [4-6]. In addition, from 
the results of our previous studies [7], we know about 

the fact of the specific influence of the orientation of 
the training process on the development of the main 
mental properties of adolescents who were engaged 
in various sports. In particular, it was found that there 
was an improvement in visual memory function under 
the influence of endurance physical activity, while there 
were insignificant changes in the above-mentioned 
property under the influence of speed and strength 
loads. 

In this regard, the issue of using serological markers 
of blood groups in the genetic prediction of the devel-
opment of visual memory function in high schoolers 
and students engaged in various sports is relevant. The 
study of this problem is not only theoretical but also 
practical. Knowledge about the influence of serological 
markers of blood groups upon the development of 
visual memory can be used in the practice of genetic 
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ABSTRACT
The aim: To investigate the influence of serological markers of blood groups of the AB0 system upon the development of short-term visual memory in high 
schoolers and students.
Materials and methods: The research involved 13-16-year-old high schoolers (boys) (n = 139) who were involved in various sports: group A – speed and 
strength sports (n = 74); group B – endurance sports (n = 65). The control group consisted of 13-16-year-old high schoolers (n = 106) and 17-20-year-old 
students (n = 212) who were not engaged in sports. The study of short-term visual memory was conducted using the “Memory for geometric shapes” method.
Results: It was found that high schoolers and students with the 0(I) blood group have the best associative coupling with the properties of short-term visual 
memory.
Conclusions: The use of serological markers of blood groups according to the AB0 system is possible in the genetic prediction of the development of visual 
memory in high schoolers and students. Herewith, the associative coupling is more pronounced in juvenility than in adolescence.
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psychological and pedagogical counseling of young 
people on the problems of their choice of sports and 
professional activities.

THE AIM
The aim is to investigate the influence of serological 
markers of blood groups of the AB0 system upon the 
development of short-term visual memory in high 
schoolers and students.

MATERIALS AND METHODS
The research involved 13-16-year-old high schoolers 
(boys) (n = 139) of the Brovary Higher School of Physical 
Culture (Brovary, Kyiv oblast) (the experimental group) 

who were engaged in various sports: group A (n = 74) – 
speed and strength sports (boxing, wrestling, track-and-
field athletics: sprinting, hurdling, jumping, shot put and 
discus throwing); group B (n = 65) – endurance sports 
(skiing, cycling, swimming: 200, 400 and 1500 m). The 
control group consisted of 13-16-year-old high schoolers 
(n = 106) and 17-20-year-old students (n = 212) who were 
not engaged in sports. The research on the influence of 
serological blood group markers on the development 
of visual memory of high schoolers and students was 
conducted in the period from 2019 to 2022. 

The study of individual characteristics of short-term 
visual memory was conducted using the “Memory for 
geometric shapes” method, which was proposed by 
M. V. Makarenko et al [8, 9]. During this test, the sub-
ject of interest was presented with forms depicting 7 

Table І. Assessment of visual memory of high schoolers and students (in points)
Number of correct answers 14 13 12 11 9-10 7-8 5-6 4 3 2

Number of points 10 9 8 7 6 5 4 3 2 1

Table ІІ. Indicators of visual memory function in 13-16-year-old high schooler athletes with different blood groups (not taking into account the specifics 
of sports), X ± m, (n = 139)

No Blood groups n
Visual memory

Number of errors, pcs. Score, points

1 0(I) 46 2.9±0.24 7,2±0,20

2 А(II) 43 3.4±0.28 6,9±0,22

3 В(III) 28 3.5±0.32 6,7±0,23

4 АВ(IV) 22 3.5±0.33 6,7±0,26

Reliability  
of the difference

p1-p2 >0.05 >0.05

p1-p3 >0.05 >0.05

p1-p4 >0.05 >0.05

p2-p3 >0.05 >0.05

p2-p4 >0.05 >0.05

p3-p4 >0.05 >0.05

Table ІІІ. Indicators of visual memory function in 13-16-year-old high schoolers with different blood groups who were engaged in speed and strength 
sports (group A), X ± m, (n = 74)

No Blood groups n
Visual memory

Number of errors, pcs. Score, points

1 0(I) 24 3.2±0.32 7.0±0.26

2 А(II) 23 3.8±0.38 6.6±0.27

3 В(III) 15 3.7±0.50 6.6±0.35

4 АВ(IV) 12 3.6±0.48 6.7±0.36

Reliability  
of the difference

p1-p2 >0.05 >0.05

p1-p3 >0.05 >0.05

p1-p4 >0.05 >0.05

p2-p3 >0.05 >0.05

p2-p4 >0.05 >0.05

p3-p4 >0.05 >0.05
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geometric shapes. The subject had to memorize their 
location within 30 seconds, and then reproduce the giv-
en figures on the registration form within 45 seconds. 
The test task was performed twice using similar forms. 

We counted the number of shapes correctly drawn and 
placed in the registration form (correct answers) and 
the number of errors made by the subject of interest. 
Based on the results of the two tasks, the state of the 

Table ІV. Indicators of visual memory function in 13-16-year-old high schoolers with different blood groups who were engaged in speed and strength 
sports (group B), X ± m, (n = 65)

No Blood groups n
Visual memory

Number of errors, pcs. Score, points

1 0(I) 22 2.6±0.35 7.5±0.31

2 А(II) 20 2.9±0.39 7.3±0.35

3 В(III) 13 3.3±0.38 6.8±0.32

4 АВ(IV) 10 3.4±0.48 6.8±0.39

Reliability  
of the difference

p1-p2 >0.05 >0.05

p1-p3 >0.05 >0.05

p1-p4 >0.05 >0.05

p2-p3 >0.05 >0.05

p2-p4 >0.05 >0.05

p3-p4 >0.05 >0.05

Table V. Indicators of visual memory function in 13-16-year-old high schoolers with different blood groups who were not engaged in sports, X ± m, 
(n = 106)

No Blood groups n
Visual memory

Number of errors, pcs. Score, points

1 0(I) 28 2.8±0.34 7.4±0.30

2 А(II) 30 3.2±0.34 7.1±0.26

3 В(III) 26 3.2±0.28 7.0±0.24

4 АВ(IV) 22 3.0±0.28 7.1±0.25

Reliability  
of the difference

p1-p2 >0.05 >0.05

p1-p3 >0.05 >0.05

p1-p4 >0.05 >0.05

p2-p3 >0.05 >0.05

p2-p4 >0.05 >0.05

p3-p4 >0.05 >0.05

Table VІ. Indicators of visual memory function in 17-20-year-old students with different blood groups who were not engaged in sports, X ± m, (n = 212)

No Blood groups n
Visual memory

Number of errors, pcs. Score, points

1 0(I) 67 2.0±0.19 8.1±0.16

2 А(II) 65 2.6±0.23 7.6±0.19

3 В(III) 45 2.5±0.30 7.7±0.26

4 АВ(IV) 35 2.6±0.41 7.6±0.32

Reliability  
of the difference

p1-p2 <0.05 <0.05

p1-p3 >0.05 >0.05

p1-p4 >0.05 >0.05

p2-p3 >0.05 >0.05

p2-p4 >0.05 >0.05

p3-p4 >0.05 >0.05
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individual’s “visual memory” was assessed in terms of 
conditional points (Table I).

The tests were conducted in an isolated room in the 
morning (from 9 to 12 o’clock, no earlier than 2 hours 
after eating). One or two days before the examination, 
high schoolers and students were asked to reduce 
physical activity by 50 % in volume and intensity, not 
to take tonic and sedative pharmaceuticals, and not 
to drink strong tea or coffee on the day of testing. 
Blood group data was taken from the subjects’ med-
ical records. This research followed the regulations of 
the World Medical Association Declaration of Helsinki. 
Each subject voluntarily participated in the research. 
All high schoolers and students were healthy during 
the survey period. In the course of the research, the 
reliability of the difference between the studied high 
schoolers and students with different AB0 blood groups 
was determined using the parametric Student’s t-test. 
The difference was considered statistically significant 
at the 95 % significance level (p < 0.05).

RESULTS 
The results of associative coupling of blood groups with 
properties of visual memory function of 13-16-year-old 
high schooler athletes without taking into account 
specifics of their sports are presented in Table II.

It was found that the number of errors made by high 
schooler athletes (not taking into account the specifics 
of sports) when performing the “Memory for geometric 
shapes” test remains practically the same for most of 
them, and therefore no statistically significant differ-
ences (p  >  0.05) were found among persons of four 
blood groups. There were also no significant differences 
(p > 0.05) in the number of points in the assessment of 
visual memory in high schooler athletes. 

The data of the comparative analysis of indicators of the 
function of short-term visual memory in high schooler 
athletes who specialized in sports with different training 
orientations (group A – speed and strength sports, group B 
– endurance sports) are presented in Tables III and IV.

As can be seen from Tables III and IV, we did not find 
a statistically significant difference (p > 0.05) between 
the indicators of visual memory function (number of 
errors and total score) in 13-16-year-old high schoolers 
who were engaged in various sports. 

Table V presents the results of the research on visual 
memory function in 13-16-year-old high schoolers 
who did not play sports. The data of this table show 
that there is no significant difference in the values of 
the registered indicators characterizing the function of 
short-term visual memory between high schoolers of 
all four blood groups (p > 0.05).

From our previous studies [10-13] it is known that 
stability, the concentration of attention, perception of 
time, and logical thinking in young people improve over 
the years, and therefore, in our case, we can assume 
that the function of visual memory will also be more 
pronounced in juvenility than in adolescence. In this 
regard, we conducted the research on the influence 
of serological markers of blood groups upon the de-
velopment of short-term visual memory function in 
17-20-year-old students of higher educational institu-
tions who were not engaged in sports (Table VI). The 
data in this table show that students with the 0(I) blood 
group had significantly better values in terms of the 
number of errors and the overall score in the develop-
ment of their visual memory compared to students with 
the A(II) blood group (p < 0.05). While no statistically 
significant difference was found between students be-
longing to the B(III) and AB(IV) blood groups (p > 0.05). 
Therefore, it can be assumed that students with the 0(I) 
blood group had the best associative coupling with 
visual memory function.

DISCUSSION
Studies [14] have found that there is a close correlation 
relationship between the academic performance of 
high schoolers and university students and the volume 
(efficiency) of short-term visual memory, which ranges 
from r = 0.26 to 0.39. Similarly, researchers [1, 15] found 
a positive relationship between the development of the 
working memory of young children and their academic 
performance in primary school and the research [16], 
respectively, established a high associative coupling 
between memory function and mathematical perfor-
mance of primary schoolers. Studies [17, 18] have shown 
associative coupling between serological markers of 
blood groups of the AB0 system and the possibilities of 
developing motor skills in athletes, which allows for the 
orientation of gifted children and adolescents to certain 
types of sports activities, and adults (men and women), 
respectively, to the development of certain motor skills. 
Research [13] shows that blood group markers can be 
used in the genetic prediction of mental properties of 
attention and logical thinking in adults. Our previous 
studies analyze the influence of serological blood group 
markers upon the development of logical thinking, 
attention, and time perception in young athletes (boys 
and girls) of adolescent age [10-12]. 

The generalized conclusions of the above works are 
as follows: 1) the use of serological markers of blood 
groups of the AB0 system is possible in the genetic 
prediction of the development of mental properties of 
thinking, attention, and perception; 2) the best associa-
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tive coupling with various properties of logical thinking 
is observed in individuals with the A(II) and 0(I) blood 
groups, and the worst – in the AB(IV) and B(III) groups; 
3) adolescent athletes with the 0(I) blood group have 
the best associative coupling with different properties 
of attention, and respectively, the worst – with the A(II) 
group; 4) and finally, young athletes with the B(III) blood 
group have the best associative coupling with the prop-
erties of time perception, while the worst associative 
coupling cannot be established.

The conducted analysis of visual memory function 
indicators depending on serological markers of blood 
groups of the AB0 system of 13-16-year-old high 
schooler athletes (with and without taking into account 
the orientation of the sport) shows the absence of sig-
nificant differences between individuals with the 0(I), 
A(II), B(III) and AB(IV) blood groups (p > 0.05). We also 
found no significant difference between the indicators 
of short-term visual memory function (p > 0.05) when 
studying the peculiarities of visual memory develop-
ment in high schoolers with different blood groups who 
were not engaged in sports. The results of the study of 
students who were not engaged in sports indicate that 
the best associative coupling with visual memory prop-
erties was found in individuals with the 0(I) blood group, 

while the worst one remains unclear. It can be assumed 
that the properties of visual memory, similar to other 
mental functions (attention, perception, thinking), are 
more pronounced in juvenility than in adolescence.

CONCLUSIONS
The use of serological markers of blood groups ac-
cording to the AB0 system is possible in the genetic 
prediction of the development of visual memory in 
high schoolers and students, regardless of their social 
employment. It is worth noting that the associative 
coupling in the subjects of interest is more pronounced 
in juvenility than in adolescence. In general, based on 
the results of the research, we conclude that individuals 
with the 0(I) blood group have the best associative cou-
pling with the properties of short-term visual memory, 
while the worst coupling cannot be determined.

PROSPECTS FOR FURTHER RESEARCH
It is planned to study in more depth the possibilities of 
using serological blood group markers in the genetic 
prediction of the development of human mental func-
tions (attention, memory, perception).
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“Never let a good crisis go to waste”.
Sir Winston Churchill’s

INTRODUCTION
Sir Winston Churchill’s statement in the epigraph to the 
article should be taken as a guide to action in the context 
of the mankind’s struggle against the COVID-19 pan-
demic. The latter has caused a global chaos, as it quickly 
escalated from a public health emergency in early 2020 
into a pandemic that brought the normal life to a halt [1]. 

Every crisis, however, is an opportunity to re-evaluate the 
past and the present, in order to get rid of stereotypes 
and stigmas and intensify a further progress.

This approach defines the conceptual line of re-
search, which involves not only describing the impact 
of COVID-19 on students’ mental health (MH), but also 
finding effective tools for its preservation and mobili-
zation of their social activity.

The new situation in the higher education system as a 
result of the COVID-19 pandemic has become the subject 
of a systematic analysis by international organizations, na-
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ABSTRACT
The aim of the article is to reveal the potential of Emotional Intelligence (EI) as a factor in strengthening the students’ mental health (MH) during and after 
the COVID-19 pandemic. 
Materials and methods: The experimental work was carried out in four stages: 1) preparation - substantiation of its scientific and theoretical principles; 2) 
ascertaining - development of prognostic tools, conducting an on-line survey of students, an analysis of its results; 3) formative - training with the experimental 
group participants following the author’s methodology; 4) control - survey of experimental group members, determination of experimental results. About 230 
students of Ukraine took part in the survey. The statistical processing of the survey results was performed by formal mathematical calculations and calculating 
Student’s t-criterion in order to verify the equality of the mean dependent values in different samples.
Results: The presented results of the research and experiment prove that Emotional Intelligence, in particular its four identified components (іnformation, 
аdaptivebehaviour, self-control, empathy), can be an effective factor not only in maintaining university students’ mental health during the COVID-19 pandemic, 
but also in their adaptation to other adverse conditions. A comparison of the results of our research with similar sociological research shows the similarity of 
problems and changes in the students’ mental health all over the world during the pandemic. The materials tested during the development of prognostic tools 
and training methods can be taken into account for the organization of such research and training activities.
Conclusions: The presented results of the research and experiment prove that EI, in particular its four identified components, can be an effective factor not only 
in maintaining university students’ MH during the COVID-19 pandemic, but also in their adaptation to other adverse conditions. A comparison of the results of 
our research with similar sociological research shows the similarity of problems and changes in the students’ MH all over the world during the pandemic. The 
materials tested during the development of prognostic tools and training methods are publicly available on the Internet, so they can be taken into account 
for the organization of such research and training activities. At the same time, we insist that the pandemic should not only intensify the study of changes in 
MH, but also stimulate the search for effective means to strengthen it. Sir Winston Churchill’s eloquent appeal “Never let a good crisis go to waste” should be 
a guideline in solving this problem.
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tional governments and scientists. Their reports [2-4 etc.], 
a series of articles “In the COVID-19 and Higher Education 
series, United Nations Academic Impact”, accessible on the 
Internet, and other documents certify unprecedented mea-
sures by universities to reform the educational process and 
ensure its continuity. The studies by scholars from different 
countries show that COVID-19 caused lifestyle changes, 
limited mobility, distance learning, social exclusion, etc., 
which affected the MH of students [5-15].

The conclusion of scientists who, after analyzing a study 
by the Indian Psychiatric Society, showed that the ongoing 
COVID-19 crisis emphasised the necessity of a holistic un-
derstanding of human mental disorders and strategies for 
MH preservation during and after the pandemic [16]. This 
statement is in agreement with the data of US scientists, 
who prove that MH problems have been and remain one 
of the main obstacles to successful learning, because they 
negatively affect the students’ motivation, social interaction, 
concentration, etc. In addition, COVID-19 has caused a sig-
nificant increase in various mental illnesses [7].

Based on the materials of the above-mentioned and other 
studies [8], MH is considered as an interdisciplinary category, 
which denotes: the state of a person who functions at a 
satisfactory level of emotional and behavioural adaptation; 
the ability of individuals to realize themselves as subjects 
of interaction with the outside world; mental mechanisms 
that determine a person’s social activity. MH determines a 
person’s mental life and their individual reactions to ordinary 
and extreme life situations.

Important for our study is the statement that MH plays 
a key role in overcoming “normal life stresses”, coping with 
life stresses and ensuring productive social and professional 
work [17]. Fear, anxiety, stress - these are the usual reactions 
to the perception of real and imagined threats, however, 
under the influence of the epidemic COVID-19, they have 
increased significantly, because the person is faced with 
uncertainty due to new realities [1]. 

From the standpoint of the Emotional Intelligence (EI) 
impact on the students’ MH, the former is considered as: 
(1) the ability of a person to recognize and understand their 
own emotions, intentions, desires and those of others and 
control them to solve practical problems [18]; (2) the unity 
of intellectual and affective processes and a tool for effective 
interaction with the social environment, which can help to 
avoid stress [19].

When structuring EI we rely on the “Bar-On model”, 
which determines the EI/EQ (emotional quotient) for-
mation level based on the level of controlling oneself 
which includes 15 abilities: 1) assessment of one’s own 
abilities and limitations; 2) awareness of one’s emotional 
state and the reasons for its occurrence; 3) expression 
of one’s feelings, thoughts, the ability to mobilize the 
emotional energy; 4) emotional stability; 5) empathy; 6) 

self-identification of a member; 7) social contacts based 
on emotional intimacy; 8) resistance to stress, effective 
control of emotions; 9) control of impulses, restraint 
of emotions; 10) a balanced assessment of the reality, 
external influences and their comparison with reality; 
11) flexible adjustment of feelings, thoughts, ideas, and 
behavior in accordance with changing circumstances; 
12) effective problem solving; 13) self-actualization; 14) 
optimism and emotional balance in any situation; 15) 
satisfaction with oneself, others, life in general [20].

When determining the EI potential as a tool to strengthen 
the mental health of an individual in the extreme conditions 
of COVID-19, we emphasise two important aspects. The first 
one (according to Goleman, 1998[19]) is an organic com-
bination in the EI structure of personal and interpersonal 
components that focus on their own emotions and the 
emotions of others. The second one (according to Piaget, 
1966 [21]) is a clear fixation of the influence of intelligence 
on adaptation, which includes assimilation, i.e. reproduction 
in the subject’s (student’s) cognitive activity of the basic 
characteristics of the object of cognition (threats and conse-
quences of COVID-19) and accommodation, i. e. adaptation 
of the subject to the requirements of the new real world.

The presented provisions allow us to identify the four 
basic components that outline the EI potential as a factor 
in the adaptation and impact on students’ MH during the 
pandemic. Their essence and indicators for determining the 
EI level are presented in table I.

THE AIM 
The purpose of the article is to reveal the potential of 
Emotional Intelligence (EI) as a factor in strengthening the 
students’ MH during and after the COVID-19 pandemic. 

The main concept, structure and logic of the research 
have been determined by three considerations. First, 
the COVID-19 pandemic caused drastic changes in the 
higher education system, which affected the students 
MH. Second, this problem requires a thorough interdis-
ciplinary study to identify changes in the students’ MH 
and find effective ways to correct it and increase their 
social activity. Third, EI as one of the leading skills of the 
21st century specialists can be such an effective tool.

 On this basis, the assumption of the experimental 
study was determined: increasing the EI level can stabi-
lize and improve the students’ MH during the pandemic 
and in other stressful situations.

MATERIALS AND METHODS
The experimental was carried out in four stages: 1) 
preparatory - substantiation of its scientific and the-
oretical principles; 2) ascertaining - development of 
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prognostic tools, on-line survey, analysis of its results; 
3) formative - training with the experimental group (EG) 
participants according to the author’s methodology; 4) 
control - on-line survey of EG members, determination 
of experimental results and recommendations.

At the ascertaining stage the questionnaire “Self-assess-
ment of mental health during СOVID-19” was developed 
by combining two groups of diagnostic techniques and 
scientific researches. The first group consisted of tools for 
identifying the links between EI and indicators of adaptive 
behavior in stressful situations: the method of measuring 
EI according to the Emin questionnaire [22];  methodology 
for diagnosing the level of social frustration L. Wasser-
man (modification by V. Boyko); V. Zunge’s method of 
differential diagnostics of depressive states (adapted by 
T. Balashova); depression scale (adapted by T. Balashova); 
diagnostics of empathy by A. Mehrabyan and N. Epstein; 
self-monitoring questionnaire [13]. The research of EI as a 
factor of social and psychological adaptation of students 
to changing living conditions was used [23].

The second group consisted of diagnostic methods 
(Mental health, 2020) and studies on changes in the 
university students’ mental health during the COVID-19 
epidemic [5-7, 9, 10, 12, 14, 15].

The questionnaires formulated in a closed form were 
divided into four groups according to the indicated 
EI components. Questions and answer options were 
presented in a concise wording and affirmative form. 
Questions for which respondents could choose several 
answers were marked with “*”.

I. Informative component:
1. Sources of information about COVID-19*: a) mass 

media (14%); b) social networks (54%); c) video hosting 
(46%); d) Internet sites (36%); e) friends, acquaintances, 
family members (74%);

2. Frequency, nature and method of obtaining informa-
tion about COVID-19: a) constant and purposeful (8%); 

b) periodical, but purposeful and systematical (12%): 
c) periodical / accidental (62%); d) did not receive in-
formation because they were not interested (12%); e) 
deliberately avoided any information (6%);

3. Interest in the character of information about the 
nature and clinical consequences of COVID-19*: a) any 
information (38%); b) symptoms of the disease and pre-
cautions (54%); c) statistics on the number of affected 
in Ukraine (54%), other countries (22%); d) measures 
and experience in combating the pandemic in Ukraine 
(32), other countries (16%); e) did not receive (avoided) 
information about COVID-19 (12%);

4. Attitude to various sources of information: a) com-
plete trust (36%); b) no trust at all (18%); c) partial 
trust (26%); d) independent analisis and comparison 
of different sources (16%); e) difficult to answer (4%);

5. Reaction to information about COVID-19: a) makes 
a strong impression, experience, distracts from classes 
(26%); b) forms an understanding of the essence of the 
pandemic and the need to comply with the requirements 
of personal and social hygiene (46%); c) gives an under-
standing of the nature and danger of COVID-19, but does 
not encourage compliance with the requirements of 
personal and social hygiene (24%); e) has no effect (4%).

ІІ. Changes in adaptive behavior:
1) Attitude towards restrictive measures (quarantine, 

freedom of movement, social communication): a) full 
approval, strict compliance (32%); b) perception as 
a formalism, feigned observance (52%); c) complete 
disregard (16%);

2) Compliance with the requirements of personal and 
social hygiene: a) strict, conscious compliance under 
any circumstances (22%); b) compliance only under 
certain circumstances (in public transport, supermarket, 
etc.) (68%); complete disregard (10%);

3) Changes in the exponential curve of anxiety and 
worry, compared with the initial stage of the pandemic: 

Table I. Indicators of the of EI levels as a factor in strengthening the MH during the COVID-19pandemic
EI component Indicators of EI components *

Information - psycho-emotional 
perception of СОVID-19 

Information channels, subjects of informing; the character of information perception; its 
effect on the psyche

Adaptive behavior - adaptation to new 
living conditions

Adaptability - absolute / relative conformity between goals and results of life, determined 
by a person’s attitude to oneself and the environment; maladaptability - a conscious 

discrepancy between goals and results of life; disadaptability - disharmony between goals 
and results of activities that cause mental stress, and negative emotional background

Self-control – a conscious control of 
behavior, emotions, mental state, 

reactions to events

The ability to perceive and control feelings and emotions; tolerance; positive thinking; 
optimism; ability to psychological adaptation

Empathy - perception of the feelings of 
others

The ability to understand the feelings and emotional state of another person; adequate 
perception of the social environment; development of social compassion; ability to sincere 

emotional relationships; willingness to help others

* In a broader sense, these indicators are specified in our questionnaire
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a) increased (18%); b) decreased (38%); d) unchanged 
(22%); e) no worries (12%);

4) Changes in the mental health: a) sleep disorders - yes 
(18%), no (82%); b) manifestations of depression - con-
stantly (yes - 18%, no - 82%); periodically (yes - 42%; no 
- 58%); increased (yes - 46%, no - 54%); manifestations 
of aggression: increased (26%); b) unchanged (52%); c) 
difficult to answer (22%);

5) Changes in physical activity: a) increased (6%); b) 
decreased (68%); c) no changes (26%);

6) Changes in mental health due to fears that *: a) I will 
get sick myself (82%;); b) family members may get sick 
(86%); c) negative diseases will affect my health (84%) 
and that of my family members (92%); d) no fears (8%);

III. Self-control during the pandemic:
1) Belief in one’s own abilities: a) greatly changed 

(2%); b) slightly changed (26%); not change at all (72%);
2) Learning activity: a) increased (42%); b) no change 

(26%;); d) decreased (32%);
3) Passivity, apathy: a) increased (18%); b) decreased 

(8%); c) no change (64%); d) difficult to answer (10%);
4) Life goal: a) changed (6%); b) no changed (74%); c) 

difficult to answer (20%);
5) The meaning of life: a) changed (8%); b) no changed 

(72%); c) difficult to answer (20%);
6) Cheerfulness: a) increased (16%); b) no changed 

(52%); c) decreased (24%); c) difficult to answer (8%);
7) Optimism: a) increased (34%); b) no change (52%); 

c) decreased (10%); d) difficult to answer (4%);
8) Self-confidence: a) increased (22%); b) no change 

(54%); c) decreased (12%); d) difficult to answer (6%);
9) Perseverance: a) increased (22%); b) no change 

(46%); c) decreased (18%); d) difficult to answer (4%);
10) Adaptability to stress: a) increased (44%); b) no change 

(36%); c) decreased (4%); d) difficult to answer (16%);
11) Nervous tension: a) increased (48%); b) no change 

(44%); c) decreased (4%); d) difficult to answer (6%);
12) Activity in overcoming pregnancy: a) increased 

(56%); b) no change (32%); c) decreased (8%); d) difficult 
to answer (4%);

13) Lack of emotional restraint: a) increased (34%); 
b) not change (42%); c) decreased (6%); d) difficult to 
answer (8%);

14) Impulsive behavior: a) increased (28%); b) not change 
(46%); c) decreased (10%); d) difficult to answer (16%);

15) Consumption: regular food - decreased (18%), 
increased (82%); cigarettes, alcohol - increased (34%), 
decreased (4%), little / no use (58%); coffee, tea - in-
creased (68%), decreased (4%), little / no use (28%); 
psychotropic / sedative drugs - increased (12%), de-
creased (6%), little / no use (82%);

IV. Manifestations of empathy during the COVID-19 
pandemic:

1) Social openness: a) increased (48%); c) decreased 
(38%); d) no change (14%);

2) Openness has changed due to: a) contacts in social 
networks (84%); b) live personal contacts (10%); c) other 
ways and means (6%);

3) Feelings of discomfort due to changes in openness, 
lack of communication: a) increased (16%); b) no change 
(72%); d) difficult to answer (12%); 

4) Reaction to the nervousness of another person: 
a) increase of my own nervousness (32%); b) physical 
and mental alienation (12%); c) finding out the reason, 
sympathy (24%); d) finding out the reason, trying to 
help (8%); e) compassion and preservation of one’s 
own peace (10%); f ) indifference (4%); g) contempt for 
“milksops” (4%);

5) Response to reports of COVID-19 rate increase in 
the country: a) strong feelings (28%); b) compassion, 
willingness to help, if it does not threaten my own safety 
(32%); c) experience, willingness to help despite the 
threat to my own safety (18%); d) alienation, concen-
tration on my own affairs (22%);

6) Social empathy during СOVID-19: a) significantly 
changed (32%) b) slightly changed (16%); c) no change 
(36%); difficult to answer (16%).

About 230 students of Ukraine took part in the 
survey. After the initial processing, 50 questionnaires 
were selected for subject analysis, those with complete 
answers and presenting a common reflection of the 
research problem. The selected respondents majored 
in pedagogical (68%) and other specialties, having the 
average age of 20.8 years, women (74%) prevailing 
over men (26%).

The statistical processing of the survey results was 
performed by formal mathematical calculations and 
calculating Student’s t-criterion in order to verify the 
equality of the mean dependent values in different 
samples. 

RESULTS
Based on the cluster analysis according to the EI mea-
suring method by Emin Lyusin 2006), three cluster 
groups with high (14.5%), medium (51.5%) and low 
(34%) EI levels were identified among the selected 
respondents (n = 50).

The results of the study show that the level of stu-
dents’ possession of the four identified components 
of EI does not correspond to its potential as a factor in 
strengthening the MP in the COVID-19pandemic. This 
determined the feasibility and direction of the formative 
stage of the experiment. While determining the content 
and methods of experimental learning we sought to 
make them interesting and suitable for organizing sim-
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ilar practices with students from different countries. In 
order to do this, the results of the above studies on the 
nature of changes in their MH were taken into account.

The formative experiment took place in the form of the 
workshop “Mental health during the COVID-19 pandemic” 
(four days of three lessons (120 minutes) with 25 members 
of the experimental group, which consisted of 3rd and 4th 
year students of pedagogical specialties of Precarpathian 
National University (Ivano-Frankivsk, Ukraine). At the 
workshop a wide arsenal of methods and forms of learning 
(role-playing games, mini-training, coaching techniques, 
project method, “brainstorming”, “case study”, etc.) and 
tasks, tests and exercises were tested.

Let us present the content of the experimental train-
ing in terms of the development of the four EI compo-
nents as a factor of strengthening the students’ MH.

1. First of all, attention was paid to: a) the develop-
ment of skills and abilities to critically analyze various 
(negative, positive, objective, fake) information about 
COVID-19 and its impact on human life; b) developing 
the ability to avoid / displace the emotional experiences 
that arise under the influence of the information and 
psychological pressure and lead to stressful situations 
and unfounded worries.

To do this, the participants analyzed and discussed 
the following problems and phenomena:

- “Infodemia” (misinformation, incitement, intimidation), 
which has spread over the modern world and complicated 
the struggle against the COVID-19 pandemic, causing 
concern among psychologists, doctors, scientists [24];

- Global information inroad in the form of various 
apocalyptic scenarios. In particular, analyzing the genre 
of post-apocalyptic fiction, students understood how 
due to the impact on a person’s basal emotions (anxiety, 
fear, horror) and due to the lack of reliable information 
or its excessive amount, people are overwhelmed by 
panic and hysteria. They discussed the film “Infection” 
(2011), whose events are reminiscent of the situation 
of the COVID-19 pandemic, etc.;- The impact of the viral 
pandemic on the rise of a “parallel epidemic of anxiety” 
(according to the above and other materials of interna-
tional organizations and research);

- Dissemination of fake news, which distort the reality 
by exaggerating various threats and negatively affect-
ing human consciousness and psyche (studying their 
essence and analysis techniques, performing practical 
tasks based on materials: COVID-19: Fake News: www.
europol.europa.eu ›cov. ..; Fake News… COVID-19: fi-ad-
min.bvsalud.org ›document› view; Fake news agenda 
in the era of COVID-19: Identifying trends through 
fact-checking content, etc.).

Thus, EG members developed the ability to self-cor-
relate the perception of information on COVID-19.

2. In order to develop the ability to flexibly change 
and correlate the adaptive behavior, the EG members 
analyzed relevant information from international or-
ganizations and research and learned about global 
societal changes in public life and modern education as 
a result of the pandemic; they did research projects on 
ethnic and sociocultural responses to critical situations 
in variuos countries, etc.

3. The development of skills and abilities of self-con-
trol is based on the manual “Psychodiagnostics of 
personality in critical situations”, which reveals the 
theoretical aspects of this problem and provides 
relevant practical materials (methods of diagnosing 
the coping strategies; tests, tasks, meditative exer-
cises, etc.) [25].

4. With the development of the ability to empathize, 
the emphasis shifted from the formation of the ability 
of “passive empathy” to the willingness to provide 
active real psychological and other assistance to those 
who need it. This was reflected in the preparation and 
discussion by EG members of the research projects that 
offered theoretical justifications and practical solutions 
to specific problems. For example: “Media psychological 
phenomena of infodemia” (an analysis of oversaturation 
with disturbing information, development of mea-
sures for the rise of media culture and strengthening 
the media immunity of individuals); “Psychohygiene 
during the pandemic” (the theoretical and practical 
aspects of strengthening MH through a balanced diet, 
abandonment of bad habits, yoga, Qigong and Tai Chi 
Xuan; meditation practices); “Social optimism during 
quarantine” (theory and practice of changing behav-
ioral patterns, formation of positive expectations, rise 
of social activity), etc.

After the workshop in the EG, a check experiment was 
made based on the same prognostic tools used during 
the ascertainment experiment. The indicators of the EG 
members’ (25 people) levels of the four IE components 
determined at these stages of the experiment actually 
differed from the total number of respondents (50 peo-
ple). Therefore, we consider the results of the diagnosis 
presented in table II to be quite plausible.

The presented data are to some extent conditional, 
because changes in MH are a complex process caused 
by various factors, so one educational event a priori can 
not radically improve its quality. However, a comparison 
of the results of the observational and control stages of 
the experiment shows that the defined EI components 
have a significant potential to solve this problem. Their 
overall performance at the high level increased from 14.5 
to 30% (2 times), at the average level decreased from 
51.5 to 47% (1.1 times), and at the low level - from 34 to 
23% (1.5 times)).
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COVID-19 pandemic and being in forced isolation, their 
basic goals and values (life goal, meaning of life, belief 
in one’s own abilities) have not actually changed, and 
optimism, self-confidence, perseverance have even 
somewhat increased. Their polar personality traits 
(passivity, apathy, cheerfulness and optimism) have 
undergone slight correlations, which is quite natural for 
the development of a young person. The growing trend 
of learning activity is due to the new requirements as-
sociated with the transition to online and mixed classes.

Students showed a fairly high level of stress resistance. 
Half of the respondents acknowledged the increase of 
nervous tension and demonstrated the ability to adapt 
to stress. The rate of “growth of activity in overcoming 
difficulties” was 1.8 times higher than the rate of growth 
of the lack of emotional restraint and 2 times higher 
than the rate of “increase in impulsive behaviour”. The 
increase in the consumption of ordinary food and coffee 
and tea is explained not so much by the psychological 
phenomenon of overcoming stress by eating, but by 
“closeness to the kitchen”, because the usual mobile 
lifestyle had not allowed eating at any moment. This 
circumstance explains some increase in the consump-
tion of cigarettes and alcohol, despite the fact that most 
respondents never/almost never consumed them.

4. The results of our survey do not agree with the 
dominant position in the modern information environ-
ment, according to which the social isolation caused 
by COVID-19 significantly reduced interpersonal con-
tacts, which in turn increased mental stress. Half of the 
respondents indicated an increase in openness during 
the pandemic due to increased communication, and 
2/3 did not feel discomfort due to changes in its nature, 
because the decrease in live communication intensified 
the contacts in social networks, which is the main com-
munication channel of the modern youth.

The relatively high level of emotional and cognitive em-
pathy of the respondents was manifested in the reactions 
of empathy, sympathy for the growing number of the pan-
demic victims in Ukraine and in the whole world. For half 
of the respondents, such emotional identification involved 

DISCUSSION
The new interesting aspects of study of students’ mental 
health under the conditions of the COVID-19 pandemic 
received as a result of research work are characterized 
through comparison with data of other researches and 
in a section of four components of emotional intelli-
gence defined by us.

1. Compared to official sources of information, the in-
formal channels (friends, acquaintances, family members, 
social networks, video hosting) telling the students of 
COVID-19 prevailed (3-4 times higher). This “secondary” 
(processed in other persons’ mind) information was more 
subjective, emotional, and affected the students’ percep-
tion and understanding of the pandemic issues. They 
did not have clear guidelines for its systematic targeted 
reception, and almost one in five was not interested in 
or deliberately avoided any information on COVID-19. 
The interest in it was mostly utilitarian and concerned 
Ukraine, which indicates a lack of understanding of the 
global scale of the pandemic. Underdeveloped skills of 
critical attitude to information exacerbated the inade-
quacy of its perception and caused mental discomfort 
and stress due to the COVID-19 threat.

2. Practically two thirds of respondents did not under-
stand the appropriateness of the restrictive measures 
imposed because of COVID-19 and demonstrated a rel-
atively low level of compliance. This is also explained by 
the inherent security of young people, ignoring the social 
requirements, low level of civic and moral culture and re-
sponsibility. These circumstances, however paradoxical (!), 
on the one hand, led to a relatively stable MH level, which 
manifested itself in minor changes in the exponential curve 
of anxiety, worry, sleep disorders, manifestations of aggres-
sion and so on. On the other hand, there was a cognitive 
dissonance in the form of collision in the minds of respon-
dents, when misunderstanding/denial of the requirements 
for restrictive measures clearly contradicted the high fear 
of COVID-19 and awareness of its negative consequences 
for their own health and that of their families.

3. The level of self-control among the students’ 
identified EI components was the highest. During the 

Table II. The results of the diagnosis of changes in the levels of the 4 EI components as a factor in strengthening the students; MHdiuring COVID-19 
pandemic (%)

EI possession levels

Main EI components

 Information  Adaptive Behavior Self-Control Empathy

1* 2** 1* 2** 1* 2** 1* 2**

High  6 % 32 % 16 % 24 %  22% 38 % 14 % 26 %

Average 48 % 44 % 52 % 48 % 54 % 44 % 52 % 52 %

Low 46 % 24 % 32 % 28 % 24 % 18 % 34 %;  22  %

* The ascertaining experiment data with 50 respondents.
** Check experiment data with 25 EG members.
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CONCLUSIONS
The presented results of the research and experiment 
prove that EI, in particular its four identified compo-
nents, can be an effective factor not only in maintaining 
university students’ MH during the COVID-19 pandemic, 
but also in their adaptation to other adverse conditions. 
A comparison of the results of our research with similar 
sociological research shows the similarity of problems 
and changes in the students’ MH all over the world 
during the pandemic. The materials tested during the 
development of prognostic tools and training methods 
are publicly available on the Internet, so they can be 
taken into account for the organization of such research 
and training activities. At the same time, we insist that 
the pandemic should not only intensify the study of 
changes in MH, but also stimulate the search for ef-
fective means to strengthen it. Sir Winston Churchill’s 
eloquent appeal “Never let a good crisis go to waste” 
should be a guideline in solving this problem.

altruistic behavioral action (willingness to help if it does not 
threaten or even if threatens their own safety). However, a 
quarter of respondents demonstrated individualism and 
egocentrism (alienation from external challenges, focus-
ing on their own affairs). Almost half of them indicated an 
increase in social empathy during COVID-19. 

The global COVID-19 pandemic has been going on for 
more than a year now. During this time, scientists from 
different countries working in the fields of psychology, 
medicine, sociology, etc., have accumulated considerable 
empirical material, which indicates significant changes 
in the mental health of students and other categories of 
the population. However, the vast majority of them are 
limited to stating the changes and, at best, offer some 
general recommendations to improve the situation. This 
updates the need to develop and test special tools and 
techniques that would contribute to the preservation 
and improvement of people’s mental health. We consider 
that our study can be one of such examples.
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INTRODUCTION
Plants occupy a special place in the migration chains 
of chemical plant protection products (CPPs). Since 
plants are an integral part of biota, they are closely 
related to other elements of the environment (water, 
soil, air). Plants are also capable of accumulation, es-
pecially perennial crops, and enzymatic degradation 
of pesticides [1, 2].

The integral principle of choosing plant protection 
methods in itself regulates the degree of negative 
impact of chemical agents on the ecosystem. When 
substantiating the chemical method, not only the 
biological and economic efficiency of the measures 
should be taken into account, but also the possibility 
of negative environmental consequences, which also 
have an economic price [2-4].

The study of the dynamics of the pesticides residue 
amounts in plants makes it possible to obtain a reliable 
quantitative and qualitative characteristic of the pro-
cess using all experimental points of the dynamics; to 
quantitatively assess the influence of aggregate factors 
on the behavior of pesticides in the studied objects; to 
compare the results of research carried out in different 
conditions and with different objects, to predict the 
behavior of pesticides in plants.

Mechanization of the desiccation process is one of 
the key factors in increasing yield, work efficiency, 
and saving time and working forces [5, 6] in rapeseed 
and sunflower cultivation. Desiccation is a process of 
pre-harvest drying of plants with chemical formula-
tions, which allows to speed up crop ripening by at 
least 5–10 days, partially destroy weeds, ensure uniform 
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ripening, stop the spread of diseases and improve the 
quality of the grown crop [7].

However, in high density of crops such as cotton, the 
leaves usually overlap, so it is difficult to spray chemicals 
with traditional sprayers to ensure sufficient penetration 
of chemicals into the lower layers of cotton plants [8, 
9]. It has been proven that aerial spraying is one of the 
most effective approaches to the chemicals application 
in plant protection [9, 10]. It provides rapid delivery of 
chemicals while reducing crop damage [11]. Unmanned 
aerial system (UAV) has great advantages of simple oper-
ation and good adaptation to the spraying environment, 
it has great potential for optimal spraying of pesticides 
according to the actual needs of the crop [12].

THE AIM
The aim was to comparative hygienic assessment of 
the potential diquat hazard to the population when 
consuming agricultural crops treated with the Reglone 
Air 200 SL formulation using different application 
technologies (UAV, aerial, high-clearance rod sprayer 
treatment).

MATERIALS AND METHODS
Reglone Air 200 SL – one-component herbicide-des-
iccant of contact action. The active ingredient (a.i.) be-
longs to the dipyridylium derivatives. According to [13], 
diquat dibromide is characterized by rapid adsorption 
by green parts of plants and turning into hydrogen per-
oxide, which destroys cell membrane walls. This leads to 
rapid drying of the plant on which the formulation has 
fallen, too fast to ensure transfer to other parts of the 
plant. The herbicide interferes with cellular respiration, 
the process by which plants produce energy. Diquat 
dibromide decomposes on the surface of plants by 
photochemical degradation (Table I).

UAV. Field studies using the Reglone Air 200 SL were 
conducted in 2021. Processing of rapeseed and sun-
flower crops was carried out in the Kyiv region in accor-

dance with the formulation consumption rate – 2.3 l/ha, 
working solution – 8 l/ha, spraying speed – 5.0 l/min. 
The total cultivated area was 5 hectares of sunflower 
and 2 hectares of rapeseed. Unmanned aerial vehicle 
(drone) XAG XPlanet 2020 equipped with four rotating 
rotors, which allows to keep in the air a 20-liter tank was 
used for spraying fields. 

Aerial treatment. The introduction of the Reglone Air 
200 SL formulation was carried out using a manned 
aircraft AN-2 aggregated with a serial sprayer in the 
Kherson region in 2012. Consumption rate – 2.3 l/ha, 
working solution – 25 l/ha, processing height 2-3 m 
above the crop. The total cultivated area: 2 hectares of 
sunflower and 2 hectares of rapeseed.

High-clearance rod treatment of sunflower and rape-
seed crops was carried out in 2013 in the Kyiv region us-
ing a PLA MAP II 2010 tractor. Consumption rate – 2.3 l/
ha, working solution – 300 l/ha, processing height 10-15 
cm above the crop. The total cultivated area: 2 hectares 
of sunflower and 2 hectares of rapeseed. 

Phase of rapeseed plants development at the treat-
ment time: 87 ВВСН, plant height – 70-80 cm. Phase 
sunflower plants of development at the time of pro-
cessing: 87 ВВСН, plant height – 180 cm. Soil-climatic 
zone: forest-steppe, soils – gray podzolic.

All pesticide application procedures were carried out 
in the evening hours (after 7 PM) with minimal upward 
air currents, with air velocity not exceeding 2 m/sec, air 
temperature not higher than + 20ºC, relative humidity 
was in the range of 30-70%. 

The study of the investigated chemical compound be-
havior was carried out using a specific hygienic method 
of natural experiment, sampling of plants – according 
to [14], starting from the first day of treatment and 
thereafter at equal intervals during the crop growing 
season until harvest. The study of the diquat dibro-
mide residual amounts dynamics in the green mass of 
plants, rapeseed and sunflower seeds was carried out 
by chromatographic methods. Control samples were 
taken from plots where untreated crops of rapeseed 
and sunflower were grown.

Table I. Basic physical and chemical properties of diquat
Physical and chemical properties Diquat dibromide

CAS RN 34417-68-0

IUPAC Name 7,10-diazoniatricyclo[8.4.0.02,7]tetradeca -1(14),2,4,6,10,12-hexaene;dibromide

Empirical formula C12H12Br2N2

Solubility in water, g/dm3 700

Solubility in organic solvents, g/dm3 in acetone, toluene, hexane – 0,1, in methanol – 25 

Relative molecular weight 344.04

Coefficient
n-octanol/water (200С) log Ko/w = - 4.60
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Table II. Diquat content in rapeseed and sunflower

Day after 
treatment

Diquat content (mg/kg) 

UAV treatment Aerial High-clearance rod sprayer 
treatment 

rapeseed sunflower rapeseed sunflower rapeseed sunflower

Day of 
treatment

4,0±0,5  
– pods

4,1±0,6  
– baskets
0,73±0,01  

– seed

3,2±0,5  
– pods

2,9±0,5 
– baskets
0,65±0,01  

– seed

3,8±0,3 
– pods

3,6±0,2  
– baskets
0,7±0,01

– seed

2 1,1±0,1 
– pods

1,94±0,05  
– baskets
0,66±0,02 

– seed

0,95±0,2 
– pods

1,3±0,2  
– baskets
0,48±0,02

– seed

1,2±0,15
pods

2,1±0,05  
– baskets
0,42±0,02  

– seed

4 0,53±0,1 
– pods

0,79±0,05  
– baskets
0,50±0,01 

– seed

0,4±0,1 
– pods

0,26±0,05
– baskets
0,1±0,01

– seed

0,45±0,15 
– pods

0,32±0,1  
– baskets
0,23±0,01

– seed

7 (harvest)

<0,4* 
– seed
<0,5*
– oil

0,28±0,01
– seed
<0,05*

– oil

<0,4*
– seed
<0,5*
– oil

0,2±0,01
– seed  
<0,05*

– oil

<0,4*
– seed
 <0,5*
– oil

0,25±0,01 
– seed
<0,05*

– oil

k, day-1 0,34±0,007 0,39±0,008 0,38±0,01 0,4±0,03 0,43±0,03 0,45±0,04

τ50, day 2,04±0,04 1,78±0,04 1,75±0,13 1,67±0,1 1,59±0,14 1,69±0,1

τ95, day 8,83±0,2 7,7±0,15 7,63±0,16 7,43±0,26 7,15±0,23 6,89±0,17

Notes: 1. “*” - below the limit of quantification of diquat in rapeseed – 0.4 mg/kg, oil – 0.5 mg/kg; in sunflower – 0.05 mg/kg, oil – 0.05 mg/kg;  
2. in the control samples, diquat is below the limit of quantification of the method.

Fig. 1. Dynamics of diquat dibromide residual 
amounts in rapeseed after different types of 
treatment (UAV, aerial, high-clearance rod 
treatment)

Fig. 2. Dynamics of diquat dibromide residual 
amounts in sunflower after different types of 
treatment (UAV, aerial, high-clearance rod 
treatment)
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The obtained results of the actual content of the 
studied a.i. in the soil, green mass of plants, rapeseed 
and sunflower seeds made it possible to calculate the 
constant of decomposition rate (k), half-life periods 
(DT50) and almost complete decay (DT95) in these ob-
jects using regression analysis methods. According to 
stability in plants, the substances were classified by [15].

The risk assessment for the population when using 
agricultural products grown in chemical protection 
systems (non-professional contingents) was carried 
out according to, which involve the evaluation of the 
half-life (DT50) in plants, the value of the acceptable daily 
dose (ADD) and the average daily consumption of the 
product on a four-gradation scale [16-19].

Statistical processing of the results was performed 
using the licensed statistical software package IBM SPSS 
Statistics Base v.22.

RESULTS
The organoleptic properties of rapeseed and sunflower 
seeds (smell, color, appearance) at harvest in the treated 
samples did not differ from the control samples.

When the herbicide was applied from the air using a UAV, 
the initial content of diquat dibromide in treated rapeseed 
and sunflower plants on the day of treatment was signifi-
cantly higher than in the soil under them (р≤0.05). This 
indicates the high efficiency of this type of processing and 
the relatively low level of environmental contamination. The 
concentration in the soil in all the studied samples was be-
low the limit of quantitative determination of the method.

The analysis of the data presented in Table II shows 
that with all types of processing during the crop growing 
season, the content of diquat in rapeseed gradually de-
creased and after 7 days in the seeds was below the limits 
of quantification (LOQ) of the method. When harvesting 
the rapeseed crop, the content of diquat in the seeds 
was also below the LOQ of the corresponding method 
and did not exceed the maximum residue level (MRL) 
established for diquat in rapeseed – 0.4 mg/kg (the LOQ 
by the spectrophotometric method (SP) – 0.4 mg/kg), in 
rapeseed oil – 0.5 mg/kg (the LOQ of SF – 0.5 mg/kg).

The analysis of the diquat content dynamics in 
sunflower also showed a similar behavior of the a.i. in 
the plant during processing from a drone, aerial and 
high-clearance rod treatment. The concentration of 
diquat gradually decreased and after 6 days in the seeds 
was below the MRL. When harvesting the sunflower 
crop, the content of diquat in the seeds was below the 
LOQ of the corresponding method and did not exceed 
the MRL established for diquat in sunflower (seeds) – 
0.5 mg/kg (LOQ of SF – 0.05 mg/kg), in sunflower oil 
– 0.1 mg/kg (LOQ of SF – 0.05 mg/kg).

The obtained results made it possible to substantiate 
the pre-harvest interval for sunflower – 6 days, rape-
seed – 7 days.

The a.i. residual amounts in rapeseed and sunflower 
plants decreased at different rates. On average, on the 
2nd day after treatment, the content of diquat dibro-
mide in rapeseed was 3.4 times decreased (p < 0.01), 
8 times (p < 0.01) on the 4th day and 9.3 (p < 0.01) 
times per 7 days compared to the initial concentration 
and was determined at or below the LOQ (Fig. 1). The 
concentration of diquat dibromide in sunflower during 
a similar time period decreased in plants more slowly 
(by 2 times on the second day compared to the initial 
content), and on the 4th day, significantly faster, by 
9.4 times (p < 0.01) and by 14.5 (p<0.01) times on the 
7th day compared to the initial concentration and was 
determined at the LOQ or below it (Fig. 2).

Mathematical processing of the results we obtained 
proved that the process of destruction of diquat di-
bromide obeys an exponential dependence. Based on 
the actual data of field experiment, we calculated the 
constant of decomposition rate (k), obtained equations 
describing the dependence of the concentration of the 
studied herbicide in rapeseed and sunflower plants 
from the moment of treatment. Since the differences 
in the k, DT50 and DT95 values are not reliable (р>0.05), 
we calculated their averaged values (Table II).

The next stage of this study was a comparative as-
sessment of the risk to human health when consuming 
products grown after application of diquat dibromide 
in different ways.

Three main indices were evaluated on a 4-point scale:
1. the acceptable daily dose (ADD) of diquat dibro-

mide is approved in Ukraine at the level of 0.002 mg/
kg [20] that according to [16] gives 4 points;

2. DT50 in plants (for both sunflower and rapeseed) 
with different types of treatment did not differ reliably 
and in all cases did not exceed 5 days, i.e. it is estimated 
at 1 point; 

3. there are no separate consumption norms (C) 
for sunflower seeds or sunflower oil, and rapeseed in 
Ukraine is mainly used as a technical crop and, quite 
a bit, is consumed in the form of oil, so we estimated 
the overall rate of oil consumption by the population 
of our country at 1 point (7,1 kg/person/year = 19.5 g/
person/day).

Therefore, the integral index of hazard when using 
pesticide-contaminated products (IIHPCPC) = ADD+С+ 
DT50 = 4+1+1 = 6 points. That is, diquat dibromide can 
be classified according to this index as compound of 3rd 
hazard class (moderately hazardous compounds). In this 
case, the rather high toxicity of the pesticide (low value 
of ADD) is compensated by its low persistency in agri-
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cultural crops and the insignificant share of processed 
crops in the diet of Ukrainians. In addition, both studied 
crops undergo mechanical and often heat treatment 
before use, which leads to even greater destruction of 
diquat residues in them after processing.

DISCUSSION
The data represented in Table II show that diquat 
dibromide quickly disappears from plant leaves in 
soil and climatic conditions of South-East Europe. 
According to the hygienic classification of pesticides 
by degree of hazard, according to persistency in veg-
etative agricultural plants diquat pertain to the 3rd 
class – moderately persistent.

It should also be noted that there are no statisti-
cally significant differences in the behavior of diquat 
dibromide after treatment with different application 
methods (UAV, aerial, high-clearance rod treatment) in 
agro-climatic zones of South-East Europe. And there-
fore, carrying out desiccation using a new method using 
a drone does not lead to a deterioration of the ecolog-
ical situation in the region and does not increase the 
risk of a negative impact of diquat on non-professional 
contingents (consumers of agricultural products) and 
biocenoses. Considering the significant technological 
and economic advantages, convenience and efficien-
cy of processing by this method, there is less risk of 
negative impact on agricultural workers (professional 
contingents) [8, 18, 19], the use of UAVs is very prom-
ising and will be actively and widely implemented in 
agricultural practice in the future.

It is important to note that the results of a compar-
ative assessment of the risk to human health when 
consuming products grown after the pesticides ap-
plication can vary depending on a set of factors, such 
as the dosage, application method, type of crop, and 
consumption rate [1, 4, 12].

Therefore, it is crucial to evaluate the specific context 
in which the pesticide is being used and its potential 
impact on human health and the environment. It is 
also important to consider the reliability and validity 
of the methods used to assess the risk and compare 
the results with other studies conducted in similar 
contexts [16, 17].

In this particular study, the risk associated with the 
application of diquat dibromide was evaluated using 

three main indices and was found to be moderate. 
The results suggest that the risk to human health 
when consuming products grown after the applica-
tion of diquat dibromide in agro-climatic conditions 
of South-East Europe is relatively low due to the low 
persistence of the pesticide in agricultural crops and 
the small amount of processed crops in the diet of 
this region population [16, 17]. There are no statis-
tically significant differences in the risk of products 
consumption grown after the application of a diquat 
dibromide after treatment with different application 
methods (UAV, aerial, high-clearance rod treatment). 
However, the use in different application technics of 
this pesticide and others should be monitored and 
evaluated to ensure safety and minimize any potential 
risks for population [2, 18, 19].

CONCLUSIONS
1.  As a result of the conducted researches, it was es-

tablished that the content of diquat in rapeseed and 
sunflower samples grown with the Reglone Air 200 
SL application for 7 and 6 days, respectively, after 
treatment and before harvesting, was below the 
maximum residue levels in those crops. There are 
no statistically significant differences in the behav-
ior of diquat dibromide when applying by different 
methods of application (UAV, aerial, high-clearance 
rod treatment) in different agro-climatic zones of 
Ukraine.

2.  It was established that according to State Standard 
8.8.1.002-98, diquat belongs to the 3rd hazard class 
– moderately stable compounds; by the value of the 
integral index of hazard when using pesticide-con-
taminated products, diquat dibromide can be classi-
fied as 3rd class (moderately hazardous compounds).

3.  It is shown that treatment using UAVs does not lead 
to a deterioration of the ecological situation in the 
region and does not increase the risk of a negative 
impact of diquat on the population and environmen-
tal objects. Taking into account the above, as well as 
significant agro-economic advantages and greater 
safety for agricultural workers, the use of UAVs is very 
promising and will be actively and widely implement-
ed in agricultural practice in the future, therefore this 
technology needs a comprehensive and detailed 
study from a hygienic point of view.
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INTRODUCTION
The number of victims with aftereffects of mild combat 
traumatic brain injury is growing exponentially as the 
war in Ukraine continues. Accordingly, the number of 
victims with aftereffects of cerebral trauma, the course 
of which is much more severe than that of civilian trau-
matic brain injury (TBI), is also increasing over time.

Combat injuries are complex combined injuries that 
include concussions, acoustic and vibration injuries, 
additional head contusion, spine, lungs, heart, and 
other organs and body parts [1, 2].

At the same time, in the available literature, we have 
not found a consensus on the correlation between 
vascular disorders of traumatic origin and vascular dis-
eases of the brain after combat TBI. Along with this, it 
has been suggested that traumatic encephalopathy in 

many patients, including those with mild TBI, is formed 
with signs of atherosclerotic type [3].

Vasospasms are of great importance in the formation of 
cerebrovascular pathology in patients with combat trau-
matic brain injury. Cerebral arteries respond to mechanical 
stimuli by contracting smooth muscle, which can be either 
short-term or long-term. Vasospasms of traumatic origin 
inevitably affect cerebral blood flow. Intracranial vessels 
spasm in the long-term aftereffects of TBI can cause 
ischemia of diencephalic structures, which in most cases 
determine the clinical manifestations of closed traumatic 
brain injury (TBI) and its long-term aftereffects.

Under the influence of a traumatic agent, the me-
chanical properties of blood vessels can change: their 
strength is impaired, deformations and occlusions occur 
due to damage to the arterial wall.
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ABSTRACT
The aim of this study is to investigate the state of bulbar conjunctival vessels, rheological properties of blood, catecholamines (adrenaline, norepinephrine), 
lipid metabolism, alkaline proteins of blood serum in patients with consequences of mild combat traumatic brain injury. 
Materials and methods: 76 individuals aged 28 to 41 years were examined. The duration of the injury lasted from 2 to 4 years. The control group consisted of 
28 individuals aged 45 to 49 years with primary cerebral atherosclerosis and manifestations of cerebral circulation disorders. The state of the bulbar conjunctiva 
vessels and blood circulation was studied using a slit lamp SHCHL-2B at 40-fold magnification. Rheological parameters, lipid metabolism, serum alkaline 
proteins, total catecholamines were studied according to generally accepted methods. 
Results:  Changes in the vessels of the bulbar conjunctiva (stage II-III) were detected in 76% of the subjects, indicating the formation of cerebral vascular 
pathology, and in 87% of patients with initial cerebral atherosclerosis.  The analysis of lipid metabolism showed significantly (p<0.05) increased data on all 
studied parameters (cholesterol, high-density lipoprotein, β-lipoprotein, atherogenic index), both in patients with aftereffects of mild combat traumatic brain 
injury and in patients with initial cerebral atherosclerosis.  An increase in alkaline proteins indices we detected in 62% of patients with aftereffects of mild 
combat cerebral trauma and in 55% of patients with initial cerebral atherosclerosis. At the same time, there was an increase in total catecholamines in the 
erythrocytes of patients with combat head injury. An increase in fibrinogen was noted in both groups, but in the group with initial cerebral atherosclerosis it 
was more pronounced. 
Conclusions: Combat traumatic brain injury contributes to the early formation of cerebral atherosclerosis and cerebral circulation disorders in this category of 
patients. The examination methods we have studied should be included in the survey plan for these patients. They are important not only for diagnosis, but 
also for improving treatment and preventing vascular disasters.
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Clinical observations have shown that a significant role 
in the formation of cerebral vasospasm, vasomotor labil-
ity, blood flow disorders with subsequent neurotrophic 
changes in the remote period of mild combat TBI belongs 
to brainstem pathology [4,5], which in turn is associated 
with transient circulatory disorders in the vertebrobasilar 
basin, which supplies blood to the stem parts. The trauma 
of vertebral arteries with perivascular vegetative plexuses 
aggravates stem hemodynamic disorders. One of the 
causes of posttraumatic angiospasm is the increase in the 
serotonin content in the CSF both in the acute period and 
in the long term of TBI.  It is believed that the severity of TBI 
and its aftereffects correlate with the serotonin content (as 
well as adrenaline and norepinephrine). The long-lasting 
angiospasms can lead to changes in the mechanical prop-
erties of blood vessels, which also affects cerebral blood 
flow, contributing to its slowing.

Traumatic brain injury worsens the blood supply to 
the brain, which leads to metabolic disorders that are 
typical for vascular diseases of the brain. Young and 
middle-aged people who have suffered mild combat 
cerebral traumatic brain injury often develop hyper-
tension and early cerebral atherosclerosis. The latter 
is especially common, and it affects the vessels of the 
vertebrobasilar basin to a greater extent.  

Thus, it can be said that in the long-term period of 
mild combat TBI, secondary vascular disorders occur 
that are not related to the direct vascular injury and 
changes in the vascular wall. Cerebral circulation is very 
sensitive to mechanical stress and its disruption can 
last for a very long time and manifest itself even in the 
remote period of combat cerebral injury.

It is well known that the state of the bulbar conjunc-
tiva vessels is an identical reflection of the state of the 
brain vessels because the conjunctiva of the eyeball is 
supplied with blood from the internal carotid artery 
system. Biomicroscopic examination of the conjunctival 
vessels allows to identify the vascular disorders much 
earlier than they appear on the eye fundus.  

THE AIM
To investigate the state of bulbar conjunctival vessels, 
lipid parameters and rheological parameters of blood 
in patients with aftereffects of mild combat traumatic 
brain injury and in patients with initial cerebral ath-
erosclerosis.

MATERIALS AND METHODS
We have examined 76 individuals aged 28 to 41 years 
who stayed in the neurosurgical clinic of SI Institute of 
neurology, psychiatry and narcology of the National 

Academy of medical sciences of Ukraine with a diagno-
sis of long-term aftereffects of mild mine-blast trauma. 
The duration of the injury was from 2 to 5 years. The 
presence of acute cerebral injury was confirmed by 
the relevant medical documents. We also examined 28 
individuals aged 45 to 49 years with primary cerebral 
atherosclerosis and initial manifestations of cerebral 
circulatory failure.

The state of the bulbar conjunctiva vessels was 
studied using a slit lamp SHCHL-2B at 40 fold magni-
fication. The outer (temporal) devision of the bulbar 
conjunctiva, the limbus and the conjunctiva of the 
lower transitional fold are the most accessible for biomi-
croscopic study of the microvasculature of the eyeball.

It has been known that the state of the bulbar con-
junctiva vessels reflects the state of the brain vessels. 
Therefore, in vivo biomicroscopic examination of con-
junctival vessels allows detecting vascular disorders 
much earlier than they appear on the fundus.   

Three stages are recognized while analyzing the 
vascular changes:

I  stage - venules are evenly dilated, convoluted, in 
ratio a:b = 1:2 - 1:3, blood flow is somewhat slowed.

II  stage - vessels of irregular caliber with microan-
eurysms, a:b = 1:3  - 1:4. The capillaries in the limbus 
area are deformed with microaneurysms. Blood flow 
is slowed.

III  stage – a : b  =  1:4, irregular caliber. Point hem-
orrhages under the conjunctiva. Blood flow is slow, 
push-like.

The factors that influence the presence of microag-
nopathies are: a) the severity of TBI; b) the severity of 
cerebrospinal fluid hypertension; c) the presence of co-
morbidities (diabetes) and the patient’s age. Disorders 
of conjunctival microcirculation are characterized by full 
blood flow and mydriatic tortuosity of venules, changes 
in arteriolar/venule ratio, irregular vessel caliber, the 
appearance of single microaneurysms in the capillary 
net, and sludge-phenomenon.

In addition, we studied the indices of alkaline proteins, 
which we first studied in the aftereffects of mild TBI 
and initial cerebral atherosclerosis. Alkaline proteins 
have pathogenetic significance in the development 
of cerebral atherosclerosis, the formation of which is 
accompanied by decrease of their content. In healthy 
people, alkaline proteins (AP) are true to 21.0 ± 0.8 mg/
ml. Method of determination: first, total serum proteins 
were precipitated with 20% trichloroacetic acid. 0.2 N 
sulphuric acid was added to the sediment and incubat-
ed for 30 minutes in the cold, stirring constantly and 
centrifuged. This procedure was repeated for 5 times. 
The acid extracts were then precipitated with a sixfold 
volume of acetone. The resulting sediment was separat-
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ed by centrifugation, and then the amount of protein 
was determined by the Lowry method of protein assay 
in Miller modification.   

Blood rheological properties were assessed by the 
results of the study of prothrombin, thrombin time, 
fibrinogen, and recalcification time. Regulation of 
vascular tone was assessed by the content of total cat-
echolamines in erythrocytes and by the concentration 
of adrenaline and norepinephrine in urine.

The data obtained were statistically evaluated to 
determine the averages and Student’s t-distribution 
correlation coefficient.      

RESULTS
The state of the vascular bed was assessed by changes 
in the fundus vessels detected during ophthalmosco-
py (the diameter of arteries, veins, tortuosity of vessels, 
the ratio of the caliber of arteries and veins, in which 
the diameter of the arteries was taken as a unit).

Biomicroscopy of the bulbar conjunctiva revealed 
abnormalities in 73 patients (96 %) (p < 0.05) with 
consequences of combat closed TBI.

 The following results were obtained in the analysis 
of vascular changes in the conjunctiva: Stage I - there 
were 18 (24%) patients.  The second stage was in 28 
(37%) patients. In 30 (39%) patients, the examination 
revealed stage III. These patients subsequently had 
cerebral circulation disorders.

In the group of patients with the initial cerebral 
atherosclerosis, in the majority of subjects, circulato-
ry disorders in the vessels of the bulbar conjunctiva 
corresponded to stages II and III (Table I).

Thus, according to biomicroscopy of bulbar con-
junctival vessels, patients with mild combat TBI have 
cerebral vascular pathology and atherosclerosis, which 
requires further monitoring of this group of patients.

 Indices of lipid metabolism in patients with conse-
quences of mild TBI and initial cerebral atherosclerosis 
are presented in Table II.

As can be seen from the results of the examination 
(Table II), in the group of patients with aftereffects 
of mild combat traumatic brain injury, there was a 
significant increase in 4 out of 7 studied lipid metab-
olism parameters, which indicates the development 
of cerebral atherosclerosis in the given contingent. 
Comparison of these data in patients with initial 
cerebral atherosclerosis showed that there was an 
increase in 5 of the 7 studied parameters (cholesterol, 
triglycerides, high-density lipoprotein, β-lipoprotein 
and atherogenicity coefficient). The data obtained 
indicate that in patients with the aftereffects of mild 
combat traumatic brain injury, the atherosclerotic pro-

cess is potentiated by the traumatic one and confirms 
the importance of the vascular factor in the genesis 
of traumatic brain disease.  

The content of alkaline proteins in these groups of 
patients was also determined. As a control group, we 
studied the content of alkaline proteins in practically 
healthy men aged 27 to 37 years, with no history of 
traumatic brain injury and other pathology of the 
nervous system, which corresponded to 26,4±1,17 
mg/ml. This indicator was used to assess the content 
of alkaline proteins in the subjects of the two groups.

As can be seen from the obtained data (Table III), 
the absence of significant differences in alkaline pro-
teins between the groups with consequences of mild 
combat cerebral trauma and cerebral atherosclerosis 
indicates the similarity of the mechanisms of these 
metabolic functions in these groups of patients.

The rheological properties of the blood were as-
sessed by the results of the study of prothrombin, 
thrombin time, fibrinogen, and recalcification time. 
Regulation of vascular tone was assessed by the con-
tent of total catecholamines in erythrocytes and by 
the concentration of adrenaline and norepinephrine 
in urine (Table IV).

According to the obtained data, the content of total 
protein in the blood of patients of both groups was 
within the physiological corridor. The level of pro-
thrombin in patients of the IInd group was higher than 
in the control group. The same was true for the index 
of thrombin time. The level of fibrinogen was increased 
in patients of both groups, but this phenomenon was 
more pronounced in patients of the IInd group. Accord-
ingly, a decrease in recalcification time was observed 
in these patients. Evaluating the rheological properties 
of blood by the state of the coagulation system, we 
can talk about a higher frequency (higher than nor-
mal) of these indicators in patients with initial cerebral 
atherosclerosis compared with those in patients of 
group I. This is especially evident in such indicators 
as prothrombin (p<0.05) and thrombin time (p<0.05), 
which may be associated with changes in lipid and 
protein metabolism in patients with this pathology.

Assessing the controllability of the vascular tone 
by the activity of catecholamine metabolism, it can 
be noted that both groups are characterized by 
an increase in the content of total catecholamines 
in erythrocytes. This increase is more pronounced 
among patients of group I. It should be noted that the 
increase in the content of catecholamines and the cor-
responding tendency to vasospasm in patients of both 
groups is most likely of a different nature. In group I, 
the increase in catecholamines is combined with a 
normal rate of urinary excretion of norepinephrine 
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and epinephrine, i.e., it can be assumed that there is 
an increase in catecholamine synthesis associated with 
the level of functional activity of the central nervous 
system. In patients of group II, an increase in the con-
tent of catecholamines is associated with a significant 

decrease in the amount of catecholamines excreted in 
the urine. That is, there is obviously an accumulation 
of catecholamines due to changes in the rate of their 
metabolism, and this is most likely associated with 
metabolic disorders.    

Table І. Findings from the examination of the bulbar conjunctiva in patients with aftereffects of mild combat traumatic brain injury and initial cerebral 
atherosclerosis

Stages Aftereffects of combat TBI  
(n=76)

Initial cerebral atherosclerosis  
(n=38)

І stage 18 (24%) 5 (13%)

ІІ stage 28 (37%) 10 (53%)

ІІІ stage 30 (39%) 13 (34%)

Table ІІ. Indices of lipid metabolism in patients with aftereffects of mild combat TBI and initial cerebral atherosclerosis

    Indices Normal range Aftereffects of combat TBI 
(n=76)

Initial cerebral atherosclerosis 
(n=28)

Cholesterol up to 5,2 mmol/l >6,48 (59 ind.)* >6, 37 (28 ind.)*

Triglycerides (0,56 - 1,85 mmol/l) >1,96 (35 ind.) >2,0 (23 ind.)*

High density lipoproteins (0,9 - 1,94 mmol/l) >2,1    (51 ind.)* >2,2 (21 ind.)*

Low density lipoproteins (1,68 – 4,53 mmol/l) >4,88 (38 ind.) >4,9 (12 ind.)

Very low density lipoproteins (0,26 -1,04 mmol/l) >1,07 (32 ind.) >1,07 (14 ind.)

β-lipoproteins (35–55 conventional units) >59 (68 ind.)* >60 (23 ind.)*

Atherogenic index (0 – 3) >3,7 (72 ind.)* >3,6 (27 ind.)*

Note: * - р <0,05

Table ІІІ. Indices of alkaline proteins in patients with aftereffects of mild combat TBI and initial cerebral atherosclerosis

Alkaline proteins Aftereffects of combat TBI 
(n=52)

Patients with initial cerebral atherosclerosis 
(n=22)

normal range
26,4±1,17 mg/ml 9 (17%) 7 (32%)

above normal range
29,8±1,1 mg/ml 32 (62%)* 12 (55%)*

below normal range
24,0±1,2 mg/ml 11 (21%) 3 (14%)

Note: р <0,05

Table ІV. Comparative evaluation of blood rheological properties in patients with aftereffects of mild combat TBI and initial cerebral atherosclerosis
Group

Index
Control group Aftereffects of traumatic 

brain injury (group I)

Initial stage of cerebral 
atherosclerosis

(group II)

total protein, g/l     65 - 85      74,12±8,07       81,43±10,1

prothrombin, %     85 - 105      91,24±8,28       110,0±4,9*

thrombin time, sec.     14 - 16        15,8±1,4         19,1±1,6*

fibrinogen, g/l       2 - 4          4,4±0,9           4,8±0,6

recalcification time, sec.     50 - 70         58,0±4,9         47,3±4,4*

total catecholamines, conventional units of 
optical density    1,8 – 2,1         2,94±0,16         2,73±0,09

urinary adrenaline, ng/min.      6 – 14         6,46±0,72         4,35±0,14*

urinary norepinephrine, ng/min.     20 - 40         43,3±3,6         34,5±3,4*

Note: * validity of differences between the indicators of groups I and II (р<0,05)
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DISCUSSION
The neuro-ophthalmological evaluation of the vessels 
of the bulbar conjunctiva allows judging the state of the 
vascular system of the brain to a large extent.

Among the 76 patients who were examined, 58 had 
abnormalities in vascular parameters (according to 
biomicroscopy): 28 patients had slowed blood flow and 
microaneurysms; 30 had dilated and tortuous veins, 
splinter hemorrhages under the conjunctiva, and slow 
and jerky blood flow.

In patients with initial cerebral atherosclerosis, abnor-
malities were detected in 23 patients: the arteries were 
narrowed, there was dilation and sharp tortuosity of the 
veins, and in 22 patients the arteries were sclerosed.

Thus, the results of our studies have shown that 
changes in cerebral hemodynamics in patients with 
long-term aftereffects of mild combat traumatic brain 
injury and atherosclerosis with initial manifestations of 
cerebral circulatory failure have a number of common 
features. On the part of the microcirculatory system, 
these are narrowing of the arteries, tortuosity and 
dilation of the veins, changes in the ratio of the caliber 
of the arteries and veins, and slowing of blood flow.

The humoral component of vascular tone regulation 
is an increase in the level of total catecholamines in 
red blood cells. On the part of blood rheology, it is a 
change in the level of blood coagulation proteins and 
related indicators.

At the same time, it is necessary to note a number of 
significant differences in the changes of the studied sys-
tems, which imply different mechanisms of formation of 
these changes. While both nosologies are characterized 

by narrowing of small arteries, in atherosclerotic lesions 
it is complemented by sclerosis of the vascular wall. Ele-
vation in the level of catecholamines in red blood cells 
in atherosclerosis is associated with a decrease in their 
secretion and, accordingly, is most likely associated with 
their deposition. In TBI, an increase in the concentration 
of catecholamines is associated with an increase in their 
secretion, and their synthesis is obviously enhanced.

The analysis of the obtained indicators of alkaline pro-
teins between the two groups of survey sample revealed 
the similarity of the mechanisms of these metabolic 
functions in these groups of patients. Similar results were 
obtained for lipid metabolism: increased cholesterol, 
triglycerides, high-density lipoprotein, β-lipoprotein, and 
atherogenic index indicate potentiation of the atheroscle-
rotic process by trauma and confirm the importance of 
the vascular factor in the genesis of traumatic brain injury.   

CONCLUSIONS
Biomicroscopy of the eye conjunctiva allows to assess 
the degree of pathological changes in the vascular sys-
tem of the brain in combatants, to clarify the stage of 
the pathological process and to monitor the effective-
ness of treatment for vascular diseases of the nervous 
system and is an inexpensive and accessible method.

Impaired lipid metabolism, increased levels of alkaline 
proteins and catecholamines in erythrocytes require 
the inclusion of hypolipidemic drugs in the therapeutic 
complex, which reduce the content of atherogenic lipo-
proteins in the blood plasma, prevent the development 
or promote the regression of the atheromatous process.
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INTRODUCTION
According to the WHO, about 1.5 million cases of poi-
soning due to scorpion bites are registered annually 
in the world, resulting in 2,000-3,000 deaths. Cases of 
scorpionism are common in the United States of Amer-
ica, Canada, Europe, and Australia, but this problem is 
most widespread in Africa, India, Mexico, Brazil, Iran, 
Saudi Arabia, and Venezuela, where more than 2 billion 
people are under constant threat. Climate changes, 
together with the rapid development of cities near the 
areas where scorpions usually live, significantly increase 
the probability of meeting them. In particular, in Brazil 
alone, since 2012, the number of scorpion stings has 
increased from 64,000 to 124,000 per year [1]. 

To date, there is information about the existence of 
about 2,000 species of scorpions. The vast majority 
of them are dangerous to humans, especially repre-
sentatives of the families Buthidae, Scorpionidae and 
Hemiscorpionidae. Clinical manifestations of poisoning 
by scorpion toxins vary significantly, depending on their 

species, the amount of poison that entered the victim’s 
body. Researchers note that the content of their venom 
is extremely complex and heterogeneous [2]. 

THE AIM 
The aim was to establish patterns of structural and 
functional changes in internal organs, including kid-
neys, under the conditions of exposure to scorpion 
venom toxins.

MATERIALS AND METHODS
A thorough literature analysis was conducted on the 
basis of PubMed, Google Scholar, Web of Science, and 
Scopus databases. When searching for information 
on the prevalence of the problem of scorpionism in 
the world, the composition of scorpion venom, its 
biological effects on the body of mammals, we used 
the following combinations of keywords: «scorpions», 
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«venom», «toxicity», «voltage-gated ion» channels», 
«kidneys». When processing the search results, we 
chose the newest publications up to 5 years old or the 
most thorough publications that vividly described the 
essence of our topic. After conducting a detailed review 
of the abstracts of the articles and getting acquainted 
with their full content, 40 sources were selected that 
fully corresponded to the results of the request.

REVIEW AND DISCUSSION

GENERAL INFORMATION REGARDING THE 
TOXIC COMPONENTS OF THE VENOM OF 
DIFFERENT SPECIES OF SCORPIONS
Currently, the most studied components of scorpion 
venom are small peptides, mainly due to their diversity 
and broad pharmacological properties. According to 
the structure, small peptides are classified into three 
large superfamilies: peptides containing cysteine-stabi-
lized (CS) α / β motifs with disulfide bridges, calcins, and 
peptides that do not contain disulfide bridges. However, 
it has been established that enzymes, mixtures of inor-
ganic salts, free amino acids, nucleotides, and lipids are 
among the toxic components of scorpion venom. [3, 4].

Peptides with CS motifs are built from an α-helix 
connected with two- or three-stranded β-sheet by 
disulfide bridge. They affect mammalian ion channels 
by blocking or modulating their action and can be di-
vided into short- and long-chain peptides. Long-chain 
toxins consist of 55-76 amino acid residues and about 
four disulfide bridges. According to their mechanism 
of action, they are often called Na+ channel toxins 
(NaTxs), namely α and β, depending on their specific 
interaction with voltage-gated Na+ channels. α-NaTxs 
block site-3 in ion channels and, therefore, inhibit their 
inactivation and prolong the action potential. Β-NaTxs 
interact with site-4 Na+ channels, shift the activation 
voltage to a more negative potential, which leads to 
their inactivation [5]. 

Short-chain peptides consist of 23-64 amino acid res-
idues and 3-4 disulfide bridges. They are also known as 
K+ channel toxins (KTxs), acting as K+ channel blockers. 
KTxs are divided into α, β, γ, k, δ, λ. It was established that 
the δ-KTxs group, in addition to influencing K+ channels, 
has inhibitory activity against serine proteases [6].

Calcins belong to a small but ever-growing family 
of scorpion venom toxins consisting of Ca2+ ion chan-
nel modulator peptides. Among them, imperacalcin 
(imperatoxin), maurocalcin, hemicalcin, hadrucalcin, 
opicalcin, urocalcin, and veiocalcin are distinguished. 
These types of peptides have a high similarity of amino 
acid sequences in their structure (more than 78% iden-

tity) and are stabilized by two disulfide bridges. Data 
from the scientific literature indicate that calcines act 
mainly as agonists of ryanodine receptors, which are 
intracellular ligand-activated Ca2+ channels, located in 
the membranes of the endoplasmic and/or sarcoplas-
mic reticulum. Ryanodine receptors play a key role in 
the processes of excitation and contraction of cardiac 
and skeletal muscles, ensuring the release of Ca2+ from 
intracellular depots. Therefore, in general, calcines 
induce an excessive contraction of muscle fibers, an 
increase in the intracellular level of Ca2+, which leads to 
the development of spastic paralysis. Calcins also have 
the ability to penetrate cell membranes without caus-
ing their lysis. It was hypothesized that this property is 
caused by the presence of positively charged amino 
acid residues at one end of the molecule, which prob-
ably interacts with negatively charged gangliosides 
of the host’s plasmoles. This facilitates the association 
between the hydrophobic region of the toxin and the 
inner surface of the cell membrane, allowing calcin to 
move. Further electrostatic interactions with negatively 
charged molecules in the cytoplasm cause the entry of 
the toxin into the cell, without causing the lysis of its 
membrane [7].

Peptide toxins without disulfide bridges are com-
pounds represented by 13-56 amino acid residues with 
an extremely heterogeneous composition. Unlike disul-
fide-bridged toxins, they do not exhibit properties that 
suggest structure-function relationships. Most of them 
are cationic molecules that show remarkable structural 
flexibility. This characteristic allows them to interact 
with a wide range of biological targets, however, no 
specific targets for them have been identified so far [8].

To date, there is limited data on enzymes as compo-
nents of scorpion venom, because the focus of research 
has always been on small peptides. Among the studied 
enzymes, hyaluronidase, PLA2, MMP, serine proteases, 
LLAOs are components of the venom of most scorpions, 
which exhibit a wide range of biological effects [9]. Hyal-
uronidase found in the families Buthidae, Bothriuridae, 
Urodacidae is capable of disrupting the integrity of the 
extracellular matrix and connective tissue components 
in the perivascular areas of venom inoculation sites, 
facilitating systemic diffusion of other toxic compounds 
to target organs [10]. PLA2 scorpion venoms belong to 
the III group of PLA2, have a heterodimeric structure, 
consist of long and short chains connected by a di-
sulfide bridge. They show neurotoxicity, myotoxicity, 
anticoagulant and angiogenic properties. PLA2 act as 
hemolytic agents because they destroy cell membranes 
of erythrocytes by hydrolysis of phospholipids [11]. 
They also cause tissue necrosis and hemorrhage. The 
activity of this family of enzymes has been established 
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in several species of scorpions, including Opistha-
canthus cayaporum and Heterometrus laoticus. PLD 
(phospholipase D or sphingomyelinase D), which has 
a cytotoxic effect and was isolated from the venom of 
Heterometrus lepturus, was also detected [12]. 

Scientific research shows that the venom of Tityus 
scorpions has a pronounced proteolytic activity, and 
the first MMP was studied in Tityus serrulatus. MMPs 
and serine proteases are toxic compounds of the scor-
pions Tityus discrepans and Hemiscorpius lepturus. It 
is believed that proteases play a key role in the acti-
vation of toxin precursors through post-translational 
modifications. In addition, they inhibit platelet aggre-
gation, modulate the production of NO by cytokines, 
and activate the complement system. These enzymes 
contribute to the diffusion of toxic compounds of the 
venom through the degradation of matrix proteins such 
as collagen and glycoproteins [13]. 

In scientometric databases, information regarding 
scorpion venom enzymes such as LAAOs was found. 
They have a cytotoxic effect, since the product of their 
catalytic activity, primarily H2O2, induces apoptosis of 
endothelial cells of the vascular wall, causing hemor-
rhages, edema [14]. 

In addition to the above-mentioned components of 
scorpion venom, certain types of metals, such as copper, 
zinc, iron, plumbum, manganese and nickel, have been 
studied in their composition. The latter are isolated from 
the toxins of Androctonus bicolor, Androctonus cras-
sicauda and Leiurus quinquestriatus. Their connection 
with the activity of enzymes has been proven, since 
they probably act as enzyme cofactors [15].

At the moment, it is known that in addition to pro-
tein toxins, the scorpion venom includes a significant 
amount of non-peptide low molecular weight sub-
stances (< 1 kDa). Thus, it has been experimentally 
proven that Diplocentrus melici has 1,4-benzoquinone 
derivatives, Heterometrus laoticus – adenosine, and 
Centruroides sculpturatus – citric acid. In other pub-
lished materials, information about such components 
as spermidine in the scorpions Palamneus phipsoni 
(Heterometrus phipsoni), 5-hydroxytryptamine in Lei-
urus quinquestriatus and Buthotus minax (Hottentotta 
minax) was found. [16]. These components are still 
poorly understood, especially their biological role and 
mechanisms of action. Therefore, currently modern 
analytical methods of research are increasingly directed 
at this problem. It is known that low molecular weight 
compounds can act directly as toxins or enhance the 
effects of other poison substances. Evans E. R. Et al. [17] 
established the presence of such substances in the ven-
om of Hormurus waigiensis scorpions as adenosine and 
AMP. Adenosine is a common component of the venom 

of many predatory animals. It has been proven to have a 
wide range of physiological effects in mammals, includ-
ing induction of vasodilation, increased permeability 
of vessel walls, inhibition of platelet aggregation, and 
prolongation of blood clotting time. Based on this, it 
can be argued that adenosine contributes to increasing 
the toxicity of venom components and facilitates their 
delivery to target organs. AMP in Hormurus waigiensis 
scorpions has hypotensive properties and, together 
with adenosine, increases the pathological effect of 
venom peptide substances.

PATTERNS OF THE PATHOLOGICAL EFFECT 
OF SCORPION VENOM ON THE NERVOUS 
SYSTEM OF MAMMALS
It was previously mentioned that scorpion toxins mainly 
have a neurotoxic effect. The last is vividly described on 
the example of Tityus serrulatus. From the venom of 
these scorpions, certain types of compounds capable 
of affecting the structures of the central nervous sys-
tem were experimentally isolated [18]. TS1 is the most 
common and dangerous toxin, which makes up about 
16% of the soluble fraction of the venom. It acts as a 
classic β-toxin, modulating the processes of activation 
of Na+ channels – Nav1.6 and Nav1.3 during the resting 
potential. Intracerebral injection of TS1 in rats has been 
shown to induce epileptiform seizures, hind limb paral-
ysis, and severe respiratory distress followed by death. 
This toxin is able to stimulate the body’s immunological 
response, increasing the levels of TNF-α and IFN-γ in 
the brain of experimental animals [19]. Ts3 from Tityus 
serrulatus scorpions is considered an α-toxin associated 
with severe and fatal consequences. Even small doses of 
it after intracerebral administration to experimental rats 
are able to affect the structures of the brain stem involved 
in the neurovegetative control of the functions of the 
cardiovascular and respiratory systems. When injected 
subcutaneously, the toxin overcomes the blood-brain 
barrier and reaches the indicated centers. Its main action 
is aimed at delaying inactivation of voltage-gated Na+ 
channels, which increases the permeability of cell mem-
branes for Na+ ions, increasing the release of neurotrans-
mitters in synapses. After intrahippocampal injection, Ts3 
promotes the release of glutamate, the development 
of seizures and the death of a significant number of 
neurons in certain areas of the hippocampus [20]. This 
toxin causes Ca2+-dependent release of glutamate from 
cortical synaptosomes. Its role in the development of 
pulmonary edema and cerebral inflammatory process 
with increasing levels of TNF-α and increased leukocyte 
migration has been established. Ts4 from the venom of 
these scorpions is considered a weaker toxin. However, 
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it induces the secretion of neurotransmitters such as 
glutamate and GABA from rat brain synaptosomes. Ts5 
is an α-neurotoxin capable of delaying inactivation of 
voltage-dependent Na+ channels. It specifically acts on 
Nav1.2, Nav1.3, Nav1.4, Nav1.5, Nav1.6, Nav1.7., shows 
the property of influencing the level of catecholamines 
in the blood and reducing the concentration of GABA, 
dopamine in vitro. It acts as a pro-inflammatory toxin, 
stimulating the production of TNF-α, IL-6. It should be 
noted that a large number of toxins that block K+ chan-
nels in the CNS, such as Ts6, Ts7, Ts8, Ts15, Ts16, Ts19, are also 
isolated from the venom of Tityus serrulatus scorpions 
[21]. 

Among the adult and children’s population, such a 
complication from the central nervous system during 
scorpion bites as a violation of cerebral blood circulation 
is reported. The development of both ischemic and hem-
orrhagic stroke is characteristic [22, 23]. The latter arise as 
a result of significant intracranial hemorrhages. Available 
data on cerebral infarction, which occurs more often in 
the parietal-occipital and cerebellar regions. Scorpion 
venom often affects the vessels of the brain, including the 
anterior and middle cerebral arteries. Scientists note that 
ischemic changes in the thalamus, brain stem, and the 
development of lateral medullary syndrome are possible. 
It is known that the mortality due to cerebral circulation 
disorders under these conditions is about 28%, howev-
er, in addition to CNS lesions, most of the victims after 
inoculation with scorpion venom toxins had symptoms 
of shock, coagulopathy, rhabdomyolysis, and acute renal 
failure, which increased the risk of a fatal outcome [24].

In separate published scientific sources of information, 
it is stated that in the initial stages of the scorpion venom 
toxins action, the symptoms of the parasympathetic ner-
vous system disruption, which are manifested by nausea, 
vomiting, diarrhea, sweating, salivation, lacrimation, 
bradycardia, arterial hypotension are prevailing. In the 
future, disorders of the functioning of the sympathetic 
nervous system, accompanied by hypertension, arrhyth-
mias, and heart failure, become dominant [25, 26]. Dam-
age of the peripheral nervous system structures in cases 
of scorpionism is also proven. In particular, it is known 
the development of such phenomena as abnormal eye 
movements, facial paralysis, Guillain-Barre syndrome, 
myelitis, fasciculations, convulsions. However, one of the 
most serious complications is paralysis of the respiratory 
muscles, which causes respiratory failure [27, 28]. 

MECHANISMS OF THE CARDIOVASCULAR 
SYSTEM INJURY IN SCORPION BITES
According to scientific sources, poisoning due to scor-
pion bites, can lead to the development of heart failure 

and hemodynamic disorders. The etiology of distur-
bances in the normal functioning of the cardiovascular 
system in these conditions is associated with the effect 
of the poison on the sympathetic nervous system and 
/ or on the structure of the myocardium itself, as well 
as with the release of catecholamines, neuropeptide Y 
(NPY), angiotensin II and endothelin-1 (ET- 1). Proteases 
such as angiotensin-converting enzyme (ACE), endo-
thelin-converting enzyme (ECF), isolated from Tityus 
scorpion venom, lead to hemodynamic disturbances. 
At the same time, activation of inflammatory pathways 
and excessive production of reactive oxygen species 
(ROS) contribute to heart tissue damage. As a rule, 
venom toxins bind to pattern recognition receptors 
(PRRs), in particular toll-like receptor-2 (TLR2) and TLR4, 
and activate NF-kB, the production of proinflammatory 
mediators, oxidative stress (OS) in the myocardium. Ac-
cording to the latest studies, an increase in the concen-
tration of the vasoconstrictor ET-1 in the blood serum 
of victims and experimental animals was associated 
with a violation of the activity of the cardiovascular 
system precisely due to an increase in blood pressure, 
a violation of the rhythm and an increase in the fre-
quency of heart contractions. It has also been proven 
that ET-1, through the activation of the ET-A receptor, 
triggers and/or modulates the body’s inflammatory 
reactions, the development of vascular wall fibrosis. It 
increases the production of superoxide anion and the 
growth of cytokines such as IL-1, TNF-α, IL-6. It was also 
established that MMP-2 and MMP-9, which grew in the 
homogenates of rat heart samples, were involved in the 
processes of heart tissue damage during scorpion bites, 
compared to the control [29]. According to scientists’ 
findings, ET-A receptors are involved in the processes 
of activation and sequestration of neutrophils, which 
causes the release of myeloperoxidase from their 
azurophilic granules. They investigated the develop-
ment of OS in the myocardium, which was confirmed 
by the increase in the content of reactive forms of 
NO, H2O2, and malondialdehyde in the supernatants 
of experimental animals. At the same time, a sharp 
decrease in the levels of compounds of antioxidant 
protection – catalase and glutathione peroxidase was 
recorded. Under these conditions, microscopic studies 
revealed a severe degree of the heart muscle damage, 
degeneration of muscle fibers, the presence of areas of 
hemorrhages and edema. Foci of myonecrosis and pro-
nounced histio-lymphocytic infiltration were observed. 
The increase in specific markers of heart damage was 
characteristic, namely the CPK-MB isoform, LDH1,2. In 
the aorta, areas of aneurysm, media hypertrophy, and 
its infiltration by leukocytes were noted [30, 31]. An 
interesting fact is that scorpion bites cause a so-called 
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vegetative storm (adrenergic or cholinergic), which 
leads to the appearance of tachycardia and arterial 
hypertension, thereby increasing the heart contraction 
and leading to myocardial dysfunction. In addition, the 
development of an imbalance between oxygen needs 
and its consumption due to vasoconstriction of the 
coronary vessels, which causes ischemia, is character-
istic. Various mediators that grow in these conditions 
contribute to the development of myocarditis or stress 
cardiomyopathy [32, 33].

It has been experimentally established that the ven-
om of some species of scorpions can affect the coag-
ulation system. Thus, the toxins of Buthotus judaicus, 
Heterometrus spinnifer, Parabuthus transvaalicus, An-
droctonus australis, Scorpio maurus palmatus, Leiurus 
quinquestriatus habraeus and Pandinus imperator 
caused a prolongation of blood clotting time. In par-
ticular, the toxins of the species Pandinus imperator 
and Parabuthus transvaalicus increased this indicator 
by 2.5 and 2.3 times, respectively, while the others 
by 0.8-2 times. Literary sources indicate that Buthus 
tamulus scorpions can even cause the development 
of disseminated intravascular coagulation syndrome. 
In vitro studies of the action of Palamneus gravimanus 
and Leiurus quinquestriatus venoms showed that the 
toxic compounds of the first type have both pro- and 
anticoagulant properties, while the toxic compounds 
of the second scorpion type exhibit a weak anticoagu-
lant effect, reducing the coagulation time of recalcified 
plasma by only 5-20%. Fibrinolytic activity in both of 
these representatives was not established. Further ex-
periments with Palamneus gravimanus venom fractions 
partially purified by chromatography showed that they 
promote the activation of factor X and interfere with the 
interaction of thrombin and fibrinogen. It was found 
that a high concentration of Tityus discrepans venom 
in human blood plasma is associated with changes in 
the activity of partial thromboplastin and prothrombin 
time. It should also be noted that some fibrinolytic 
enzymes were isolated from the venom of the scorpi-
on mentioned above. Two of their fractions showed a 
fibrinolytic effect by degrading α-chains of fibrin and 
affected tissue plasminogen activator, inducing it. 
Only one fraction of enzymes carried out its activity 
exclusively in relation to fibrinogen. It is also known 
that two types of toxins - imperatoxin from the venom 
of scorpions Pandinus imperator and phaiodactylipin 
from Androctonus pahiodactylus have a hemolytic 
effect and prolong blood clotting time [34]. 

Scientific databases indicate that low molecular 
weight venom compounds isolated from Buthus 
martenssi induce platelet aggregation in the blood of 
rabbits in vivo and in vitro, thrombus formation, and 

changes in thromboxane B2 levels. Recent experimen-
tal studies have established that adenosine and two 
dipeptides –  LeuTrp and IleTrp – found in Heterometrus 
laoticus scorpions had anticoagulant properties. They 
prolonged the bleeding time in laboratory mice. Di-
peptides also inhibited the secondary phase of platelet 
aggregation induced by ADP and collagen [35]. 

STRUCTURAL AND FUNCTIONAL CHANGES 
IN THE KIDNEYS OF MAMMALS IN 
POISONING WITH SCORPION TOXINS
Among the currently known pathological processes 
associated with scorpionism, according to experimental 
studies, kidney damage is considered one of the most 
critical complications, which is often fatal [36]. In partic-
ular, it is noted that Hemiscorpius lepturus and Androc-
tonus australis exhibit pronounced nephrotoxic effects. 
The toxic compounds of their venom can directly or 
indirectly affect kidney tissue, causing mesangiolysis, 
the development of glomerulonephritis, vasculitis, 
interstitial nephritis, cortical and tubular necrosis, as 
well as hypoxia and kidney infarction [37]. Among these 
pathologies, tubular necrosis is most often observed in 
victims, which is characterized by a decrease in reab-
sorption and an increase in the secretion processes of 
Na+, K+, CL-. Venom inoculation has been shown to affect 
Na+ channels in the kidney. At the same time, there is 
an increase in the levels of catecholamines in the blood 
of affected individuals. The concentration of Ca2+ ions 
increases in the cytosol of nephron tubule cells under 
the conditions of poisoning with scorpion toxins. The 
body’s protective mechanisms promote the growth of 
pro-inflammatory cytokines in the kidney parenchyma, 
namely IL, TNF-α, NO, as well as platelet aggregation 
factor, PGs, leukotrienes, kinins, angiotensin, and ET. To 
date, clinical cases of bites accompanied by rhabdomy-
olysis, hemolysis and disseminated intravascular blood 
coagulation are known. These processes contributed to 
the development of acute renal failure due to damage 
of the glomerular apparatus and were associated with 
hemoglobinuria and proteinuria. Acute kidney injury 
can also be caused by PLA2 of the venom. Under these 
conditions, the enzyme exhibits hemolytic and cyto-
toxic effects in the body. In addition, it promotes the 
growth of arachidonic acid and, accordingly, the syn-
thesis of eicosanoids. There is also evidence of increased 
activity of the hypothalamic-pituitary-adrenal system, 
which stimulates the production of corticosteroids. At 
the same time, an increase in the levels of acute phase 
proteins and significant hemodynamic disorders are 
recorded. It is known that the phenomena of hemolysis 
are accompanied by the accumulation of a significant 
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this protein lead to the development of kidney failure, 
disruption of the cytoskeleton of podocytes, disorders 
of the filtration process [40]. 

CONCLUSIONS
Thus, the venom of various species of scorpions ex-
hibits a wide range of biological activity. Acting on 
the structures of the central and peripheral nervous 
system, the toxins of scorpion venom cause the devel-
opment of paralysis, convulsions, brain inflammation, 
hemorrhagic and ischemic strokes. Under conditions 
of influence on the cardiovascular system, damage to 
the endothelial lining of the vascular wall, disturbances 
in heart rhythm, conduction, and the development of 
destructive changes in the myocardium are character-
istic. These changes in the organs of the cardiovascular 
system are often accompanied by disorders in the 
hemostasis system. Data on kidney damage due to 
scorpion bites require a more detailed study, as infor-
mation on microscopic and submicroscopic changes 
in the structure of the organ is too limited. However, 
cases of the development of tubular necrosis, interstitial 
nephritis, and kidney infarction are currently known. 
Significant achievements in the field of research into 
the proteome, peptidome and biological activity of 
the constituent components of scorpion venom make 
it possible to understand in more detail the specifics of 
the morpho-functional changes that occur in the body 
of victims under the conditions of their bites. However, 
the huge variety of these species of animals somewhat 
complicates and slows down the process of studying all 
the key components of their venom, and therefore the 
pathophysiological mechanisms of the development of 
certain complications remain unknown. 

amount of hemoproteins. Under these conditions, the 
presence of heme groups increases the production of 
free radicals that accumulate in the cortex of kidneys, 
exerting a toxic effect. The production of ROS is facili-
tated by increasing activity of NADPH oxidase. In this 
case, apoptosis or necrosis of kidney cells is a frequent 
consequence [38]. 

Movahed A. et al. [39], studying the effect of Hemiscor-
pius lepturus scorpion venom on the morphology of the 
kidneys, during  histological examination revealed the 
expansion of the lumens and thinning of the walls of the 
proximal tubules of the nephron, and the accumulation 
of fibrin in the glomerular apparatus. The capillaries of 
the glomerulus contained clusters of erythrocytes, the 
endothelium of their walls was swollen 4 hours after the 
injection of the venom to laboratory animals. In the prox-
imal tubules, the flattening of the epithelial cells of the 
inner layer, their loss of the brush border, and the atypical 
reaction of the nuclei of these cells, which indicated the 
development of acute tubular necrosis, were noted. 

A thorough analysis of the scientific literature demon-
strated the involvement of macrophages in the devel-
opment of acute kidney injury due to scorpion bites. 
Thus, the MCP level rises in the victim’s body, which 
indicates the start of an inflammatory process in the 
body and signals about the risk of complications, since it 
directly affects the migration of macrophages, prolifera-
tion and differentiation of leukocytes in the epithelium 
of human kidney tubules. Monocyte chemoattractant 
protein-1 (MCP-1) stimulates the secretion of IL-6 and in-
tercellular expression molecule-1  (ICAM-1). In addition, 
by binding to receptors of the chemokine-2 (CC2) on the 
surface of podocytes, it can reduce the expression of 
both miRNA and nephrin protein. The last participates 
in the formation of filtration slits, therefore defects of 
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INTRODUCTION
Chronic migraine  is one of the most common and debil-
itating neurological disorders, it is often underdiagnosed 
and undertreated. In one study, only 25% of patients 
with chronic migrane received a correct diagnosis [1]. 
According to the Global Burden of Disease study in 2019, 
migraine remains the second most common cause of 
disability [1]. The adjusted prevalence of migraine is 
highest in North America, followed by South and Central 
America, Europe, Asia, and Africa [2]. Chronic migraine, 
a condition characterized by the experience of migrain-
ous headache on at least 15 days per month, is highly 
disabling [3].  Many patients with chronic migraine also 
have medication overuse, defined as using a compound 
analgesic, opioid, triptan or ergot derivative on at least 
10 days per month [3]. Chronic migraine imposes a 
substantial economic burden on society [3]. Chronic 
migraine is an important treatable cause of neurological 
disability. It is vital to make a diagnosis and ensure that 
any concomitant medical or psychological conditions are 
treated in parallel with interventions aimed at reducing 
the biological tendency to headaches [4]. Specific trials 
in patients with chronic migraine are sparse, and in many 
cases the evidence for the use of standard preventive 
medications has to be extrapolated from studies in pa-
tients with high-frequency episodic migraine [3]. New 
acute and preventive options should become available 

over the next 3–6 years, including calcitonin gene-related 
peptide (CGRP) antagonists and antibodies, and drugs 
targeted at other serotonin receptor subtypes [3]. The 
diagnosis of migraine is based on patient history, based 
on  International Headache Society diagnostic criteria 
[2], these features must not have been attributable to 
another disorder too. The choice of laboratory and/or 
imaging studies is determined by the individual presen-
tation [2]. Magnetic resonance imaging together with 
clinical data migraines identify areas of white matter in 
both hemispheres of the brain hypertensive in T2 mode, 
Flair, which is not related to stroke, chronic small vessel 
deep white matter ischemic change, multiple sclerosis/
demyelination, cerebral vasculitis [5]. Migraineurs, male 
and female, have a 2.5-fold increased risk of subclinical 
cerebellar stroke and those with migraines with aura and 
increased headache frequency are at the highest risk [2]. 
Chronic migrane is associated with higher headache-re-
lated disability/impact, medical and psychiatric comor-
bidities, health care resource use, direct and indirect 
costs, lower socioeconomic status, and health-related 
quality of life [4].

THE AIM
To describe the course and results of neuroimaging of 
chronic migraine in the patient. 

CHRONIC MIGRAINE. CASE REPORT
DOI: 10.36740/WLek202306125 

Oleksandr Pulyk1, Myroslava Hyryavets1, Vladyslava Ahij2

1UZHHOROD NATIONAL UNIVERSITY, UZHHOROD, UKRAINE
2LTD DIA-LAB, UZHHOROD, UKRAINE

ABSTRACT
We report a case of a 40-year-old male who had the clinical signs of chronic migraine. The diagnosis of chronic migraine is based on  International Headache 
Society diagnostic criteria. The patient was bothered by unilateral and localized pain in the frontotemporal and ocular area, which lasts 4–72 hours, sensitivity 
to light and sound. Headache has pulsating quality, moderate or severe pain intensity. Attacks of headache bothered about 15-20 days a month. According 
to the standard MR scanning protocol, single areas of increased MR signal were detected in the mode Т2, Flair, which do not limit diffusion and do not cause 
a change in the MR signal in the SWI mode. The foci are located subcortically in the white matter of the frontal lobes of the brain, corresponding to foci of 
gliosis of the white matter of the frontal lobes. The patient received antiepileptic drugs, β-Blockers, triptans, antidepressants.The patient is recommended to 
inject botulinum toxin.
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CLINICAL CASE
A 40-year-old male  consulted a neurologist with com-
plaints on unilateral and localized pain in the frontotem-

poral and ocular area, which lasts 4–72 hours, sensitivity to 
light and sound. Headache has pulsating quality, moderate 
or severe pain intensity. The patient has been ill for 8 years. 

Fig. 1. Аxial Т2-weighted MRI. In the subcortical white matter of the 
frontal lobes, the presence of lesion of increased MR signal is determined 
(indicated by an arrow).

Fig. 3. Аxial Т2-weighted MRI. In the subcortical white matter of the 
frontal lobes is determined by the presence of areas of increased MR signal 
(indicated arrow).

Fig. 2. Аxial Т2-weighted MRI. In the subcortical white matter of the right 
frontal lobe, the presence of a focus of increased MR signal is determined 
(indicated by an arrow).

Fig. 4. Аxial Т2-weighted MRI. In the subcortical white matter of the right 
frontal lobe, the presence of areas of increased MR signal is determined 
(indicated by an arrow).
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Repeatedly examined in Ukraine and abroad. The patient 
received antiepileptic drugs(topiramate, gabapentin, 
valproic acid, clonazepam), β-Blockers(propranolol), trip-
tans(sumatriptane, zolmitriptane, rizatriptane, eletriptan), 
antidepressants(duloxexetine, venlafaxine, amitriptyline).

On neurological examination, we found normal mental 
status and higher functions and no meningismus. No 
cerebellar ataxia, sensitivity, surface and deep tendon re-
flexes were normal, pathological reflexes were not found. 
A general physical examination was normal. Blood tests 
as well as liver and kidney function were normal. MRI of 
the brain (1,5 Tl without enhancement) showed the fol-
lowing changes (Fig1-4). During the MRI examination of 
the patient according to the standard scanning protocol, 
single areas of increased MR signal were detected in the 

mode Т2 (Fig.1, Fig.2), Flair (Fig.3,Fig.4), which do not limit 
diffusion and do not cause a change in the MR signal in the 
SWI mode. The foci are located subcortically in the white 
matter of the frontal lobes of the brain, corresponding to 
foci of gliosis of the white matter of the frontal lobes. The 
diagnosis of chronic migrane based on clinical symptoms, 
International Headache Society diagnostic criteria and MRI 
brain findings was done.

CONCLUSIONS
Since the patient with chronic migraine was taking 
antidepressants, antiepileptic drugs, β-Blockersand, 
triptans - botulinum toxin administration was recom-
mended.
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