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INTRODUCTION
The issue of public trust in vaccination around the world is 
highly relevant at the time of the COVID-19 pandemic spread, 
caused by the coronavirus SARS-CoV-2 and the emergence of 
new strains of the virus. Vaccination is one of the main ways to 
protect the population and the full socio-economic develop-
ment of states during a pandemic. The success of vaccination 
programs is largely determined by people’s willingness to be 
vaccinated. Deciding on vaccination depends on many factors, 
including personal worldview, trust in official sources of infor-
mation, social institutions related to vaccination, social attitudes, 
previous experience, belonging to certain social groups, etc. 
The peculiarity of the vaccination decision is its social nature, 
i.e., decision-making under the influence or interaction with 
other people, including experts and scientists. In this regard, the 
study of behavioral aspects of trust in vaccination, analysis of the 
impact made by the vaccinated population on the COVID-19 
pandemic course, the dissemination of scientific information 
on the morbidity incidence are urgent tasks.

LITERATURE REVIEW
VOSViewerv.1.6.10 software was used to analyze bibliometric 
sources for 2020-2021 in the Scopus database in the amount 

of 444 publications. Figure 1 is constructed, in which 8 clusters 
based on 73 KEY WORDS are highlighted in different colors 
to systematize and visualize case studies related to the KEY 
WORDS “COVID-19”, “vaccination” and “trust”. The most 
common KEY WORDS are: COVID-19 (89 files), vaccination 
(32 files), hesitations regarding vaccination (34 files), Sars-cov-2 
(18 files), vaccine (22 files), trust (18 files), etc.

The first cluster, the largest, is red and includes 14 KEY 
WORDS related to disseminating information on vaccination. 
Among them, there are social media (32 links), various social 
networks, in particular, Twitter (23 links), Facebook (15 links), 
emotions (11 links), speed of information dissemination (17 
links), infodemia (26 links). It confirms the importance of social 
networks in disseminating information, which is very often 
unverified and untrue. The second cluster, green, contains 13 
KEY WORDS related to public attitudes towards COVID-19 
vaccination.

These include vaccination (35 links), Sars-cov-2 (74 links), 
immunization program (13 links), and healthcare (7 links). The 
third cluster, blue, contains 11 KEY WORDS directly related to 
the COVID-19 pandemic (267 links), that is the reason why it is 
related to most of the other KEY WORDS from other clusters. 
The fourth cluster is presented in a light green color. It contains 
seven KEY WORDS, among which the most important terms 

IMPACT OF VACCINATION ON THE COVID-19 PANDEMIC:
BIBLIOMETRIC ANALYSIS AND CROSS COUNTRY FORECASTING 
BY FOURIER SERIES

DOI: 10.36740/WLek202110101 

Olha V. Kuzmenko1, Vladyslav A. Smiianov1, Lesia A. Rudenko2, Mariia O. Kashcha1, Tetyana A. Vasilyeva1, 
Svitlana V. Kolomiiets1, Nataliia  A. Antoniuk1

1SUMY STATE UNIVERSITY, SUMY, UKRAINE
2ALUNA PUBLISHING HOUSE, KONSTANCIN-JEZIORNA, POLAND

ABSTRACT
The aim: Is to build a forecast of the COVID-19 disease course, considering the vaccination of the population from particular countries. 
Materials and methods: Based on the analysis of statistical data, the article deals with the topical issue of the impact made by vaccination on the prevention of the COVID-19 
pandemic. The time series, showing the dynamics of changes in the number of infected in Chile, Latvia, Japan, Israel, Australia, Finland, India, United States of America, New 
Zealand, Czech Republic, Venezuela, Poland, Ukraine, Brazil, Georgia for the period 07.08. 2020–09.09.2021, are analyzed. Trend-cyclic models of time series are obtained using 
fast Fourier transform. The predicted values of the COVID-19 incidence rate for different countries in the period from September 10, 2021 to February 2, 2022 were calculated 
using the constructed models.
Results and conclusions: The results of the study show that vaccination of the population is one of the most effective methods to prevent the COVID-19 pandemic. The proposed 
method of modeling the dynamics of the incidence rate based on statistical data can be used to build further predictions of the incidence rate dynamics. The study of behavioral 
aspects of trust in vaccination is proposed to be conducted within the theory regarding the self-organization of complex systems.

  KEY WORDS: forecast, COVID-19, Fourier transform, vaccination, trust

Wiad Lek. 2021;74(10 p.I):2359-2367

ORIGINAL ARTICLE



Olha V. Kuzmenko et al. 

2360

are the vaccine from COVID-19 (20 links), indecision to vac-
cination (99 links), health workers (20 links). The fifth cluster, 
purple, contains seven KEY WORDS, including vaccination 
(66 links), applicants (19 links), demand (6 links), etc. This 
cluster, in contrast to the fourth and first, focuses on increasing 
the number of people willing to be vaccinated and increasing 
trust in vaccination among the population.

The sixth cluster is blue and contains six KEY WORDS 
– autonomy, ethics, vaccination, pregnancy, vaccine and 
pandemic. The cluster enables us to conclude that there are 
certain problems in the implementation of vaccination, on 
which researchers focus their attention. The seventh cluster, 
orange, contains communication, education, communication 
risks, misinformation, and infectious diseases. Only the eighth 
cluster (brown) includes the keyword used in the inquiry – trust 
(45 links); in addition, there are such terms as risk, influenza, 
collective immunity and conspiracy theory. This cluster focus-
es on the lack of public confidence in the pandemic through 
conspiracy theory.

The analysis of the obtained clusters allows us to conclude 
that the issue of increasing public trust in vaccination against 
COVID-19 is not sufficiently developed in academic scientific 
sources. It is important to study the behavioral aspects of trust 
in vaccination during the COVID-19 pandemic and predict the 
incidence rate, given the number of vaccinated people.

However, scientific research on the impact of the pandemic 
crisis on the countries’ economic and social development is 
quite common. Comprehensive studies [1-4], which con-
ducted a thorough bibliometric analysis of recent publications 
using international scientific databases, analyze the quarantine 
measures consequences, the COVID-19 pandemic impact on 
human behavior.

In the context of a pandemic crisis, it is important to increase 
the efficiency of the medical industry and the quality of its 
regulation. Scientists [5] study the transformations in health 
insurance, one of the components of public protection in times 
of epidemiological threats. The search for ways to overcome 
this is observed in work [6]. The study [7] deals with issues of 
innovation policy in healthcare. The issue of improving the 
medical service quality was relevant before the COVID-19 
pandemic, in particular in [8,9].

Scientists pay considerable attention to modeling the spread 
of COVID-19 in various countries in Europe and the world 
[10]. In particular, the research [11] modeled the propagation 
of COVID-19 using the fast Fourier transform.

Research is currently relevant to identifying factors determin-
ing human behavior during crises, particularly in a pandemic. 
Thus, the social responsibility of the population is studied in 
[12], the influence of truthful news provided by the media is 
analyzed in [13], and in [14] the ability of artificial intelligence to 
influence society is studied. In addition, scientists [15] warned in 
the pre-pandemic period that any social challenges are intercon-
nected between different countries, and only joint work, aimed 
at results in the world, will have the appropriate consequences.

The issues of human resource management in a pandemic are 
studied in [16, 17]. The study [18], the central aspect of which 
is to observe the importance of motivation and its impact on 
effectiveness in a pandemic, is of particular attention.

The studies [19] of scientists who theoretically prove the need 
for mass vaccination as a powerful tool to combat COVID-19, 
which necessitates the correction of public policy, are import-
ant. The authors [20] investigate the issue of this correction 
through corporate social responsibility as a means of personnel 
management. One should mention those scientists [21] who 
dedicate their research to the post-pandemic period and focus 
on the crucial role of university accelerators in influencing 
public opinion.

The COVID-19 pandemic demonstrated different response of 
countries to crises, the different behavior of socio-economic sys-
tems after passing the bifurcation point. Predicting scenarios of 
development of various socio-economic systems in a nonlinear 
environment, in times of crisis, in particular bifurcation analysis 
of socio-economic systems, has always attracted the scientists’ 
attention [22,23]. The research [24] developed a method for risk 
assessment of information management and knowledge loss.

Scientists have always paid considerable attention to the study 
of the individual’s social behavior during crises; in particular, 
these are works [25-27]. These studies are extremely important 
because adequate management of the vaccination process is 
impossible without considering the behavioral aspects of public 
trust in vaccination. The issue of trust in vaccination has been 
of concern to the WHO since the vaccine investigation. In 
particular, the WHO Technical Advisory Group on Behavioral 
Sciences and Health has published a report containing many 
recommendations for increasing public trust in vaccination 
[28]. According to experts, vaccination should be a quick, 
inexpensive and straightforward procedure since one of the 
forms of human reaction to certain difficulties related to the 
vaccination procedure can be the refusal of vaccination and 
a negative attitude towards it. Qualitatively organized vac-
cination conditions, particularly the convenient location of 
vaccination centers, convenient working hours, and quality of 
service contribute to higher vaccination rates. The combina-
tion of proper organization of the vaccination procedure with 
the purposeful dissemination of truthful information from 
authoritative sources about the importance, usefulness, speed 
of the vaccination process should help increase the share of the 
vaccinated population.

Secondly, an essential factor is the use of mechanisms of 
society’s influence. Placement of vaccination centers not only 
in medical institutions but also in specially prepared central 
public places, the opportunity for people to inform about the 
vaccination in the family circle and a wide range of people via 
social networks, personal communication make it possible to 
bring vaccination to the social norm.

Third, the peculiarity of the COVID-19 pandemic is the emer-
gence of huge flows of information and misinformation, which 
has led to a real global “infodemia”. Researchers [28] strongly 
believe that only consistent, transparent, meaningful, active in-
formational and explanatory work on risks, uncertainties and the 
availability of vaccines will form the public trust in vaccination.

The analysis of research on trust in vaccination from 
COVID-19 allowed to identify two current scientific problems: 
forecasting the COVID-19 incidence based on the number of 
vaccinated people and the study of the behavioral aspects of 
trust in vaccination.
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THE AIM
The aim of the article is to build a forecast of the COVID-19 
disease course, considering the vaccination of the popula-
tion from particular countries. 

MATERIALS AND METHODS
A sample of countries with different vaccination levels as of July 
16, 2021, was formed for the study. Analysis of the number of 
vaccinations in various countries showed that the maximum 
percentage of vaccinated people within one country is 79.9%. For 
showing the representativeness of the sample, all countries were 
ranked according to the vaccinated population ratio up to 79.9%, 
and one country from each five percent interval was selected 
[29]. Thus, the object of the study includes 15 countries: Chile, 
Latvia, Japan, Israel, Australia, Finland, India, United States of 
America, New Zealand, Czech Republic, Venezuela, Poland, 
Ukraine, Brazil, Georgia, which are presented in the table I.

There was a time series to study the vulnerability level of 
each country to COVID-19. It demonstrates the dynamics 
of changes in the number of infected people for the period 
16.04.2020–09.09.2021. The COVID Tracking Project site 
was selected as an information database [30].

RESULTS AND DISCUSSION
Vaccination worldwide began at about the same time, 
but its rate varies from country to country. In particular, 

the highest vaccination growth rate in Japan (29 times 
increase), the lowest – Israel, since in the first four months 
since the vaccination start, more than 50% of the popula-
tion were vaccinated.

Irwin’s method was used to check for abnormal emissions 
that distorted the study results. In terms of the number of 
anomalous emissions of the time series, the leaders are 
New Zealand – 114 and Brazil – 94. All detected anom-
alous emissions are the emissions of the first kind. They 
can be eliminated by replacing the arithmetic mean of the 
previous and next values.

The method of checking the differences of the mean levels 
was used to check the stationarity of the studied series. 
The analysis of the study regarding stationarity allows us 
to conclude that the inpatient series include the dynamics 
of changes in the COVID-19 incidence in New Zealand 
and Japan. The series are not stationary for the rest of the 
studied countries. 

Previous stages of determining the stationarity and peri-
odicity of time series allow us to conclude that the studied 
time series are non-stationary and have cyclic components. 
The least-squares method highlights the trend for each time 
series. Analysis of the trend component of time series before 
and after vaccination allows us to conclude that for Brazil, 
Chile, the Czech Republic, Finland, Georgia, Israel, Japan, 
Latvia, New Zealand, Poland, Ukraine, the United States, 
there was a significant change in the trend in the direction 
of reducing the number of COVID-19 diseases with the 

Table I. Dynamics of change in the number of vaccinated population 

Country 19.04.2021
(%)

15.07.2021
(%)

Growth rate 
(%) Country 19.04.2021

(%)
15.07.2021

(%)
Growth rate 

(%)

Chile 41,10 75,63 84 Japan 1,06 31,75 2895

Israel 61,87 66,29 7 Australia 5,45 27,99 414

Finland 23,86 63,81 167 India 7,95 22,72 186

United States  
of America 39,56 55,93 41 New Zealand 2,86 17,41 509

Czech Republic 15,62 50,18 221 Venezuela 0,90 10,20 1033

Poland 17,70 46,27 161 Ukraine 1,06 5,66 434

Brazil 11,66 41,08 252 Georgia 0,76 4,40 479

Latvia 12,00 37,07 209

Table ІІ. Comparison of the dynamics of change in the number of infected population with and without vaccination 

Country Estimated 
number

Actual 
quantity Growth rate Country Estimated 

number
Actual 

quantity Growth rate

Australia 6,9 19,6 +185% Japan 3054,2 3548,5 +16%

Brazil 75045,1 61090,8 -19% Latvia 742,5 288,3 -61%

Chilie 7337,3 5400,4 -26% New Zealand 3,6 1,8 -50%

Czehia 8991,5 614,7 -93% Poland 16946,0 1484,6 -91%

Finland 643,1 155,7 -76% Ukraine 11547,3 2885,1 -75%

Georgia 1677,5 935,4 -44% USA 45259,6 22492,4 -50%

India 87585,9 200845,5 +129% Venezuela 1826,3 1260,5 -31%

Israel 6354,2 122,1 -98%



Olha V. Kuzmenko et al. 

2362

vaccination of the population. For such countries as Austra-
lia, India, and Venezuela, there has been a transformation 
in the other direction. The insufficient level of vaccinated 
population causes this phenomenon in combination with 
the emergence of a new virus strain. 

In the study of time series, the schedule of the time series 
in the Fourier series is used to identify cyclic or seasonal 
components. It allows using the harmonic analysis of func-
tions. For a time series, the Fourier series has the form (1), 
where all coefficients are calculated using discrete values 
of the time series (2):

 (1)

 (2)
In the study of time series, the schedule of the time series 

in the Fourier series is used to identify cyclic or seasonal 
components. It allows using the harmonic analysis of func-
tions. For a time series, the Fourier series has the form (1), 
where all coefficients are calculated using discrete values 
of the time series. 

Analysis of the conducted stage (Table II) regarding the impact 
of vaccination on COVID-19 incidence allows us to conclude 
that for most countries, vaccination has significantly reduced 
the growth of the infected population (Czech Republic, Israel, 
Poland, Finland, Ukraine, Latvia, New Zealand, United States, 
Georgia, and Chile). Israel, Finland, the United States, the Czech 
Republic, Poland, and Brazil are countries where more than 40% 
of the population has been vaccinated, confirming the effective-
ness of vaccination. However, Australia, Japan and India have 
the opposite effect: the predicted values are much lower than the 
actual statistics, which are explained by new virus strains, which 
caused unpredictable waves of disease. The vaccinated population 
in these countries as of 13.07.21 does not exceed 32% [29], which 
is considered insufficient for the collective immunity. 

For non-stationary time series, logarithmation, verification 
and confirmation of the stationarity of the obtained series 
were performed, the trend component was selected and 
it was removed. The result of the rapid Fourier transform 
application for the number of new COVID-19 cases in the 
studied countries is presented by models (3) – (15), for which 
the determination coefficient 2R  varies from 0.76 to 0.99. It 
indicates a high degree of relationship between the dispersion 
of the dependent and the independent variables.

Australia (3)

Brazil
 

(4)

Chilie

 

(5)

Czehia
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Finland
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India
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Latvia

 

(11)

Poland

 

(12)

Ukraine

 

(13)

USA
 

(14)

Venezuela

 

(15)

Fig. 1. Distribution of concepts Covid-19, vaccination, trust and related terms in publications are built using VOSViewerv.1.6.10
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No logarithmation was performed for Japan and New Zea-
land because the series are stationary. Using a similar meth-
odology, the following models were obtained (16) – (17).

Japan

 

(16)

New Zealand
(17)

Fig. 2. Predicted values of the number of new infected with Covid-19 in 10.09.21-27.02.22 for the Czech Republic, Georgia, USA, Brazil and India.

Fig. 3. Predicted values of the number of new infected with Covid-19 in 10.09.21-27.02.22 for Venezuela, Chile, Israel, Japan and Ukraine.
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Mathematical modeling of the COVID-19 disease dy-
namics in 15 countries, taking into account the vaccina-
tion level, confirmed that vaccination of the population is 
one of the most effective means to prevent the pandemic 
extension. 

CONCLUSIONS
Forecasting the dynamics of the incidence rate in particular 
countries allows you to develop an action plan to accelerate the 
vaccination pace. The primary states’ tasks on the vaccination 
process organization are to coordinate efforts of responsible in-
stitutions to ensure timely and reliable vaccine logistics; provide 
infrastructure capacity for efficient storage, transport and admin-
istrate the vaccine; ensure a sufficient number and even distribute 
the vaccine among the country’s population; involve sufficient 
medical staff for vaccinations; ensure communication with 
the country’s population on the need for vaccination, creating 
conditions for increasing public confidence in vaccination, etc.

Effective implementation of the state policy to prevent 
the spread of the COVID-19 pandemic must consider 

The results of calculating the number of people infected 
with Covid-19 in the period from 10.09.21 to 27.02.22 are 
presented in Figures 2-5.

Analysis of the obtained forecast regarding the dynamics 
of the COVID-19 incidence for different countries from 
September 10, 2021, to February 2, 2022 shows that with 
the trend of wave formation for each country, we can expect 
an increase in the number of diseases. In particular, for 
Finland, Chile, Brazil and the United States, an increase 
in morbidity may be observed in early or mid-October; in 
Australia, India and Venezuela – in early November, the 
peak incidence will occur in mid-January – early February; 
in Israel and Ukraine – an increase in early December; in 
January the incidence may increase in Poland, the Czech 
Republic and Georgia. Latvia has the most time until 
the next wave compared to other countries – a possible 
outbreak of COVID-19 occurs in early February. For 
New Zealand, an increase in the incidence rate is in early 
December, and the peak incidence will occur in mid-Jan-
uary, for Japan, an increase from late October, and the 
peak – early December.

Fig. 4. Predicted values of the number of new infected with Covid-19 in 10.09.21–27.02.22 for Australia, Latvia, Poland and Finland.

Fig. 5. Predicted values of the number of new infected with Covid-19 in 10.09.21-27.02.22 for New Zealand.
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the behavioral aspects of trust in vaccination and the psy-
cho-emotional state of people. One of the areas of research 
on the behavioral aspects of trust in vaccination is the use of 
the theory of complex system self-organization. The study 
of society as a complex nonlinear system will allow effective 
control of the vaccination process. The essence of this ap-
proach is that the control of the vaccination process should 
be focused on own laws of self-organization and evolution 
of society as a complex system. The important fact is not 
the governing influence magnitude but its consistency with 
their trends in the development of the individual and society. 
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INTRODUCTION
Throughout the entire period of pregnancy, an intrauterine 
development and survival of a fetus largely depend on a 
morphological and functional state of fetal membranes. 
They are responsible for trophic, respiratory, mechanical, 
immune, and endocrine functions, promotion of fetal 
growth, and protection from adverse environmental con-
ditions [1].

Fetal membranes include the amnion and the chorion. 
The avascular amnion, which lies between the amniotic 
fluid and the chorion, consists of 5 layers: a continuous 
monolayer of the cubic epithelium, a basement membrane, 
a compact layer, a fibroblast layer, and a spongy layer. The 
chorion, in turn, is represented by the reticular layer and 
the trophoblast region, which are interconnected through 
the pseudo-basal membrane [2]. The chorionic mesoderm 
is separated from the cells of the extravillous trophoblast 
by the basal plate, adjacent to the decidua [3]. It is believed 
that the amnion acts as a structural barrier, it plays a major 
role in ensuring the mechanical function of the fetal mem-
branes [4]. The chorion provides endocrine function and 
acts as an immunological buffer, preventing the amnion 

degradation and protects a fetus from a maternal immune 
system [5]. At the same time, the amnion and the chorion 
collectively ensure the integrity of the membranes, since 
each of them individually is less resistant to an increasing 
mechanical stretching due to the growth of a fetus during 
pregnancy [6]. 

At present, perinatal mortality remains high, ranging from 
55 out of 1000 to 520 out of 1000 births, in low- and mid-
dle-income countries, which is mainly explained by prema-
turity and infectious complications [7,8]. Among the factors 
contributing to miscarriage, an important role is played by 
pathological conditions affecting pregnant women, primarily 
preeclampsia (PE) and iron deficiency anemia (IDA). In the 
case of PE, preterm childbirth is recorded in 20-30% of cases, 
perinatal morbidity comprises 56%, and perinatal mortality 
is 3-4 times higher than the average one, reaching 12%. PE 
increases the risk of placental abruption, massive bleeding, 
placental insufficiency, fetal growth retardation syndrome, 
and antenatal fetal death [9]. Concerning IDA, miscarriage 
occurs in 20–42%, placental insufficiency in 25%, prolonged 
labor in 42%, hypotonic bleeding in the postpartum period 
in 47%, and purulent septic complications in 12% of cases. 

IMMUNOHISTOCHEMICAL AND MORPHOMETRIC 
CHARACTERISTICS OF CHORIONIC TROPHOBLAST 
AND DECIDUAL CELLS OF FETAL MEMBRANES IN CASE 
OF ANTE-INTRANATAL FETAL DEATH
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ABSTRACT
The aim: To identify immunohistochemical and morphometric features of chorionic trophoblast cells and fetal membranes derived decidual cells, which were obtained from 
stillbirths associated with pre-eclampsia, iron deficiency anemia, and acute chorioamnionitis.
Materials and methods: The study included 58 fetal membranes of fetuses, who died in the ante-intranatal period. The membranes were divided into 6 obstetric history-based 
groups: premature (n = 8) and full-term (n = 8) stillbirths complicated by preeclampsia; premature (n = 8) and full-term ( n = 8) stillbirths complicated by iron deficiency anemia, 
premature (n = 10) and full-term (n = 16) stillbirths complicated by chorioamnionitis. A control group consisted of 8 membranes obtained from physiological pregnancies 
followed by the birth of a live full-term baby. Samples (rupture site) were probed with cytokeratin to identify the fetal trophoblast layer of the chorion and with vimentin for 
further identification of the decidual cells. The thickness of the trophoblastic layer, expression levels of cytokeratin and vimentin were determined. 
Results: A decrease of the cytokeratin expression by the chorionic trophoblasts and a thinning of the chorionic trophoblast cell layer due to an increasing gestational age 
were shown in case of the mentioned pathological conditions. In comparison with the control group, the level of vimentin expression by decidual cells was increased in case 
of full-term pregnancy complicated by preeclampsia, decreased in pregnancies complicated by chorioamnionitis, and remained unchanged in case of accompanying anemia. 
Conclusions: The changes in the studied immunohistochemical parameters are more pronounced in case of chorioamnionitis, which indicates more severe morphological and 
functional changes.
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Accordingly, the risk of antenatal fetal death increases in 
pregnant women with IDA [10]. In general, the cause of one-
third of all preterm births is the premature rupture of the fetal 
membranes, which increases the risk of perinatal mortality 
and morbidity and is associated with the early gestational 
age of a fetus [11]. Most often, the precocious rupture of the 
membranes is combined with chorioamnionitis (CA) and 
bleeding due to the premature placental abruption [12]. 

In this regard, the study of the morphology of the fetal 
membranes under normal conditions and during com-
plicated pregnancy using modern research methods is of 
particular importance. 

THE AIM 
To reveal the immunohistochemical and morphometric 
features of the chorionic trophoblast cells and fetal mem-
branes derived decidual cells, which were obtained from 
stillbirths associated with pre-eclampsia, iron deficiency 
anemia, and acute chorioamnionitis.

MATERIALS AND METHODS 
The material was collected between January 2016 and De-
cember 2019 from the Pathology Department of Munici-
pal Non-Commercial Institution “City Perinatal Center” 
of Kharkiv City Council. Based on medical histories of 
pregnancy and childbirth and the protocols of postmor-
tem examination of the fetuses and placentas, 58 cases of 
ante-intranatal fetal death at the gestational age ranging 
between 30-41 weeks were selected and the following groups 
were formed: premature birth complicated by preeclampsia 
(PPE group) (n = 8), full-term pregnancy complicated by 
preeclampsia (FPE group) (n = 8), premature birth com-
plicated by iron deficiency anemia (PIDA group) (n = 8), 
full-term pregnancy complicated by iron deficiency anemia 
(FIDA group) (n = 8), premature birth complicated by acute 
chorioamnionitis (PCA group) (n = 10), full-term pregnancy 
complicated by acute chorioamnionitis (FCA group) (n = 
16). Chorioamnionitis was diagnosed histologically using 
the standardized diagnostic criteria proposed by Redline 
et al [13]. Cases of congenital malformations and multiple 
pregnancies were excluded from the study. The control group 
(CG) consisted of 8 observations of normal pregnancies 
followed by the birth of a live full-term baby.

In each observation, 4-5 mm thick strips of the fetal 
membranes were excised near the place of their rupture 
(n = 66) for further morphological examination. Paraf-
fin-embedded tissue blocks were prepared using standard 
procedure. Immunohistochemistry assay (IHC) was 
performed following the standardized protocols using 
monoclonal antibodies (mAb) to cytokeratin pan (AE-1 / 
AE-3, DAKO, Denmark) – for identification of epithelial 
cells and to vimentin (V9, DAKO, Denmark) – for iden-
tification of mesenchymal cells with the DAKO EnVision 
imaging system (Denmark). The slides were studied using 
an Olympus BX-41 microscope (Japan). The thickness of 
the layer of reactive trophoblasts was measured using video 

microscopic morphometry (Olympus DP-Soft, Version 
3.1) and Microsoft Excel, the expression level of each IHC 
marker was measured by cytophotometric evaluation of 
the optical density of cellular cytoplasm [14].

Statistical analysis was performed using the Statistica 
6.0 and Microsoft Excel 2003 software package. Nonpara-
metric methods were used to compare the parameters 
(Mann-Whitney U-test, Kruskal-Wallis test). The signif-
icance of differences between the average values of the 
indicators was taken at the level of p <0.05.

The management of the study was conducted in full 
compliance with the ethical principles contained in the 
“Human Rights Declaration” adopted in Helsinki, which 
follows the Good Practice Rules in the Clinical Study and 
Legal Regulations and with the approval of the Ethics Com-
mittee of the V.N. Karazin Kharkiv National University.

RESULTS
In all studied groups, IHC assay with anti-cytokeratin pan 
(AE-1 / AE-3) mAb, revealed cytokeratin-positive cells, 
whose cytoplasm was stained brown. Cytokeratin was 
expressed by the single-row amniotic epithelial cells and 
metabolically active chorionic trophoblast cells.

The layer of cytokeratin-positive chorionic cells was 
detected in the trophoblastic region between the reticular 
layer of the chorion and the adjacent decidual layer. In the 
PE, IDA full-term and premature pregnancies groups as 
well as in the CG, trophoblast cells in the regions adjacent 
to the reticular layer formed a continuous layer and were 
located compactly in several rows. In the distal parts of 
the trophoblastic region, the cells were located less com-
pactly, cytokeratin-negative decidual cells were visualized 
between them. Individual cells or groups of trophoblast 
cells showed signs of apoptosis — a pyknotic nucleus and 
an optically empty cytoplasm Fig. 1. (Chorionic tropho-
blast layer. Individual cells are apoptotic. CG. IHC with 
anti-cytokeratin mAb, x400.). In the CA groups, the layer 
of trophoblasts was sharply thinned or destroyed due to the 
leukocytic infiltration Fig. 2 (Thinning and discontinuity of 
the trophoblast layer at the site of leukocytic infiltration of 
the chorion. FCA group. IHC with anti-cytokeratin mAb, 
x400.) at the inflammatory sites. In the same (CA) groups, 
apoptotic altered cells were more often visualized. 

When measuring the thickness of the trophoblastic 
layer, the value of this indicator varied depending on the 
gestational age and the existing complication of pregnancy 
(Table I). When assessing the level of trophoblastic cyto-
keratin expression, the average value of the optical density 
of the marker in the cytoplasm of the studied cells depend-
ed on the gestational age and the pathological condition 
complicating the course of pregnancy. We observed high 
values of the average thickness of the trophoblast layer and 
the elevated level of expression of cytokeratin by its cells 
in the premature pregnancy groups, these indicators sig-
nificantly exceeded the average values of the CG and other 
corresponding full-term pregnancy groups. In the full-term 
pregnancy groups, there was a significant decrease in the 
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mean values of both IHC parameters in comparison with 
the CG, at the same time the lowest values were recorded 
in the CA group Table I.

Evaluation of the IHC reaction with anti-vimentin (V9) 
mAb in all groups revealed the expression of the marker in 
the cytoplasm of a thin layer of fibroblast cells of the spongy 
layer of the amnion, stromal cells of the reticular layer of 
the chorion, decidual cells of the cytotrophoblastic region 
of the chorion and decidua, as well as vascular endothelium 
cells Fig. 3 (Vimentin-positive stromal and decidual cells 
of the chorion and decidua. CG. IHC with anti-vimentin 
mAb, x400.). Vimentin-positive decidual cells were visu-
alized in the distal parts of the cytotrophoblastic region of 
the chorion, there were both single positive cells as well as 
their groups, separated by vimentin-negative trophoblast 
cells. Some decidual cells acquired a fusiform shape, intense 
vimentin expression was observed in their cytoplasm and 
the number of such cells rose with the increasing gesta-
tional age Fig. 4 (Intensely vimentin-positive fusiform 

decidual cells. FPE group. IHC with anti-vimentin mAb, 
x400.). Individual decidual cells demonstrated apoptotic 
changes – they had a pyknotic nucleus and vimentin-neg-
ative cytoplasm. 

Finally, we assessed the level of vimentin expression by 
decidual cells in the study groups (Table I). In the case of 
premature childbirth, it was significantly lower in contrast 
to all other full-term complicated pregnancy groups and 
the CG. The full-term pregnancy groups, compared with 
CG, showed significantly higher mean value of optical 
density of the cytoplasm of decidual cells in preeclampsia, 
while in CA group it was significantly lower, and in case of 
IDA, it did not differ significantly.

DISCUSSION
In this study, the immunohistochemical and morphometric 
changes in chorionic trophoblast cells and decidual cells 
of fetal membranes near the site of their rupture were 

Fig. 1. Chorionic trophoblast layer. Individual cells are apoptotic. CG. IHC 
with anti-cytokeratin mAb, x400.

Fig. 2. Thinning and discontinuity of the trophoblast layer at the site of 
leukocytic infiltration of the chorion. FCA group. IHC with anti-cytokeratin 
mAb, x400.

Fig. 4. Intensely vimentin-positive fusiform decidual cells. FPE group. IHC 
with anti-vimentin mAb, x400.

Fig. 3. Vimentin-positive stromal and decidual cells of the chorion and 
decidua. CG. IHC with anti-vimentin mAb, x400.



IMMUNOHISTOCHEMICAL AND MORPHOMETRIC CHARACTERISTICS OF CHORIONIC TROPHOBLAST...

2371

studied. Based on the IHC findings in the PE, IDA, and 
CA full-term and premature pregnancies groups, the layer 
of metabolically active chorionic cells becomes thinner 
with increasing gestational age. According to the literature 
data, chorionic thinning reflects the process of the fetal 
membranes remodeling during pregnancy and their prepa-
ration for childbirth and is carried out by the apoptosis of 
chorionic cells [15, 16]. At the same time, in the full-term 
pregnancy groups, we found a significant decrease in the 
thickness of the trophoblast layer, in comparison with 
not only premature pregnancy groups but also with the 
CG. In the case of IDA, the average value of the indicator 
decreased 1.3 times, within the PE group – 2 times, the 
CA group – almost 3 times. Moreover, in the groups with 
chorioamnionitis, both in premature and full-term preg-
nancies, the layer of chorial cells was not focally detected. 
According to B. Fortner et al (2014), in chorioamnionitis, 
the chorion undergoes pathological thinning (probably 
due to the increased cellular apoptosis), which reduces the 
tensile strength or weakens the physical barrier and bacte-
rial resistance [17]. Inflammatory mediators are one of the 
important elements of the process leading to the premature 
rupture of the membranes. Their biosynthesis is a part of 
the mother’s body physiological defense mechanism in re-
sponse to an invasion of pathogenic microorganisms. These 
substances include prostaglandins, cytokines (interleukins 
(IL), tumor necrosis factor (TNF)), proteinases (matrix 
metalloproteinases (MMP), elastases, cathepsins), they 
play a leading role in the process of membranes’ thinning 
membranes and apoptosis [18].

The average level of cytokeratin expression by the chorionic 
cells in corresponding groups with different gestational terms 
decreased significantly in the case of a full-term pregnancy. At 

the same time, in comparison with the control group value, 
the level of cytokeratin expression was 1.1 times lower in the 
FIDA group, 1.5 times in the FPE group, and 1.7 times in the 
FCA group. The obtained data indicate that with an increase 
in the gestational age, the metabolic activity of cytotrophoblast 
cells decreases, which reflects the physiological involutive-dys-
trophic processes of the placenta tissues. Under the studied 
pathological pregnancy conditions, this process is accelerated 
due to the influence of hypoxia, as well as oxidative stress 
accompanied by the inflammatory damage and premature 
aging of cells in case of chorioamnionitis [19, 20].

It is now known that decidual cells are of maternal origin 
and are formed as a result of the transformation of stromal 
endometrial fibroblasts [21]. Thus, during the IHC reaction 
with anti-vimentin (V9) mAb, the cytoplasm of the decid-
ual cells was vimentin-positive. Analysis of the average 
values   of the marker expression level by the decidual cells 
in all studied full-term pregnancy groups significantly 
exceeded the average value in the premature childbirth 
groups. Decidual cells have the properties of fibroblasts, 
they express various proteins of the extracellular matrix, 
such as fibronectin, emilin-1, decorin, fibulins, collagens, 
and laminins (22-24), and vimentin deficiency leads to a 
decrease in their ability to synthesize collagen [25]. In our 
study, we observed an acquisition by some of the decid-
ual cells of a fibroblast-like fusiform shape with intense 
vimentin expression, which may indicate their functional 
activity, the number of such cells raised with an increase of 
gestational age. In the FPE and FIDA groups, the increase 
in the average value of vimentin expression was observed 
compared to the CG, which is due to the stimulating ef-
fect of hypoxia, which develops under these pathological 
conditions, particularly, in the FPE group, the indicator 

Table I. Values   of the IHC morphometric parameters in the studied and control groups

Group

Parameters

The thickness of the layer 
of cytokeratin-positive 

trophoblast cells, × 10-6m

Level of cytokeratin expression 
by chorionic trophoblast cells, 

conventional units

Level of vimentin  
expression by decidual cells, 

conventional units

PPE 124.14 ± 2, 24
p2 <0.001

0.170 ± 0.011
p2 <0.05

0.231 ± 0.008
p2 <0.001

FPE 89.00 ± 7.89
p1 <0.001, p2 <0.001

0.092 ± 0.006
p1 <0.01, p2 <0.001

0.294 ± 0.003
p1 < 0.001, p2 <0.05

PIDA 153.71 ± 4.83
p2 <0.05

0.207 ± 0.011
p2 <0.001

0.219 ± 0.009
p2 <0.001

FIDA 130.17 ± 4.53
p1 <0.001, p2 <0.001

0.119 ± 0.004
p1 <0.01, p2 <0.05

0.282 ± 0.006
p1 <0.001, p2> 0.05

PCA 110.53 ± 2.41
p2 <0.001

0.145 ± 0.004
p2 <0.05

0.203 ± 0.012
p2 <0.001

FCA 60.71 ± 6.75
p1 <0.001, p2 <0.001

0.079 ± 0.009
p1 <0.001, p2 <0.001

0.260 ± 0.003
p1 <0.01, p2 <0.05

CG 174.45 ± 6.75 0.135 ± 0.005 0.276 ± 0.002

Note: p1 - statistical significance of comparison of the premature birth and full-term pregnancy groups complicated by the similar pathologies, 
p2 - statistical significance of values compared with the CG.
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significantly differed from the value in the CG, and in the 
FIDA it tended to increase, which is apparently due to a 
more severe hypoxic damage of the tissues. In the FCA 
group, in comparison with the CG, there was a significant 
decrease in the average value of the vimentin expression 
level, which indicated a decrease in their functional activity 
under conditions of an acute inflammatory process.

CONCLUSIONS
During ante-intranatal fetal death in full-term and prema-
ture pregnancies, complicated by PE, IDA, and CA, sev-
eral structural changes are observed in the chorion of the 
membranes and decidua. In the chorion, with an increase of 
gestation age, the layer of trophoblast cells becomes thinner 
and the level of cytokeratin expression decreases, while in 
full-term pregnancies, the average values of indicators are 
significantly lower than those in the control group, which 
indicates a decrease in the metabolic activity of chorionic 
cells and may be one of the predictors of violation of the 
integrity of the membranes. With an increase in the gesta-
tional age of the studied groups, the content of cytoplasmic 
vimentin increases in the decidual cells due to an increasing 
proportion of fibroblast-like decidual cells characterized by 
intense IHC reaction. In full-term pregnancies complicated 
by preeclampsia, this average value was significantly higher, 
however, in the case of chorioamnionitis, it was significant-
ly lower compared with the control group. The change in 
the intensity of vimentin expression indicates the degree 
of functional activity of cells, therefore, it is advisable to 
study the distribution and content of stromal collagens 
in the fetal membranes and decidual tissue in the future.
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INTRODUCTION 
In medical practice, doctors often face injuries of various 
aetiologies, which require replacement of bone tissue with 
biocompatible material [1]. The primary goal of recon-
structive surgery is the correct choice of material that has 
the ability quickly repair damaged tissue in a short period 
of time [2]. In modern medicine, the use of stem cells in 
reconstructive surgery and in particular in dental practice 
is promising. This is possible by phenomenal discoveries in 
biology and biotechnology, which are basing on the ability 
of stem cells after their introduction into the recipient’s 
body to get to the site of tissue damage and restore their 
cellular structure [3, 4].

The optimal source of multipotent stem cells is adipose 
tissue [5]. This is due to the availability of methods for ob-
taining material, low invasiveness for the body, the ability 
to obtain cellular material in sufficient quantities and at the 
right time [6, 7]. Multipotent mesenchymal stromal cells of 
adipose tissue are able to differentiate in adipogenic, osteo-
genic, chondrogenic, endothelial, myogenic, hepatogenic, 
epithelial and neurogenic directions [8, 9].

The ability to osteogenic differentiation is manifesting by 
increased levels of markers of bone formation. One of the 
main markers of bone formation is alkaline phosphatase 
[10]. It, localized in osteoblasts, plays an important role 
in the processes of bone mineralization, as it catalyzes the 

transfer of phosphoric acid ions from the ether to the com-
ponents of the organic matrix of bone. Increased activity 
of this enzyme in the blood as a marker of bone formation 
indicates the activation of bone remodelling [11].

Given the development of modern medicine, in par-
ticular dentistry, the search for new materials that would 
promote osteogenesis and improve bone mineralization 
processes remains relevant [12]. All of the above prompted 
us to conduct this study.

THE AIM
Determining the sample based on the MMSC-AT that most 
differentiates in the osteogenic direction.

MATERIALS AND METHODS
The study was conducting at Bukovinian State Medical Uni-
versity, Chernivtsi, Ukraine. Adipose tissue samples were 
obtaining from the neck of 60 experimental animals (white 
Wistar rats) [13]. Multipotent mesenchymal stromal cells 
of adipose tissue (MMSC-AT) were obtained by grinding 
adipose tissue of rats in 0.1% collagenase 1A [14]. For the 
toxicological experiment, which allows to establishing the 
direct influence of factors in the contact of implantation ma-
terial at the cellular level, were selected four samples. Sample 
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№ 1 – MMSC-AT, passed osteogenic differentiation; sample 
№ 2 – MMSC-AT+ PRP (platelet-enriched blood plasma); 
sample № 3 – MMSC – AT + “Kolapan”; sample № 4 – “Ko-
lapan” + MMSC-AT+ PRP. Alkaline phosphatase activity was 
assessing by using the Alkaline Phosphatase Detection Kit 
(Sigma, USA) according to the manufacturer’s protocol [15]. 
Osteopontin gene expression was determining by immuno-
cytochemical method [16]. To determine the mRNA used the 
PCR method, which is associated with reverse transcription 
(RT-PCR) in the area of quantification of gene expression to 
the marker BGP [17, 18]. For demonstrating calcium precipi-
tates on the surface of cultured cells was performed Von Kossa 
analysis. Statistical processing of research results was carrying 
out using commonly used methods of variation statistics.

RESULTS 
One of the biochemical markers of osteoblast differen-
tiation and bone tissue formation is the activity of the 
alkaline phosphatase (АF) enzyme secreted by osteoblasts 
and take part in osteoid mineralization. Activity AF in the 
samples was studying on the seventh, 14th and 21 days of 
observations (table I).

On the 7th day of the experiment, the activity of AF in 
the samples studied was the same and ranged from the 

minimum values of 0.25 ± 0.03 mmol / min • 105 in the 
sample № 1 to the maximum data of 0.28 ± 0.04 mmol / 
min • 105 in sample № 2, р – р2>0,05.

On the 14th day of observations, AF activity increased 
in all samples, but minimal values was marking in sample 
№ 1 (1.38 ± 0.04 mmol / min • 105) and in sample № 3 
(1.37 ± 0.04 mmol / min • 105, p1<0.05). At the same time, 
in samples № 2, р<0.05 and № 4, р, р2<0.01, р1>0.05, the 
activity of AF was higher in relation to the data in sample 
№ 1 and № 3, on average by 10.14%. 

On the 21st day of the experiment, the highest AF 
activity was determined in samples № 2 containing a 
combination of MMSC-AT + PRP – 3.92 ± 0.09 mmol / 
min • 105, p<0.01, and in sample № 4, which combined 
MMSK -AT + PRP + “Kolapan” – 4,15 ± 0,08 mmol / min 
• 105, р, р2<0,01, р1>0,05. At the same time, in samples № 
1 and № 3 the activity of AF was significantly lower and 
ranged from 3.56 ± 0.04 mmol / min • 105 to 3.60 ± 0.08 
mmol / min • 105, p1<0, 05, respectively, which  indicated 
on the less metabolic activity of cells in these samples.

To confirm the differentiation of MMSC-AT in the stud-
ied samples into osteoblasts, the expression of osteopontin 
genes was conducting by reverse transcriptase polymerase 
chain reaction (RT-PCR) in real time. To do this, we used 
primers for osteopontin – the main protein of bone tissue: 

Table I. Alkaline phosphatase activity of osteoblasts in different samples of MMSC-AT
Terms of 

observation
Sample № 1  
(MMSK -AT)

Sample № 2  
(MMSK -AT + PRP )

Sample № 3  
(MMSK -AT + Kolapan)

Sample № 4  
(MMSK -AT + PRP + Kolapan)

7 days 0,25±0,03  0,28±0,04  0,26±0,03  0,27±0,04

14 days 1,38±0,04 1,52±0,05°° 1,37±0,04** 1,54±0,05°,•

21 days 3,56±0,04 3,92±0,09° 3,60±0,08** 4,15±0,08°,•

Notes:
1. °р<0.01; °°р<0,05 – significant difference in values relative to the sample № 1; 
2. *р1<0.01; **р1<0,05 – significant difference in values relative to the sample № 2;
3. •р2<0.01;  ••р2<0,05 – significant difference in values relative to the sample № 3.

Fig. 1.  Osteogenic cell differentiation according to Von Kossa: a – osteoblasts differentiated from MMSC-AT (sample № 1); b – osteoblasts, differentiated 
from MMSC-AT + PRP + “Kolapan” (sample № 4)

a b
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direct -5’-AAGGCGCATTACAGCAAACACTCA-3’ and 
reverse – 5TCATCGGACTCCTGGCTCTTCAT-3’.

It should be noting that on the 7th day of the experiment 
(table II) the lowest mRNA level was recorded in sample № 
1 – 0.87 ± 0.04 and in sample № 3 – 0.89 ± 0.04, p1<0, 01. 
At the same time, in sample № 2, which contained a com-
bination of MMSC-AT + PRP, and in sample № 4, which 
combined MMSC-AT + PRP + “Kolapan”, the mRNA level 
ranged from 1.41 ± 0.06, p<0.01 to 1.40 ± 0.06, p, p2<0.01, 
p1>0.05, respectively, and was, on average, 62.06% higher 
than the data in samples № 1 and № 3. 

On the 14th day of the study, an increase in the level of 
osteopontin expression was observing in all experimental 
samples; however, in the culture of MMSC-AT (sample 
№ 1) the mRNA level was probably lower, with a value of 
1.38 ± 0.04 than in the other samples. At the same time, 
the level of osteopontin expression exceeded the value 
sample № 1: by 78.98% in sample № 2, p<0.01, by 10.14% 
in sample № 3, p<0.05 and by 81.16% in samples № 4, p, 
p2<0.01, p1>0.05.

On the 21st day of observations, a further increase in 
mRNA levels in the studied cultures was determined.  The 
minimum level of osteopontin expression was investigating 
in sample № 3, which contained MMSC-AT + “Kolapan” – 
2.73 ± 0.05, p<0.05, p1<0.01. The contents of the studied 
parameter in the sample № 1 – 2.96 ± 0.06 was slightly 
higher. At the same time, in samples № 2 and № 4 the mRNA 
level was, on average, 11.22%, p1<0.01 and 27.11% higher, 
p2<0.01, than in cultures № 1 and № 3, in accordance.

Von Kossa staining (Figure 1) qualitatively confirmed the 
production salts of calcium and phosphates by osteoblasts, 
which was differentiationing from MMSC-AT.

It was found that in sample № 1, which contained 
MMSC-AT with osteogenic differentiation, significantly 
fewer cells capable of producing calcium precipitates were 
studied in contrast to sample № 4, which included MMSC-
AT + PRP + “Kolapan”, where after staining was found 
massive fragments of mineralized matrix.

Osteogenic differentiation of MMSC-AT into osteoblasts 
in the studied samples was confirming by quantitative 
assessment of gene expression to the BGP marker (bone 
gla-protein). BGP-bone glutamine protein (osteocalcin) 
is a small protein that is most widely present in the bone 
matrix, participates in calcification processes and is a 
marker of osteoblast activity, which is 15% of extracted 
non-collagenous proteins.

It was found that the expression of mRNA encoding 
BGP manifests itself as follows (table III): on the 7th day of 
observations, the minimum number of copies of the BGP 
gene was examined in sample № 1 – 20,000 ± 365.0 copies 
and slightly more in sample № 3 – 22,500 ± 370.0 copies, 
p, p1<0.01. At the same time, the maximum expression of 
mRNA encoding the BGP gene was investigated in sam-
ples № 2 and № 4, which was 1.2, p<0.01 and 1.3 times, 
p, p2<0.01, p1>0 , 05, higher respectively to the values of 
the sample № 1. 

On the 14th day of research in all studied samples inves-
tigated the further increase in the expression of the studied 
parameter. However, in samples № 2 and № 4, the number 
of copies of the BGP gene exceeded the data in sample № 
1 by 1.4 times, p<0.01 and 1.5 times, p2 р0.01, respectively. 

On the 21st day of observations, the expression of mRNA 
encoding the BGP gene decreased in samples № 1 and № 
3 to 35,800 ± 420.0 copies and to 35,000 ± 400.0 copies, 

Table II. Expression of osteopontin mRNA in the dynamics of the cultivation of MMSC-AT on the environment with factors of cell differentiation into 
osteoblasts in different samples

Terms  
of observation

Sample № 1  
(MMSK -AT)

Sample № 2  
(MMSK -AT + PRP )

Sample № 3  
(MMSK -AT + Kolapan)

Sample № 4  
(MMSK -AT + PRP + Kolapan)

7 days 0,87±0,04 1,41±0,06° 0,89±0,04* 1,40±0,06°,•

14 days 1,38±0,04 2,47±0,05° 1,52±0,03°°,* 2,50±0,06°,•

21 days 2,96±0,06 3,45±0,07° 2,73±0,05°°,* 3,49±0,07°,•

Notes: 
1.°р<0,01; °°р<0,05 – significant difference in values relative to the sample № 1.
2.*р1<0,01 – significant difference in values relative to the sample № 2.
3.•р2<0,01 – significant difference in values relative to the sample № 3.

Table III. The number of copies of cDNA encoding BGP bone protein in osteoblasts in different samples
Terms  

of observation
Sample № 1  
(MMSK -AT)

Sample № 2  
(MMSK -AT + PRP )

Sample № 3  
(MMSK -AT + Kolapan)

Sample № 4  
(MMSK -AT + PRP + Kolapan)

7 days 20.000±365,0 24.500±376,0° 22.500±370,0°,*     25.000±385,0°,•

14 days 40.500±560,0 55.000±575,0° 43.000±570,0°,* 60.000±720,0°,*,•

21 days 35.800±420,0 75.000±620,0° 35.000±400,0* 80.500±790,0°,*,•

Notes: 
1.°р<0,01 – significant difference in values relative to the sample № 1.
2.*р1<0,01 – significant difference in values relative to the sample № 2.
3.•р2<0,01 – significant difference in values relative to the sample № 3.
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p1<0.01, p>0.05. Also was observing growth of copies of 
the BGP gene in samples № 2 and № 4 in 2.1, р<0.01 and 
2.2 times, р-р2<0.05, relative to the data in sample № 1.

DISCUSSION
The modern development of biotechnology does not allow 
the creation of complex organs de novo [19] and is largely 
limited to the stimulation of the innate abilities of the 
body’s regeneration, which can be supplemented by the 
replacement of individual tissue sites and the regenera-
tive cascade induction [20]. The existing strategy of tissue 
engineering usually consists in the in vivo expansion of 
populations of multipotent cells, such as MMSC, with their 
subsequent transplantation in the form of a cell suspension 
or scaffolds inhabited by MSCs into damaged areas [21]. 
Due to their unique regenerative potential and immuno-
modulatory properties, MMSC have great prospects in 
tissue engineering and reconstructive therapy, not only 
due to their direct participation in tissue regeneration, 
but also due to a modulating effect on the recipient’s im-
munogenesis in response to the introduction of a foreign 
body (implant) [22].

Bone is a dynamic tissue characterized by its ability to 
recover from injury without scarring [23]. The differen-
tiation of MMSC into osteoblasts plays a decisive role in 
bone regeneration and remodelling. MSCs obtained from 
bone marrow are considered to be an adequate source 
for tissue engineering of bones due to their ability for os-
teogenic differentiation [24]. MMSC can also be isolated 
from umbilical cord blood, placenta, adipose tissue, etc. 
The efficiency of osteogenic differentiation of various 
human MMSC has been demonstrated when populating 
biocompatible polymer matrices with them. At the same 
time, it was found that MMSC obtained from bone mar-
row demonstrated greater efficiency of differentiation 
into osteoblasts than other types of MMSC [25]. These 
cells are usually transplanted into three-dimensional 
porous scaffolds that provide the necessary extracellular 
environment that contains physical and chemical signals 
for tissue development and regeneration [26]. Despite the 
fact that strategies based on various types of biomaterials 
and stem cells have been developed over the years, modern 
tissue engineering has not found wide application in clin-
ical settings [27]. Achieving this goal will require a deep 
understanding of the normal physiological processes of 
tissue development and the mechanisms underlying the 
interaction between MMSC and biomaterials during tissue 
formation, since many important details remain unclear 
[28]. Biomaterials play a decisive role in the creation of 
tissue-engineered structures [29]. The material must be 
able to maintain its structure and integrity for predictable 
periods of time to allow new tissue formation and matu-
ration even under stress conditions [30, 31].

Thus, MMSC play an important role in bone regenera-
tion, both by regulating the formation of osteoclasts and 
by negatively affecting the effectors of inflammation and 
osteclastogenesis [32]. MMSC have the ability to regener-

ate mesenchymal tissues, regulate bone metabolism, and 
modulate inflammation, making them attractive candidates 
for cell technologies in regenerative medicine. Modern 
strategies for the creation of tissue-engineered constructs 
are actively using MMSC s to improve the integration of 
implants and prevent immunological rejection. Preclinical 
studies have shown that the colonization of biocompatible 
materials with MMSC significantly increases osteoconduc-
tivity and improves implant integration [33, 34]. The first 
clinical trials of scaffolds inhabited by MMSC confirm their 
effectiveness [35]. This indicates that the use of tissue-en-
gineered constructs based on biocompatible scaffolds 
populated with MMSC for bone regeneration is promising.

CONCLUSIONS
So, a comparative study of osteoplastic properties samples 
MMSC-AT showed that a larger number of cells differenti-
ate into the osteoblasts in samples containing MMSC-AT +  
PRP (№ 2) and MMSC-AT + PRP + “Kolapan” (№ 4). 
This has been proven higher alkaline phosphatase activity, 
higher levels osteopontin expression, and higher levels BGP 
gene expression. Thus, our study proves the effectiveness 
of the use of samples №2 and №4 based on MMSC – AT 
to replace bone defects.
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INTRODUCTION
Ductus arteriosus is one of the main components of the 
fetus circulation that connects the left pulmonary artery 
and descending aorta. In healthy term newborn soon after 
labor ductus arteriosus spasms and closes spontaneously. 
The rate of spontaneous closure of the ductus arteriosus in 
preterm infants is delayed. The ductus arteriosus remains 
open at the age of 4 days in about 10% of premature babies 
with a gestational age of 30 to 37 weeks, 80% of premature 
babies with a gestation of 25-28 weeks, 90% of those born 
at 24 weeks of gestation. By the 7th day after birth, these in-
dexes decrease to about 2%, 65% and 87%, respectively [1].

Hemodinamically significant patent ductus arteriosus 
(HSPDA) – is a state in which the ductus arteriosus is not 
only open, but also the volume of transductal shunt is big 
enough to cause hemodynamic disorders [2]. The blood 
shunts from left to right which promotes excessive circula-
tion in lungs and the development of “ductal stealing phe-
nomenon” with perfusion depletion of the organs situated 
postductal, like kidneys and gastro-intestinal tract [2-5]. 

Perfusion depletion of the organs lowers its regional 
oxygenation. A new method of non-invasive monitoring of 
tissue oxygenation in vivo in real time such as Near-Infra-
red Spectroscopy (NIRS) may provide information about 
the degree of the disorder [6-9]. 

NIRS of kidneys is a reliable parameter for renal oxygenation 
(RrSO2) and reflects the local oxygen saturation. Taking into 

account the peculiarities of this research method, the level of 
venous blood oxygen saturation (venous saturation) is actually 
determined, i.e. the amount of oxygen left in the blood after it 
passes through the kidneys and oxygen is extracted [10]. 

Using the NIRS data and the oxygen saturation of the 
arterial blood it is possible to calculate fractional tissue 
oxygen extraction (FTOE) [7]. This index reflects the bal-
ance between the delivery and consumption of oxygen in 
tissues and, therefore, can be used as an index of insufficient 
perfusion and tissue oxygenation. 

THE AIM 
The aim is to study the condition of regional tissue oxygen-
ation and fractional tissue oxygen extraction in the kidneys 
of premature infants with hemodynamically significant 
patent ductus arteriosus. 

MATERIALS AND METHODS 
A cohort, prospective study was conducted in 2018-2019 
on the basis of the Department of Anesthesiology and 
Intensive Care of Newborns in the Dnepropetrovsk Re-
gional Children’s Clinical Hospital and was approved by 
the regional commission on medical ethics.

Inclusion criteria: preterm infants at 29-36 weeks 
gestation with a closed ductus arteriosus, patent ductus 
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ABSTRACT
The aim: To study the condition of renal oxygenation (RrSO2) and fractional tissue oxygen extraction (FTOE) in the kidneys of premature infants with HSPDA. 
Materials and methods: 74 preterm newborns (gestational age 29-36 weeks) were divided into three groups: І – 40 children with HSPDA, ІІ – 17 children with patent ductus 
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with PDA without hemodynamic disorders and children with a closed ductus arteriosus. The results obtained can be explained by the “phenomenon of the systemic circulation 
stealing” and the development of hypoperfusion, ischemia of the kidney tissues, which leads to an increase in the need for oxygen in the parenchyma.On the tenth day of life, 
premature infants who had HSPDA on the first day showed an increase in RrSO2 and a decrease in FTOE.
Conclusions: Non-invasive monitoring of renal oxygenation using can be used as a screening tool to identify the phenomenon of “ductal stealing” in HSPDA. 
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Table І. Clinical characteristics of the examined children 

Index І group, n=40 ІІ group, n=17 ІІІ group, n=17 рІ-ІІ< рІ-ІІІ< рІІ-ІІІ<

Gestational age,  
M±s (Me; Q1-Q3) in weeks

32,6±1,93  
(33; 32-34)

32,8±2,28  
(33; 31,5-34,5)

33,9±1,22  
(34; 33-35) ns 0,03 ns

• 35 – 36 w,  
n (Р)

7 
(17,5 %)

4 
(23,5 %)

6 
(35,3 %) ns ns ns

• 32 – 34 w,  
n (Р)

24 
(60,0 %)

9 
(52,9 %)

11 
(64,7 %) ns ns ns

• 29 – 31 w,  
n (Р)

9 
(22,5 %)

4 
(23,5 %)

0 
(0,0 %) ns 0,04 0,04

Weight,  
M±s (Me; Q1-Q3) in g

2037,8±552,60  
(1950; 1620-2437,5)

1856,5±424,63  
(1900; 1485-2175)

2047,1±356,58  
(1980; 1825-2300) ns ns ns

• More than 2400 g,  
n (Р)

10 
(25,0 %)

2 
(11,8 %)

3 
(17,6 %) ns ns ns

• 1501 – 2400 g,  
n (Р)

23 
(57,5 %)

9 
(52,9 %)

13 
(76,5 %) ns ns ns

• ≤ 1500 g,  
n (Р)

7 
(17,5 %)

6 
(35,3 %)

1 
(5,9 %) ns ns 0,04

Boys,  
n (Р)

28 
(70,0 %)

8 
(47,1 %)

7 
(41,2 %)

0,05 0,05 ns
Girls,  
n (Р)

12 
(30,0 %)

9 
(52,9 %)

10 
(58,8 %)

Apgar score on 1 minute,  
M±s (Me; Q1-Q3) in points

6,1±1,28 
(7; 5-7)

5,7±1,21 
(6; 5-7)

6,5±0,51 
(6; 6-7) ns ns ns

  Apgar score on 5 minute,  
M±s (Me; Q1-Q3) in points

6,8±1,04 
(7; 6-8)

6,5±0,87 
(7; 6-7)

7,0±0,61 
(7; 7-7) ns ns ns

Respiratory distress syndrome 27 
(67,5 %)

14 
(82,4 %)

15 
(88,2 %) ns ns ns

Intrapartum asphyxia 7 
(17,5 %)

3 
(17,6 %)

0 
(0,0 %) ns ns ns

Intrauterine infection 6 
(15,0 %)

0 
(0,0 %)

2 
(11,8 %) ns ns ns

PDA size on day 1,  
M±s (Me; Q1-Q3) in mm

2,36±0,834 
(2,1; 1,7-2,7)

1,11±0,154 
(1; 1-1,25)

—
0,001

—
PDA size on day 3,  

M±s (Me; Q1-Q3) in mm
0,50±0,816 

(0; 0-1)
0,06±0,243 

(0; 0-0) 0,03

Note. Mann-Whitney U-test, the χ2 test and Fisher’s exact test are used («ns» – significant difference not observed).

arteriosus (PDA), and HSPDA, signed informed parental 
consent to participate in the study.

Exclusion criteria: congenital malformations, intraven-
tricular and intracranial hemorrhages of III-IV degree, 
sepsis, severe asphyxia, skin diseases, intrauterine growth 
retardation.

We examined 74 preterm infants. All children were ad-
mitted to observation in the first day of life. The examined 
patients were divided into three groups depending on the 
presence of PDA and its hemodynamic significance: I 
group – 40 children with HSPDA, II group – 17 children 
with PDA without hemodynamic disorders, III group – 17 
children with a closed ductus atreriosus.

The observation period was 10 days. 8 children dropped out 
of the study because of the developed exclusion criteria: 4 – 
grade III-IV intraventricular hemorrhage, 4 – neonatal sepsis.

During the study 40 children with HSPDA were treated 
with ibuprofen for the PDA closure. 19 children were 
received ibuprofen in a high dose (20–10–10 mg/kg/day) 
[11] and 21 children – in a standard dose (10–5–5 mg/
kg/day) [12]. 

Clinical-laboratory examination included gestational 
age, weight, physical examination, CBC, arterial oxygen 
saturation (SpO2), echocardiography, regional renal oxy-
genation (RrSO2), and fractional tissue extraction of ox-
ygen (FTOE) in the kidneys. All children were examined 
on the first, third and tenth days of life.

Echocardiographic and Doppler examination with 
broadband microconvex probe with a frequency of 5-8 
MHz («TOSHIBA» Nemso XG model SSA-580A (Japan) 
was made to all children at admission to the department 
(5-11 hour of life) and further daily to determine the PDA, 
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its sizes and hemodynamic significance. Echocardiographic 
and Doppler criteria of HSPDA are: large ductal size (>1.5 
mm in newborn with weight < 1500 g, >1.4 mm/kg in 
newborn with weight ≥ 1500 g), demonstration of left to 
right shunt, growing or pulsatile shunt pattern, increased 
left atrial to aortic root ratio (LA:Ao>1.4), retrograde de-
scending aortic flow [13, 14]. 

Regional renal oxygen saturation was assessed with NIRS 
device «Somanetics INVOS 5100 C “(USA). Neonatal 
transducers were placed over the region of the right kidney 
with preliminary ultrasound imaging. Daily monitoring of 
RrSO2 was performed on the first (5–11 hour of life), third 
and tenth day after birth. The daily variability of RrSO2 
parameters was less than 9%. The average daily RrSO2 
value was calculated for each child, as well as for a group 
of patients. Normal indexes of RrSO2 were considered in 
the first day of life – 88-95%, on the third day – 85-90%, 
tenth day – 75-80% [10].

Arterial blood oxygenation (SpO2) was determined with 
patients monitor Datascope Passport–2 (USA).

Fractional tissue oxygen extraction was calculated ac-
cording to the formula: FTOE = (SpO2 – RrSO2)/ SpO2 [7].

To solve the above-mentioned tasks and test the initial 
assumptions, a set of statistical research methods was used, 
namely: the Mann-Whitney U-test, as a nonparametric 
analogue of the one-way analysis of variance method for 
independent samples, the Wilcoxon signed rank test for 
related samples, the χ2 test and Fisher’s exact test for con-

tingency tables. The normal distribution of quantitative 
samples was checked using the Kolmogorov-Smirnov test. 
Data analysis was performed using the statistical software 
package IBM SPSS Statistics 23.

RESULTS
The clinical characteristics of the examined children are 
presented in Table І. Distribution by sex: boys – 43 (58.1%), 
girls – 31 (41.9%). It is interesting to note the significant 
predominance of boys in the group with HSPDA. The 
average gestational age was 32.9 ± 0.22 weeks. The largest 
number of children had a gestational age of 32-34 weeks. 
The number of premature babies with a gestational age 
of 29–31 weeks was the same in the group with PDA and 
HSPDA. There were no children with such gestational 
age in the third group, which can be explained by the 
fact that with a gestational age of 29-31 weeks almost all 
premature babies have PDA. The average body weight 
at birth was 1998.2 ± 56.55 g, there was no significant 
difference between the groups. More than half of the 
children examined had low body weight. Very low body 
weight (≤ 1500 grams) was observed in almost every fifth 
infant, and much more often in samples with PDA. There 
were no differences in Apgar scores at the first and fifth 
minutes between the study groups. Respiratory distress 
syndrome was observed in 75.7%, newborn asphyxia – in 
13.5%, intrauterine infection – in 10.8% of children. The 

Table ІІ. Indexes of regional renal oxygenation (RrSO2), arterial blood oxygenation (SpO2) and fractional tissue oxygen extraction in preterm infants 
according to study groups, M±s (Me; Q1-Q3)

Index Day І group, n=40 (34) ІІ group, n=17 (17) ІІІ group, n=17 (15) рІ-ІІ< рІ-ІІІ< рІІ-ІІІ<

RrSO2, %

І 59,4±8,08 
(56; 54-62,5)

87,0±4,74 
(88; 84-90)

87,5±3,50 
(88; 86,5-89,5) 0,001 0,001 ns

ІІІ 76,2±7,56 
(75; 70,25-83,5)***

83,6±5,91 
(87; 77-89)

85,2±4,82 
(87; 80-89) 0,001 0,001 ns

Х 92,6±3,11 
(93; 91-95) *** ^^^

80,4±4,64 
(83; 75-85) ** ^

80,5±3,85 
(81; 77-84) ***^ 0,001 0,001 ns

 SpO2, %

І 96,7±1,84 
(97; 95-98)

96,8±1,39 
(97; 96-98)

96,4±1,94 
(96; 95,5-98) ns ns ns

ІІІ 97,4±1,55 
(98; 96,3-98,8) *

95,7±1,57 
(96; 94,5-96)

96,4±1,58 
(97; 95-98) 0,002 0,04 ns

Х 97,7±1,51 
(98; 96,8-99)

96,3±1,21 
(96; 95-97)

97,0±1,13 
(97; 96-98) ^ 0,002 ns ns

Fractional 
tissue 

oxygen 
extraction 

(FTOE) 

І 0,385±0,0855 
(0,42; 0,34-0,44)

0,101±0,0544 
(0,09; 0,05-0,15)

0,093±0,0339 
(0,08; 0,07-0,11) 0,001 0,001 ns

ІІІ 0,218±0,0769 
(0,23; 0,15-0,28) ***

0,126±0,071 
(0,08; 0,06-0,2)

0,116±0,0552 
(0,09; 0,07-0,18) 0,001 0,001 ns

Х 0,053±0,0282 
(0,05; 0,03-0,07) *** ^^^

0,165±0,0524 
(0,15; 0,11-0,22) ** ^

0,170±0,0359 
(0,18; 0,13-0,2) *** ^ 0,001 0,001 ns

Notes: The sample size for the tenth day is given in parentheses. 
Mann-Whitney U-test was used for independent samples comparison («ns» – significant difference not observed). 
*, **, *** – significant difference from the level on day 1; 
^, ^^, ^^^ – from level on day 3, respectively p<0,05, p<0,01 and p<0,001 according to  Wilcoxon signed rank test. 
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incidence of these diseases between the study groups did 
not differ significantly.

The size of PDA on the first day in children of the first group 
(Table І), on average, exceeded that in the second group by 
more than two times (p<0.001). On the third day of life, the 
size of the PDA significantly decreased in both groups. At the 
same time, the size of the PDA in the first group was still sig-
nificantly higher than that in the second group (p<0.03). On 
the tenth day of life, ductus arteriosus was closed in all patients.

The dynamics of indexes of arterial blood oxygen sat-
uration, regional renal oxygenation, fractional tissue ex-
traction of oxygen in the kidneys is presented in Table ІІ.

The average RrSO2 index on the first day in all examined 
patients was 72.2 ± 1.79%. Regional renal oxygenation in 
the first day of life varied significantly depending on the 
presence of HSPDA: because of hemodynamic disorders, 
the RrSO2 level was significantly lower than the index of 
not only the third, but also the second group (p<0.001). 
Regional renal oxygenation on the first day in children 
without HSPDA generally corresponded to normal values 
(88-95% according to McNeill S et al. [10]) and did not 
differ significantly between the second and third groups.

On the third day of life in the first group, the ductus 
arteriosus was already closed in 67.5% of children and a sig-
nificant dynamics of RrSO2 (p<0.001) was observed – the 
average index increased to 76.2 ± 7.56%, but still remained 
below the level of the second and the third group (p<0.001).

On the tenth day of life in the group І, a significant 
increase in RrSO2 continued, on average to 92.6 ± 3.11% 
(p<0.001). The following paradox attracted attention – 
RrSO2 on the tenth day of life in children of the first group 
was significantly higher than that in the second and third 
groups. At the same time, significant negative dynamics of 
RrSO2 was noted in the second and third groups.

Oxygen saturation (SpO2) throughout the observation 
period in all groups was maintained within the normal 
range (Table 2). In addition, on the third day the SpO2 
index in the first group was even significantly higher than 
in the second group (97.4 ± 1.55% versus 95.7 ± 1.57%; 
p <0.002), while the RrSO2 index was significantly lower 
(76.2 ± 7.56 versus 83.6 ± 5.91%, p<0.001).

Fractional tissue oxygen extraction (FTOE) by kidney tissue 
on the first day of life had a significantly higher level in children 
with HSDPA than in children of the second and third groups 
(0.385 ± 0.0855 versus 0.101 ± 0.0544, p <0.001 and 0.093 ±  
0.0339, p <0.001). This trend persisted on the third day of 
life: FTOE in the group of children with HSPDA significantly 
decreased to 0.218 ± 0.0769 (p<0.001) and remained signifi-
cantly higher than in the second and third groups. On the tenth 
day, the FTOE in the first group decreased to 0.053 ± 0.0282 
(p<0.001) and a reverse trend was observed in relation to the 
indexes of the second and third groups, namely: this index 
became significantly lower than in the second and third groups.

DISCUSSION
Hemodinamically significant patent ductus arteriosus leads 
to the development of “ductal stealing phenomenon” with 

perfusion depletion of the organs situated postductal, like 
kidneys [2, 3, 4, 5]. Kidneys perfusion depletion lowers its 
regional oxygenation which could be clarified by a method 
of non-invasive monitoring of tissue oxygenation in vivo 
in real time – Near-Infrared Spectroscopy (NIRS) [6-9]. A 
few studies have shown a decrease in renal oxygenation in 
premature infants with congenital heart defects and having 
a left-right shunt [14, 15]. 

Kidney is an organ with a large venous blood flow and, 
therefore, high regional saturation values and low oxygen 
extraction [16, 17].

The results of this study showed that in premature infants 
with HSPDA, on the first day of life, a reduced level of 
renal oxygenation and an increase in fractional oxygen ex-
traction by the kidney tissue were observed in comparison 
with premature infants with PDA without hemodynamic 
disorders or with a closed duct. On the third day of life in 
children with HSPDA, because of the closure of the ductus 
arteriosus, a significant, but not sufficient improvement in 
renal oxygenation was observed.

The decrease in the indices of tissue oxygenation of the 
kidneys in premature infants with HSPDA in the first day of 
life can be explained by the “phenomenon of systemic cir-
culation stealing” and the development of hypoperfusion, 
ischemia of the kidney tissue. This leads to an increased 
demand for oxygen in the renal parenchyma [18], which 
was reflected in our results – low renal oxygenation and 
high fractional tissue oxygen extraction in the kidneys.

On the tenth day of life in premature infants who 
had HSPDA on the first day, the opposite pattern was 
observed. The RrSO2 index increased significantly, and 
the fractional tissue extraction of oxygen decreased in 
comparison with the data on the first and third days. The 
results obtained can be explained by the mechanism that 
prevents the development of the kidney tissue hyperoxia 
and their subsequent damage. The presence of arterio-ve-
nous shunts in the kidney provides a mechanism by which 
oxygen, which is excessive for the metabolic needs of the 
kidneys, can bypass the renal microcirculation [19]. This 
was reflected in the high level of RrSO2, which actually 
reflects the degree of venous saturation. Low fractional 
oxygen extraction indicates a decrease in oxygen con-
sumption of the damaged kidney parenchyma as a result 
of hypoxia.

CONCLUSIONS
The presence of HSPDA in premature infants leads to a 
decrease in renal oxygenation due to renal hypoperfusion. 
A low RrSO2 index and a high level of fractional oxygen 
extraction by the kidneys in the first day of life are a marker 
of HSPDA. On the tenth day of life, premature infants who 
had HSPDA on the first day showed an increase in RrSO2 
and a decrease in fractional tissue extraction of oxygen. 
Therefore, non-invasive monitoring of renal oxygenation 
using NIRS can be used as a screening tool to identify and 
assess the effect of “ductal stealing” on kidney oxygenation 
in HSPDA.
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INTRODUCTION
It is known that the reduction of bone mineral density in 
the form of osteoporosis/osteopenia is a widely known 
complication of ankylosing spondylitis (AS) and is fre-
quently observed at early stages of the disease [1]. Loss of 
bone mass in this cohort of patients significantly increases 
the risk of compression fractures of vertebrae [2-3]. Over 
the period of 30 years after establishing the diagnosis of 
AS this risk makes up 14%-30% which is reliably higher 
than in practically healthy persons [4-5]. Pathogenesis of 
the reduction of bone mineral density actively correlates 
with activity of inflammatory process and, as a result, 
with intensification of resorption processes in bone tissue 
(N-telopeptide, C-telopeptide) and the reduction of bone 
formation markers (osteocalcin, PINP). Remodelling of 
bone tissue in case of AS is particularly characterized 
by the fact that in different regions of the skeleton the 
processes of formation and resorption of bone tissue 
take place in parallel. Thus, syndesmophytes are formed 
as a result of local inflammation with increased synthesis 
of bone matrix by osteoblasts in the points of tendon 
attachment and the presence of chronic inflammation 
which is supported by excessive amount of proinflam-
matory (TNF-alpha, IL-6, IL-7 etc.) cytokines which 

activate osteoclastogenesis and bone tissue resorption [6]. 
For this reason, the determination of bone metabolism 
markers would give us an opportunity to evaluate bone 
metabolism state in patients suffering from AS. Literary 
data on this matter are contradictory. A range of studies 
conducted on patients suffering from AS show an increase 
in the osteocalcin level in blood serum [7-8], according 
to the data of other studies, osteoporosis develops on the 
background of normal osteocalcin level [9], however, 
some studies show low concentration of the markers of 
bone tissue biosynthesis [10-11]. 

       As for the Ukrainian cohort of patients suffering 
from AS, no studies were conducted on this matter. The 
role of disease course in the formation of bone metabolism 
disorders is also unknown. 

THE AIM
The aim of our study was to examine metabolic state of the 
bone, in the context of bone formation markers (osteocal-
cin, PINP), evaluate their connection to the structural and 
functional state of the bone according to the data of X-ray 
densitometry and compare the identified disorders with 
disease course in men suffering from AS.

LEVELS OF OSTEOCALCIN AND PROCOLLAGEN I N-TERMINAL 
PROPEPTIDE (PINP) IN MEN SUFFERING FROM ANKYLOSING 
SPONDYLITIS
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ABSTRACT
The aim: To evaluate osteocalcin  and PINP levels in men suffering from AS and to compare them with structural and functional state of bone tissue and clinical course of illness.
Materials and methods: The study included 82 patients suffering from AS with an average age of 40,9±0,9 years. Osteocalcin level was determined in 82 patients, and PINP 
level was determined in 79 patients. Control group included 22 apparently healthy persons. Disease activity was assessed through CRP level, ASDAS and BASDAI scores, while 
functional ability was assessed through the BASFI score. Osteocalcin and PINP levels were determined by immunoenzymatic method for the purpose of evaluating the metabolic 
state of bone tissue.
Results: Average osteocalcin and PINP levels were not significantly different in patients suffering from AS and patients in the control group and did not show any significant 
correlation with ASDAS, BASDAI, BASFI and CRP scores. In patients with spinal ankylosis, average osteocalcin values (14,3 ng\ml) and PINP  (747,2 pg\ml) were higher compared 
to patients with single syndesmophytes (11,0 ng\ml; 711,8 pg\ml) and patients without syndesmophytes (10,4 ng\ml; 537,7 pg\ml respectively).
Conclusions: Osteocalcin and PINP levels are not related to age, disease duration, BMI, glucocorticoids load and inflammatory process activity, however, they are closely related 
to the presence of bone growths.

  KEY WORDS: ankylosing spondylitis, bone density, osteoporosis, osteocalcin
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MATERIALS AND METHODS 
The study included 82 patients suffering from AS (100% 
of them were men), their average age was 40,9±0,9 years, 
disease duration made 9,02±0,6 years. Osteocalcin level 
was determined in 82 patients, and PINP level was deter-
mined in 79 patients. Control group included 22 practically 
healthy persons without any rheumatic pathology. As a 
result of the expert examination conducted by the bioethics 
committee of Vinnytsia National Medical University it has 
been established that research methods do not contradict 
the basic norms of bioethics under the Declaration of Hel-
sinki and do not violate any human rights under current 
laws of Ukraine. The diagnosis of AS was established on the 
basis of ASAS criteria [12]. All the patients were assessed 
on the basis of their age, disease duration, intake of gluco-
corticoids (GC), calcium preparations and vitamin D. For 
each patient, сumulative dose and duration of treatment 
with GC was determined.

Disease activity was evaluated on the basis of BASDAI 
score and ASDAS-CRP score (<1,3 – inactive ankylosing 
spondylitis; 1,3-2,1 – moderate activity; 2,1 -3,5 – high 
activity; >3,5 – very high activity) and functional activity 
was evaluated using the Bath Ankylosing Spondyloar-
thritis Functional Index (BASFI). The level of markers of 
inflammatory process activity, erythrocyte sedimentation 
rate and C-reactive protein (CRP) were analysed using 
standard laboratory methods at a medical institution. 
Markers of bone remodelling (osteocalcin and PINP) were 

evaluated by an immunoenzymatic method using the sets 
«N-MID Osteocalcin ELISA Kit» (Immunodiagnostic 
Systems, Great Britain) and «Human PINP (Procollagen 
I N-Terminal Propeptide) ELISA Kit» (Ela science, USA).

Bone mineral density (BMD) was measured using du-
al-energy X-ray absorptiometry on the device «Hologic 
Discovery Wi» (S/N 87227) at the level of the lumber 
spine and the femoral neck. For patients aged 50 years 
old or older, the following terms of the World Health Or-
ganization (WHO) were used with respect to osteopenia 
and osteoporosis: osteopenia, Т-score <-1 up to> -2,5 and 
osteoporosis, T-score ≤ -2,5 SD. For patients aged up to 50 
years Z-score ≤ -2,0 SD was considered to be lower than 
expected for this age [13]. 

Statistical analysis of the results was performed us-
ing personal computer applications Microsoft office, in 
particular, Microsoft Excel 2010 and using the program 
“SPSS-10.0.5 for Window” (licensed № 305147890). The 
following statistical characteristics were used: the number 
of observations (n), the arithmetic mean (M), standard er-
ror of the mean (m), median range (maximum-minimum), 
relative values (abs.,%). The normality of the distribution 
of indicators was determined by the Shapiro-Wilk test. In 
our studies, there was a normal distribution of indicators, 
so the significance of the differences was determined by 
Student’s  t-test, to determine the relationships between 
indicators – Pearson’s correlation analysis (r).  P-value ≤ 
0,05 was considered significant statistically. To compare the 

Fig 1. Levels of osteocalcin 
and PINP in blood serum in 
men suffering from AS
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significance of the differences between the relative values 
used the exact Fisher method. The percentile method was 
used to establish standards for laboratory test results, such 
as the level of osteocalcin, the N-terminal propeptide of 
type I procollagen.

RESULTS 
The conducted study has shown that the content of bone 
metabolism markers, i.e. osteocalcin (OC) and procollagen 
I N-terminal propeptide (PINP), was not significantly dif-
ferent in men suffering from AS and in persons from the 
control group. In the control group, the level of osteocalcin 
was 12,9±0,9 ng/ml, while in men with AS was 12% lower 
and made 11,3±0,6 ng/ml. As for PINP level, in the control 
group they made 622,6±46,9 pg\ml and in the main group 
they made 606,7±42,1 pg\ml, i.e. were 2,5% lower.  Ranging 
the levels of bone formation markers showed (Figure 1) that 

low levels of osteocalcin and procollagen type 1 N-terminal 
propeptide were found in 9,1% of persons in the control group, 
while 81,8-90,9% persons had a relatively normal level of these 
markers. Low levels of bone metabolism markers were found 
in 23% of patients suffering from AS and relatively normal 
levels were found in 57-71,9% of patients. The study showed 
that from 4 to 20% of patients suffering from AS had relatively 
high levels of osteocalcin and procollagen type 1 N-terminal 
propeptide, while the control group had no patients with such 
levels of OC and only 9,1% of patients with such level of PINP.

The study did not find a connection between the age and 
changes in levels of markers of bone tissue synthesis (Table I). 
Thus, the highest share of patients with low level of osteocalcin 
was found in the age group of 35-50 years and included 16 
patients (30,8%), in the group aged up to 35 years, low level 
of OC was registered in 31,6% of patients and in the group of 
patients older than 50 years it was registered in 27,3 % of pa-
tients. Similar results were obtained after analysing PINP levels, 

Fig 2. Osteocalcin and PINP levels 
depending on the presence of 
syndesmophytes 
Note: symbol * –  means reliable 
differences when compared to a 
group of patients without syndes-
mophytes,
t-test was used for intergroup 
comparison. 
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as the largest share of patients (28,6%) with low level was also 
found in the age group of 35-50 years. Disease duration also 
had no influence on OC and PINP levels in blood serum. In 
the group of patients with disease duration of 5-10 years and 
more than 10 years, low levels of osteocalcin and PINP were 
found practically in each second patient.

The study did not show any significant connection between 
bone metabolism markers and BMI, however, there was a 
distinct tendency towards a decrease of OC and PINP levels in 
proportion to the reduction of body mass. Levels of osteocalcin 

and PINP also had no relation to glucocorticoids (GC) load. 
Specifically, practically similar share of patients with low level of 
OC was registered in patients with cumulative dose of GC > 21,6 
g when compared to patients with GC dose < 21,6 g. It should be 
also noted that in patients with cumulative dose of GC > 21,6 g, 
the average content of PINP as well as the share of patients with 
low levels of the studied index were not also reliably different.

Levels of markers of bone tissue synthesis grew in parallel to 
the increase in the activity of inflammatory process (Table II). 
Specifically, in patients with very high activity of inflammatory 

Table I. Levels of osteocalcin and PINP depending on the age of patients, disease duration, BMI and glucocorticoids load 

Group

Bone metabolism markers

Osteocalcin,  n (%) PINP, n (%)

М±m Low level 
(<8,11 ng\ml) М±m Low level

(<311,4 pg\ml)

Control,
n=22 12,9±0,9 2 (9,1%) 622,6±46,9 2 (9,1%)

Patients with AS,  
n=82/79 11,3±0,6 19 (23,2%) 606,7±42,1 18 (22,8%)

Depending on the age

<35 years
n=19/19 11,0±1,0 6 (31,6%) 520,5±75,8 6 (31,6%)

35-50 years
n=52/49 11,2±0,8 16 (30,8%) 588,9±52,7 14 (28,6%)

>50 years
n=11/11 11,5±1,4 3 (27,3%) 811,6±132,6 2 (18,2%)

r 0,07 0,23

Depending on disease duration 

up to 5 years
n=13/13 12,6±1,0 1 (7,7%) 653,8±104,6 2 (15,4%)

5-10 years
n=42/41 10,5±0,9 15 (35,7%) 558,9±56,5 13 (31,7%)

>  10 years  
n=27/25 11,5±1,1 9 (33,3%)* 650,4±81,0 7 (28%)

r 0,14 0,11

Depending on BMI 

BMI<25
 n=45/44 10,8±0,9 15 (33,3%) 545,9±58,0 17 (38,6%)

BMI > 25 
n=37/35 11,7±0,8 10 (27,02%) 675,8±60,5 5 (14,3%)#

r 0,19 0,19

Depending on glucocorticoids load 

Cumulative  dose of  
GC < 21,6 g
(n=55/53)

11,1±0,7 17 (30,9%) 611,3±50,5 12 (22,6%)

Cumulative  dose of  
GC  > 21,6 g

(n=27/26)
11,4±1,2 8 (30,7%) 587,5±78,6 10 (38,4%)

Note: symbol * means reliable difference from the group of patients with disease duration of up to 5 years; 
symbol # means reliable difference from the group of patients with BMI < 25.
n - the number of observations, M - the arithmetic mean, m - standard error of the mean (m),  M ± m means   - mean ± standard error of the mean (SEM), 
r- Pearson’s correlation analysis. To compare the significance of the differences between the relative values used the exact Fisher method.
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process (ASDAS >3,5), a share of patients with low level of 
osteocalcin and PINP was 8-10% lower than in the group of 
patients with moderate activity of inflammatory process (AS-
DAS < 3,5). Similar trends were observed also with respect to 
BASDAI score. Average levels of OC and PINP in the group 
of patients with high activity (BASDAI > 4) were practically 
comparable to patients with low activity (BASDAI < 4). A 
share of patients with low levels of bone tissue synthesis was 
not also reliably different in groups depending on the func-
tional ability determined on the basis of BASFI score. While 
performing correlation analysis, no reliable correlations were 
found between high activity of inflammatory process (based 
on ASDAS-СRP and BASDAI scores) and low functional 
ability (BASFI score) with metabolic state of bone tissue de-
termined on the basis of OC and PINP levels.

Ranging CRP levels as optimal, high and very high it was 
shown that in the group of patients with optimal level of 
CRP a share of patients with low levels of markers of bone 
tissue synthesis probably no different than in the groups 
of patients with high and very high CRP. Based on average 
values of  OC and PINP, there were also significant differ-
ences in groups of patients. In groups with very high levels 
of CRP, concentration of OC and PINP was practically 
9-11% higher than in the group with optimal level of CRP. 

The study showed that serum levels of OC and PINP in 
patients suffering from AS were associated with presence 
of osteophytes (Figure 2). Thus, average level of OC in 

patients with syndesmophytes made 11,0±1,4 ng/ml and 
in patients without syndesmophytes it made 10,4±0,7 ng/
ml, i.e. it was 5,5% lower. Such trend was also observed 
with respect to PINP level where in the group of patients 
without syndesmophytes, low level of PINP was found in 
17 patients and in the group with syndesmophytes it was 
found only in 3 patients (23,1%), while the average level of 
PINP was 24,5% higher. In patients with compete spinal 
ankylosis, average levels of the mentioned markers of bone 
tissue synthesis were even higher, and with respect of OC 
level in blood serum, in general, the values were reliable 
when compared to patients without syndesmophytes.

In the next part of the study, we tried to analyse the differ-
ences between patients depending on X-ray changes (ankylosis, 
syndesmophytes) in the spine (Table III). It was found that in 
patients with complete spinal ankylosis, besides reliably higher 
levels of OC and PINP, the average age of the patient was also 
reliably higher when compared to patients without syndes-
mophytes. Patients with spinal ankylosis when compared to 
patients without spinal ankylosis showed a tendency towards an 
increase in disease duration as well as activity of inflammatory 
process and cumulative GC dose was higher. It was established 
that patients with complete ankylosis had a higher BMD index 
of the lower spine when compared to patients without anky-
losis and, on the contrary, they had a lower BMD index of the 
femoral neck, which can be obviously connected to the place 
(trabecular or cortical part of the vertebral bodies) of BMD 

Table II.  Connection of ОС and PINP with activity indices based on ASDAS-CRP and BASDAI scores, BASFI functional index and CRP 

Level

Bone metabolism marker 

Osteocalcin,  n (%) PINP, n (%)

М±m Low level
(<8,11 ng/ml) М±m Low level

(<311,4 pg\ml)

ASDAS

<3,5
(n=42/41) 10,3±0,9 15 (36,5%) 583,9±59,4 13 (31,7%)

> 3,5
(n=40/38) 12,1±0,7 10 (26,3%) 624,5±61,1 9 (23,7%)

r -0,15 -0,19

BASDAI

<4
(n=24/23) 10,9±1,2 8 (33,3%) 596,9±78,0 7 (30,4%)

> 4
(n=58/56) 11,3±0,7 17 (30,3%) 597,9±50,7 15 (26,8%)

r -0,12 -0,10

BASFI

< 4
(n=23/22) 11,5±1,2 7 (30,4%) 688,1±72,5 5 (22,7%)

> 4
(n=59/57) 11,1±0,7 18 (30,5%) 570,8±51,3 17 (29,8%)

r -0,18 -0,08

CRP

< 5,4
(n=20/19) 10,3±1,4 8 (40,0%) 571,4±98,3 6 (31,6%)

5,4-13,4
(n=41/40) 11,4±0,8 12 (29,3%) 602,1±59,3 10 (25,0%)

> 13,4
(n=21/20) 11,5±1,1 5 (23,8%) 627,5±76,3 6 (30,0%)

n - the number of observations,  M ± m means mean ± standard error of the mean (SEM), r- Pearson’s correlation analysis.
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determination. As for Z-score, in the region of the femoral neck 
it was reliably higher in patients with complete spinal ankylosis 
when compared to patients without syndesmophytes.

DISCUSSION
Thus, by analysing metabolic state of bone tissue (levels 
of bone synthesis markers), it was established that an in-
significant reduction of osteocalcin and PINP levels were 
observed in men suffering from ankylosing spondylitis 
when compared to patients from the control group. And 
specifically, average concentration of osteocalcin in pa-
tients suffering from AS was 12% lower than in practically 
healthy persons and made 11,3±0,6 ng/ml in comparison 
to 12,9±0,9 ng/ml. Average values of  PINP in the main 
group made up 606,7±42,1 pg/ml and 622,6±46,9 pg/ml 
in the control group which was only 2,5% more. Literary 
data on this matter are contradictory. Thus, according to 
the data of  Ö. Altіndag et al [14],  average level of OC in 
patients suffering from AS was 43% lower than in the con-
trol group. Osteocalcin concentration of blood serum was 
lower than in the study by Huang WN et al [15]. However, 
there also exist such studies, where OC levels in patients 
suffering from AS in comparison to patients from the con-
trol group were not different or were even 57% higher [16]. 
The opinion of researchers on the bone formation marker 
PINP is contradictory. Thus, in the study by Perpétuo IP et 
al [17], serum level of P1NP was lower in patients suffering 
from AS when compared to the control group, and, on the 
contrary, in the study by Pnar Borman et al [18], PINP level 
was significantly higher in patients suffering from AS and 
grew in proportion to the disease activity. 

The study did not show any influence of age and disease 
duration on the concentration of bone metabolism markers 
in blood serum. However, the study by Huang J et al [9] 
found a correlation between osteocalcin and disease du-
ration in patients suffering from AS (r = 0,323, p = 0,034). 

Levels of the mentioned bone formation markers also had 
no relation to BMI and GC load. According to the data of 
Yushina SA et al [19], patients who systematically took GC 
showed stable reduction of osteocalcin level.

 It is known that one of the unfavourable pathogenic fac-
tors of bone metabolism is a systemic inflammatory process 
related to excessive activation of proinflammatory factors, 
such as tumour necrosis factor alpha (TNF-α), interleukin-1 
(IL-1), IL-6 and IL-17 which lead to excessive destruction of 
bone tissue, primarily, due to hyperactivation of osteoclasts 
and decreased synthesis of osteoblasts [20]. Ankylosing 
spondylitis is uniquely characterized by the fact that due to 
multiple inter-relations and interactions of bone tissue and 
the immune system, active inflammation, on the one hand, 
contributes to bone resorption by way of intensified differ-
entiation of osteoclasts and, on the other hand, leads to local 
bone formation, primarily, through TNF-alpha and IL-17 
hyperproduction which cause excessive activation of osteo-
blasts and synthesis of pathologically new bone formations 
and in the future lead to the formation of syndesmophytes 
and spinal ankylosis [21-22].

We did not find any reliable associative connection 
between the activity of inflammatory process evaluated 
on the basis of ASDAS-CRP, BASDAI scores and the con-
centration of bone metabolism markers. Thus, in case of 
very high activity of the disease and low functional ability 
(ASDAS >3,5; BASDAI >4; BASFI>4 ), levels of osteocalcin 

Table III. Peculiarities of AS disease course in patients without syndesmophytes, with single syndesmophytes and spinal ankylosis 

Indexes
Patients without 

syndesmophytes,
n= 55

Patients with single 
syndesmophytes, 

n = 13

Patients with spinal 
ankylosis,  

n=14

OC levels, ng/ml 10,4±0,7 11,0±1,4 14,3±1,5*

PINP levels, pg/ml 537,7±48,5 711,8±116,9 747,2±105,2

Age, years 38,6±1,2 48,3±1,3* 43,5±1,5*#

Disease duration 7,7±0,6 9,7±1,3 9,7±1,3

Cumulative GC dose,g 14,5±1,8 16,7±2,7 16,0±2,9

ASDAS, points 3,5±0,1 3,4±0,1 3,5±0,2

BASDAI, points 5,2±0,2 5,3±0,4 5,6±0,4

BASFI, points 4,9±0,3 5,6±0,5 5,2±0,4

CRP levels, mg/l 10,7±0,9 11,5±1,8 14,7±2,8

ESR levels, mm/h 23,1±1,4 23,1±4,6 26,2±3,4

BMD of the lumbar spine, g/cm2 0,93±0,02 0,95±0,04 0,98±0,04

Z- score of the lumbar spine, SD -1,38±0,2 -0,68±0,4 -0,36±0,6

BMD of the femoral neck,  g/cm2 0,75±0,02 0,73±0,03 0,73±0,04

Z-score of the femoral neck, SD -0,87±0,01 -1,07±0,2 -1,14±0,1

Note: symbol * means reliable differences when compared to the group of patients without syndesmophytes,
symbol #  means reliable differences when compared to the group of patients with single syndesmophytes.
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not significantly affect the synthesis of OC and PINP. In 
men suffering from AS, a pathologically new formation of 
bone tissue is observed which shows itself first in the form 
of syndesmophytes and later in the form of complete spinal 
ankylosis which is confirmed by credible increase of bone 
formation markers.

CONCLUSIONS
1.  In men suffering from ankylosing spondylitis the level 

of OC and PINP in blood serum do not significantly 
differ from patients in the control group. OC and PINP 
levels have no relation to age, disease duration, BMI and 
GC load. Inflammation process activity also did not 
significantly affect the levels of markers of bone tissue 
synthesis.

2.  Patients suffering from AS show pathologically new 
formation of bone tissue in the form of syndesmophytes 
and spinal ankylosis which is closely connected to the 
elevated level of bone formation markers, and is not 
associated with the course of the disease.
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and PINP in blood serum were practically comparable 
to moderate activity and functional ability of the patient. 
Bone formation markers also had no relationship to the 
CRP level. Similar results were obtained in the study by  
Park MC et al [23] where average level of osteocalcin in 
blood serum was not different in patients and in the control 
group and showed no significant correlations with BMD 
and BASDAI scores. No significant connection of disease 
activity to OC level was also found in the study by Muntean 
L et al [24]. However, the study by Bugrova OV et al [25] 
showed reliable associative connections between the level 
of osteocalcin and ASDAS-CRP score.  

Analysis of bone formation markers depending on X-ray 
changes in the spine showed that in the group of patients 
with complete spinal ankylosis, OC values were reliably 
37,5% higher than in the group without syndesmophytes. 
Also, in the last group, PINP levels were lower than in the 
group with single syndesmophytes and complete spinal 
ankylosis. The study showed that patients with complete 
spinal ankylosis had a reliably higher age than patients 
without osteophytes. However, bone mineral density 
was determined on the basis of BMD score which was 
calculated in the region of the lumbar spine, and it was 
found to be lower in the last group when compared to the 
group with spinal ankylosis; simultaneously, BMD level in 
the region of the femoral neck was lower in the group of 
patients with syndesmophytes and spinal ankylosis than 
in the group without syndesmophytes. As for  Z-score, it 
was slightly higher in the region of the femoral neck in 
patients with complete spinal ankylosis when compared 
to patients without syndesmophytes. The data provided by 
other studies are also contradictory. According to the data 
of Arends S et al [26], increased levels of ОС and PINP in 
patients suffering from AS were associated with reduced 
bone mineral density. In the study by Gamez-Nava et al 
[27], patients with marked syndesmophytes had a higher 
level of OC than patients without syndesmophytes. 

  That is, such different results can be explained by the fact 
that measurement of bone mineral density in the region of 
the lumbar spine using X-ray absorptiometry is normally 
performed in anteroposterior projection. For this reason, 
any type of spinal lesion related to AS, and namely: pres-
ence of osteophytes, calcifications, degenerative changes 
of facet joints, hyperostosis and lesion of the posterior 
arch of vertebrae can influence the measurement of bone 
mineral density, i.e. increase BMD value and, thus, BMD 
levels can be normal or high in patients with osteoporosis 
as previously shown in studies [28-29]. In our opinion, 
determination of bone mineral density in the region of the 
femoral neck is a more sensitive method of osteoporosis 
evaluation in case of AS in patients with single syndesmo-
phytes as well as in patients with complete spinal ankylosis.

    Thus, when analysing our own data and the results 
of literary data it should be notated that in men suffering 
from AS, concentration of bone formation markers does 
not significantly differ from practically healthy persons. OC 
and PINP levels have no relation to age, disease duration, 
BMI and GC load. Inflammation process activity also did 
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INTRODUCTION
Early or later pubertal timing in girls is a major problems 
for clinical practice and public health. Early puberty is 
associated with hormone-related cancers [1, 2], cardiovas-
cular disease [2, 3 ] and its associated risk factors [4], and 
poor psychosocial adjustment [5]. The literature data from 
Europe show a sharp decline in mean age at menarche from 
approximately 17 years in the early nineteenth century to 
approximately 13 years by the mid-twentieth century, with 
a minor decrement during the past 25–30 years [6-10]. Av-
erage age at puberty has decreased sharply with economic 
development and is still falling in long-term developed 
Western countries [2,11], developing populations [12,13], 
and recently developed populations [14]. Mean age at on-
set of breast development has also decreased in all ethnic 
groups [7,8]. The decline in age of pubertal timing has 
serious public health due to problems of the reproductive 
system in girls. Reasons for the continuing fall in age of 
puberty are not well understood, and they could encom-
pass many environmental exposures, including nutrition 

[9,10] and endocrine disruptors [11, 12]. One possible 
explanation for the decline is a decrease in exposures to 
infections [13]. The lowering of the number of infections in 
early life that accompanies economic development could be 
an additional factor that contributes to earlier puberty [2].

According literature data, infectious morbidity in girls 
may be associated with later puberty, perhaps via suppres-
sion of the gonadotropic axis [2]. Experience of infections 
disease is well known to down-regulate the gonadotropic 
axis, either by reducing sex-steroid production or possibly 
through regulation of sex-steroid receptors in humans, 
although the biologic mechanism by which the immune 
system in school-aged children permanently affects the 
gonadotropic axis in girls remains to be elucidated. The 
growth axis is active during puberty and interacts with 
the immune system. Pubertal onset is later in children 
with prenatally acquired human immunodeficiency virus 
infection or inflammatory bowel diseases [14]. 

While limited studies have explored relationships be-
tween pubertal timing and infectious diseases. In girls, 
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ABSTRACT
The aim: To determine current age at the initiation of puberty for Ukrainian school-aged girls and infections impact to puberty.
Materias and methods: We performed a multicentre cohort study. The analyses are based on data that were collected and evaluated biannually on Ukrainian school girls aged 
6-17 years from 5 regions of Ukraine. Pubertal development was classified according to the Marshall and Tanner criteria.
Results: Overall, 2,784 girls have been included in the study. Mean age of onset of puberty in Ukrainian girls was 10.1±1.0 yrs. Age of onset of pubic hair was 11.0±1.0 yrs 
and that of axillary hair was 11.6±1.0 yrs. Mean age in girls of menarche was 12.2±0.9 yrs. There were no significant correlations between age at onset of puberty and body 
mass index, final height, total peak height velocity, duration of puberty, and peak height velocity. A total of 2,420 infectious diseases were diagnosted. Of these, 64.8% were 
viral and 35.2% bacterial infections, respectively. Ukrainian girls with infectious diseases (especially viral infections) had older age at pubertal onset and positive association 
of infections in childhood with late age of menarche.
Conclusions: Infectious morbidity (especially viral infections) in girls may be associated with later puberty. The lowering of the number of infections in childhood could be an 
additional factor that contributes to earlier puberty. To reduce infectious diseases, more attention should be paid to the vaccination of children.
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findings on prior infections and age of puberty are limited 
and seemingly contradictory; more infections in infants 
or young children, but not in school-aged children are 
associated with later puberty. The potential impact of 
infectious diseases on pubertal timing remains relative-
ly unexamined. Every year in Ukraine, a large number 
of viral and bacterial infections are detected among 
school-age children. However, in Ukraine, there are no 
studies examining how the risk of an infectious disease is 
associated with puberty in girls.

THE AIM 
To determine current age at the initiation of puberty for 
Ukrainian school-aged girls and infections impact to 
puberty.

MATERIALS AND METHODS

STUDY DESIGN AND PARTICIPANTS
We performed a multicentre cohort study was based on sur-
veillance data. This study included 2784 girls aged 6-17 years 
from 5 regions of Ukraine. We have compiled a list of 10 urban 
secondary schools in five different regions of Ukraine that 
agreed to participate in the study. All schools are similar in 
number and age of children. Inclusion criteria were as follows: 
1) the study participants were local residents; 2) informed 
consent was acquired from participants and their guardians, 
and girls were in puberty aged from 6 to 17 years old. Chronic 
or debilitating disease were reasons for exclusion. We also 
excluded children with a diagnosis diseases associated hypo-
thalamic–pituitary congenital malformations, neurological, 
neurosurgical and/or genetic diseases, psychomotor delay, 
oncological diseases, other endocrine impairments requiring 
hormonal treatments, or taking drugs that may interfere with 
pubertal development in girls.

DEFINITIONS
Pubertal development was classified according to the Mar-
shall and Tanner criteria [15]. The age of pubertal onset 
was defined as the age at durable Tanner B2 stage. The rate 
of pubertal progression was taken to be the time from B2 
to B3 and/or B4. Skeletal maturation was expressed as BA 
and evaluated, when possible, as the ratio of the change in 
BA to the change in chronological age (CA) (BA/CA), and 
as the difference between CA and BA (CA minus BA) in 
years. Precocious puberty was defined as the development 
of pubertal changes at an age that was younger than the 
accepted lower limits for age of onset of puberty (before 
the age of 8 years in girls). We defined slow or accelerated 
pubertal development if the rate of progression from one 
pubertal stage to another is more or less than 6 months or 1 
SD in comparison with the general population. Parents were 
asked to complete a questionnaire specifying which devices 
children used, how long they used them for, at what times 
of the day and whether they were used by the children in 
their bedrooms during the hours before they went to sleep.

DATA COLLECTION
Data on height growth and pubertal development 
were collected by biannual visits to 10  secondary level 
schools. Previously established factors influencing age 
of pubertal onset were identified through literature 
searches and questions developed to measure which of 
these factors relate to puberty in our sample. The paper-
based questionnaires were disseminated to participants. 
The study was explained to all potential participants and 
an information sheet, consent form and a copy of the 
questionnaire provided to each prior to them agreeing 
to participate. All questionnaires were anonymous and 
on completion were handed to researchers in a sealed 
envelope. Respondents provided details of current sexuality 
activity and menarche, and time spent of school and history 
of infectious diseases and other major childhood illness. 
The questionnaire utilised identical questions and allowed 
collection of an independent comparative sample. A total 
of 4,375 paper questionnaires were distributed with 2,812 
questionnaires completed and returned (64.3% response). 
Overall, 5 questionnaires were excluded as they had been 
completed by non local residents. A further 21 were 
excluded as key fields, such as age or sex, were missing or 
age fell outside the target range. Two cases were excluded 
on the basis of spoilt returns resulting in final samples for 
analysis of 2,784 paper based respondents.

Pubertal development was assessed by different phy-
sicians at 5 Medical Centers. All participants underwent 
a physical examination and auxological evaluation. We 
recorded height, weight, body mass index (BMI), height 
velocity (HV) and stage and rate of pubertal progression 
(Tanner scale) [15]. Age-related reference values for height, 
bone age and BMI were those currently used in Ukraine. 
Final height (FH) was defined as attainment of a height 
velocity (HtV) less than 0.5 cm/yr. Breast (B), pubic hair 
(PH) and axillary hair (AH) development stages were rated 
in accordance with the Tanner criteria by one observer (RB) 
throughout the study [15]. Evaluation of pubertal stages 
was also done at 6 monthly intervals. Attainment of a breast 
stage of 2 was accepted as the onset of puberty. Duration of 
puberty was taken as the time period from attainment of a 
breast stage of 2 to final height. HtV was calculated from 
the multiple measurements taken on each individual child.

ETHICS 
The Shupyk National Healtcare University of Ukraine Eth-
ics Committee approved this study. Informational consent 
was obtained from the study participants and from the 
parents of enrolled children. All participants’ data were 
anonymised prior to the analysis. 

STATISTICAL ANALYSIS 
Statistical analyses were performed with the use of SPSS 
X software (SPSSX Inc., Chicago, IL, USA). To analyze 
the data, the children were grouped by their breast stages; 
and height velocities for each breast stage group were 
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calculated. HtV at a certain breast stage was designated 
as the annual velocity following the attainment of that 
breast stage. Body mass index (BMI) was calculated as 
weight (kg)/height (m2). The characteristics of the study 

population were described using frequency distributions 
for categorical variables and mean values. The statistical 
significance of the continuous variable comparisons was 
assessed using the Student t test and the Mann-Whitney U 
test, depending on the distribution of the analyzed variable; 
the comparison of categorical variables was conducted 
using the chi square test or Fisher’s Exact test if there was a 
small (< 5) expected cell size. All statistical tests were two-
tailed and a p < 0.05 was considered statistically significant.

RESULTS 

PUBERTAL TIMING IN GIRLS
Between January 2017 and December 2019, data on more 
than 2,784 girls were collected. Mean age of onset of 
puberty was 10.1±1.0 yrs. Age of onset of pubic hair was 
11.0±1.0 yrs and that of axillary hair was 11.6±1.0 yrs. In 
this study mean age of menarche was 12.2±0.9 yrs (range 
9.6-14.0 yrs). Onset of pubic hair development was earlier 
than breast development in 23.7% of the girls, breast de-
velopment being the first sign of puberty in the remaining 
76.3%. Age of percentiles at attainment of stages of pubertal 
development in girls is presented in Table I. Relationships 
between breast stage (B) and weight, height (Ht), height 

Table I. The ages of percentiles (ages in years) at attainment of stages of pubertal development in girls (n=2,784) in Ukraine (2017-2019) 

Developmental Stage
Percentiles (ages in years)

3 10 50 90 97

Breast

B2 8.0 8.7 10.3 11.4 11.9

B3 9.9 10.5 11.7 12.7 13.4

B4 11.0 11.4 12.3 13.5 13.9

B5 11.3 11.8 12.8 13.9 14.4

Pubic hair

PH2 8.9 9.5 11.2 12.2 12.6

PH3 10.2 10.8 11.8 13.0 13.6

PH4 10.9 11.4 12.3 13.5 13.9

PH5 11.5 11.8 12.8 13.9 14.5

Axillary hair

AH2 11.5 10.6 11.6 12.8 13.4

AH3 11.0 11.4 12.5 13.6 14.3

Menarche 10.5 11.0 12.2 13.3 14.0

Table II. Relationships between breast stage and weight, height, height velocity, weight velocity and body mass index in Ukrainian girls.
Breast
Stage 

in girls

Age 
(yrs)

Weight
(kg)

WtV
(kg)

Ht
(cm)

HtV
(cm/yr)

BMI
(kg/m2)

2 10.2±1.0 35.8±6.93 5.5±3.33 141.7±7.63 7.3±3.92 17.8±2.63

3 11.6±0.91 42.4±7.31 4.8±3.62 150.4±6.32 5.3±3.42 18.8±2.72

4 12.5±0.83 48.1±7.12 3.7±3.41 155.6±5.74 3.2±2.43 19.9±2.74

5 12.8±0.84 51.5±6.92 158.0±5.82 20.6±2.63

WtV, weight velocity; HtV, height velocity; Ht, height; BMI, body mass index.

Table III. The auxological and pubertal characteristics of the Ukrainian 
girls followed to final height

Characteristics Mean±SD

Duration of puberty (yrs)

From breast stage 2 to breast stage 5 1.7±0.5

From breast stage 2 to menarche 1.8±0.6

From breast stage 2 to final height 4.9±1.2

Age at menarche (yrs) 12.2±0.9

Height increment during puberty (cm)

From breast stage 2 to breast stage 5 11.3±3.7

From breast stage 2 to final height 16.0±3.9

Height increment after menarche (cm) 6.4±2.7

Findings relating to peak height velocity

Amplitude (cm/yr) (range) 8.5±1.0

Chronological age (yr) (range) 11.3±1.5

Final height (cm) 164.3±6.1
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velocity (HiV), weight velocity (WtV) and body mass index 
(BMI) in girls are shown in Table II.

In the subsample of girls who were followed longitudinal-
ly to final height, mean age at onset of puberty was 10.6±0.9 
yrs. Mean height at onset of puberty in girls was 144.8±6.83 
cm at a mean velocity of 7.4±1.53 cm/yrs. Height velocity 
before the year of onset of puberty was 6.2±1.2 cm/yrs 
and weight velocity before the year of onset of puberty 
4.6±2.8 kg/yrs. These values were similar to those of the 
total group Ukrainian girls. The auxological and pubertal 
characteristics of Ukrainian girls who were followed to 
final height are given in Table III.

IMPACT OF INFECTIOUS DISEASES  
ON PUBERTAL TIMING 
A total of 2420 infectious diseases were diagnosted. (Table 
IV). Of these, 64.8% (1567/2784) were viral and 35.2% 
(853/2784) bacterial infections, respectively. Considering 
all infectious diseases types together, Influenza were most 
commonly reported, accounting for 14.3% of all infections, 
followed by Measles (10.3%), Rotavirus (7.6%), Salmonellosis 
(7.6%), Infectious mononucleosis (5,0%), Gonorrhea (4.9%), 

Rubella (4.5%), Viral meningitis (4.4%), Shigellosis (4.0%), 
and Bacterial meningococcal disease (3.4%).

All girls were categorised into either earlier (≤12 years; 
44.9%) or later (≥13 years; 55.1%) puberty. Tables V and 
VI explore associations between infectius diseases and 
other risk factotrs (relating to life before menarche),  and 
pubertal timing. For girls, having had sex before age 14 
years and having drunk alcohol  before age 15 years were 
all associated with earlier menarche. In addition, having 
had unprotected sex (i.e. without any contraception) under 
15 years and smoked under 14 years were significant. 

For girls, infectious diseases were all significantly as-
sociated with later puberty in the combined analysis. 
School-aged girls with later pubertal markers reported 
higher frequencies of viral infections (Influenza, Measles, 
Rotavirus, Rubella, Infectious mononucleosis and Viral 
meningitis). Viral Infections was associated with later 
breast development and age at menarche.

DISCUSSION
To our knowledge, this is the first study that determine 
current age at the initiation of puberty for Ukrainian 

Table IV. Infectious diseases prevalence in girls (n = 2,784), according to age in Ukraine (2017-2019)

Pathogen/Infection
All cases

(n=2,420)
n (%)

Age-group of girls

6-7 
(n=448)

n (%)

8-9 
(n=421)

n (%)

10-11 
(n=512)

n (%)

12-13 
(n=503)

n (%)

14-15 
(n=488)

n (%)

16-17 
(n=412)

n (%)

Viral infections 1,567 (64,8) 340 (75,9) 418 (96,7) 370 (75,0) 223 (68,6) 112 (74,4) 104 (25,2)

Measles 286 (10,3) 42 (9,4) 112 (26,6) 72 (14,1) 25 (5,0) 19 (3,9) 16 (3,9)

Сhickenpox 76 (2,7) 25 (5,6) 27 (6,4) 15 (2,9) 7 (1,4) 2 (0,4) 0

Mumps 74 (2,7) 27 (6,0) 22 (5,2) 12 (2,3) 12 (2,4) 1 (0,2) 0

Rubella 126 (4,5) 31 (6,9) 36 (8,6) 34 (6,6) 15 (3,0) 5 (1,0) 5 (1,2)

Infectious mononucleosis 139 (5,0) 26 (5,8) 29 (6,9) 27 (5,3) 17 (3,4) 22 (4,5) 18 (4,4)

Viral meningitis 122 (4,4) 31 (6,9) 22 (5,2) 27 (5,3) 17 (3,4) 11 (2,3) 14 (3,4)

Rotavirus 211 (7,6) 64 (14,3) 56 (13,3) 49 (9,6) 36 (7,2) 4 (0,8) 2 (0,5)

Influenza 398 (14,3) 77 (17,2) 89 (21,1) 111 (21,7) 73 (14,5) 27 (5,5) 21 (5,1)

Hepatitis A virus 84 (3,0) 17 (3,8) 25 (5,9) 23 (4,5) 13 (2,6) 5 (1,0) 1 (0,2)

Hepatitis B virus 26 (0,9) 0 0 0 2 (0,4) 9 (1,8) 15 (3,6)

Hepatitis C virus 25 (0,9) 0 0 0 6 (1,2) 7 (1,4) 12 (2,9)

Bacterial infections 853 (35,2) 122 (24,1) 140 (3,3) 128 (25,0) 158 (31,4) 125 (25,6) 180 (74,8)

Campylobacteriosis 31 (1,1) 5 (1,1) 12 (2,9) 9 (1,8) 4 (0,8) 1 (0,2) 0

Salmonellosis 211 (7,6) 71 (15,8) 47 (11,2) 6,8 34 (6,8) 18 (3,7) 12 (2,9)

Shigellosis 112 (4,0) 12 (2,7) 19 (4,5) 23 (4,5) 22 (4,4) 25 (5,1) 11 (2,7)

Escherichia coli enteritis 58 (2,1) 5 (1,1) 14 (3,3) 16 (3,1) 11 (2,2) 7 (1,4) 5 (1,2)

Tuberculosis 85 (3,1) 0 1 (0,2) 9 (1,8) 27 (5,4) 23 (4,7) 25 (6,1)

Meningococcal disease 96 (3,4) 11 (2,5) 25 (5,9) 26 (5,1) 31 (6,2) 2 (0,4) 1 (0,2)

Pertussis 57 (2,0) 18 (4,0) 22 (5,2) 15 (2,9) 2 (0,4) 0 0

Syphilis 39 (1,4) 0 0 0 2 (0,4) 9 (1,8) 28 (6,8)

Gonorrhea 136 (4,9) 0 0 1 (0,2) 19 (3,8) 35 (7,2) 81 (19,7)

Leptospirosis 28 (1,0) 0 0 0 6 (1,2) 5 (1,0) 17 (4,1)
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school-aged girls and infections impact to pubertal timing. 
In our study mean age of onset of puberty in Ukrainian 
girls was 10.1±1.0 yrs. Age of onset of pubic hair was 
11.0±1.0 yrs and that of axillary hair was 11.6±1.0 yrs. 
In this study mean age of menarche was 12.2±0.9 yrs 
(range 9.6-14.0 yrs). Onset of pubic hair development 
was earlier than breast development in 23.7% of the girls, 
breast development being the first sign of puberty in the 
remaining 76.3%. There were no significant correlations 
between age at onset of puberty and body mass index, 
final height, total peak height velocity, duration of puberty, 

and peak height velocity. Age of menarche was negatively 
correlated with weight at menarche (p<0.001), body mass 
index at menarche (p<0.001) and positively correlated 
with age at onset of puberty (p<0.002). Final height was 
correlated only with height at onset of puberty (p<0.0001). 
Duration of puberty was 4.9±1.2 yrs, when estimated as the 
time period from B stage 2 to final height. The time period 
from B stage 2 to menarche was 1.8±0.6 yrs. Mean age of 
menarche was 12.2±0.9 yrs. Total pubertal height gain was 
16.0±3.9 cm. Growth in height continued after menarche 
and mean gain in height after menarche was 6.4±2.7 cm. 

Table V. Associations between risk factors and age of menarche in girls (n=2,784) in Ukraine (2017-2019)

Characteristics
of risk factors

All
cases

n

Age of menarche (years) in girls

P≤12 
(n=1884)

%

≥13 
(n=900)

%

Drank alcohol 812 59.8 47.4 <0.01

Took drugs 806 8.7 2.9 <0.01

Smoked 570 29.0 22.6 <0.05

Had sex 820 32.8 22.4 <0.001

Had unprotected sex 820 13.5 7.3 <0.05

First pregnant 822 1.3 0.6 0.341

Had an abortion 578 7.9 6.6 0.529

Obesity 112 26.5 15.7 <0.01

Had an infectious disease 2,420 38.1 56.0 <0.001

Viral infections 1,567 15.3 28.6 <0.001

Measles 286 20.9 39.5 <0.001

Сhickenpox 76 33.1 30,6 0.494

Mumps 74 42.4 37.0 0.162

Rubella 126 28.8 39.3 <0.01

Infectious mononucleosis 139 26.0 28.3 <0.01

Viral meningitis 122 20.9 33.5 <0.001

Rotavirus 211 52.3 56.1 0.254

Influenza 398 33.4 30.9 0.411

Hepatitis A virus 84 17.3 22,1 0.112

Hepatitis B virus 26 17.4 28.0 0.070

Hepatitis C virus 25 21.7 23.3 0.418

Bacterial infections 853 31.2 48.8 <0.05

Campylobacteriosis 31 19.5 17.4 0,651

Salmonellosis 211 36.2 37.3 0.818

Shigellosis 112 30.6 33.1 0.494

Escherichia coli enteritis 58 17.4 21.7 0.254

Tuberculosis 85 16.6 37.4 <0.001

Meningococcal disease 96 20.8 33.6 <0.001

Pertussis 57 19.9 14.9 0.337

Syphilis 39 19.5 17.4 0.651

Gonorrhea 136 29.2 21.5 0.117

Leptospirosis 28 29.6 33.1 0.651
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Mean final height was 164.3±6.1 cm. Age at onset of pu-
berty correlated negatively with weight, height, with weight 
before the year of onset of puberty (p<0.001) and height 
velocity before the year of onset of puberty (p<0.01). 

In literature, relatively few data are available on the 
accordance between B and pubic hair stages during puberty. 
Traditionally, breast development is accepted as the initial 
event in pubertal development in girls [16]. However, PH was 
observed to occur before breast development in 23.7% of the 
girls in our study. This finding was 21.5% in Turkish girls, 10% 
in Dutch girls and approximately 30% in a British study [15-
17]. The definition of precocious puberty is based on the age 
of occurrence of B or pubic hair development in healthy girls 
in the population. In Dutch girls P3 age for B2 is 8.2 years, a 
cut-off age close to our findings [17]. Eight years is generally 
and internationally used as the cut-off age for the definition 
of precocious puberty in girls. Our findings suggest that this 
cut-off age can be continued to be used for Ukrainian girls.

The attainment of final height depends on several 
factors at interplay. One factor may be the differences in 

height at onset of puberty [16]. The positive correlations 
found in our study between height at onset of puberty 
and final height indicate that the smaller the child is at 
the onset of puberty, the smaller the final height will be, 
a finding which has been reported in other studies as 
well [16, 18]. In our study, in compliance with the study 
on Swiss children [16, 19], nocorrelation was evident 
between age at onset of puberty and PHV, total pubertal 
height gain or final height.

Infectious diseases are common in children [20]. Expe-
rience of infections is well known to down-regulate the 
gonadotropic axis, either by reducing sex-steroid produc-
tion or possibly through regulation of sex-steroid receptors 
in humans [ 21-23]. Infectious morbidity in girls may be 
associated with later puberty, perhaps via suppression of 
the gonadotropic axis [2]. In our study Ukrainian girls with 
infectious diseases (especially viral infections) had older 
age at pubertal onset and positive association of infections 
in childhood with late age of menarche. In the present co-
hort of school-aged girls had older age at pubertal onset, 

Table VI. Associations between infectious disease and age of pubertal onset in girls (n=2,784) in Ukraine (2017-2019)

Pathogen/Infection
All

cases
n 

Estimated age of pubertal onset 
(years) in girls  

P≤11 
(n=1381)

%

≥12 
(n=1403)

%

Viral infections 1567 31.5 68.5 <0.001

Measles 286 15.7 26.5 <0.01

Сhickenpox 76 6.6 7.9 0.529

Mumps 74 22.4 32.8 <0.001

Rubella 126 7.3 13.5 <0.05

Infectious mononucleosis 139 22.4 32.8 <0.001

Viral meningitis 122 33.1 55.3 <0.001

Rotavirus 211 2.9 8,7 <0.01

Influenza 398 47.4 59.8 <0.01

Hepatitis A virus 84 6.6 7.9 0.529

Hepatitis B virus 26 0.6 1.3 0.341

Hepatitis C virus 25 1.9 8.1 <0.001

Bacterial infections 853 43.4 56.6 <0.05

Campylobacteriosis 31 29.2 20.5 0.115

Salmonellosis 211 16.6 17.6 0.522

Shigellosis 112 21.7 25.3 0.119

Escherichia coli enteritis 58 19.7 21.1 0.193

Tuberculosis 85 23.7 33.1 <0.05

Meningococcal disease 96 2.9 8.3 <0.01

Pertussis 57 3.1 4.3 0.328

Syphilis 39 2.8 8.7 <0.01

Gonorrhea 136 22.8 25.9 0.311

Leptospirosis 28 3.9 5.1 0.347

Total 2420 41.2 58.8 <0.01
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consistent with a previously reported positive association 
of infections with late age of menarche [13, 14, 24]. Our 
results suggest a need for prevention efforts that target 
infections in a broader scope than limited to sexually 
transmitted diseases.

STUDY LIMITATIONS
The absence of national data in Ukraine compelled us 
to rely entirely on data from the only multicenter study 
that determine current age at the initiation of puberty 
for Ukrainian school-aged girls girls and infections 
impact to pubertal timing. Pubertal development was 
classified according to the Marshall and Tanner criteria 
[15]. A limitation of the study is that it only include 2,784 
school-aged girls from five regions of Ukraine. The results 
this study may not be representative of other regions of 
Ukraine with different distributions of incidence rate of 
infectious diseases in school-aged girls. Further research 
is needed.

CONCLUSIONS
Our studies have shown that Infectious morbidity (es-
pecially viral infections) in girls may be associated with 
later puberty. The lowering of the number of infections in 
childhood could be an additional factor that contributes to 
earlier puberty. To reduce infectious diseases, more atten-
tion should be paid to the vaccination of children. Further 
studies are needed to confirm our data and elucidate the 
relative importance of the various factors at play and how 
they interact. Clinicians should be aware of the signs of 
pubertal developmental disorders and should carefully 
monitor existing girls with infectious diseases for signs of 
later pubertal timing.
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INTRODUCTION
An outbreak of an unidentified health storm started back 
in DEC 2019 in Wuhan – China, which later had been 
recognized as a type of strange coronaviruses [1]. The 
disease caused by this virus family called COVID-19 that 
was referred to the year 2019 [2]. The virus was highly 
virulent between community and therefore WHO on the 
11th Mar 2020 declared this outbreak as a global pandemic 
[3]. In September 2020 more than 32.750.000 cases were 
registered across 213 countries. There are so many not 
registered cases while numbers are continually increasing. 
And the rate of infectivity and mortality of COVID-19 are 
still obscured, the death rate in covid-19 is 20 times that 
of SARS outbreak [4], and 39 times compared with death 
caused by MERS [5]. Eighty percent of the patients are 
asymptomatic or have mild symptoms, oxygen requirement 
was seen in only fifteen percent of the cases and 5% may 
need ICU. CT scan plays an important role in the assess-
ment of lung involvement, severity, monitoring and pro-
gression of patients’ outcome [6], the sensitivity of CT scan 
in diagnosis of lung injury in COVID-19 shows positive in 
97% and 75% negative, while specific in 25% (Fig. 1) [7].

In the early course of the disease lung CT scan shows 
Ground Glass Opacities distributed mainly in the sub 
pleural area of the lungs. The progress to larger Opacities 
with crazy paving appearance associated with some con-
solidations are seen in moderate cases, while bilaterally 

extensive severe consolidations are observed in severe cases 
[8]. With increasing severity of lung injury hypoxemia can 
take place and life-threatening situation may happen with 
many factors influencing the outcome including coexisting 
chronic diseases, age, and high D-Dimer level. D-Dimer is 
a fibrin degradation product of the blood clot break down 
process that can be assessed by testing a blood sample with 
a normal value of less than 0.5 mcg/ml (Fig. 2).

The pulmonary capillaries have glycocalyx layer in their 
endothelium which secrets tissue plasminogen activator 
that prevents formation of thrombi [9]. In the beginning 
of the pandemic condition, COVID-19 syndrome was 
primarily considered as ARDS (acute respiratory distress 
syndrome) [10], but later on researchers assumed that it’s 
a multisystem disorder [11]. An exaggerated immune re-
sponse that leads to release of pro-inflammatory markers 
in form of cytokine elements referred to as cytokine storm 
syndrome (CSS) because of the many cases who were 
experiencing thromboembolic events among patients 
specially in patients who had risk factors for thrombo-
sis including old age, chronic diseases and obesity that 
increase the morbidity and mortality in these group of 
people [12]. Other causes of high D-Dimer levels include 
acute coronary syndrome, massive bleeding, sepsis, DIC 
(disseminated intravascular coagulation), acute and 
chronic renal failure, multiple traumatic injury (including 
RTA – road traffic accidents -  and major surgeries), solid 
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ABSTRACT
The aim: This study was targeted to see the correlation between D-Dimer level and severity of lung injury evaluated by CT scan to prevent major complications in early of disease. 
Materials and methods: This study was carried out in Al-Mawani Teaching Hospital in Basra – Iraq. The study took place between August to October 2020 included 74 patients 
from both genders; all patients were admitted to the hospital and serial of investigations were done inform of CT scan, blood chemistry and D-dimer along with vital signs and 
demographic data were taken at the time of admission. 
Results: The correlations between the D-Dimer level and lung damage assessed by CT scan were significantly related with a P-value of less than (0.05) and regression coefficient 
of (3.016). Age and gender relation with severity of lung involvement were statistically non-significant. All the patients included were beyond surgical classification of ASA. 
Conclusions: In COVID-19 infected patients, the Severity of lung injury assessed by chest computed tomography is positively correlated with D-Dimer levels, and it can be 
considered as an independent predictor of severe cases.
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tumours, leukaemia, severe infections, and thrombolytic 
therapy. Post mortem studies in COVID and non-COVID 
ARDS patients showed extensive damage in the alveoli 
with perivascular infiltration of T-Cells, but in COVID-19 
there were some unique changes in the vascular tree 
including severe injury of the endothelium and alveolar 
cell membrane distraction with the existence of the virus 
in both lung tissue and vessels, which was 9 times greater 
number of micro thrombi and 2.7 times more angiogen-
esis and microangiopathic than that of non-COVID-19 
ARDS (Fig. 3) [13].

Silent hypoxia or happy hypoxia and poor oxygen deliv-
ery to the tissues are very common in COVID-19 patients 

due to minor lung damage considered as pathogneumonic 
of this novel disease. There is no role of physiological hy-
poxic pulmonary vasoconstriction therefore lung damage 
presented as happy hypoxia, and in conclusion there are 
increasing attention towards thrombotic micro emboli 
that leads to VQ mismatch in the non-injured lung as 
underlying cause of hypoxemia [14].

THE AIM 
This study was targeted to see the correlation between 
D-Dimer level and severity of lung injury evaluated by 
CT scan to prevent major complications in early of disease

Fig. 1. Coronal section of high-resolution CT 
of the chest showing ground glass opacities in 
the periphery of both lungs in a patient with 
COVID-19 (red arrows). 
Source: https://en.wikipedia.org/wiki/
Ground-glass_opacity

Fig. 2. Simple diagram demonstrates the 
pathogenesis of D-Dimer. 
S o u rc e :  h t t p : / / d x . d o i . o rg / 1 0 . 1 1 3 6 /
emj.20.4.319
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MATERIALS AND METHODS

STUDY SAMPLING
This is a cross – sectional analytical study in which seven-
ty-four patients with confirmed COVID-19 disease were 
enrolled, they were admitted to Al-Mawani Teaching 
Hospital, all patients were referred from centre and north 
of Basra hospitals from August to October 2020 after agree-
ment of the Arabic board council in Iraq were taken. All 
confirmed cases had more than two clinical manifestations, 
approved by Swab and blood chemistry positive for SARS-
CoV-2 by real-time reverse transcription polymerase chain 
reaction (RT – PCR) assay and chest computed tomography 
according to the Novel Coronavirus Pneumonia Diagno-
sis and Treatment Guideline (6th edn.) published by the 
National Health Commission of China [15]. Severity of 
lung injury were calculated by special radiological formula 
depending on the counting of the involved lung lobes and 
the percentage by which each lobe is affected assessed 
visually by CT scan (reported by expert radiologist) as 
shown in (Table I).

Percentages and scoring above are done and include each 
lobe of both lungs alone and the sum of 5 is taken [16]. 

According to the formula of severity of lung injury above, 
the table can assess the severity accordingly:

- A total score of (0-8): Mild lung involvement.
- A total score of (9-15): Moderate lung involvement.
- A total score of (16-25): Severe lung involvement.

EXCLUSION CRITERIA
-  Patients with pre-existing lung disorders, to exclude 

primary lung disease because that will need more so-
phisticated study to determine whether lung injury is 
solely due to COVID-19 or pre-existing lung disease.

-  Patients on anticoagulation therapy before COVID-19 
infection.

-  Patients diagnosed with high Risk factors for throm-
bosis.

-  Patients with known cause of high D-Dimer before 
COVID-19 infection.

- «Patients with BMI over 35, because obesity is con-
sidered as a major cause for elevated D-Dimer levels and 
coagulation activator.
All research tools including, demographical data, swabs, 
blood chemistry, D-Dimer and chest CT imaging were 
collected at the same time using a date collection form.

STATISTICAL ANALYSIS
Statistical calculations were done using Statistical Package 
for the Social Sciences version 25 (SPSS Inc.) in which cat-
egorical data expressed as numbers and percentages, and 
the differences between the groups were analysed using 
Chi-square test (χ2). Continuous data expressed as medi-
ans or mean ± SD and the differences between the groups 
were analysed by non-parametric Mann-Whitney U test 
for abnormally distributed data and independent t-test for 
normally distributed data. Shapiro-Wilk test used to test 
the normality of the data, and outliers were detected using 
Box plot methods. Linearity was assessed visually by simple 
histogram chart; nonlinear related data was transformed to 
Log10 to be fit with the test assumptions. Independence of 
observations was checked using the Durbin-Watson statis-
tic. The prediction ability of the significant variables was 
assessed using Binomial logistic regression test in which 
odds ratio and coefficient value was calculated. Hosmer and 
Leme show test used to assess the data fitness for the test. 
Non-parametric spearman correlation test was used to cal-
culate the correlation between the variables 95% confidence 
interval were applied as the dependent interval in statistics 
and P-values <0.05 were accepted as statistically significant.

RESULTS AND DISCUSSION
A total of 74 COVID-19 patients were enrolled in the study. 
The mean age was (54.36 ±14.26 year), and 52.7% males to 
47.3% females. Regarding the D-Dimer results the mean 
was (0.524 ±0.431), while 70.3% of the enrolled patient’s 
lies within moderate severity of lung injury assessed by CT 
scan in comparison to 29.7% severe cases only (Table II).

Table I. The radiological formula to calculate the severity of lung injury.
Percentages of lung involvements 
assessed by CT scan (for each lobe)

[%]
SCORE

<5 1

5-25 2

25-50 3

50-75 4

>75 5

Table II. Demographical data distribution of the enrolled patients.
Variables N [%]

Age (Mean ± SD) 54.36 ±14.26

Gender
Male 39 52.7

Female 35 47.3

D-dimer (Mean ± SD) mcg/mL FEU 0.524 ±0.431

Severity of lung 
injury 

Mild 0 0

Moderate 52 70.3

Severe 22 29.7

Table III. Demographical data classification according to the severity of 
lung injury.

Variables Moderate 
lung injury

Sever lung 
injury p value

Age (mean ±SD) 53.23±13.99 57.05±14.84 0.296

Gender
Male 29 (55.8%) 10 (45.5%)

0.417
Female 23 (44.2%) 12 (54.5%)

D-Dimer (median) 0.235 0.645 <0.05



SEVERITY OF LUNG DAMAGE ASSESSED BY CT-SCAN IN RELATION TO D-DIMER LEVEL IN COVID-19

2403

Mann-Whitney U test was used to assess the differ-
ence between the medians in which D-Dimer levels (for 
moderate 0.235, and 0.645 for severe) significantly differs 
between the groups. Age and gender showed no statistical 
significance (Table III).

Binary logistic regression showed that elevated levels of 
D-Dimer can be considered as an independent predictors 
of severe lung injuries (r, 3.016, p value<0.05), which mean 
every increase in one unit in D-Dimer levels is associated 
with increase in the risk of having severe lung injury by 3 
folds (Table IV).

Non- parametric spearman correlation analyses revealed 
the relationships between percentages of lung involvement 
assessed by CT scan and D-Dimer levels in COVID-19 
patients (Table V). It showed that D-Dimer levels were 
strongly correlated with percentages of lung involvement 
(r = 0.582, P = <0.05) (Fig. 4-5).

COVID-19 syndrome caused by a novel type of corona 
viruses of genus b type of single strand RNA strain, its 
round or oval in shape, lined by special envelope, with a 
diameter of 60-140 nm. the virus invade the alveolar lining 
by binding with the ACE II receptors that are responsible 
for synthesis and production of surfactant which is the 
main cause of alveolar damage and collapse [17], the conse-
quences of vascular endothelial cells damages and hypoxia 
[18] with activation of inflammatory cascades, which in 
turn enhance the activation of coagulative pathway and 
then followed by systemic micro-thrombotic changes 
may give a hint of the future multi-organ failure in severe 
COVID-19 patients [19]. Although D- Dimer is considered 
as indirect marker of active thrombotic events [20], it is 
still a powerful predictive way of consequent coagulative 
cascades alteration especially when excluding the possible 
contributors of high D-Dimer levels such as pregnancy, 
cancer, chronic liver diseases, post trauma and surgery 
status, and vasculitis [21]. This alteration of D-Dimer 
levels during SARS-CoV-2 infection and its relation to the 
severity of the cases is well encountered and established 
in this study. In 2019, seventy-one diagnosed case with 
COVID-19 enrolled in a study conducted by Jin Zhu at 
al. in China to investigate the correlation between severity 
of lung injury assessed by CT scan and levels of D-Dimer, 
the study concluded that D-Dimer levels is positively cor-
related with lung severity assessed by CT scan (correlation 
coefficient= 0.237, odd ratio=2.460) [22].

GROUND-GLASS APPEARANCE (GGO)
It is defined as a pathogneumonic picture of severe inflam-
matory reaction that can be showed by chest x-ray and CT 
scan which is characterised by a defined area of hazy opaci-

Table IV. Prediction of the D-Dimer levels for the severity of lung injury.

Variables Coefficient 
(B)

p 
value

Lower 
bound

Upper 
bound

D-Dimer levels 
* severity of lung 

injury
3.016 <0.05 3.679 113.314

Table V. Correlations of CT result and D-Dimer variables in COVID-19 
patients.

Variables Percentages of lung 
involvement

D-Dimer

Correlation Coefficient 0.582

p value <0.05

N 74

Fig. 3. Simple diagram demonstrates pneumo-
cyte types. 
Source: https://www.mpg.de/14673057/us-
ing-alveolar-epithelia-as-a-model-for-coro-
na-infection
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Fig. 4. Scattered dots showing the correlation 
between D-Dimer values and CT results among 
COVID-19 patients.

Fig. 5. Box plot of D-Dimer values distribution 
among severity of lung injury assessed by CT among 
COVID-19 patients.

Fig. 6. Chest CT shows Ground Glass appearance with diffuse consolidations 
in severe acute inflammatory process in CAP (blue arrow). 
Source: https://en.wikipedia.org/wiki/Ground-glass_opacity

Fig. 7. Axial Section of high-resolution Chest CT that shows a ground 
glass opacity (blue arrow), which is persistent, rounded, and about 3 cm in 
diameter. Focal interstitial Fibrosis found by post mortem biopsy. 
Source: https://commons.wikimedia.org/wiki/File:Fibrosis_focal_intersticial.jpg
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ties in x-ray and dense attenuation in CT scan. This can hap-
pen as a result of presence of fluid that shifts air and diminish 
lung tissue markers, and can happen as well in airway col-
lapse, pulmonary fibrosis and very rarely in normal lung, but 
eventually it is a good picture of Interstitial Lung Disease and 
Infections [23]. Although, GGO manifestation in chest CT 
is non-specific for SARS-CoV-2 infection, as several related 
lung disease tend to present such appearances, commonly 
seen in community acquired pneumonia (CAP) especially 
in viral pneumonia rather than non-viral type [24], and in 
spite of the simple GGO with different sizes and the density 
changes very slowly in contrast to CAP which characterized 
by its rapid consolidation [25], PCR is highly recommended 
in such inconclusive vague radiological appearance, as it 
considered the gold standard investigative [26-27] in some 
circumstances when the diagnosis is very urgent CT find-
ings should be combined with the epidemiological history, 
clinical characteristics and haematological examination to 
improve the accuracy of acovid-19 diagnosis (Fig. 6).

Pulmonary lesions manifestation in CT imaging graded 
from light density with appearance of cloud, ground nod-
ules with limited scopes in outer parts of the lungs among 
mild cases to completely white lung appearance in sever 
critical cases [28]. This alteration in CT imaging is highly 
associated with D-Dimer levels and some other inflamma-
tory markers, which is seen obviously among patients with 
severe lung injury, as the disease progress and the number 
of dense lobes expand and increase, the obvious pulmonary 
fibrosis remained even after treatments (Fig. 7) [29].

In 2020, Yumeng Yao conducted a study on 248 con-
firmed cases withSARS-Cov2 infection, in Wuhan, China. 
The study reviewed all the involved cases retrospectively 
to demonstrate the impact and the relationship between 
D-Dimer levels and severity of lung injury assessed clini-
cally, by chest CT, and oxygenation index, regarding chest 
CT, it concluded that D-Dimer levels are significantly ele-
vated 5-folds in patients with severe COVID-19 infection 
(>50%) assessed by CT scan compared to (<30%) in non-
COVID severe lung infections and can be considered as a 
prognostic factor for patient’s mortality (Kendall’stau-b = 
0.378, odds ratio= 3.93 p = 0.000) [30]. Wang J C et al. in 
2019 discovered that healthy victims even with aggressive 
lung damage with fibrosis, the damaged lung tissue thrived 
significantly improving pulmonary fibrosis and enhance 
its absorption after initiation of treatment and close mon-
itoring, and then the levels of D-Dimers are dramatically 
reduced even fall to the normal range [31]. A wide range 
of studies established to explore the exact relationship be-
tween D-Dimer levels and severity of lung injury, and all 
of these are consistent with these study findings, although 
some studies differ in design and population [32-34].

CONCLUSION
In COVID-19 infected patients, the Severity of lung injury 
assessed by chest computed tomography is positively cor-
related with D-Dimer levels, and it can be considered as 
an independent predictor of severe cases.

RECOMMENDATIONS
Early administration of anticoagulants and tPA (tissue 
plasminogen activator) as a prophylactic therapy can im-
prove the outcome and reduce morbidity and mortality in 
COVID-19 patients.
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INTRODUCTION 
Public health – is one of the important indicators of the 
environmental condition in the country. There is the 
depletion of adaptive capacity and the associated steady 
growth of diseases, anthropo-ecological deformation of 
health, especially in children with the lowest threshold 
of sensitivity to xenobiotics in the intensive and long-
term impact of adverse environmental factors on the 
human body. One of the most dangerous consequences 
of environmental pollution is an increase in the level of 
genetic disorders, which is manifested, in particular, in the 
growth of congenital anomalies in children.

Scientific studies [1-7] have confirmed that the pollution 
of the biosphere has led to changes in the natural spectrum 
of trace elements in tissues and organs, and this contributes 
to the development of anthropogenically dependent 
conditions, syndromes. Children are the most sensitive to 
the occurrence of metabolic-induced chronic pathologies. 
According to the studies [5], most people with various 
chronic diseases have a lack of magnesium, zinc, copper, 
silicon, chromium, mangan with an excess of aluminum 
and cadmium.

Scientists [8- 13] point at a positive correlation between 
environmental pollution, including heavy metals (Pb, 

Sr, Zr, As, Cd), and diseases such as allergic dermatitis, 
infectious skin lesions, numerical increase in lymph nodes 
of subcutaneous tissue, hyperplasia of the lymphoid ring of 
the pharynx, enlargement of the tonsils, chronic diseases 
of the ENT-organs.

It has been determined [12-14] that heavy metals, in 
particular lead and cadmium, bind sulfhydryl groups of 
glutathione and proteins, resulting in activation of lipid 
peroxidation of cell membranes, which causes a violation 
of their function. The final stage is the violation of the 
morphofunctional state of membranes and metabolic 
processes in them, the release of acid hydrolases, 
the general strengthening of hydrolytic processes in 
tissues, disintegration of membranes, destruction of 
their structure [5]. One of the options for the influence 
of cadmium on regulatory processes in the cell is its 
competition with calcium ions. Cadmium belongs to the 
group of toxic heavy metals, which even in microdoses 
can cause the development of pathological processes 
[5]; that’s why the determination of its content in food 
is recognized by the Joint Committee of WHO as a 
mandatory control parameter. Dangerous xenobiotics 
form geochemical provinces with their increased content 
in the environment, from where they enter the body in 
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ABSTRACT
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Materials and methods: In order to study the prevalence of periodontal diseases in adults living in areas with high level of soil contamination with heavy metal salts and 
working in the workplace with occupational hazards, there were studied 163 people who did not have somatic diseases, namely: 133 employees of Burshtyn Thermal Power 
Plant (TPP) and 30 persons who do not work at Burshtyn TPP.
Results: The results of biochemical examination of blood and oral fluid in persons with generalized periodontitis of the I, II degree of severity and being exposed to adverse 
environmental factors, show changes in the trace element spectrum of blood and oral fluid, namely: a decrease in amount of zinc and an increase in amount of cadmium, which 
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Conclusions: As a result of the performed study, a violation of micronutrient metabolism in biological fluids (blood and oral fluid) was found in persons exposed to adverse 
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combination with water, air, food and form the so-called 
total daily dose [5, 8, 10, 13, 15].

In recent decades, there has been an increase in the 
number of eco-dependent diseases, including dental ones. 
Children are especially sensitive to the effects of adverse 
environmental factors [1-14], which is due to the functional 
immaturity of the adaptive and protective mechanisms of 
the child’s organism. Dental diseases are among the most 
common, particularly in Ukraine. The reasons for the high 
prevalence of the dental diseases and their relationship 
with environmental living conditions have been studied 
at the Department of Postgraduate Dentistry of Ivano-
Frankivsk National Medical University for a long time, 
some of research results have been already published [8, 9].

Ivano-Frankivsk region is located in the west of Ukraine, 
and, taking into consideration its natural conditions, it is 
the territory combining areas with almost no industrial 
enterprises’ harmful emissions and areas where these 
emissions significantly exceed the allowable level. At 
the same time, the largest industrial potential of the 
western region of Ukraine is concentrated in the Ivano-
Frankivsk region. These ones are mainly energy (Burshtyn 
Thermal Power Plant (TPP)), chemical (Kalush, concern 
“Oriana”, JSC “Barva”), petrochemical (“Petrochemist 
of Prykarpattia”) industry, timber industry enterprises 
and others creating a significant man-made burden on 
the environment. The third place in Ukraine among the 
top of 100 companies- pollutants of the ennvironment 
in terms of air emissions for several years is a separate 
division of “Burshtyn TPP” PJSC “DTEK Zakhidenergo” 
(Burshtyn, Halytskyy district), in particular, according to 
the Ministry of Energy and Environmental Protection of 
Ukraine in 2018 emissions of harmful substances of this 
Thermal Power Plant into the air amounted up to 182.922 
tons, which is more than in 2017 – 158.556 tons, in 2019 – 
169.888 tons. The results for 2020 have not been published 
yet. According to the results of the study of the Center for 
Bioelementology of Ivano-Frankivsk National Medical 
University in the area near the Burshtyn Thermal Power 
Plant – villages Zadnistriansk, Bovshiv, Kinashiv, Bilshivtsi, 
the cadmium content in soils exceeds the maximum 
allowable concentration (0.7 mg/kg) and ranges (from 1.2 
mmg/kg up to 2.2 mg/kg).

THE AIM
The aim of our work was to study the content of trace 
elements (cadmium and zinc) in the blood and oral fluid 
in people with generalized periodontitis and work and live 
permanently in adverse environmental conditions. 

MATERIALS AND METHODS 
We’ve studied the prevalence and peculiarities of the 
clinical course of dental diseases in the population of the 
Western region of Ukraine, and won a competition for 
scientific-research work “Clinical effectiveness of com-
prehensive treatment of the diseases of hard tissues of the 

teeth and periodontal diseases in the population of envi-
ronmentally unfavorable regions”,  funded by the Ministry 
of Health of Ukraine from the state budget.

The study has been conducted for several years.
In order to study the prevalence of periodontal diseases 

in adults living in areas with high level of soil contamina-
tion with heavy metal salts and working in the workplace 
with occupational hazards, there were studied 163 people 
who did not have somatic diseases, namely: 133 employees 
of Burshtyn Thermal Power Plant (TPP) and 30 persons 
who do not work at Burshtyn TPP. A comprehensive exam-
ination using clinical, biochemical, radiological methods 
of study was performed in 125 patients with generalized 
periodontitis (GP) of the I and II degrees of severity (64 
patients with generalized periodontitis of the I degree and 
61 – with generalized periodontitis of the II degree) and 
30 people with intact periodontium.

Clinical examination and treatment of patients was per-
formed on the basis of the clinic of the Burshtyn Thermal 
Power Plant and the clinic of the Department of Dentistry 
of the Educational-Scientific Institute of Postgraduate Ed-
ucation of Ivano-Frankivsk National Medical University.

All patients were performed a comprehensive examina-
tion with the inclusion of biochemical research methods. 
The obtained results were put in the patient’s record and 
the developed examination card.

Biochemical studies of blood and oral fluid were 
performed at the Center for Bioelementology of Iva-
no-Frankivsk National Medical University (Director of the 
Center – Dr. habil. in Biological Sciences, Full Professor –  
Erstenyuk H.M.).

QUANTITATIVE DETERMINATION  
OF MICRO- AND MACROELEMENTS  
(CADMIUM, ZINC) IN BIOLOGICAL  
MATERIAL USING THE SPECTRAL METHOD 
Biological fluids (blood and oral fluid) of patients were 
dried at a temperature of 70-80°C. After drying, it was 
calcined in a muffle furnace at a temperature of 450-500°C. 
Mineralization was carried out until the ash was free of 
coal impurities. Determination of the content of micro- 
and macroelements (cadmium, zinc) was performed in 
ash solutions on a C-115 atomic adsorption spectropho-
tometer in accordance with the requirements of GOST 
(government standard) 30178-96 and GOST (government 
standard) 26570-85.

RESULTS 
The examined employees of Burshtyn Thermal Power 
Plant (TPP) (133 people) were diagnosed with generalized 
periodontitis of the I, II degrees of development, 125 of 
them – were determined chronic course of the disease and 
8 patients – were determined the periodontal abscess, it was 
93.98% and 6.02%, respectively. During the process of work, 
125 employees of the Burshtyn Thermal Power Plant were 
diagnosed with generalized periodontitis of the chronic 
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course of the I, II degrees of severity, among them 64 patients 
were diagnosed generalized periodontitis of the I degree and 
61 – were diagnosed the II degree of the disease (Table I).

The examined patients with generalized periodontitis 
had different work experience at the Burshtyn Thermal 
Power Plant (TPP). The vast majority of patients with gen-
eralized periodontitis of the I degree worked at the Thermal 
Power Plant for 1-10 years, namely: 57.81% – from 1 to 5 
years and 37.50% – from 6 to 10 years and 4.69% – from 
11 to 15 years.

In patients with generalized periodontitis of the II de-
gree, the distribution according to the length of work was 
different. Thus, only in 6.56% of these patients the work 
experience was 6-10 years, in 27.87% – from 11 to 15 years 
and in 65.57% – more than 15 years. 

The results of our research on the level of trace elements 
in the blood and oral fluid of patients employed at the 
Burshtyn Thermal Power Plant are represented in Table II. 

Changes in the content of trace elements clearly depend 
on the severity of generalized periodontitis (see Table II).

In the spectrogram of trace elements, among those we have 
determined, a special position is occupied by zinc, which 
plays an important role in the metabolic processes of cells and 
tissues. The level of zinc in the blood of patients with gener-
alized periodontitis decreased and was (61.67 ± 2.54) μg% /
raw material in generalized periodontitis of the I degree, and 

of the II degree – (59.90±2.51) μg % /raw material, exceeding 
the rate of healthy individuals – (72.80±2.46) mcg% /raw 
material at 15.29% and 17.72%, respectively, p<0.001 (Fig. 1). 

With the progression of the disease, there were deeper 
changes in the content of this element in the oral fluid, 
namely: its significant decrease at 18.04% in generalized 
periodontitis of the I degree and at 31.74% in generalized 
periodontitis of the II degree, compared with the corre-
sponding indicator in healthy people (p<0.001).

DISCUSSION
An important role in the regulation of metabolic processes 
belongs to trace elements, which are cofactors of enzymes, 
as well as structural components of the inorganic matrix 
of bone tissue. 

There is a correlation between the work experience and 
the degree of generalized periodontitis.

The obtained data indicate a violation of the trace element 
status, which is expressed by the changes in the content of 
essential trace elements against the background of increas-
ing concentration of the toxic element cadmium [ 5, 10].

In employees of Burshtyn TPP, who were diagnosed with 
generalized periodontitis of varying severity, the cadmium 
content in the studied biosubstrates was significantly in-
creased. Thus, in patients with generalized periodontitis of 

Table I. Distribution of patients with generalized periodontitis of the I and II degree according to age

Age of patients
(years)

The degree of development of generalized periodontitis

Generalized periodontitis of the I degree Generalized periodontitis of the II degree

Аbs. amount % Аbs. amount %

20-29 30 24.0 1 0.8

30-39 23 18.4 25 20.0

40-49 11 8.8 35 28.0

Totally 64 51.2 61 48.8

Table II. The content of trace elements in the blood and oral fluid of patients with generalized periodontitis (M±m)

Indices

Groups of patients

Healthy Patients with generalized 
periodontitis of the I degree

Patients with generalized 
periodontitis of the II degree

n=27 n=56 n=54

Cadmium,
μg % /raw material

blood 0.92±0.07 1.44±0.05
р<0.05

1.87±0.067
р<0.001
р1<0.001

oral fluid 0.08±0.006 0.13±0.006
р<0.001

0.19±0.008
р<0.001
р1<0.001

Zinc,  
μg% / raw material

blood 72.80±2.46 61.67±2.54
р<0.001

59.90±2.48
р<0.001
р1<0.05

oral fluid 64.60±2.42 52.95±2.46
р<0.001

44.10±2.44
р<0.001
р1<0.01

Note: p – the probability of the difference between the indices of healthy individuals with generalized periodontitis of the I and II degrees, 
p1 – the probability of the difference between the indices of generalized periodontitis of the I and II degrees.
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the I degree of severity, the content of cadmium in the blood 
exceeded these indices in healthy individuals at 56.52% 
(p<0.05), and in oral fluid – at 103.26% (p<0.001). In patients 
with generalized periodontitis of the II degree, we’ve observed 
even greater increase in the level of cadmium in the blood – at 
62.5% (p<0.01), in the oral fluid – at 137.5% (p<0.001).

In such circumstances, it is important to study the level 
of essential trace elements that are antagonists to cadmium 
ions, zinc in particular. 

The results of the performed study indicate a violation 
of the content of zinc in the blood and oral fluid of pa-
tients with generalized periodontitis, who are employees 
of Burshtyn TPP.

Thus, the results of the study show the changes in the 
microelement spectrum of blood and oral fluid, namely: a 
decrease in zinc, which may indicate a violation of micro-
nutrient metabolism under chronic exposure to low doses 

of heavy metal salts [12-15]. Therefore, we can conclude 
that the severity of generalized periodontitis is due to the 
changes in the content of trace elements that affect the 
permeability of cell membranes, the activity of enzymes 
that determine the compensatory mechanisms in tissues 
[5, 8, 12, 13], including periodontal tissues. 

This is confirmed by more significant violations of the 
microelement spectrum of blood and oral fluid in patients 
with disease progression (generalized periodontitis of the II 
degree), which were accompanied by zinc content decrease 
at 66.67% and at 31.74%, (p<0.001).  At the same time, the 
level of heavy metal – cadmium – has increased 1.56-fold 
(p<0.05), in the blood and 1.62-fold (p<0.001) – in the oral 
fluid of patients with generalized periodontitis of the I degree, 
and in patients with generalized periodontitis of the II degree 
of severity – 2.02-fold and 2.37-fold (p<0.001), respectively.

CONCLUSIONS
As a result of the performed study in people with 
generalized periodontitis and exposed to small doses of 
heavy metal salts for a long time, there was revealed a 
violation of biometals in blood and oral fluid – an increase 
in cadmium and a decrease in zinc levels, which can affect 
overall resistance of the body.

Taking this into consideration, we believe that the de-
velopment of prevention schemes should be differentiated, 
with due regard for the peculiarities of every territory and 
region. When developing an optimal, regionally oriented 
scheme of preventive measures for the population that is 
permanently living in environmentally unfavorable con-
ditions, it is necessary to combine in a certain sequence of 
factors that increase nonspecific resistance and normalize 
the functional abilities of the organism, and specific thera-
py, which is used for the prevention and treatment of dental 
diseases. The choice of prevention and treatment should 
take into account the specific peculiarities of each territory, 
which determines the amount of trace elements in water, 
food products, and the level of negative human-induced 
burden that have a total impact on the human body.
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INTRODUCTION 
Physiological pregnancy and labor are one of the main pri-
ority aspects of modern obstetrics. Nowadays the percent 
of the complications during pregnancy growths up that 
leads to the negative obstetrical and perinatal outcomes. 
According to the data of the World Health Organization 
15 million newborns are born before 37 completed weeks 
of gestation, and the frequency of preterm birth varieties 
from 5 % to 18 % of babies born [1]. There are different 
risk factors of prematurity – gestational complications such 
as placental disorders, diabetes, hypertension, cervical 
insufficiency (CI), treatment of infertility with additional 
reproductive technology (ART), such as in vitro fertiliza-
tion (IVF), donor oocytes and/or thawed embryos [2]. 
Thus, especially difficulties with the gestational period have 
the women with a history of infertility. In Ukraine, more 
than 15 % of married couples are infertile [3]. Such women 
usually need specific and complex medical treatment for 
pregnancy occurs. So, the correction of these hormonal 
problems can lead to pregnancy, but such gestation is 
usually complicated. Pregnancy loss, missed abortion, 
miscarriage, premature labor, CI, negative perinatal out-
comes are closely related to pregnancies after ART [4, 5].

Cervical insufficiency is one of the reasons for preterm la-
bor and its rate is approximately 1 % [6] but its frequency is 
much higher in the patients after IVF – up to 9.7-14.4 % [7].  
Generally, most of the cases of CI development are con-
nected with organic pathology – cervical trauma during 
previous labor, gynecological manipulations on the cervix. 
But also hormonal dysbalance, which is present in the 
women with anovulatory infertility, can play an important 
role in the genesis of functional CI.

THE AIM 
The aim of the study was to assess the levels of hormones 
in women with cervical insufficiency and infertility in the 
history in the II trimester of gestation. 

MATERIALS AND METHODS 
We examined 120 pregnant women with cervical in-
sufficiency in the term of 19-22 weeks of gestation. The 
diagnosis of CI was based according to the transvaginal 
ultrasound criteria: the length of the cervix is 25 mm 
and less, V-shaped transformation of the cervical canal 
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ABSTRACT
The aim: To assess the levels of hormones in women with cervical insufficiency and infertility in the history in the II trimester of gestation.
Materials and methods: 120 pregnant women with cervical insufficiency and anovulatory infertility in the history were examined in the II trimester of gestation: in the I 
group (60 persons) pregnancy occurred after hormonal treatment of infertility, in the II group (60 individuals) – after in vitro fertilization. 30 pregnant women without cervical 
insufficiency and a history of infertility were controls. The levels of estradiol, progesterone, placental lactogen, prolactin and cortisol were determined in the blood serum.
Results: The concentration of maternal progesterone was lower in the persons in the I group on 12.36 %, in the II group – on the 15.37 % (p=0.03) compared to the healthy 
women. Cortisol and prolactin amounts were statistically higher in I and II groups (p<0.001) than in controls. While the levels of estradiol and placental lactogen were slightly 
less in the subjects with cervical insufficiency and a history of anovulatory infertility compared to the healthy women.
Conclusions: In pregnant women with cervical insufficiency and a history of anovulatory infertility in the II trimester of gestation there are decrease progesterone level and 
high prolactin and cortisol concentrations in blood serum. The changes in estradiol and placental lactogen amounts are not significant compared to healthy women. 
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on 40 % and more [8]. All these persons in anamnesis 
had infertility associated with anovulation. According 
to the type of the treatment of infertility the women 
with CI were divided into two groups. Thus, the I group 
consisted of 60 patients with CI and infertility in whom 
the pregnancy occurred after hormonal treatment 
(ovarian stimulation with clomiphene citrate, gonad-
otropin-releasing hormone agonists). 60 women with 
CI and infertility who became pregnant after the use 
of ART – in vitro fertilization – formed the II group. 
In the I trimester of pregnancy persons in the I group 
received vaginal micronized progesterone 200 mg ones a 
day, in the II group – 400 mg.  Infertility was diagnosed 
according to the recommendations of the World Health 
Organization [9]. The control group involved 30 women 
with physiological pregnancy and without a history of 
infertility. Inclusion criteria: singleton pregnancy, CI, 
infertility associated with anovulation, written consent 
of the patient. Exclusion criteria: multiple pregnancy, 
antiphospholipid syndrome, thrombophilia, pregnancy 
complicated with ovarian hyperstimulation syndrome, 
cytogenetic causes of pregnancy loss induced by IVF, 
male infertility, connective tissue dysplasia, increased risk 
of chromosomal fetal abnormalities according to first or 

second genetic screening. The study was carried in City 
Clinical Perinatal Centre (Ivano-Frankivsk, Ukraine) and 
approved by the Ethics Commission at Ivano-Frankivsk 
National Medical University (protocol 97/17, 19.10.2017).

ELISA method was used to determine hormones in the 
serum blood in pregnant women. The levels of hormones 
were studied in the term of the 19-22 weeks of pregnancy 
after a confirmed diagnosis of CI. The concentrations of 
estradiol, progesterone, placental lactogen, prolactin, and 
cortisol were determined with reagents “IMMULITE 2000 
Estradiol”, “IMMULITE 2000 Progesterone”, “IMMULITE 
2000 Placental lactogen”, “IMMULITE 2000 Prolactin” and 
“IMMULITE 2000 Cortisol” respectively.

Statistical data were analyzed by the program Statistica 
6.0. We calculated arithmetic mean value, average stan-
dard error, criterion χ2 (Yates corrected Chi-square), the 
nonparametric Mann-Whitney test was used to compare 
two independent groups by a single feature. The difference 
between the values was considered significant by p≤0.05.

RESULTS 
Our data demonstrated that the average age of women 
with the history of infertility after IVF (31.42±0.56 years, 

Table I. Reproductive characteristics of observed groups (abs., (% ))
Parameter I group (n=60) II group (n=60) Control group (n=30)

Age:
till 19 years
19-34 years

35 and more years

-
55 (91.67)

5 (8.33)

-
50 (83.33)
10 (16.67)

1 (3.33)
26 (86.67)
3 (10.00)

Pregnancy:
the first

the second
the third and more

29 (48.33)
26 (43.34)

5 (8.33)

39 (65.00)
10 (16.67)
11 (18.33)

17 (56.67)
8 (26.67)
5 (16.66)

Labor:
null
one

two and more

41 (68.33)
17 (28.34)

2 (3.33)

55 (91.67)
5 (8.33)

-

19 (63.33)
8 (26.67)
3 (10.00)

Miscarriage 7 (11.67) 9 (15.00) • 2 (6.67)

Missed abortion 3 (5.00) 3 (5.00) -

Molar pregnancy 1 (1.67) 1 (1.67) -

Induced abortion 3 (5.00) 5 (8.33) ° 2 (6.67)

Ectopic pregnancy 1 (1.67) 5 (8.33) -

Notes: • - three of nine persons had two miscarriages; ° - one from five women had two induced abortions.

Table II. The levels of hormones in the blood serum in examined patients
Hormone I group (n=60) II group (n=60) Control group (n=30)

Estradiol, pg/ml 9414.18±182.39 9243.12±199.64 9826.43±286.38

Progesterone, ng/ml 46.29±1.38 44.70±1.93* 52.82±3.18

Placental lactogen, mg/l 2.64±0.09 2.53±0.11 2.86±0.19

Prolactin, ng/ml 231.02±7.91* 269.07±10.39* 162.33±10.76

Cortisol, nmol/L 534.57±18.22* 583.56±17.59* 409.04±25.09

Note: * – the statistical significance of differences of indicator relative to the control group (р<0.05).
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p<0.001) was significantly higher compared to control 
persons (27.30±0.92 years). While in the II group there 
was no considerable difference in average age of exam-
ined patients (29.07±0.59 years) compared to controls. 
Also, there was no distinction in the age structure 
between individuals of all groups (table I). Persons of 
active reproductive age (20-34 years old) predominat-
ed in all groups. The number of primigravida subjects 
over multigravida ones was more in the II and control 
groups, multigravida women were in majority in the I 
group, but the difference between individuals with the 
first pregnancy and the second or more pregnancies 
was not significant. At the same time, 55 (91.67 %)  
pregnant women with CI after IVF were going to deliver 
at the first time, that was in 1.45 and 1.34 times more than 
in control group (63.33 %; χ2=9.13, p=0.003) and in the I 
group (68.33 %; χ2=8.80, p=0.003) respectively. In the I 
group primary infertility was diagnosed in 29 (48.33 %)  
individuals, secondary one – in 31 (51.67 %), in the 
II group – 39 (65.00 %) and 21 (35.00 %) women  
respectively.

Endometriosis was the most spread gynecological pa-
thology among the patients with the history of infertility –  
22 (36.67 %) women in the I group and 29 (48.33 %) sub-
jects in the II. In the I group hyperprolactinemia was in the 
second place among gynecological diseases – 19 (31.67 %) 
individuals, 10 (16.67 %) women had diminished ovarian 
reserve, 9 (15.00 %) – thyroid diseases, 3 (5.00 %) – uterine 
myoma. In the II group besides endometriosis, 23 (38.33 %)  
patients were diagnosed polycystic ovary syndrome,  
16 (26.67 %) – diminished ovarian reserve, 7 (11.67 %) –  
hyperprolactinemia, 5 (8.33 %) – uterine myoma and  
2 (3.33 %) – pathology of the thyroid gland. Only 2 (6.67 %)  
controls persons had endometriosis.    

It was found some variations in the concentrations of 
hormones between control persons and women in the I 
and II groups (table II). The level of estrogen and placental 
lactogen in the blood serum in the patients with CI and 
infertility in both groups was slightly less than in healthy 
subjects. The amount of progesterone was lower in individ-
uals in the I group on 12.36 %, in the II – on the 15.37 %  
(p=0.03) compared to the healthy persons. The most signif-
icant changes related to the levels of cortisol and prolactin. 
So, the concentration of prolactin was higher in the women 
in the I group on 42.32 % (p<0.001), in the II group – on 
the 65.75 % (p<0.001) compared to the control persons. A 
similar trend observed regarding the amount of cortisol. Its 
level was on the 30.69 % (p<0,001) and 42.67 % (p<0.001) 
more in the I and II group respectively compared to the 
control individuals.

DISCUSSION 
Numerous researches indicate the hormonal changes 
in the women after ART in the I trimester of pregnancy 
compared to spontaneous pregnancy. Thus, Vygivska LM 
and Nykoniuk TR found that the rate of pregnancy loss in 
the patients with endocrine infertility was determined in 

4.5 and 5.8 times more often compared with the subjects 
with tubal infertility and male infertility respectively 
[10]. They estimated that in the women with endocrine 
infertility and ART the concentration of estradiol in 
blood serum in the I trimester of gestation was in 2 times 
higher compared to the women without infertility and 
use of ART, in individuals with tubal infertility – in 1.6, 
male infertility – 1.3 times more than in controls. The 
authors associated such hyperestrogenism with the use 
of gonadotropin-releasing hormone agonists and human 
menopause gonadotropins for ovarian stimulation. At 
the same time, the level of progesterone was slightly less 
in subjects with infertility that can be explained that the 
pregnant women with ART take progesterone drugs in 
the I trimester of gestation [10]. However, individuals 
after ART have higher cortisol level at the beginning of 
gestation compared with healthy women with sponta-
neous conceived [11]. Furthermore, according to the 
data of Vygivska LM et al. the amount of cortisol was 
significantly greater in the I, II, III trimester of gestation 
in the pregnant persons after ART compared to control 
individuals (p<0.05), as well as prolactin concentration, 
which was higher in such patients during the whole ges-
tational period (p<0.05). The scientists believe that such 
changes in the amount of theses hormones are connected 
with increased level of state and trail anxiety. Grossi E. 
et al. studied the concentrations of 17β-estradiol and 
progesterone in venous blood of women with sponta-
neous singleton pregnancy between 5+0 and 13+6 weeks of 
gestation. Their results indicate the presence of specific 
week variations of 17β-estradiol in the I trimester that can 
be helpful for assessment of the course of twin gestation 
and pregnancy after ART [12]. It is known that there is a 
higher concentrations of β-chorionic gonadotropin and 
estradiol in maternal blood samples by twin pregnancy 
compared to singleton pregnancy after the use of ART in 
the first trimester of gestation [13].

Cervical insufficiency is mostly diagnosed in the II tri-
mester of gestation, so, the results of hormonal variations 
in patients with CI commonly regard the second part of 
pregnancy (II or the III trimester). Impairment of the cer-
vix obstructive function is also relative to the variations of 
estradiol and progesterone in the blood serum in pregnant 
women [14]. Estradiol level in the persons with CI in the 
II and III trimesters was correlated to the control indices 
of the physiological pregnancy. However, the progesterone 
concentration was almost in 2 times less compared to the 
individuals with normal cervical obstructive function. Such 
differences in the concentrations of the hormones lead to 
relative hypoprogesteronemia [14, 15].

According to the research of Patil AS et al. the ma-
ternal amount of progesterone and its metabolites, 
especially 11-deoxycorticosterone, may have meaning 
in the development of spontaneous preterm delivery 
and increases its risk. It was found that the concen-
tration of deoxycorticosterone at the end of the I 
trimester and the beginning of the II trimester was 
associated with spontaneous delivery until 32 weeks 
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of gestation. The ratio of 11-deoxycorticosterone /  
16-alpha-hydroxyprogesterone was higher in women with 
preterm labor until 32 weeks [16].

We did not find scientific publications about estradiol, 
progesterone, placental lactogen, prolactin and cortisol 
concentrations in blood serum in pregnant women in the 
II trimester of gestation, who conceived after anovulatory 
infertility and were diagnosed cervical insufficiency. So, 
the results of our research demonstrated that in the II 
trimester of gestation the there is a lower concentration 
of progesterone in the pregnant women with CI and infer-
tility in the history, especially in patients conceived after 
IVF (p<0.05), compared to controls, that corresponds to 
the data of other scientists. But it’s worth mentioning that 
such results of progesterone concentration were obtained 
despite the fact that patients in the II group received pro-
gesterone drugs. Also, we found the tendency to decrease 
of placental lactogen amount in women with CI and 
infertility in the history. The higher levels of cortisol and 
prolactin in blood serum in women with CI and infertility 
are consistent with other studies that demonstrate the 
similar increased parameters in patients who have CI, as 
well in pregnant persons after the use of ART. According 
to the results of this research it is worth to discuss the 
possibility to prolong to use vaginal progesterone in the 
II trimester of gestation in women, who conceived after 
anovulatory infertility, as well as about additional psycho-
logical support for decrease of stress-related hormones 
such as prolactin and cortisol.

CONCLUSIONS 
In the II trimester of gestation the concentration of pro-
gesterone in blood serum of pregnant women with cervical 
insufficiency and anovulatory infertility in the history, ex-
pressly in persons after IVF, is significantly lower compared 
to persons without cervical incompetence and infertility 
and amounts of prolactin and cortisol are significantly 
higher. At the same time, there was no pronounced dif-
ference between levels of estradiol and placental lactogen 
in women with cervical insufficiency and anovulatory 
infertility and controls, but there is a trend to decrease of 
these hormones in the II trimester.
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INTRODUCTION
Coronaviruses (CoVs) have been associated with import-
ant disease outbreaks in the Middle East and East Asia. 
In 2002 and 2012, respectively, sever acute respiratory 
syndrome and Middle East respiratory syndrome (MERS) 
started to appear [1]. At present time, a novel corona-
virus (SARS-CoV-2), causing the Coronavirus Disease 
2019 (COVID-19), had emerged in late 2019, which had 
posed a global health threat with its ongoing pandemic in 
many countries and territories [2]. The crown-like spikes 
on the surface of these viruses were named coronavirus. 
Coronaviruses are from order Nidovirales, family Coro-
naviridae, and subfamily Coronavirindae. Coronaviruse 
are divided up into four main subgroups which is alpha, 
beta, gamma, and delta. The studies, research found seven 
types of human coronaviruses cause infection in humans 
alpha coronavirus including HCoV-229E , HCoV-NL63, 
and beta coronavirus including HCoV-OC43, HCoV-
HKU1, Middle East Respiratory Syndrome (MERS-CoV), 
Severe Acute Respiratory Syndrome (SARS-CoV), and 
the newly identified 2019 Novel Coronavirus, defined as 
SARS-CoV-2, causing the Coronavirus Virus Disease of 
2019 (COVID-19) [3]. The most affect of COVID-19 on 
lymphocyte and Neutrophil either lymphopenia neutro-
philia. Lymphopenia is often associated with leukopenia 
after coronavirus infection, and white blood cell count 
persists within normal limits [4].Within one week of ini-

tiation, the first occurrence of SARS-COVID-19 infection 
in the United States showed a slight reduction in white 
cell count [5]. A number of COVID-19 studies indicated 
that intensive care unit (ICU) cases were more likely to 
develop neutrophilia, which is a predictor associated 
with disease progression [6-8]. Since lymphocytes are 
virus-attacking effector cells, most viruses infect humans 
and cause lymphocytosis [9]. SARS-CoV, MERS-CoV, and 
SARS-CoV-2 all induced lymphocytic depletion in in-
fected patients [10, 11], with the mechanism of processes 
being either direct coronavirus attack on lymphocytes or 
immune-mediated lymphocyte apoptosis [12-14].

THE AIM
To find an association of COVID-19 on different types of 
leukocytes either count increasing or decreasing.

MATERIALS AND METHODS
This cross sectional study included 80 patients with 
COVID-19, 31were females, and 49 were males. Five mil-
liliter of blood samples were collected from patients with 
COVD-19 by venipuncture using a syringe. The blood 
samples were obtained from the superficial vein of the 
upper limb, by the tourniquet which was applied in 3-4 
inches above the site of collection, then syringe was inserted 
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in to the vein to collect the blood sample. Blood sample 
was kept in ethylene di amine tetra acetic acid (EDTA) 
tube to isolate blood serum in a gel tube for measuring of 
leukocytes count. 

Ruby analyzer was used to evaluate the cell differentiation 
(lymphocyte, neutrophil, basophile, and eosinophil), and 
the Neutrophil-to-Lymphocyte Ratio. 

RESULTS
The results of the current study showed that the range of age 
of patients with COVID -19 in group 1 was (18-85) years 
old, and in group 2 was (34-85) years old. The infection 
with COVID-19 was higher in males rather than females.

White blood cell count was done on all blood samples of 
patients with COVID-19 that enrolled in the current study 
(n=80), in group 1 of asymptomatic or mild signs of COVID-19, 
the mean of white blood cells was (7.814±3.233) (109/L) and 
predominantly, neutrophilia with a mean of (4.658±2.141) 
(109/L) vs (2.491±1.112 (109/L) for lymphocytes). The mean of 
monocytes, eosinophil, and basophil counts was 0.584±0.346 
(109/L), 0.082±0.091 (109/L), and 0.057±0.036 (109/L), respec-
tively. In moderate or severe group (group 2), the mean of 
WBCs count was 12.972±4.430 (109/L), mean of neutrophil 
count was 10.048±4.080 (109/L), mean of lymphocytes count 
was 2.000±0.871 (109/L). The mean counts of monocytes, eo-
sinophil, and basophil were 0.988±0.419 (109/L), 0.100±0.070 
(109/L), and 0.087±0.040 (109/L) respectively.

Interestingly, patients in group 2 were with lower lym-
phocyte counts and higher neutrophil count than group 

1. Also the ratios of cell populations were analyzed in this 
study, including the neutrophil to lymphocyte ratio (NLR), 
lymphocyte to monocyte ratio (LMR). The results showed 
that the patients with COVID-19 in group 2 had higher 
mean of NLR ratio which was 7.158±10.275 vs 1.861±0.583 
in group 1, while the LMR was 2.200±0.874 vs 5.566±3.660 
in group 1. The results also showed a significant difference 
regarding the white blood cells count (p=0.000), neutrophil 
(p=0.000), monocytes (p=0.020), basophil (p=0.001), NLR 
(p=0.002), and LMR (p=0.000), between group 1 and group 
2. While there was no significant difference of lymphocytes 
(p=0.031), and eosinophil count (p=0.310) between the two 
patient studied groups (Table I).

To find the association between cell differentiation 
(WBCs, neutrophil, lymphocytes, monocytes, and baso-
phil) with the severity of COVID-19 infection, analysis by 
ROC was done to evaluate the sensitivity and specificity 
of the cut off for patients with severe COVID-19 is equal 
or higher than the specified cut off value. For WBCs, 
neutrophil, monocytes, basophil, NLR, and MLR the area 
under the curve was 0.829, 0.892, 0.796, 0.724, 0.964, and 
0.872 respectively, the sensitivity was 56.1%, 90%, 90%, 
73%, 95%, and 95% respectively and the specificity was 
12.8%, 33%, 34%, 48%, 20%, and 28% respectively. The cut 
off value for WBCs, neutrophil, lymphocytes, monocytes, 
and basophil, was 12.350, 5.525, 475, 0.55, 2.450, and 3.500 
(109/L) respectively. The lymphocytes count was not sig-
nificant as a tool in predicting the severity of COVID-19 
infection (p=0.143) with the area under the curve equal to 
0.405 (Table II, Fig. 1-3). 

Table I. Association of COVID-19 infection with cell differentiation.
Leukocytes Groups N Mean ± SD p-value

White Blood Cells (109/L)
Asymptomatic or mild (group 1) 39 7.814±3.233

0.000*
Moderate or severe (group 2) 41 12.972±4.430

Neutophil (109/L)
Asymptomatic or mild (group 1) 39 4.658±2.141

0.000*
Moderate or severe (group 2) 41 10.048±4.080

Lymphcyte (109/L)
Asymptomatic or mild (group 1) 39 2.491±1.112

0.031*
Moderate or severe (group 2) 41 2.000±0.871

Monocyte (109/L)
Asymptomatic or mild (group 1) 39 0.584±0.346

0.020*
Moderate or severe (group 2) 41 0.988±0.419

Eosinophil (109/L)
Asymptomatic or mild (group 1) 39 0.082±0.091

0.310*
Moderate or severe (group 2) 41 0.100±0.070

Basophil (109/L)
Asymptomatic or mild (group 1) 39 0.057±0.036

0.001*
Moderate or severe (group 2) 41 0.087±0.040

Neurophil-Lymphocyte Ratio 
(109/L)

Asymptomatic or mild (group 1) 39 1.861±0.583
0.002*

Moderate or severe (group 2) 41 7.158±10.275

Lymphocyte –Monocyte Ratio 
(109/L)

Asymptomatic or mild (group 1) 39 5.566±3.660
0.000*

Moderate or severe (group 2) 41 2.200±0.874

* p< 0.05
Abbreviations
M – mean
SD – standard deviation
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DISCUSSION 
The moderate and severe infection was found in elderly pa-
tients rather than the asymptomatic or mild infection which 
included the younger patients. Elderly patients may develop 
severe infection due to the presence of other diseases or con-
dition which affect the immune state of the body or increase 
the susceptibility to show more severe symptoms [15].

The statistical analysis of the results of this study con-
firmed no significant difference between male and female 
regarding the severity of COVID-19 infection.

Men have about twice the likelihood of dying from 
COVID-19, according to popular belief, despite the fact 
that the number of male cases is similar to the number 
of female cases. This has led to a range of ideas, ranging 
from lifestyles to chromosomal structure differences [16].

COVID-19 has the potential to affect a variety of organ 
systems in its host. According to studies, hematological 

profiles vary during SARS-CoV-2 infection. So the present 
study was designed to evaluate different cells in patients 
who were included in this study. 

Patients with COVID-19 pneumonia may have a 
normal leukocyte count (4–11x109/L), a low leukocyte 
count, or a high leukocyte count. This could make it 
easier to track the disease’s course and make treatment 
decisions. Physicians should be mindful of the cytokine 
storm and avoid using granulocyte colony-stimulating 
factor for leukopenia caused by SARS CoV-2 because 
it can worsen the illness and lead to acute respiratory 
disease syndrome. Some studies on COVID-19 patients 
approved that the patients had higher white blood cell and 
neutrophil counts, as well as a lower lymphocyte count, 
while other studies demonstrated that assessing the neu-
trophil-to-lymphocyte ratio can be used as a biomarker 
to predict the fate of an infection [17].

Table II. Association of COVID-19 with cell differentiation.

Test variable(s) Accuracy Area
(AUC)

Asymptomatic 
Significance

Asymptomatic 95% Confidence Interval

Lower Bound Upper Bound

White Blood Cell Very good 0.829 0.000* 0.741 0.916

Neutophil Very good 0.892 0.000* 0.825 0.960

Lymphcyte Bad 0.405 0.143* 0.278 0.532

Monocyte Good 0.796 0.000* 0.700 0.893

Basophil Good 0.724 0.001* 0.614 0.835

NLR Excellent 0.964 0.000* 0.920 1.000

LMR Very good 0.872 0.000* 0.790 0.954

* p< 0.05

Fig. 1. Receiver operating characteristic 
curve for measuring the area under curve 
for cell differentiation in patients with 
COVID-19.
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Fig. 2. Receiver operating characteristic curve for 
measuring the area under curve for Lymphocyte/
Monocyte Ratio in patients with COVID-19.

Fig. 3. Receiver operating characteristic curve for 
measuring the area under curve for Lymphocyte/
Monocyte Ratio in patients with COVID-19.
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White blood cells (WBC) count and peripheral blood 
lymphocytes are normal or slightly reduced in the early 
stages of COVID-19 disease when patients have no specific 
symptoms, according to studies, but these indications may 
change as the disease progresses [18].

In contrast to prior research, Hong-Yi Zheng et al., found 
that the absolute count of leukocytes in COVID-19 patients 
with mild and severe disease stayed within acceptable 
limits [19].

Neutrophils play a role in the early stages of antiviral 
defense, so that in the presence of pathogenic agents and 
tissue injury, neutrophil numbers normally rise. Neutro-
phils, on the other hand, become cytotoxic during severe 
pneumonia due to degranulation and lysis [20]. Neutrophil 
recruitment has been suggested to enhance COVID-19 
immunopathology in some studies [21].

Lympopenia is a common symptom in COVID-19 pa-
tients, as it is with other coronaviruses and viral infections. 
The overall number of lymphocytes, TCD4+, TCD8+, B 
cells, and natural killer cells (NK cells) declines in these 
patients, with the drop of CD8+ T cells being the most 
dramatic. Lymphocytopenia is a reliable sign of early 
SARS CoV-2 infection, and it aids in contact tracing as 
well as illness development during COVID-19 pneumonia 
[17]. A research by Qin et al., also discovered that lower T 
helper levels are linked to the severity of COVID-19 [22]. 
Because lymphocytes include ACE2 and CD147 on their 
membranes, it’s thought that SARS-CoV-2 could infect 
them directly, causing lymphocyte lysis and lymphopenia. 
A concept of a second hypothesis is that increased cytokine 
activity first causes atrophy of secondary lymphatic organs, 
such as the spleen, and disrupts lymphocyte turnover, and 
then enhances the expression of death receptor FAS and 
Apoptosis, resulting in lymphopenia [23]. Lymphopenia 
is not specific for prognosis of the disease or as a predictor 
for severity [24].

The results of neutrophil-to-lymphocyte ratio was agreed 
with the results of previous study which indicated that the 
NLR ratio was significantly higher in severe COVID-19 
patients [25]. While another study of 93 laboratory-con-
firmed COVID-19 cases found that the NLRis an inde-
pendent predictor of poor clinical outcome in COVID-19 
patients [26].

Several researchers found that severe cases of COVID-19 
pneumonia included neutrophilia (absolute neutrophil 
count above the normal range; 3–7.5 109/L) and/or lym-
phocytopenia (lymphocyte count 1.5 109/L) that were 
associated with poor prognosis. The ratio of neutrophils 
to lymphocytes (NLR) has also been demonstrated to be 
a good predictor of illness severity. Small studies, on the 
other hand, found a considerable decline in granulocytes 
in severe patients when compared to non-severe individ-
uals [27].

A study of Yuan et al., agreed with the results of the 
present study which revealed had a higher total leukocyte 
count in patients with severe COVID-19 [27].

The current study was agreed with the study of Sun et 
al., regarding the association between monocyte count 

and the progression or severity of COVID-19 illness. The 
researchers in a study done by Sun et al., on COVID-19 
patients found that there was a significant difference be-
tween monocytes count and the severity of the disease, and 
they found that the monocyte-lymphocyte ratio (MLR) was 
higher than in the control group, particularly in those with 
severe COVID-19 [28].

CONCLUSIONS
Patients with COVID-19 may have a normal leukocyte 
count, a low leukocyte count, or a high leukocyte count, so 
the physicians should estimate the count of different cells 
of leukocytes during the infection to predict the prognosis 
of the disease. 
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INTRODUCTION 
At the present stage of its development, dental materials sci-
ence has a wide range of various materials, the properties of 
which allow their use in certain clinical cases. Undoubtedly, 
orthopedic constructions made of the latest materials using 
advanced technologies actively compete with previously 
known materials which are due to the requirements for 
modern orthopedic treatment, taking into account the func-
tional properties of prostheses, their durability, aesthetics, 
biocompatibility and cost effectiveness. However, certain 
clinical cases dictate the choice of material for the manufac-
ture of orthopedic structures, based on its properties, which 
cannot always be achieved using modern materials. One of 
such constructions is one-piece prostheses [1-4].

The demand of the population for prosthetics is quite 
high, and the demand for the manufacture of fixed struc-
tures of dentures reaches 80% of the total number of pa-
tients who have applied for prosthetics [5-7].

Changes in the main indicators of the physical and 
mechanical properties of metal alloys during their oper-
ation can lead to galvanic disorders, toxic effects, allergic 
reactions, and changes in the reactivity of the body. In 
addition, the quality of alloys also depends on the condi-
tions of their melting and casting – in open induction or 
vacuum furnaces [8].

Due to thelarge number of cobalt-chromium and nickel-
chromium alloys names most of which, as a rule, have a 
high cost as well as a large a mount of non-recyclable waste 
from the production oforthopedic structures and based on 
the principles of economy and rational use of resources it 
is advisable to use such alloys repeatedly.

Research focused on solving this issue showed that the 
double vacuum casting method provides increased purity 
of alloys and allows the use of up to 50% remelting [9, 10].

In the available literary sources, there is a small amount of 
research on the physicochemical and technological charac-
teristics of these alloys by their multiple remelting [11]. Thus, 
this issue is relevant and requires a comprehensive study.

THE AIM 
The aim of the study is a clinical and experimental sub-
stantiation of the possibility of using cobalt-chromium 
and nickel-chromium alloys after repeated remelting for 
non-removable one-piece prosthetics.

MATERIALS AND METHODS 
Experimental studies of two dental alloys used for the 
manufacture of fixed solid structures of dentures have been 
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carried out. All standardized metal alloys are conditionally 
divided into two groups. Samples of alloys Remanium 
GM 700 (group I) and Remanium CSe (group II) served 
as controls. The cobalt-chromium alloy Remanium GM 
700 was introduced into the III experimental group, which 
was successively remelted six times by the method of vac-
uum remelting in the mode specified by the manufacturer 
“Dentaurum” (Germany), in our modification. In the IV 
experimental group was introduced alloy Remanium CSe, 
which passed a similar path of study.

To study the physical and mechanical properties of 
alloys, samples were obtained by sequential six-fold re-
melting in a dental casting unit Tiegelschleuder TS from 
Degussa. The remelting took place according to the instruc-
tions for these alloys in ceramic crucibles. Melting point 
1410°С and holding time 10 minutes. After melting and 
holding at an appropriate temperature for 1 min. the melt 
was poured into a casting flask made of Castorit-Super C 
material and cooled naturally to room temperature.

For each subsequent remelting, the remnants of the 
re-alloy were carefully cleaned from the molding sand by 
the traditional method and an equal part of the alloys of 
the certificate supply was added.

The next remeltswere carried out at temperatures of 
1500°, 1600°, 1700°, 1800°, 1030°, 870°, and 36 heats 
were performed in 110 seconds. and 36 swimming trunks –  
for 220 sec. each one. The temperature drop from the 
furnace crucible to the mold was 100°С.

Then all samples were subjected to heat treatment under 
the following conditions: 36 samples of Remanium GM 
700 and Remanium CSe, cast in 110 seconds; chilled 
gradually. The same number of samples was cooled in 10% 
saline solution at room temperature. Samples cast in 220 
seconds were cooled by a similar method. The temperature 
was determined with a thermoelectric thermometer.

The cast metal was processed in a sandblasting machine 
and the first heat treatment was carried out at t=1000°С 
for 5 minutes, then the oxide film was removed with a 
sandblasting machine, again subjected to heat treatment at 
t=1000°С for 5 minutes and so 2-3 times to the formation 
of a high-quality oxidizing gray films.

Three types of samples were prepared from each remelt-
ing: 1 – for the study of micro hardness – 10 samples in 
the form of a 10x10x2 mm plate; 2 – for measuring the 
modulus of elasticity – 10 samples in the form of a cylin-
der 36 mm long and 3 mm in diameter; 3-10 samples for 
stretching in the form of double-sided blades with the size 
of the working part 25x5x0. 4 mm.

For the study, the samples were obtained in the form of 
plates with a thickness of 0.4 mm, the surface of which was 
subjected to sandblasting with alumina with a dispersion 
of 50 μm and treated with sandpaper on a glass plate with 
abrasive powder, degreased with steam at 160°C.

All samples were subjected to chemical analysis and 
metallographic research according to well-known methods 
in metallurgy.

To study the microhardness (in MPa), the samples of the 
studied alloys were additionally ground and polished on 

suede with diamond paste to a mirror shine. The micro-
hardness was investigated on a PMT-3 device at various 
loads on the indenter (10, 20, 50, 100 g). On each of the 
test samples, 100 prints were obtained and the average 
value was found.

The modulus of elasticity was measured by the acoustic 
method of a double vibrator at a resonant frequency of 73 
kHz, at the amplitude of the sound wave Σ=10-7.

Tensile deformation was performed in a bursting instal-
lation MRC-1 with a strain rate of 0,2 mm/min on samples 
of a dumbbell-shaped form with the sizes of a working part 
of 25х5х0,4 mm. In this case, 10 samples were examined 
in the initial state after casting, 10 samples of the alloy 
after each remelting.

The obtained deformation curves were used to determine 
the conditional boundary of yield δ0,2, ultimate strength 
δelasticity and the maximum deformation before failure Σmax.

Bending deformation was also performed in the instal-
lation of MRC-1 with a prefix for four-point bending. For 
this purpose, samples of alloys with a size of 40x5x0,5 
mm from different remelting groups were used.

The structure of the alloy was studied on a JSM-820 
scanning electron microscope with a Link AN 10/85 S 
X-ray microanalysis system by plotting element distribu-
tion maps using the corresponding X-ray lines. The studies 
were carried out on cross-sectional sections of the samples, 
in this case, both the chemical and phase composition were 
studied, and fractographic studies of the fracture surfaces 
of the samples after tensile deformation were carried out. 
X-ray structural studies were performed on a diffractom-
eter DRON-3 M.

The surface morphology of the samples destroyed after 
deformation by tension was also investigated in a JSM-
820 scanning microscope in both absorbed and reflected 
electrons.

Quantitative indicators of physical and mechanical 
properties of metal alloys were processed by the method of 
variation statistics according to Student-Fisher. Statistical 
processing of the obtained results was performed using an 
integrated application package “Microsoft Excel” [12, 13].

RESULTS 
To study the microhardness index, the mechanical prop-
erties and structure of the dental alloys Remanium GM 
700 and Remanium СSe manufactured by the Dentaurum 
Company were studied after six successive remelts.

Table I shows the average data of measurements of the 
microhardness of the investigated alloy Remanium GM 
700 and Remanium CSe at 20 points both in the state of 
delivery and after each of six successive remelts at various 
loads on the indenter.

An analysis of microhardness measurements of the 
Remanium CSe alloy shows that two tendencies are well 
traced – a decrease in microhardness for an increase in 
the load on the indenter and a decrease in microhardness 
during successive remeltings. Both of these tendencies 
took place in the study of the Remanium GM 700 alloy 
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samples, moreover, because the first of them is typical for 
all materials.

According to the second tendency, for the samples of 
the RemaniumC Se alloy, a decrease in the microhard-
ness is observed already after the first remelting, while 
for the samples of the Remanium GM 700 alloy it is less 
pronounced.

Table II shows the values of the modulus of elasticity for 
samples of the alloy Remanium GM 700 and Remanium 
CSe after each remelting in comparison with the passport 
data.

Within the experimental error, it is clearly seen that the 
value of the elastic modulus remains constant after all six 
remelts of the Remanium GM 700 alloy and corresponds to 
the passport data. In remelted samples of Remanium CSe 
alloy, the modulus of elasticity is higher than in the pass-
port data, which cannot be explained by accidental error.

The most significant difference in comparison with the 
passport data was observed in the value of the maximum 
deformation before damage: in the samples studied by us, 
Σmax did not exceed 1%, while the manufacturer guarantees 
this value at the level of 4%. Regarding the values of δ0,2, 
and δelasticity, for the initial remelting there is a good coin-
cidence of measured and passport data.

At the same time, after repeated remelting, another type 
of deformation curves is observed, which is characterized 
by a much earlier damage, mainly in the area of elastic 
deformation, which indicates the brittle nature of the dam-
age. The latter is also confirmed by the appearance of the 

damaged surface. In this case, the ultimate strength of such 
samples δelasticity can be several times lower in comparison 
with the ultimate strength for curves of the first type δelasticity.

Of particular interest is the relationship between the 
indicated types of deformation curves and the nature of 
damage – if only the first type of curves is characteristic of 
the initial remelting, then starting from the third remelting, 
the second type appears, and it begins to prevail before 
the sixth remelting.

The data of the conditional yield point of δ0,2 forsam-
pels having deformation curves of the first type within 
the experimental data does not depend on the number of 
remelts and quite accurately coincides with the passport 
value of 740 MPa.

Ultimate strength δelasticity tends to decrease as the num-
ber of remelts increases and does not reach the passport 
value of 960 MPa, which is primarily associated with the 
above-mentioned marked decrease in the maximum de-
formation to damage. These values of δelasticity (for curves 
of the second type) indicate a catastrophic decrease in the 
strength of these samples.

Thus, the presented results of a comprehensive study of 
the mechanical characteristics of the dental alloy Remani-
um GM 700 indicate a tendency for these characteristics to 
decrease as the number of remelts increases. At the same 
time, some samples after the third remelting and further 
have a brittle behavior with a catastrophic decrease in 
strength characteristics, and its probability increases sig-
nificantly as the number of remelts increases.

The deformation curves of the Remanium СSe alloy 
sampels after each remelting have a standard parabolic 
form. Three parameters were studied on these curves: the 
conditional yield strength of δ0,2, the yield strength of δmax, 
the maximum deformation to damage Σmax.

In terms of the Σmax value, as in the Remanium GM 700 
alloy, there was a significant decrease in this value in 
comparison with the passport data (15%). According to 
our data, Σmax does not exceed 3%. The conditional yield 
strength systematically exceeds the passport data, while 
the yield strength is partially inferior to the passport value.

Thus, the mechanical properties of the alloy Remanium 
СSe at six consecutive remelts practically do not show 
degradation. There is only a slight decrease in the indi-

Table I. The value of microhardness (Hv, in GPa) of samples (n=10) of the alloy Remanium GM 700 and Remanium CSe at different loads 
Remanium GM 700 Remanium CSe

Load
Sample 10 gr 20 g 50 g 100 g 10 g 20 g 50 g 100 g

Primarysample 7,9 7,9 6,8 6,4 4,5 5,02 4,89 4,65

I remelting 6,7 5,5 5,8 5,6 3,22 3,05 2,98 2,75

II remelting 6,6 5,8 5,2 5,7 2,93 2,92 2,74 2,52

III remelting 5,9 5,1 5,4 4,9 2,58 2,87 2,8 2,82

IV remelting 4,8 5,4 4,9 4,8 3,0 3,08 3,0 2,79

V remelting 4,9 5,1 4,6 4,6 2,72 2,63 2,54 2,45

VI remelting 4,7 4,7 4,3 4,5 2,6 2,20 2,45 2,39

Table II. The modulus of elasticity of samples of alloys Remanium GM 700 
and Remanium CSe (E, GPa)

Remanium GM 700 Remanium CSe

Passport data 230 170

I remelting 231 188

II remelting 234 195

III remelting 220 190

IV remelting 215 196

V remelting 220 193

VI remelting 223 192
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vidual studied characteristics (Нv, δmax, Σmax) after the first 
remelting, while other characteristics (Е, δ0,2) even exceed 
the passport data after all remelts.

The data obtained using X-ray microanalysis averaged 
over an area of 500x500 μm2 data on the content of the 
three main alloy elements after each of the successive re-
melts suggests that the composition of the Remanium GM 
700 alloy has not changed and corresponds to its passport 
data after all remelts.

However, the analysis of local data indicates a significant 
inhomogeneity of the composition in the remelted samples, 
which also grows as the number of remelts increases. The 
indicated inhomogeneity, on the one hand, is due to the fact 
that the alloy is two-phase. At the same time, if in the initial 
samples the second phase is so small that it was possible to 
recognize it only with the help of X-ray structural analysis, 
then in the remelted samples the sizes of the inclusions of 
the second phase are higher, and it was possible to find it 
on the electron microscopic images of the surface of thin 
sections of all remelted samples.

In our opinion, the structural differences between the 
remelted alloy samples and the primary ones found by 
us cannot make significant changes in their mechanical 
properties which were proved in the course of the study.

A comparative study of the fracture surface of the samples 
after plastic and brittle damage has shown that for brittle dam-
age rather large (~ 50 μm) grains are formed on the fracture 
surface, embedded in the amorphized matrix. The composi-
tion of these inclusions, determined by X-ray microanalysis, 
corresponds to silicon oxide with carbon impurities.

It is known that silicon and carbon in small amounts 
are included in the alloy. In addition, silicon and carbon 
are contained both in the material of the crucibles, where 
the initial alloy is melted, and in the material from which 
the molds are made, where the remelt is poured for so-
lidification.

All this allows us to assume that silicon and carbon, 
which are part of the alloy, and obtained additionally from 
the outside, are localized in certain places of remelting, 
making these places very low-strength due to the high 
brittleness of oxides and insufficient connection of inclu-
sions with the matrix.

The number of samples with a high local concentration 
of these inclusions increases with successive remelting, 
which leads to an increase in the number of brittle damage 
to the samples during stretching.

Changing the remelting mode (holding time in the 
molten state, additional movement of the melt, vacuum 
remelting, addition of a certified alloy to the remainders 
during remelting) made it possible to avoid these negative 
phenomena, which made it possible to more efficiently re-
use the Remanium GM 700 alloy in orthopedic structures.

The results obtained by X-ray microanalysis for the con-
tent of the three main elements (Ni, Cr, Mo) of the alloy 
after each remelting showed that repeated remelting does 
not lead to significant changes in the content of the main 
elements. However, in the Remanium CSe alloy, a rather 
high compositional inhomogeneity is observed. As evi-

denced by scanning electron microscopic observations and 
X-ray diffraction analysis, the research alloy is two-phase, 
and the dimensions of the second phase are extremely 
small, although they increase with the number of remelts.

X-ray microanalysis of the composition of the alloy on 
the surfaces of the damage showed that in contrast to the 
alloy Remanium GM 700 in the experimental alloy Re-
manium CSe found no oxides and carbides, which lead to 
the fragility of this alloy. The revealed circumstance fully 
explains the fact that in the process of six-fold remelting 
of the Remanium СSe alloy, a catastrophic decrease in its 
strength characteristics is not observed.

Obtained results indicate that Remanium CSe alloy can 
be reused repeatedly for the manufacture of one-piece 
orthopedic structures, and for Remanium GM 700 alloy 
can also be recycled, but for this the alloy does not need 
to be overheated.

Due to the fact that there are a large number of alloys of 
different types and with different numbers of components, 
as well as different manufacturers, we consider it appropri-
ate to sort the residues of alloys by type and manufacturer 
in order to carry out full recycling.

Thus, the obtained results of the chemical, physic-mechan-
ical and structural properties of the remelts indicate that the 
Remanium GM 700 and Remanium СSe alloys can be reused 
many times for the manufacture of one-piece orthopedic 
structures in that they are identical with certified alloys.

DISCUSSION 
To solve these problems, laboratory and experimental 
studies were conducted, which consisted in a comparative 
assessment of the physical and mechanical properties and 
structure of the experimental alloys after their repeated 
remelting.

The analysis of local data indicates a significant inhomo-
geneity of the composition in the remelted samples, which 
increases with an increase in the number of remelts. This 
inhomogeneity, on the one hand, is due to the fact that the 
investigated alloys are two-phase.

Studying the physical and mechanical properties of re-
search metal alloys, a structural analysis of prototypes on 
the fracture surface was carried out. The results of the study 
showed that the Co-based alloy (Remanium GM 700) has 
a higher microhardness in the cast and heat-treated state, 
and, in contrast to the Ni-based alloy (Remanium CSe), 
heat treatment of this alloy increases its microhardness. 
This can be explained by the fact that after casting Rema-
nium GM 700 we found large (5-10 μm) inclusions of the 
second phase, enriched with chromium and molybdenum, 
and the microhardness of this phase is much higher than 
the microhardness of the matrix [14-16]. According to our 
data, heat treatment partially dissolves the second phase 
in the matrix, which causes the transition of Cr and Mo 
atoms into it and increases the microhardness.

The structural differences of the remelted samples from the 
initial ones revealed by us cannot make significant changes 
in their mechanical properties, which have been proved.
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The selection of the optimal alloying degree of alloys 
by using microadditives from standardized alloys made it 
possible to obtain alloys with sufficient strength, ductility, 
and fluidity that meet international standards and provide 
the functional properties of non-removable solid cast struc-
tures of dentures, and reduce the consumption of alloys.

CONCLUSIONS 
The study shows the possibilities of using the alloys Rema-
nium GM 700 and Remanium CSe after repeated remelting 
for the manufacture of non-removable one-piece structures 
of dentures.

Based on laboratory and experimental research data, a 
method of alloy recirculation has been developed. It can 
be argued that the method of six-fold vacuum remelting 
provides an increased purity of the Remanium GM 700 and 
Remanium CSe alloys and allows the use of remelting with 
the addition of alloying components many times.

In terms of structure, qualitative and quantitative com-
position of elements, physical and technological properties 
of repeatedly remelted alloys Remanium GM 700 and 
Remanium CSe meet the requirements for materials used 
in biologically active environments of patients.

High-quality and cost-effective reusable vacuum remelt-
ed alloys Remanium GM 700 and Remanium CSe can be 
recommended for use in practical orthopedic dentistry 
six times.
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INTRODUCTION
Periodontal diseases invariably remain among the most 
common dental diseases. According to the epidemiolog-
ical data from international studies, the prevalence of 
periodontal diseases is 80-100% of the world population 
[1]. The leading place in the structure of clinical forms of 
generalized lesions of periodontal tissue belongs to chronic 
generalized periodontitis (CGP) as the main disease that 
leads to premature tooth loss.

Currently, there is a great number of scientific papers 
devoted to the in-depth study of the relationship of CGP 
with general somatic pathology, in particular with cardio-
vascular diseases (CVD) [2-4], which remains the most 
common cause of death worldwide [5].

Coronary artery disease (CAD), which results from the 
atherosclerotic vascular lesion, is diagnosed in 15-20% of 
the adult population of different countries [5]. An active 
discussion of  the etiopathogenetic links and the impact of 
CGP on the development and course of CVD, including 
CAD, received a response from cardiologists. The Euro-
pean guidelines on cardiovascular disease prevention in 
clinical practice (ESC, 2016), which aim to identify and 
control the main risk factors for diseases of the circulatory 
system, indicate the important role of CGP in the develop-
ment of CAD [6]. CGP is considered an independent risk 

factor for cardiac diseases associated with atherosclerotic 
vascular lesions; in particular, special emphasis is placed 
on the presence of periodontal pathogenic microflora. 
The existence of a close relationship between disorders 
of lipid metabolism and hypercholesterolemia with CGP 
is evidenced by the INVEST study (Oral Infections and 
Vascular Disease Epidemiology Study), which found that 
improving the clinical and microbiological parameters 
of periodontal tissues reduces the rate of progression of  
thickening of carotid intima-media complex, i.e. the pro-
gression of atherosclerosis [7].

In recent years, the increase in the number of scientific 
studies has been observed to raise the questions of direct 
or indirect pathogenetic effects of specific microbiota of 
periodontal pockets on the process of atherogenesis [4,7]. 
The main factor in the virulence of periodontal gram-neg-
ative microorganisms is endotoxins, which are similar to 
lipopolysaccharides by their chemical nature that are a part 
of cell membranes. The very presence of lipopolysaccha-
rides leads to the activation of the immune system, increase 
in plasma concentrations of  proinflammatory cytokines 
(IL-6, TNF-a), biochemical parameters such as C-reac-
tive protein, fibrinogen, total cholesterol, triglycerides, 
etc., which in turn cause systemic inflammation and then 
atherosclerosis [8].
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ABSTRACT
The aim: To study the rate of detection of specific periodontopathogenic microbiota in patients with chronic generalized periodontitis (CGP) and coronary artery disease (CAD) 
and assessment of the risk of periodontal pathogens in the development of CAD.
Materials and methods: A microbiological study of the content of periodontal pockets was carried out in 64 patients with CGP and CAD of the study group (mean age – 56.9±7.9 
years) and 20 patients of the comparison group (mean age – 45.2±11,8 years) who were not burdened with CAD. 
Results: It was established that in patients with CGP and CAD the following periodontal pathogens were found more frequently than in the comparison group: Aggregatibacter 
actinomycetemcomitans (56.3±6.20% vs 25.0±9.68%; p=0.01), Prevotella intermedia (54.7±6.22% vs. 20.0±8.94%; p=0.01), and Fusobacterium spp. (34.4±5.94 vs. 10.0±6.71%; 
p=0.04). The increase in the percentage of the association of the periodontal pathogens was revealed in patients with CAD, which increased with the severity of the pathological 
process in periodontal tissues. The results of the study indicate the association of A. actinomycetemcomitans, P. intermedia, Fusobacterium spp. with CAD: A. actinomycetemcomitans: 
OR=3.86 (95% CI: 1.25-11.90), p=0.015; P. intermedia: OR=4.83 (95% CI: 1.45-16.05), p=0.007; Fusobacterium spp.: OR=4.71 (95% CI: 1.00-22.20), p=0.035. 
Conclusions: Analysis of the microbiological study indicates a high rate of detection of specific periodontal pathogens in patients with CGP and CAD. It can be assumed that the 
presence of such periodontal pathogens as A. actinomycetemcomitans, P. intermedia, Fusobacterium spp., significantly increases the risk of CAD.
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On the other hand, the relationship between periodontal 
microbiota and cardiovascular pathology, including CAD, 
endocarditis, etc., is associated with transient bacteremia that 
occurs after such dental manipulations as professional hygiene, 
tooth extraction, and other surgical interventions in the oral 
cavity [8-10].  According to Mazur I.P. (2018) and Kharchenko 
N.L. (2012), the presence of pathogenic microorganisms –  
Staphylococcus aureus (16.3%), Staphylococcus pyogenes 
(11.6%), and Streptococcus viridans (14.0%) was revealed in 
the bloodstream at the 15th minute in 44.1% of patients who 
underwent dental interventions. These microorganisms also 
remained in the blood at the 30th minute after manipulation and 
were detected in 16.2% of patients [10]. The increased risk of 
transient bacteremia is more typical for people with periodontal 
diseases because periodontal pockets contain a large number 
of pathogenic microflora [9,10]. Short-term or long-term 
episodes of bacteremia lead to the spread of microorganisms 
in the bloodstream and their attachment to the walls of blood 
vessels, endocardium, heart valves, and atherosclerotic plaques 
[9]. The results of polymerase chain reaction studies indicate the 
presence of rDNA of such periodontal pathogens as Porphy-
romonas gingivalis, Aggregatibacter Actinomycetemcomitans, 
Bacteroides forsythus, Treponema denticola in atherosclerotic 
plaques of human carotid arteries [8, 12, 13].  Despite the sig-
nificant amount of data that indicate the presence of periodontal 
pathogens in atherosclerotic lesions, there are also studies that 
contain conflicting results of similar studies [14, 15].

Thus, determining the types of periodontal pathogens 
that increase the risk of CAD, as well as determining the 
impact of their quantitative composition and the role of 
virulence in this process remain incompletely studied and 
require further research.

THE AIM
To analyze the rate of detection of specific periodonto-
pathogenic microbiota in patients with CGP and CAD, 
in particular, to study the risk of the association of these 
periodontal pathogens with the development of CAD.

MATERIALS AND METHODS
A microbiological study of the contents of periodontal 
pockets of  64 patients with CGP and CAD of the study 
group (mean age – 56.9±7.9 years), who were admitted to 
the Cardiology department and 20 persons with CGP not 
burdened with CAD or other systemic diseases, who were 
in the comparison group (mean age – 45.2±11,8 years). 
Among 64 patients of the study group, CGP  initial-I degree 
was diagnosed in 24 patients (37.5%), CGP II degree – in 
26 patients (40.6%), and CGP III degree – in 14 patients 
(21.9%). In the comparison group,  CGP initial-I degree 
was diagnosed in 15 patients (75.0%), CGP II degree – in 
4 subjects (20.0%) and CGP III degree was observed in 
one examined patient (5.0%).

Diagnosis of periodontal status of patients was per-
formed according to the classification by Danilevsky 
M.F. (1994) on the basis of history taking, filling the peri-

odontal examination card, which included assessment of 
periodontal tissue, in particular determining the degree of 
inflammation of gum tissue using PMA periodontal index 
(papillary-marginal-alveolar index by M. Massler modified 
by C. Parma, 1960).

The diagnosis of CAD and the results of laboratory 
tests were obtained by analyzing the medical records of 
the inpatients. The exclusion criteria were patients with a 
history of other systemic diseases and patients with CAD 
and complete secondary adentia.

Material for microbiological examination (the content 
of periodontal pockets) was collected with sterile paper 
points and immediately introduced into the semi-liquid 
Thioglycolate broth medium to detect the anaerobic bac-
teria. Culture from Thioglycolate medium was plated in 
basic agar for anaerobes, Schaedler agar with 5% Sheep 
Blood and Schaedler neomycin vancomycin agar. The 
system GENbox anaer (BioMerieux, France) was used 
to cultivate anaerobes. Studies of anaerobic microflora 
were continued after 3-4 days. Further identification of 
the group and the type of microorganisms was performed 
by morphotinctorial, cultural, and biochemical properties. 
Biochemical characteristics of the microorganisms were 
determined using test kits API 20E (BioMerieux, France). 
The identification of microorganisms was performed ac-
cording to Bergey’s classification.

According to the requirements of the basic bioethical 
provisions of the European Convention on Human Rights 
and Biomedicine from 04.04.1997 and the Helsinki 
Declaration of the World Medical Association on ethical 
principles for medical research involving human subjects 
(1964-2008), patients signed consent for examination and 
research (protocol No.3 from 25.03.2019, discussed and 
approved by the Committee on ethics of scientific research, 
experimental development and scientific works of Danylo 
Halytsky Lviv National Medical University).

Statistical analysis of the results was performed using 
Excel and IBM SPSS Statistics 20. The results of  the study 
are presented as mean±standard deviations (M±SD) (PMA 
index) and relative values: fractions with error (P±mp). 
Pearson’s chi-squared test (χ2) was used to estimate the 
probable difference in the results in the compared groups. 
The constructed tables 2×2 and the criterion of conditional 
independence (Cochran) were used to compare the odds 
ratio (OR) with 95% confidence intervals (95% CI). The 
difference between the groups was considered significant 
at p<0.05.

RESULTS 
The analysis of the obtained results of the microbiological 
study of the contents of periodontal pockets of the study 
group and the comparison group did not reveal significant 
differences in the species composition of periodonto-
pathogenic microbiota, but the proportion of detected 
individual anaerobic microorganisms differed in the com-
parison group. According to the prevalence of periodontal 
pathogens, the following species were more common in 
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patients with CGP and CAD: A. actinomycetemcomitans, 
P. intermedia, and Fusobacterium spp. In particular, A. 
actinomycetemcomitans were detected in 56.3±6.20% of 
the patients in the study group against 25.0±9.68% of those 
in the comparison group (p=0.01). P. intermedia and Fu-
sobacterium spp. detected in 54.7±6.22% and 34.4±5.94% 
of patients in the study group and 20.0±8.94% (p=0.01) 
and 10.0±6.71% (p=0.04) in the comparison group, re-
spectively (Table I). The study did not find a statistically 
significant difference in the rate of detection of P. gingivalis 
and P. anaerobius in both groups (p>0.05).

Analyzing the data on the rate of detection of periodon-
tal pathogens in patients with CAD, depending on the 
degree of  CGP (Table II), it was found that  P. gingivalis 
(87.5±6.75%), P. intermedia (62.5±9.88%), and A. actino-
mycetemcomitans (41.7±10.06%) were detected the most 

frequently in patients with CGP initial-I degree in the 
settings of the inflammatory process of moderate severity 
(PMA index was 50.3±12.6%).

There was a slight percentage increase in the rate of 
detection of gram-negative anaerobic microflora: A. acti-
nomycetemcomitans (50.0±9.81%) and Fusobacterium spp. 
(30.8±9.05) in patients with CAD with CGP II degree and 
severe inflammatory process (PMA – 76.8±12.5%). The 
percentage of detection of P. anaerobius gram-positive 
anaerobic microorganism also increased (65.4±9.33%; 
p=0.02).

There was a significant increase of gram-negative an-
aerobic microorganisms in patients with CAD and CGP 
III degree with the PMA indicator of 86.9±8.3%, which 
corresponds to the severe degree of inflammation in 
gums, compared with groups of patients with CAD and 

Table I. Rate of detection of periodontal pathogens in periodontal pockets (P±mp, %)

Periodontal pathogens
Study group

 (n=64)
Comparison group 

(n=20) χ2 p

n P±mp, % n P±mp, %

Porphyromonas gingivalis 57 89.1±3.90 18 90.0±6.71 0.01 0.91

Aggregatibacter actinomycetemcomitans 36 56.3±6.20 5 25.0±9.68 5.96 0.01

Prevotella intermedia 35 54.7±6.22 4 20.0±8.94 7.37 0.01

Fusobacterium spp. 22 34.4±5.94 2 10.0±6.71 4.44 0.04

Peptostreptococcus anaerobius 33 51.6±6.25 11 55.0±11.12 0.07 0.79

Table II. Rate of detection of periodontal pathogens in periodontal pockets of patients with CAD depending on the severity of CGP (P±mp, %)

Periodontal pathogens

CGP
Initial-I degree

 (n=24)

CGP
II degree
 (n=26)

CGP
III degree

(n=14) χ2 p

N P±mp, % n P±mp, % n P±mp, %

Porphyromonas gingivalis 21 87.5±6.75 22 84.6±7.08 14 100±0

1χ2=0.09 0.77

2χ2=1.90 0.17

3χ2=2.39 0.12

Aggregatibacter 
actinomycetemcomitans 10 41.7±10.06 13 50.0±9.81 13 92.9±6.88

1χ2=0.35 0.55

2χ2=9.70 0.002

3χ2=7.35 0.01

Prevotella intermedia 15 62.5±9.88 15 57.7±9.69 5 35.7±12.81

1χ2=0.12 0.73

2χ2=2.54 0.11

3χ2=1.76 0.18

Fusobacterium spp. 5 20.8±8.29 8 30.8±9.05 9 64.3±12.81

1χ2=0.64 0.42

2χ2=7.17 0.01

3χ2=4.18 0.04

Peptostreptococcus anaerobius 8 33.3±9.62 17 65.4±9.33 8 57.1±13.23

1χ2=5.13 0.02

2χ2=2.06 0.15

3χ2=0.26 0.61

Notes:
1χ2 – the value of Pearson’s criterion of the probability of difference between the indicators of CGP initial-I degree and CGP II degree;
2χ2 – the value of Pearson’s criterion of the probability of difference between the indicators of CGP initial-I degree and CGP III degree;
3χ2 – the value of Pearson’s criterion of the probability of difference between the indicators of CGP II degree and CGP III degree;
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CGP initial-I and II degree. Thus, the detection rate of A. 
actinomycetemcomitans increased to 92.9±6.88% (p=0.01), 
and Fusobacterium spp. – 64.3±12.81% (p=0.04). It should 
be noted that P. gingivalis was detected in 100% of the ex-
amined patients with CAD and CGP III degree.

Analysis of the results of the odds ratio indicates that the 
following periodontal pathogens were significantly associ-
ated with CAD: A. actinomycetemcomitans: OR=3.86 (95% 
CI: 1.25-11.90), p=0.015; P. intermedia: OR=4.83 (95% CI: 
1.45-16.05), p=0.007; Fusobacterium spp .: OR=4.71 (95% 
CI: 1.00-22.20), p=0.035 (Table III).

Thus, the probability of detection of A. actinomycetem-
comitans in patients with CAD is 3.86 times higher than 
in patients with CGP without CAD. A similar situation is 
also characteristic of P. intermedia and Fusobacterium spp. 
– the probability of detection of these microorganisms in 
patients with CGP and CAD is 4.83 and 4.71 times higher 
than in the comparison group, respectively.

DISCUSSION
Reviewing the researches that studied the relationship between 
periodontal pathogens and CVD, including CAD, it may be 
assumed that most authors confirm the hypothesis of the 
association of periodontal pathogens with CAD [4,7,8,16,17]. 
Therefore, in the study of the contents of periodontal pockets of 
patients with CAD, the most common periodontal pathogens 
were: P. gingivalis, P. intermedia, A. actinomycetemcomitans, Fu-
sobacterium nucleatum, T. forsythensis (Tannerella forsythensis), 
T. denticola (Treponema denticola), and others [16,17,18,19]. 
However, the results of studies of the species composition 
namely, the association of individual periodontal pathogens 
with CAD, are ambiguous. For example, a study by Spahr A. 
et al. CORODONT (The Coronary Event and Periodontal 
Disease) did not find a significant statistical difference in the 
prevalence of periodontal pathogens in patients with CAD and 
in subjects who have not been diagnosed with CAD [19]. At 
the same time, the total periodontal pathogenic infection in 
periodontal pockets was significantly higher in patients with 
CAD, with the main portion of A. actinomycetemcomitans and, 
to a lesser extent, P. intermedia.

The high rate of detection and association of A. acti-
nomycetemcomitans and P. intermedia  with CAD are 

indicated by the results of studies by Mantyla P. et al.  and 
Nonnemacher C. et al., respectively [17,18]. It should be 
noted that the periodontal pathogen P. intermedia, which 
is associated with CAD, has also been frequently detected 
in patients who suffered from myocardial infarction, as 
confirmed by a study by Andriankaja O. et al. [16].

According to the analyzed literature data, which is also 
confirmed by the results of our study, there is no reliable 
association between CAD and P. gingivalis, which is con-
sidered one of the most common pathogens of periodontal 
disease, in particular, CGP. There was no significant differ-
ence in the prevalence and total amount of  P. gingivalis in 
the content of periodontal pockets of patients with CAD 
compared with those who were not burdened with CAD.

Moreover, our study found an association between CAD 
and Fusobacterium spp. However, the available literature 
has insufficiently covered information about the role of 
this periodontal pathogen.

Thus, the results of the study complemented and con-
firmed the scientific data about the importance of the 
relationship between periodontal pathogens and the risk 
of CAD. Further study of the quantitative and qualitative 
properties of periodontal pathogens and their probable im-
pact on the development of CAD will improve approaches 
to the comprehensive treatment of patients with mutually 
aggravating diseases – CGP and CAD.

CONCLUSIONS
Analysis of the microbiological studies of  the contents 
of periodontal pockets of patients with CGP and CAD 
indicates a high rate of detection of specific periodontal 
pathogens, the percentage of which increases with the se-
verity of the pathological process in the periodontal tissues. 
It can be assumed that the presence of such periodontal 
pathogens as A. actinomycetemcomitans, P. intermedia, 
Fusobacterium spp. significantly increases the risk of CAD 
by 3.86-4.71 times.
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INTRODUCTION
Tuberculosis (TB) is a known infectious disease and one 
of the top 10 causes of death worldwide. In 2019, an esti-
mate of 10.0 million new cases of TB occurred all over the 
globe, and 11% of these cases were represented by children 
under 15 years old [1]. Epidemiological factor is one of 
main factors at the tuberculosis. The risk of developing 
TB after contracting infection is variable. Some studies 
[2, 3] presented that 28.7-45.5% of children who were in 
contact with a patient with TB for 3 years or more, devel-
oped specific process. In the foci of TB infection, children 
acquire a disease caused by Mycobacterium TB derived 
from a source of infection [4, 5]. The social factor [6] and 
the absent of the BCG vaccination are also important in 
the development of the TB among children. The clinical 
case of pulmonary TB combined with specific destructive 
spondylitis in a 2.5-year-old BCG unvaccinated child 
showed a severe course of the process and difficulties in 
diagnosing. Child`s lack of antituberculosis immunity 
caused a rapid progressive lesion of the spine and lungs 
which was rapidly complicated by a nonspecific pathology 
[7]. Equally important is the presence among children of 
the comorbid pathology [8], which weakens the child`s 
body, reduces immunity, what contributes to the accession 
of the infection. The research shows that among children 
with urogenital disorders developed extrapulmonary forms 
of TB or combinations of pulmonary and extrapulmonary 
forms [9]. The clinical manifestations of the accompanying 

diseases, in combination with a specific process, complicate 
the diagnostics of tuberculosis [10, 11]. It is important to 
assess which forms of tuberculosis are combined with co-
morbidities and what variants of comorbidities are typical.

THE AIM
The aim is to study the structure of clinical forms of 
tuberculosis which are combined with comorbidities, to 
prevent the development and to improve the diagnostics 
of tuberculosis among children with nonspecific diseases.

MATERIALS AND METHODS 
This documental and retrospective research used medical 
files to investigate the characteristics associated with TB 
among total number of hospitalized children. All medical 
files from children aged zero to fifteen years that were 
hospitalized to receive treatment for any local forms of 
TB from January 1988 to December 2017 available during 
data collection period were included. No medical file was 
excluded from data collection. The selective, retrospective 
data was collected and analyzed on the medical histories 
of 330 children, who were hospitalized in the pediatric 
department of the Lviv Anti-TB Dispensary for pulmonary 
(169 children) and extrapulmonary (161) tuberculosis 
(TB). The children were divided into the following groups: 
the first (1st) group – TB with comorbidities (n=112); the 
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ABSTRACT
The aim: To study the structure of clinical forms of tuberculosis (TB) which are combined with the comorbidities, to prevent the development, and to improve the diagnostics 
of TB among children with nonspecific diseases.
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second (2nd) group – TB without comorbidities (n=218). 
It was analyzed the following information: age, sex, place 
of residence, social factors, the presence of BCG vaccina-
tion, clinical forms of pulmonary and extrapulmonary TB, 
comorbidities, the presence of the contact with a patient 
with TB, the amount of non-specialized facilities in which 
the children were before the admission to a specialized 
hospital, the method of the detection and the duration of 
the specific process before the diagnosing. Children, whose 
postvaccination scar was absent or 1-3 mm in size, were 
considered ineffectively vaccinated with BCG. The same 
group included unvaccinated, and those children who did 
not have vaccination data.

The statistical processing of materials was performed 
using the computer program Statistica 8.0. The reliability 
of the difference between the two relative indicators was 
assessed using the Fisher test with the Metropolis algorithm 
[12]. The difference in p<0.05 was considered statistically 
significant.

RESULTS 
Young children were more often observed in the 1st group 
(40.2%), children aged 8-14 years – in the 2nd group 
(43.1%), preschoolers were in the same amount in both 
groups (27.7% and 29.4% respectively). The number of boys 
(55.4% and 49.5% respectively) and girls (44.6% and 50.5% 
respectively) in both groups did not differ significantly. In 
both groups, urban children predominated (54.5% and 
56.0% respectively). The adverse social factors were found 
in 53.6% of children of the 1st group and 47.7% of children 
of the 2nd one. In the 1st group there were significantly 
more orphans (6.3% vs. 1.4%; p<0.05). The bad habits of 
parents were more often observed in the 1st group (4.5% 
vs. 1.8%; p>0.05); in the same group there were children 
who were living in poor conditions (28.6% vs. 26.1%; 
p>0.05). The children from the 2nd group were more often 
half-orphans (20.2% vs. 15.2%; p>0.05), and from large 
families (25.7% vs. 23.2%; p>0.05). The vast majority of 
children in both the1st (77.7%) and 2nd (71.6%) groups 
were ineffectively vaccinated with BCG (p>0.05).

The study established that among 92.9% of children 
from the 1st and 85.3% of children from 2nd groups was 
observed pulmonary TB (p<0.05). At the same time, in 
56.3% and 48.6% (respectively) cases, the pulmonary TB 
was as an independent form (p>0.05), and in 36.6% and 
36.7% children (p>0.05), it was combined with an extrapul-
monary TB. In the structure of the TB of the respiratory 
organs in the 1st group the primary tuberculosis complex 
was observed more often (44.2% vs. 38.2%; p>0.05), and 
significantly less often the TB of intrathoracic lymphatic 
nodes (LN) (43.3% vs. 58.6%; p<0.05). It should be noted 
that the miliary pulmonary TB was diagnosed in both 
research groups, but in the 1st one it was occurred signifi-
cantly more often (11.5% vs. 2.7%; p<0.01). At the same 
time, there was a significantly (p<0.05) higher percentage 
of children with the generalized forms of the pulmonary 
TB in the 1st group in comparison to the 2nd one (14.3% 

vs. 3.6%). It was established that the proportion of the 
pulmonary TB detected in the phase of infiltration, seeding 
and decay among children of the 1st group was significant-
ly higher (26.0% vs. 13.4%; p<0.01), but detected in the 
infiltration phase (59.6% vs. 67.2%; p>0.05), in the phase 
of calcification and calcination was slightly lower (5.7% 
vs. 10.8%; p>0.05) (Figure 1). The phase of compaction of 
children of the studied groups did not differ significantly 
(8.7% vs. 8.6%; p>0.05). Among children of the 1st group 
bilateral lesions were noticed more frequently (31.7% 
vs. 22.0%; p>0.05). At the same time, in the 1st group of 
children, compared to the 2nd one, the complications of 
the pulmonary TB were found significantly often (19.2% 
vs. 1.6%; p<0.001). It should be noted that three children 
from the 1st group had the complex of complications of 
the pulmonary and the extrapulmonary TB.

It was found that among 49 (43.8 %) children from the 
1st group and 112 (51.4%) children from the 2nd one had 
extrapulmonary TB. The comparative analysis of the struc-
ture of clinical forms of the extrapulmonary TB (Figure 
2) showed that 32.7% (16 of 49) of children from the 1st 
group and 33.0% (37 of 112) of children from the 2nd one 
were found with the TB of the peripheral LN. The tubercu-
lous meningitis and the TB of the central nervous system 
(CNS) (18.4% vs. 23.2%), the TB of the bones and joints 
(14.3% vs. 25.0%), and the TB of the eyes (6.1% vs. 8.0%) 
were observed somewhat less frequently (p>0.05) among 
children from the 1st group. At the same time, the propor-
tion of the TB of other localization was slightly higher in 
the 1st group (14.3% vs. 7.1%; p>0.05). In the structure of 
the TB of other localizations among children from the 1st 
group the TB of intestines was observed in 4 cases, the TB 
of spleen – in two cases, one child had the TB of skin; in 
the 2nd group it was found the TB of kidneys and skin in 
three cases, the TB of intestines and spleen – in one. The 
complications of the extrapulmonary tuberculosis were 
developed among 24.5% (12 of 49) children from the 1st 
group and 27.7% (31 of 112) children from the 2nd one.

Thus, among children with comorbidities, the pulmo-
nary TB was more often found, the primary tuberculosis 
complex and the miliary pulmonary TB were prevailed. 
The specific process of the respiratory system was often 
bilateral, in the phase of infiltration, seeding and decay. 
The extrapulmonary TB was observed among children 
with comorbidities and without them.

In order to analyze the comorbidities (Table I) the chil-
dren from the 1st group were divided into 2 subgroups: a 
subgroup of children with the pulmonary TB (63 people) 
and a subgroup of children with the extrapulmonary TB 
(49). It was found that children with the pulmonary TB 
were significantly more likely to have infectious and para-
sitic diseases (41.3% vs. 22.4%; p<0.05), and respiratory dis-
eases (14.3% vs. 2.0%; p<0.05). In addition, only this group 
was diagnosed with diseases of the eyes (6.3 %) and ears 
(1.6%). Among infectious and parasitic diseases among 
children with the pulmonary TB most often were found 
ascariasis (42.3%), enterobiosis (23.1%), in one case –  
a combination of them, and in 7.7% – trichofacillosis; 
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Table I. Distribution of the comorbidities among children with extrapulmonary and pulmonary tuberculosis

Presence of the infectious or somatic diseases or conditions of 
the various organs and systems

Pulmonary  
tuberculosis

(n=63)

Extrapulmonary 
tuberculosis

(n=49)

number % number %

Infectious and parasitic diseases 26 41.3 11 22.4

Protein and mineral metabolism disorders 1 1.6 5 10.2

Diseases of the respiratory system 9 14.3 1 2.0

Diseases of the hematopoietic system 4 6.3 8 16.3

Diseases of the digestive system 3 4.8 5 10.2

Diseases of the endocrine system 2 3.2 4 8.2

Diseases of the cardiovascular system 5 7.9 4 8.2

Diseases of the immune system 2 3.2 3 6.1

Diseases of the central nervous system 2 3.2 3 6.1

Diseases of the urinary system 2 3.2 3 6.1

Diseases of the muscular system 1 1.6 2 4.1

Diseases of the eyes 4 6.3 - -

Diseases of the ears 1 1.6 - -

Hand skin burn 1 1.6 -

Fig. 1. The phases of the pulmonary tuberculosis 
among children of the 1st and the 2nd groups.

Fig. 2. The structure of clinical forms of the 
extrapulmonary tuberculosis among children of 
the 1st and the 2nd groups.
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among diseases of the respiratory system it was found 
bronchitis (55.6%). The infectious and parasitic diseases 
were combined with the TB of intrathoracic LN and the 
primary tuberculosis complex in equal amounts (50.0%). 
The diseases of the respiratory (55.6% vs. 44.4%; p>0.05) 
and cardiovascular (80.0% vs. 20.0%; p>0.05) systems were 
more common among children with the TB of intrathoracic 
LN. At the same time, diseases of the eyes (75.0% vs. 25.0%; 
p>0.05), diseases of the CNS and ears were accompanied 
by the primary tuberculosis complex.

The children with the extrapulmonary TB were signifi-
cantly more likely to have diseases of the hematopoietic 
system (16.3% vs. 6.3%; p>0.05), the vast majority of 
iron deficiency anemia (87.5%), as well as diseases of the 
digestive system (10.2% vs. 4.8%; p>0.05): gastritis, gastro-
duodenitis, cholecystitis, enterocolitis. The iron deficiency 
anemia was observed in 50.0% of children with the TB of 
the peripheral LN, in 25.0% – with the TB of the CNS, in 
one case – with the TB of the bones and joints and with the 
TB of intestinal organs. The diseases of the digestive system 
were detected among children with the TB of the intesti-
nal organs, the TB of the spleen, the TB of the mesenteric 
LN, and in 40.0% of the cases – with the TB of the CNS. 
Among children with the extrapulmonary TB, protein and 
mineral metabolism disorders were observed somewhat 
more often (10.2% vs. 1.6%; p>0.05), namely it was found 
in 3 (60.0%) children the malnutrition of the second stage 
and in one case – cachexia and rickets. The pathology of 
the endocrine system (growth disorders, thyroid and ad-
renal function) was also more common among children 
with the extrapulmonary TB (8.2% vs. 3.2%; p>0.05), at 
the same time in 50.0% of the cases – with the TB of the 
bones and joints. It should be noted that two children with 
the TB of the peripheral LN and one child with the TB of 
intrathoracic LN the pathology of the immune system was 
represented by HIV infection. Thus, bronchitis, infectious 
and parasitic diseases prevailed among children with the 
pulmonary TB, anemia, diseases of the digestive and en-
docrine systems were more often observed among children 
with the extrapulmonary TB.

It is important that the larger amount of children in the 
researched groups had a contact with a patient with TB 
(56.3% vs. 51.4%; p>0.05), more often with family mem-
ber (68.3% vs. 69.6%; p>0.05). Both children from the 
1st and 2nd groups were in the contact with person with 
discharging bacteria (34.9% vs. 37.5%; p>0.05), and were 
from foci of death (11.1% vs. 13.4%; p>0.05). Children 
from the 1st group who were in contact with person with 
discharging bacteria were less often under the supervision 
of the Anti-TB dispensary (63.6% vs. 81.0%; p>0.05). 
Chemoprophylaxis in both study groups was performed 
rarely (7.9% vs. 17.9%; p>0.05). It is important to note that 
45.5% of children from the 1st and 16.7% children from 
the 2nd group were in contact with person with discharg-
ing bacteria who had resistant forms of the TB (p<0.05). 
Thus, 36.4% of children with comorbidities, who were into 
contact with patients, including those with resistant TB, 
were not under the supervision of the Anti-TB dispensary.

It was established that mostly children of these groups 
were found during the application for the medical care 
(72.3% vs. 72.0%; р>0.05), more seldom during the ini-
tial examination the children who were in the contact 
with TB patients (17.9% vs. 20.2%; р>0.05) and during 
the preventive examination (9.8% vs. 7.8%; р>0.05). It 
should be noted that children from the 1st group during 
delivering medical care were more often detected within 
2 weeks (33.3% vs. 30.6%; р>0.05) and one month (44.4% 
vs. 31.8%; р>0.05), and children from the 2nd group – 
within 6 months (13.8% vs. 19.7%; р>0.05), one year (3.7% 
vs.12.7%; р<0.05), and more than one year (4.9% vs. 5.1%; 
р<0.01). At the same time, it was investigated that during 
the examination of the contacts of children from the 1st 
group, compared with children from the 2nd group, the 
diagnosis was significantly less often established within 2 
weeks (30.0% vs. 70.5%; р<0.01), slightly often within one 
month (55.0% vs. 29.5%; р>0.05). It should be noted that 
only among children with TB and concomitant pathology 
before diagnosing, the specific process lasted 6 months in 
one case and one year – in two cases. Thus, the comor-
bidities contributed to the londer-term detection among 
children who were in the contact with a patient with TB.

It was found that the vast majority of the children were di-
agnosed with the TB in the clinic (39.3% vs. 40.8%; p>0.05), 
and during their stay in one of the non-specialized medical 
facilities (37.5% vs. 35.8%; p>0.05). It should be noted that 
before the diagnosing, the children from the 1st and 2nd 
groups were in two (17.0% vs. 17.0%; p>0.05) and three or 
more (6.2% vs. 6.4%; p>0.05) somatic hospitals. Among 
children from the 1st group, the clinical manifestations of 
the concomitant pathology made the diagnosis of TB com-
plicated, among children from the 2nd group, the symptoms 
of extrapulmonary TB led to an erroneous diagnosis.

DISCUSSION 
Identification of the best strategies for prevention and con-
trol of concomitant diseases is vital for progress towards 
the fulfillment of the Sustainable Development and the 
End TB Strategy Goals. This can only be possible with a 
thorough knowledge of how these diseases develop. The 
analysis of literature sources of scientometric databases 
revealed single publications of the combination of TB of 
different localizations and other pathological conditions. 
The publication of studies of the urogenital disorders 
among ill children with TB partially reveals the impact of 
comorbidities on the course of TB. The study showed that 
children with concomitant pathology were more often 
diagnosed with TB of the respiratory organs (70.1%), 
12.1% had generalized TB, and 17.8% of children had TB 
of the extrapulmonary localization. [9]. However, in our 
study we analyzed a number of indicators among children 
with specific lesions of the pulmonary and extrapulmonary 
localizations and the concomitant pathology and identi-
fied significant differences. The vast majority of children 
with comorbidities had adverse social factors and was 
ineffectively vaccinated with BCG, what contributed to 
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the accession of a specific infection and the development 
of TB. It was found that the TB of the respiratory system 
mainly developed as the primary tuberculosis complex 
(44.2%) and the miliary pulmonary TB (11.5%). Among 
children with the concomitant pathology, the pulmonary 
TB significantly more often was observed in the phase 
of infiltration, seeding and decay (26.0%) with bilateral 
lesions (31.7%), and the subsequent development of com-
plications of a specific process (19.2%). At the same time, 
the extrapulmonary TB was more often represented by a 
specific process in the peripheral LN (32.7%) and the rare 
localization in intestines, spleen and skin (14.3%).

A systematic review of TB-endemic areas of Africa has 
emphasized the potential importance of Mycobacterium tu-
berculosis in acute severe pneumonia in children as a primary 
cause or underlying comorbidity. Was systematically reviewed 
clinical and autopsy studies done in tuberculosis-endemic 
settings that enrolled 100 children aged younger than 5 years 
with severe pneumonia. Of the 3644 patients who had culture 
of respiratory specimens for M. tuberculosis undertaken, 275 
(7-5%) were culture positive, and an acute presentation was 
common. Inpatient case-fatality rate for pneumonia associated 
with tuberculosis ranged from 4% to 21% in the four clinical 
studies that reported pathogen-related outcomes [13]. M.A. 
Romanova et al. [14] described the structure of clinical forms 
of TB and its concurrent conditions among children of differ-
ent ages depending on the degree of social disadaptation of 
their families. According to the authors, concomitant pathol-
ogy was more often observed among children with active TB 
from socially disadaptation families 82.7% vs. 76% (χ2-1.051, 
p-0.305), namely pathology of the cardiovascular system. In 
our study, the analysis of comorbidities showed that the ex-
trapulmonary TB was more often combined with the diseases 
of the hematopoietic (16.3%), digestive (10.2%) and endocrine 
(8.2%) systems, as well as with the disorders of protein and 
mineral metabolism. The iron deficiency anemia in half of 
the cases was accompanied by the TB of the peripheral LN, 
in 25.0% – the TB of the CNS. The TB of the rare localization 
and the TB of the CNS were combined with diseases of the 
digestive system. The infectious and parasitic diseases were 
more often observed with the pulmonary TB (41.3%), equal 
amounts (50.0%) with the TB of the intrathoracic LN and the 
primary tuberculosis complex. The concomitant pathology of 
the respiratory (55.6%) and cardiovascular (80.0%) systems 
was often detected with the TB of the intrathoracic LN, and 
the concomitant pathology of the eyes, ears and CNS – with 
the primary tuberculosis complex. HIV infection was noted 
in both subgroups.

It was established that more than the half of the children in 
this group were in a contact with a patient with TB, almost 
70.0% had a family contact, 35.0% – with a person discharging 
the bacteria, and 45.5% – with exudates that had resistant 
forms of the TB. The stay of the children in two or more 
non-specialized medical hospitals before the establishment 
of the TB indicates the difficulties in the detecting and the 
diagnosing the disease. Most children were found during 
administering medical care and less often during the exam-
ination of the source of the infection and during the preventive 

examination. It was proved that during the examination of the 
contact with a patient with TB among children with comor-
bidities till the diagnosing, the specific process lasted longer, 
which led to the development of the complications and the 
generalization in various organs. Thus, all of the above proves 
the difficulty in the differential diagnostics and setting the 
diagnosis of TB, due to the masking of the symptoms of the 
comorbidity, due to a combination of specific and nonspecific 
processes, and symptoms of the extrapulmonary TB, which 
was assessed as nonspecific processes.

CONCLUSIONS
1.  Pulmonary TB was found among 92.9% children with 

comorbidities. The specific process of the respiratory 
system was often bilateral and in the phase of infiltra-
tion, seeding and decay. Every seventh child has devel-
oped generalized forms of the pulmonary TB. 43.8% of 
children with comorbidities had extrapulmonary TB, 
which became complicated in 24.5% cases.

2.  In the structure of the comorbidities among children 
with the extrapulmonary TB more often were observed 
iron deficiency anemia, the diseases of the digestive 
and endocrine systems, malnutrition of second stage, 
cachexia and rickets. The iron deficiency anemia was 
accompanied by the TB of the peripheral LN and the 
TB of the CNS. The TB of the rare localization and the 
TB of the CNS were combined with diseases of the 
digestive system.

3.  Among children with the pulmonary TB were detected 
infectious and parasitic diseases. The concomitant pa-
thology of the respiratory and cardiovascular systems 
was often detected with the TB of the intrathoracic LN, 
and the concomitant pathology of the eyes, ears and 
CNS – with the primary tuberculosis complex.

4.  The variety of symptoms of the concomitant pathologies 
and the extrapulmonary TB has led to the diagnostic errors, 
and prolonged stay of children in several somatic hospitals.

5.  To prevent the development of the TB among children 
with non-specific diseases, it is necessary to strengthen 
anti-TB measures among them.
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INTRODUCTION 
The issue of early diagnosis of cognitive disorders is ex-
tremely relevant in modern medicine, especially in patients 
with several diseases that may affect the state of cognitive 
functions, which directly or indirectly adversely affect 
blood supply to the brain and/or metabolism, in particular 
hypertension and hypothyroidism.

Studies have shown that one of the most common 
pathogenetic factors in the formation and development of 
cognitive impairment (CI) is HD, especially its long course 
which leads to CI of varying degrees; cerebrovascular pa-
thology on the background of HD is one of the main causes 
of cognitive decline [1]. Studies of Systolic Hypertension 
in Europe trials, PROGRESS, LIFE, SCOPE, MOSES have 
shown that normalization of blood pressure (BP) signifi-
cantly reduces the risk of developing and progressing of CI 
[2]. However, according to the analysis of studies, there is 
no convincing evidence that a decrease in blood pressure 
in patients with HD without cerebrovascular disease in 
the anamnesis prevents the development of CI [3]. Despite 
the widespread world’s reports about the need to control 
blood pressure, the XVIII European Cardiac Congress in 
Birmingham presented disappointing data on the detec-
tion of HD, the attitude of patients to their condition and 

the quality of health care [4]. It was found that among all 
patients who suffer from HD, only about 50% know they 
are sick. Among those aware, only half receive antihy-
pertensive treatment. And of this half, only one in two is 
treated adequately, which is 12.5% of the cohort of people 
with HD [5]. On the basis of the Kharkiv city polyclinic, a 
long-term prospective study was conducted with the aim to 
study the course of HD, the adequacy of antihypertensive 
drugs and complications of HD in patients with diseases of 
the internal organs [6]. The results of the study (described 
in 2010) revealed the presence of polypragmatism in the 
treatment of high blood pressure, frequent use of sec-
ond-line drugs (25.1%), lack of practice of titrating doses 
of antihypertensive drugs to optimal, underestimation by 
doctors of more careful blood pressure control and lack of 
timely dose adjustment of antihypertensive drugs for HD 
patients who take drugs for the treatment of comorbidities 
that can increase blood pressure and as a result – a fairly 
low percentage of achieving the target blood pressure in 
patients (36.6%), i.e. only a third of cases.

Among all causes of cognitive impairment, metabolic 
disorders account for about 5%, in particular, thyroid 
dysfunction with the development of hypothyroidism. 
Moreover, given its duration and severity, the prevalence 
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of CI in this pathology varies, according to various authors, 
from 1.3% to 10.3% (Niafar M. et al., 2009; Catherine M. 
Otto, et al., 2012). Some authors [7] hold the view that 
cognitive functions are restored by compensating for hypo-
thyroidism, but there is another opinion: CI that developed 
in thyroid hormone deficiency is irreversible or partially 
reversible [8]. According to the results of study of thyroid 
pathology in Ukraine and Poltava region in recent years, 
the prevalence of hypothyroidism in 2005-2013 has been 
studied; it was found that doctors underestimate the need 
for more thorough diagnosis and lack of timely dose ad-
justment [9]. It should be noted that prolonged deficiency 
of thyroid hormones causes cognitive deficits, which leads 
to disability and reduced quality of life of patients. Our 
previous studies identified insufficient control of blood 
pressure in patients with hypertension and thyroid-stim-
ulating hormone (TSH) in patients with hypothyroidism. 
According to the retrospective analysis of medical docu-
mentation of patients with HD, we found insufficient blood 
pressure control; the average level of systolic/diastolic 
blood pressure (SBP/DBP) was 159.20±8.36/98.00±8.54; 
162.50±6.34/101.04±10.01 mm  Hg, respectively, for pa-
tients with hypertension and HD patients with concom-
itant hypothyroidism. Analyzing TSH level, it was found 
that at the time of examination the patients were at the 
stage of compensation (TSH=3.96±1.09 mIU/l; 4.12±0.78 
mIU/l, respectively, for patients with hypothyroidism and 
HD patients with concomitant hypothyroidism). We also 
assessed TSH levels in patients with a confirmed history of 
hypothyroidism. A retrospective analysis of the data was 
performed and it was found that in the examined patients 
the average level of TSH was insufficiently corrected, 
TSH=7.14±2.37 mIU/l; 8.03±6.77 mIU/l, for patients with 
hypothyroidism, HD patients with concomitant hypothy-
roidism, respectively. Given that HD and hypothyroidism 
are important risk factors for CI, moreover, these diseases 
can be mutually burdensome, it is especially important 
to study cognitive function in people with combined pa-
thology to determine whether these two pathologies have 
an additive effect on CI. Thus, based on our results, which 
show that HD patients had a significantly lower score in 
the memory domain, patients with hypothyroidism had 
a significantly lower score in the domain of attention and 
executive functions, and analysis of the results showed 
that taking into account the interaction factors (HD and 
hypothyroidism) it was found that 40% of the most affect-
ed cognitive domains are memory and speech, and 60% 
of patients have impaired executive functions, as well as 
optical-spatial functions, respectively. Based on the results, 
the following psychometric methods were used to screen 
for cognitive-mnestic disorders: a test for learning 10 
words according to the method proposed by A.R. Luria 
and Digit span from Mattisse scale for patients with HD; 
for patients with hypothyroidism – the method of “Selec-
tivity of attention” (G. Munsterberg test), Schulte Tables; 
for HD patients with concomitant hypothyroidism – a test 
for learning 10 words according to the method proposed by 
A.R. Luria, Schulte Tables and Clock Drawing Test. The set 

of neuropsychological techniques should be simple enough 
to diagnose CI regardless of the medical diagnosis of the 
test subject, but at the same time it should be sensitive to 
relatively minor CI, which in the absence of timely cor-
rection can lead to more severe disorders with dementia.

THE AIM
The aim of the study was to determine whether certain 
cognitive domains exist in the assessment of cognitive 
functions in HD patients, patients with hypothyroidism 
and HD patients with concomitant hypothyroidism.

MATERIALS AND METHODS 
To achieve the goal, we used the results of our published 
work on the study of neuropsychological structure of 
patients with HD, patients with hypothyroidism and HD 
patients with concomitant hypothyroidism. Retrospective 
analysis of medical records revealed insufficient long-term 
control of blood pressure and TSH, which in the future 
became the cause of CI in this group of patients [10]. A 
comprehensive clinical and neurological examination of 58 
patients (27 men and 31 women), mean age – 47.84±0.36 
years, disease duration – 13.56±0.79 years was carried out. 
The CG involved 18 people representative of age and sex 
ratio without a history of HD, hypothyroidism. Patients 
were divided into 3 groups by nosology: Group I – 21 
patients with HD who received antihypertensive therapy; 
Group II – 18 patients with hypothyroidism who received 
L-thyroxine at a dose of 100-150 mg, Group III – 19 HD 
patients with concomitant hypothyroidism who received 
appropriate treatment. Data used to select patients with 
HD were the following: stage of the disease, the degree 
of increase in blood pressure, disease duration, the level 
of SBP and DBP. Patients with HD received basic therapy 
(antihypertensive). The diagnosis of hypothyroidism was 
made by an endocrinologist according to the recommen-
dations of the American Association of Clinical Endocri-
nologists and the American Thyroid Association for the 
Diagnosis and Treatment of Hypothyroidism in Adults 
[11]. Hypothyroidism caused by autoimmune thyroiditis 
was revealed in 9 (50%) individuals, as a result of thyroid 
surgery – in 5 (27.7%) patients, and in 4 (22.3%) individuals 
hypothyroidism occurred spontaneously. At the time of 
examination, the stage of compensation of hypothyroidism 
was diagnosed in 5 (27.8%) patients, subcompensation – in 
13 (72.2%) patients. Exclusion criteria: history of traumat-
ic brain injury and stroke, mental illness, diseases of the 
blood system, cancer, persistent atrial fibrillation, chronic 
obstructive pulmonary disease (respiratory failure of the 
I-II stages), Diabetes mellitus, renal failure and hepatic 
failure in the stage of decompensation.

The study was conducted on the basis of the Endocrinol-
ogy and Neurology departments of the Ivano-Frankivsk 
Regional Clinical Hospital, as well as on the basis of the 
Hypertension department of the Ivano-Frankivsk Regional 
Clinical Cardiology Dispensary. All patients gave informed 
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consent before enrollment in the study. Assessment of 
patients’ condition was performed on the basis of an 
algorithmic standard thematic map, which included sec-
tions of clinical and neuropsychological testing. General 
clinical examination included examination by a physician, 
endocrinologist, ECG, laboratory tests. Neuropsycholog-
ical research included: Schulte Tables to assess executive 
functions, the rate of sensorimotor responses, the amount 
of active attention, training status and fatigue of patients, 
“Learning 10 words” – the method of A.R. Luria and digit 
span from Mattisse scale, which allowed to study the pro-
cesses of memorization, preservation and reproduction of 
information [12]; attention studies were performed using 
the “Munsterberg Technique” [13]. Disorders of spatial 
functions were most clearly manifested when performing 
Clock Drawing Test [13]. Statistical processing of the 
obtained data was performed using the statistical data 
analysis package Statistica 6.0. The non-parametric Kolm-
ogorov-Smirnov criterion was used to assess the statistical 
significance of the difference between the groups. Changes 
in indicators under p<0.05 were considered probable.

RESULTS 
The main complaints of patients during the examination 
were the following: “I cannot remember new informa-
tion”, “I can’t do mental arithmetic”, “I lose my mind”, “I 
don’t listen after 10 minutes of conversation”, “It’s hard to 

concentrate”, “I think slowly”, “Brain fog”, “I can’t perform 
several tasks simultaneously”, “I have lost confidence in the 
right choice”, “I postpone decisions” (Table I). A decrease 
in memory, impaired attention and psychomotor slowing 
were registered in Group III.

A detailed neuropsychological examination was per-
formed, which makes it possible to compare cognitive 
functions according to individual domains (Table II).

Having selected batteries of tests for rapid assessment of 
cognitive functions with the consideration of the specific 
clinical situation, we have registered in HD patients a de-
crease in memory according to the test for learning 10 words 
according to the method proposed by A.R. Luria (p<0.05), as 
well as Digit span from Mattisse scale (p<0.05). In patients 
with hypothyroidism, according to the method of “Selec-
tivity of attention” (G. Munsterberg test), a short span of 
attention was noted (p<0.05). For an extended assessment, 
Schulte Tables were chosen, the result of which demonstrates 
the state of the domain of the patient’s executive functions 
and proves a short span of attention. Taking into account 
the interaction of factors (HD and hypothyroidism) the 
analysis of results showed that the most affected cognitive 
domains are memory, executive functions and optical-spa-
tial functions, respectively (p<0.05). Analyzing the data, it 
should be noted that patients of Group II spent more time 
for searching words, they made more errors and omissions 
while searching and underlining words according to the 
method of “Selectivity of attention” in comparison with 

Table I. Frequency of subjective complaints of patients (M ± m)
Subjective complaints

of patients
Control Group,  

n=18
Group I, 

n=21
Group II, 

n=18
Group III, 

n=19

Memory 

“I cannot remember new 
information” 11.11±7.41 14.29±7.64 44.44±11.71*• 57.89±11.33×

“ I can’t do mental 
arithmetic ” 5.56±5.40 19.05±8.57 22.22±9.80 31.58±10.66

Attention

“I lose my mind” 16.7±8.78 14.29±7.64 33.33±11.11 42.11±11.33×

“ I don’t listen after 10 
minutes of conversation ” 5.56±5.40 14.29±7.64 44.44±11.71*• 36.84±11.07

“Psychomotor speed” 

“It’s hard to concentrate” 11.11±7.41 9.52±6.41 44.44±11.71*• 52.63±11.45×

“I think slowly” 11.11±7.41 9.52±6.41 61.11±11.49*• 68.42±10.66×

“Brain fog” 0.00 9.52±6.41 50.00±11.79*• 52.63±11.45×

Executive functions

“I can’t perform several 
tasks simultaneously” 11.11±7.41 19.05±8.57 27.78±10.56 31.58±10.66

“I’ve lost confidence in the 
right choice” 11.11±7.41 9.52±6.41 27.78±10.56 26,32±10.66

“I postpone decisions” 11.11±7.41 9.52±6.41 27.78±10.56 26.32±10.66

Notes:* reliability of the difference between the data compared to CG, (p<0.05);
• reliability of the difference between the data of Groups I and II, (p<0.05);
× reliability of the difference between the data of Groups I and III, (p<0.05).
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Group I (p<0.05). In addition, they spent more time filling 
Schulte Tables, which also confirms a short span of attention 
and instability of executive functions. The results of studies 
revealed moderate CI in patients of Group III in comparison 
with Group I (p<0.05). Thus, patients with a combination 
of HD and hypothyroidism showed a significant decrease 
in memory, executive functions, impaired optical-spatial 
functions in comparison with Group II (p<0.05).

DISCUSSION 
Therefore, all patients, according to neuropsychological 
testing, had a decrease in cognitive functions, but the most 
pronounced disorders were observed in patients with a 
combination of HD and hypothyroidism. Testing analysis 
showed that these patients had a decrease in memory, ex-
ecutive functions and impaired optical-spatial functions. 
The obtained data are consistent with the results of similar 
studies. For example, according to Yakovlev O.O. (2013), 
hypertensive patients with stage II have a decrease in short-
term memory with a relative preservation of a long-term 
one. However, there are other data in the literature: in many 
cases the decrease in concentration, memory impairment, 
as well as increased fatigue are observed [14]. There are 
controversial data on the development of CI in subclinical 
hypothyroidism. It should be noted that CI in patients 
with hypothyroidism is characterized primarily by slowed 
thinking and processing of information – bradyphrenia: 
the patient needs more than normal time and effort to solve 
intellectual tasks. Many studies have found a positive asso-
ciation of cognitive decline in subclinical hypothyroidism 
(Jensovsky J., et al., 2002; Boxtel M.P., et al., 2004). Regarding 
the denial of such a correlation, a number of authors argue 

that subclinical hypothyroidism does not cause global 
cognitive dysfunction. But in specific cognitive domains 
(memory and executive functions) there may be a slight defi-
cit. Patients with subclinical hypothyroidism and significant 
cognitive dysfunction may have independent diagnoses that 
should be evaluated and treated separately (Samuels M.H., 
2010; Roberts R.O., 2014; Kim J.M., 2010; Kramer C.K., et 
al., 2009). It is known that a long-term combination of HD 
with concomitant hypothyroidism leads to varying degrees 
of CI [12] and is a common pathogenetic factor in the de-
velopment of dementia. The relevance of the study of this 
problem is also justified by the fact that today there are no 
clear criteria for the diagnosis of CI in the combination of 
HD with concomitant hypothyroidism. This comparative 
analysis of conventional scales for determining CI can be 
used in planning a diagnostic search to ensure early effective 
verification of changes in cognitive-mnestic functions.

CONCLUSIONS 
1.  To diagnose CI in hypertensive patients who have 

cognitive function memory loss, it is advisable to use 
“10 words learning test” according to A.R.  Luria and 
Digit span from Mattisse scale. In patients with hypo-
thyroidism, attention and executive functions should be 
determined using the method of “Selectivity of attention” 
(G. Munsterberg test) and Schulte Tables. Hypertensive 
patients with a concomitant hypothyroidism should un-
dergo “10 words” method of A.R. Luria, Schulte Tables 
and Clock Drawing Test.

2.  The study proved that patients, who suffer from the 
mentioned disorders for a long time, have unstable lev-
els of TSH and blood pressure, which affects cognitive 

Table II. Indicators of cognitive functions according to neuropsychological testing
Control Group, n=12 I, n=21 II, n=18 III, n=19

Memory

Luria’s Test-1, 
words 9 [9; 10] 7 [5; 8] * 9 [8; 10] 6 [5; 7] 

*\**\***

Luria’s Test-6, 
words 8 [7; 9] 8 [7; 10] 8 [7; 9] 4 [3; 6] 

*\**\***

Digit span from Mattisse 
scale 17 [16; 17] 13[12; 15] * 16 [14; 17] 15 [13; 17] 

*\**\***

Attention

Method “Selectivity of 
attention”, points 14 [12; 16] 11 [9; 13]* 7 [5; 9] 

*\**
7 [4; 9] 

*\**\***

Executive functions / Schulte Tables /

Work efficiency, sec 39 [33; 44] 40 [39; 41] 65 [53; 78]
*\**

72 [59; 86] 
*\**\***

Optical-spatial functions

Clock Drawing Test 9 [9; 10] 9 [9; 10] 9 [8; 9] 8 [7; 9] 
*\**\***

Notes: * reliability of the difference between the data compared to CG (p<0.05);
** reliability of the difference between the data compared to Group I (p<0,05);
*** reliability of the difference between the data compared to Group II (p<0.05).
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function: 3.6% of hypertensive patients and 7.2% of pa-
tients with hypothyroidism have cognitive disorders. In 
the future, this will make it possible to identify patients 
with CI among patients with HD and hypothyroidism 
and to treat the disorders. Therefore, the results of the 
research prove that the choice of neuropsychological 
techniques should be made with the consideration of the 
specific clinical situation. This comparative analysis of 
generally accepted scales for determining CI can be used 
in planning a diagnostic search to ensure early effective 
verification of changes in intellectual and mnestic func-
tions. All this necessitates the use in practice of simple 
and reliable psychometric tools for early diagnosis of 
cognitive disorders.
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INTRODUCTION 
Multiple sclerosis (MS) is an insidious chronic inflamma-
tory autoimmune neurodegenerative disease of the central 
nervous system (CNS), which eventually leads to a severe 
long-term disability of a significant number of able-bodied 
population (2.8 million people worldwide) as a result of 
the neurological and motor deficit along with cognitive 
impairment (CI) and psycho-emotional disorders [1; 2; 3]. 
CI is a common socio-economically disabling feature of 
MS, prevailing in 40-65% of those patients, furthermore, CI 
can be present already on the early stages of the disease as 
well as predict the shift to the motor phase and future motor 
impairment [4; 5]. The factors influencing cognition still 
are not fully comprehended due to variety of controversial 
results of multiple studies. In particular, severity of CI is 
frequently correlated with age and physical disability [6], 
it also depends on the MS phenotype, age of the disease 
debut, education level, although one of the most debatable 
factors is the disease duration (DD) on account of the dif-
ficulty in determining the onset [7; 8]. Apart from those, 
some comorbidities, like anxiety or depression, can impact 
the severity of CI [4; 9]. While depression’s impact on CI 
proves to be solid [10; 11], anxiety’s influence according to 
various sources is still controversial [9; 12; 13]. Among the 
environmental factors, cognitive reserve (high IQ prior to 

the disease onset, presence of higher education, stimulat-
ing hobbies and speaking foreign language) demonstrates 
positive influence on cognitive performance in MS patients 
[14; 15], whereas, smoking cigarettes not only increases 
the frequency of relapses and hastens progression, but also 
contributes into CI deterioration [14; 16]. 

Conventional magnetic resonance imaging (MRI) of the 
brain and the spinal cord plays the crucial role for diag-
nostic (according to the 2017 reviewed McDonald criteria) 
and disease-modifying purposes since it corresponds to 
the observed clinical picture [17].

Nevertheless, the factors contributing to development 
and deterioration of CI in people suffering from MS are 
disputable and, therefore, still being studied in order to 
improve methods of treatment and rehabilitation.

THE AIM 
To clarify the influence of different risk factors (smoking, 
physical disability, disease duration, anxiety, depression 
and level of education) on cognitive impairment (CI) in 
general and in separate domains and their association 
with MRI findings in patients with relapsing-remitting 
(RRMS) and progressive forms of multiple sclerosis (SPMS 
and PPMS). 
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ABSTRACT
The aim: To clarify the influence of different risk factors on cognitive impairment (CI) in general and in separate domains and their association with MRI findings in patients 
with relapsing-remitting (RRMS) and progressive forms of multiple sclerosis (SPMS and PPMS). 
Materials and methods: One hundred and thirty-seven participants with MS (102 females and 35 males) aged from 22 to 69 years were enrolled into this study. All patients 
completed the Montreal Cognitive Assessment (MoCA), Beck Depression Inventory (BDI), Hamilton Anxiety Rating Scale (HAM-A) and undergone MRI.
Results: According to MS phenotypes all participants were divided into two groups: patients with RRMS (n= 106) and with progressive phenotypes (n= 31). A significant positive 
correlation was present between MoCA and BDI scores in all participants (p= 0,0015). Presence of anxiety did not demonstrate any valid influence on cognitive performance, 
although severe anxiety was significantly more often found in subjects with progressive phenotypes in presence of brain atrophy (p= 0,0028). Patients with higher education 
had no CI more frequently compare to those without it (p= 0,0019), whereas, participants smoking cigarettes had higher prevalence of severe CI than non-smokers (p= 0,0061).
Conclusions: Among cognitive domains memory, visual-spatial and executive functions, abstract thinking were impaired the most in MS patients, though abstract thinking 
was more often affected in progressive forms. The results demonstrated that physical disability, depression and smoking negatively impacted cognitive performance, meanwhile 
presence of higher education demonstrated a favorable influence on cognition in MS patients.
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MATERIALS AND METHODS  
This study included one hundred and thirty-seven partic-
ipants with MS (102 females and 35 males) aged from 22 
to 69 years. Thus, all participants were divided into two 
groups: A – patients with RRMS (n= 106; 81 females and 
25 males aged from 22 to 67 years, mean age: 41.8±10.7, 
disease duration (DD): 10.3±8.5 years) and B – the study 
subjects with progressive phenotypes (n= 31; 21 females 
and 10 males aged from 28 to 69 years, mean age: 47,2±13,6, 
DD: 16,6±12,5 years). The mean EDSS score in group A 
was 3,5±1,6, whereas in the group B it was 5,1±1,3. The 
study subjects were diagnosed RRMS, SPMS and PPMS 
according to McDonald’s Criteria 2017 [17]. 

A medical history was obtained from each participant. 
The examination consisted of a standard clinical evaluation, 
neurological examination, the application of neuropsycho-
logical questionnaires, laboratory tests (complete blood 
count, biochemical parameters, TSH) and polymerase chain 
reaction test for Сovid-19 (everyone had negative results). 
Every patient underwent MRI of the brain. The disability 
level in MS patients was evaluated by means of Kurtzke’s 
Expanded Disability Status Scale (EDSS). Mild disability 
equals 1-3,5 points, moderate – 4-6 points and 6,5-8 stand for 
severe disability [18]. The Montreal Cognitive Assessment 
(MoCA) was applied to evaluate presence and severity of 
CI. The MoCA includes six subcategories according to the 
domains: memory (M), language (L), attention (A), abstract 
thinking (AT), visual-spatial and executive functions (VS/
EF). The scale score was interpreted as: 30-26 points – no 
CI; 25-18 points – mild CI; <18 points – severe CI [19]. 
Beck Depression Inventory (BDI) was applied to screen for 
the presence and asses the severity of depression. This scale 
consists of 21 items that cover major depression symptoms 
according to diagnostic criteria listed in the Diagnostic and 
Statistical Manual for Mental Disorders. Each answer is 
scored from 0 to 3 points. Mean score 0–9 indicates absence 
of depression, 10–18 – mild depression, 19–29 – moderate 
depression and 30–63 – severe depression [20]. To measure 
the severity of perceived anxiety symptoms we used Hamil-
ton Anxiety Rating Scale (HAM-A). The scale consists of 14 
items, each defined by a series of symptoms, and measures 
both psychic anxiety (mental agitation and psychological 
distress) and somatic anxiety (physical complaints related 
to anxiety). Each item is scored on a scale of 0 (not present) 
to 4 (severe), with a total score range of 0–56, where 0-13 
– absence of anxiety, 14-17 indicates mild severity, 18–24 
moderate severity and ≥ 25 severe anxiety [21]. 

The patients were excluded from the study in case they 
were younger than 18 years, had progressive forms of 
MS, exacerbation stage of MS, severe depression, pelvic 
disorders, pregnancy, also including participants treated 
with corticosteroids and INF-β, that could alter the study’s 
parameters.

All study subjects provided written informed consent 
and the study was approved by the Institutional Ethics 
Committee.

The statistical data was processed by means of Graph Pad 
Prism version 9 and STATISTICA 12.5. 192.5. Student’s 

t-test (t) was applied for evaluating credibility between 
mean quantitative positions of two samples. Proportions 
were compared using χ2. Relationships between different 
indicators were assessed using the Pearson’s correlation 
coefficient (r) according to statistical distribution. A p<0.05 
value was considered statistically significant.

RESULTS 
Our patients had the following complaints: decreased 
memory, difficulties in verbalization (vocabulary), inability 
to concentrate, decreased occupational performance, fa-
tigue, lack of energy during usual daily activities, presence 
of disturbing thoughts, mood swings, general weakness, 
fatigue and anxiety. Meanwhile, the neurological exam-
ination revealed pyramidal signs, presence of pathological 
reflexes, increased muscle tone (spastic type), coordination 
impairment (intention tremor, gait and truncal ataxia, 
missing the mark), brainstem disorders (vertigo, nausea, 
slight dysarthria) and sensory disorders (in particular, 
impaired vibration and proprioception sense, paresthesia, 
Lhermitte’s sign) were revealed. Pyramidal disturbances 
(p= 0,0018), cerebellar dysfunction (p= 0,0439) and brain-
stem disorders (p= 0,0054) were observed more frequently 
in the group B.

In accordance with the results of the brain MRI, the 
majority of the study subjects had multifocal lesions in 
the white and gray matter, especially in periventricular, 
corpus callosum (CC), cortical (FL, TL, PL) areas, cere-
bellum and brainstem, presence of brain atrophy. Parietal 
(p= 0,0109) and occipital lobe (p= 0,0055) lesions, brain 
atrophy (p= 0,0008), combined lesions of frontal lobe with 
brain atrophy corpus callosum (p= 0,0021), combination of 
parietal lobe and corpus callosum lesions (p=0,0279) and 
simultaneously affected parietal lobe with brain atrophy 
(p= 0,0138) were found in the group B more often than 
in the group A. 

The mean MoCA score in group A was 23,4±4,1, while 
in the group B – 22,67±3,67. Based on MoCA score, 
participants in these groups were divided into three 
subgroups: 1 – without CI (A1 – 40; B1 – 10), 2 – with 
moderate CI (A2 – 53; B2 – 19), 3 – with severe CI (A3 – 
13; B3 – 2). There was no significant difference between 
the main groups. Moderate CI were found more frequently 
comparing to severe CI and absence of CI in the group A 
(p= <0,0001). And similarly, in the group B moderate CI 
were observed more often in comparison to severe and 
absence of CI (p= <0,0001) (Fig. 1).

In the group A the most frequently affected domain 
compare to the rest was M (69%) (p <0,0001), followed by 
VS/EF (58%) and AT (48%). As for the group B, the most 
common deteriorated cognitive domains were the same: 
M (77%) (p <0,0001), VS/EF and AT (both 68%). AT was 
present substantially more often in the group B compare 
to group A in case of TL lesion (p= 0,0024), CC lesion (p= 
0,0219), simultaneous FL, TL and PL lesions (p= 0,0302). 
There were no difference concerning other cognitive do-
mains between the two groups (Fig. 2). 
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None of the groups demonstrated a connection between 
the severity of CI and DD (group A: p= 0,8210; group B: 
p= 0,4503). 

The current study did not demonstrate a correlation 
between age and CI in both study groups (p= 0,3747). No 
connection between age and CI was observed in partici-
pants with RRMS (p= 0,7999), as well as in patients with 
progressive types of MS (p= 0,0639). 

There was a significant correlation between CI and EDSS 
score (r= 0,2433, p= 0,0042) in all participants. A significant 
positive correlation between CI and EDSS score (r= 0,1999, 
p< 0,01) was detected in the group A (Fig. 3). The study sub-
jects of the group B also show the strong positive correlation 
between CI and EDSS (r= 0,3941; p< 0,05) (Fig. 4). 

The results of BDI revealed that, the participants had 
either no signs of depression or its presence of mild and 
moderate severity, as the severe level was not detected. In 
group A 52 (49%) patients had no signs of depression, 38 
(36%) had mild depression, 16 (15%) had moderate. As for 
the group B: 11 (35%) had no depression, 16 (52%) – mild 
depression, 4 (13%) – moderate one. 

A substantial positive correlation between severity of CI and 
depression’s degree of manifestation was observed in all study sub-
jects (r= 0,3038; p= 0,0015) (Fig.5). Significant positive correlation 
between CI and depression severity was found in patients of the 
group A (r= 0.3717, p= 0.0093), as well as in patients of the group 
B (r=0,4125; p=0,0211), indicating that CI can influence the 
depressive disorder and vice versa in all MS phenotypes. 

Fig. 1. Distribution of the Levels of 
CI in Both Study Groups.
* p= <0,0001
** p= <0,0001

Fig. 2. Distribution of Affected Do-
mains in Participants of Both Groups 
in Case of Lesion of Temporal Lobe.
*p= 0,0024
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In the group A mild depression was associated with lesions 
of CC (73%), FL (63%) and PL (52%), whereas, moderate was 
connected with lesions of FL, CC (both 75%) and BA (62%). 
Meanwhile, in the group B mild depression was detected 
most frequently in case of CC (87%), FL (75%), TL (69%) 
lesions and BA (69%), moderate depression was observed 
more often in patients with PL (75%) and CC (75%). Pres-
ence of BA in case of mild depression was significantly more 
frequent in the group B compare to the group A (p= 0,0035). 

Among all study subjects 97 demonstrated the presence 
of anxiety. In 22 (23%) mild level of anxiety was observed, 
in 32 (33%) moderate and in 43 (44%) severe. FL was more 

frequently affected in cases of mild and moderate anxiety 
in comparison to severe (p= 0,0119) in all patients. 

There was no correlation found between CI severity and 
the level of anxiety in the group A (p= 0,02537). In the 
group A 33 (31%) participants had no signs of anxiety, 16 
(15%) – had mild, 24 (23%) – moderate and 33 (31%) had 
severe level of anxiety. Absence and severe level of anxiety 
appeared more often compare to mild and moderate (p= 
0,0176) in the patients of the group A. Mild level of anxiety 
was associated with lesions of СС (81%), FL (75%), TL 
(62%) and PL (50%); moderate – with FL (79%), PL (67%), 
TL (50%) and CC (58%); severe anxiety – with lesions in 

Fig. 3. The Correlation between CI and EDSS 
Scores in the group A.

Fig. 4. The Correlation between CI and EDSS 
Scores in the group B.
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CC (72%), FL (51%), PL (48%), FL (45%). The group B 
did not demonstrate a correlation between the level of CI 
and anxiety severity (p= 0,9405) as well. Among the study 
subjects of this group 7 (22%) had no anxiety, 6 (19%) had 
mild, 8 (26%) – moderate and 10 (33%) – severe; there was 
no significant difference in frequency of axiety severity 
levels (p= 0,6810) (Fig. 6). Concerning this group, mild 
level was connected with lesions of FL (100%), CC (80%); 
moderate was predominantly due to lesions of FL (93%), 
CC (67%) and PL (67%); severe was associated with CC 
(80%), BA (80%), TL (60%) and FL (50%). BA was detected 

more frequently in the group B compare to the group A in 
case of severe anxiety (p= 0,0028).

The strong positive correlation between EDSS score and BDI 
score was observed in the group A (r= 0,4396; p= <0,0001). 
No such connection was observed in the group B (p= 0,2813; 
r= 0,1252).

Among all participants 72 had received a higher educa-
tion, among which 35 did not demonstrate signs of a CI, 
32 had moderate and 5 had severe. 65 of our study subjects 
did not have a higher education, 15 of whom had no CI, 
32 had moderate and 18 had severe. Patients with MS and 

Fig. 5. The Correlation between MoCA 
and BDI Scores in All Participants.

Fig. 6. The Severity of Anxiety in All 
Study Groups.
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higher education more frequently had no CI comparing 
to those without higher education (p= 0,0019), meanwhile 
higher frequency severe CI was observed in patients with-
out higher education (p= 0,0012) (Fig.7). 

In the group A 59 participants had higher education 
(29 did not have CI, 26 had moderate and 4 had severe) 
and 47 did not (11 had no signs of CI, 27 had moderate 
and 9 had severe). No CI was more frequently diagnosed 
in those patients of the group A with high education (p= 
0,0066) (Fig. 8). 13 study subjects from the group B were 
with higher education (6 without CI, 7 with moderate, 
severe were not detected) and 18 were without (4 were 
without CI, 12 with moderate and 2 with severe). In the 
group B no connection was detected between CI severity 
and level of education. 

30 of all patients were smoking cigarettes at the time 
of the study, 107 did not have the habit. Among smokers 
26% had no CI, 40% had moderate CI and 34% had se-

vere. In the non-smoking group 39% of the study subjects 
showed no signs of CI, 49 had moderate CI and 12% had 
severe. The severe CI prevailed in smokers compare to the 
non-smoking participants (p= 0,0061).

DISCUSSION 
According to Brochet B. and Ruet A. preclinical forms and 
RRMS are characterized by the slowness of information 
processing speed and episodic verbal and visual-spatial 
memory deficits, that are more prominent than executive 
functions and verbal fluency impairment, meanwhile the 
progressive forms are characterized by information process-
ing speed, attention, working memory, executive functions, 
and verbal episodic memory deterioration to the greater 
extent compare to the RRMS [7]. And similarly our study 
demonstrated that RRMS patients had impairment of mem-
ory, visual-spatial and executive functions, abstract thinking, 

Fig. 7. The Distribution of Levels of 
Cognitive Impairment in All Partici-
pants Depending on the Presence of 
Higher Education.
* p= 0,0019
** p= 0,0012

Fig. 8. Distribution of the CI Severity in 
the Group A Depending on the Presence 
of Higher Education 
* p= 0,0066
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impact on cognition, as it demonstrated higher incidence of 
severe cognitive deficit. Previous researches demonstrated 
a solid proof that cognitive reserve (high IQ score prior to 
MS debut, presence of higher education, speaking foreign 
language and stimulating hobbies) had favorable effect on 
MS patients’ cognitive skills [14; 30], ergo, our study re-
vealed higher prevalence of cases with intact cognition and 
substantially lower number of severe cognitive impairment 
in participants with higher education.

CONCLUSIONS 
Cognitive impairment is the one of the common, yet disabling 
and socially disrupting, manifestations of MS. At the same time, 
it can be further deteriorated by progression of physical disabili-
ty, presence of neuropsychological disorders and environmental 
factors, like lack of higher education and smoking cigarettes. 
Quite frequently complaints of poor cognitive performance are 
dismissed on the background of neurological deficit. Results of 
our study stress on the importance of a mandatory thorough 
screening of cognitive impairment, since cognitive performance 
can be reliably assessed, and management of risk factors in all 
MS patients from early stages in order to prevent further so-
cio-economical maladjustment and disability of such patients 
and enroll them in adequate disease-modifying therapies.
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INTRODUCTION
Autism spectrum disorder (ASD) is a comprehensive de-
velopmental disorder that includes abnormalities in social 
interaction, communication, and restricted and repetitive 
behavior patterns. It typically appears in early childhood 
but can also be diagnosed at later stages of development 
[1, 2]. The World Health Organization estimates the prev-
alence of ASD among children and adolescents at 1: 160 
(0.63%) worldwide [3]. In Poland, the number of disabled 
people up to 16 years of age with diagnosed ASD is 44,302, 
which stands for 1: 115 (0.87%) [4]. Autism spectrum 
disorders are more common in boys than girls [1, 5-7]. 
Currently, the ratio is 3: 1 [5].

Already in antiquity, people were aware of the beneficial 
effects of contact with art on human health and psyche. 
Aristotle acknowledged this phenomenon by defining 
catharsis (Greek for purification) in his work Poetics [8]. 
However, it was not until the 20th century that the painter 
Adrian Hill introduced the concept of art therapy. He no-
ticed the positive influence of art on the healing process and 
human psyche on himself and other sanatorium patients 
where he was struggling with tuberculosis. In the following 
years, he was employed as the first art therapist in one of 
the British psychiatric hospitals and became the president 

of the British Society of Art Therapists (BAAT). He is also 
considered one of the pioneers of this type of therapy [9].

Artistic activities can be a complementary form of treat-
ment in children and adolescents with autism spectrum 
disorders. They are based on non-verbal communication, 
which makes them appropriate for them [10]. However, 
despite the increasing number of reports on the positive 
impact of art on patients, its use is not widespread [11-15].

One of the forms of art therapy is music therapy. It takes 
the form of improvising, singing, vocalizing, or listening to 
music. It is carried out by the therapist individually or in 
groups, often in the presence of the family [11]. It involves 
using music to improve communication, social skills, 
sharing, and recognizing emotions [16, 17]. In addition, it 
increases the sense of security and self-esteem [18]. Many 
studies show a clearly beneficial effect of music therapy on 
children and adolescents with ASD [11, 16, 19, 20].

Another form of art therapy is theater therapy. It 
deals with using elements of the performing arts, such 
as role-playing, pantomime, puppetry, and theatrical 
performances for psychotherapeutic purposes [12]. It is 
successfully used in children and adolescents with ASD by 
influencing their imagination [13]. In addition, it allows for 
the development of social skills, reducing anxiety, limiting 
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problem behaviors, and establishing interpersonal relation-
ships, especially family relationships [21, 22].

Another form of art therapy is artetherapy. It is a type of 
psychotherapy in which art materials are the main form of 
communication. Thanks to the mediation of an image or 
other object, it is easier for people who have problems with 
communication and verbal expression of their feelings to 
communicate with the therapist [15, 23]. In addition, the 
analysis of the colors and shapes used by the child allows 
for the analysis of the progress of therapy [24]. Artetherapy 
in children with ASD aims to alleviate symptoms related 
to difficulties with social communication and limited, 
repetitive behavior patterns [15].

Every year we observe a 20% increase in the ASD frequency 
among children and adolescents in Poland [4]. This is related 
to the increased demand for the introduction of additional, 
effective methods supporting the psychosocial development 
of children and adolescents with ASD. One of them may 
be the use of art, which is why we focus on comparing the 
effectiveness of various forms of artistic activity in our work.   

THE AIM
The study aimed to assess the impact of broadly understood 
art on children and adolescents with ASD. Unfortunately, 
there are still many inaccuracies regarding its document-
ed impact and influence on improving health in children 
with ASD. Therapy with the use of elements of art is also 
little known by many specialists, and our activities were 
associated with little dissemination of knowledge about it 
among interested parties. 

MATERIALS AND METHODS
The voluntary study involved parents and legal guardians of 
children and adolescents up to 18 years of age with diagnosed 

ASD and children and adolescents up to 18 years of age 
without such disorders. Each respondent represented one 
family. The respondents came from all Polish voivodships.

We obtained 190 responses, of which 108 were the con-
trol group (children and adolescents with no diagnosed 
ASD), and 82 were the study group (children and adoles-
cents with diagnosed ASD). The number of boys was 116 
(61.1%), and the number of girls was 74 (38.9%), of which 
55 boys and 53 girls were in the control group, and 61 boys 
and 21 girls were in the study group. The analysis distin-
guished the following age ranges: 0 to 3 years old, 4 to 6 
years old, 7 to 9 years old, 10 to 13 years old, and more than 
13 years old. The respondents also provided information 
on the population in the inhabited town, based on which 
we distinguished ranges: up to 50,000, up to 100,000, up to 
250,000, and over 250,000 inhabitants. The characteristics 
of the respondents are presented in Table I.

The study group distinguished children and adolescents 
in whom artistic activities were an element of essential ther-
apy (17 subjects). To analyze the effects of various fields of 
art, we distinguished three groups of artistic activities based 
on: music, theater, and art classes, hereinafter referred to 
as music therapy, theater therapy, and artetherapy. Their 
numbers were 14, 4, 12 subjects, respectively.

We conducted the study in the form of a voluntary, 
anonymous, online survey addressed to parents and legal 
guardians of children and adolescents with ASD (study 
group) and without such disorders (control group). The 
questionnaire was widely available on internet forums 
and in educational institutions throughout Poland. The 
questionnaire consisted of a demographic part, general 
questions about the interests of children and adolescents 
in the field of art and the knowledge of the concept of 
its therapeutic application, questions about the type and 
scope of disorders, and a part about therapy with the use 
of art elements.  

Table I. Characteristics of the study population.*
Respondents

n (%)
Control group

n (%)
Study group

n (%)

Sex
girl 74 (38.9) 53 (71.6) 21 (28.4)

boy 116 (61.1) 55 (47.4) 61 (52.6)

Age

0 - 3 yrs 2 (1.1) 2 (1.1) 0 (0)

4 - 6 yrs 5 (2.6) 0 (0) 5 (2.6)

7 - 9 yrs 49 (25.8) 33 (17.4) 16 (8.4)

10 -13 yrs 75 (39.5) 45 (23.7) 30 (15.8)

> 13 yrs 59 (31.1) 28 (14.7) 31 (16.3)

Population in the 
inhabited town

up to 50,000 106 (55.8) 76 (40) 30 (15.8)

up to 100,000 18 (9.5) 8 (4.2) 10 (5.3)

up to 250,000 46 (24.2) 21 (11.05) 25 (13.15)

above 250,000 20 (10.5) 3 (1.6) 17 (8.9)

* data obtained from parents and legal guardians of children and adolescents up to 18 years of age.
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Table V. Symptoms in terms of social relations, speech disorders, and atypical behavior in children and adolescents with ASD.
Symptoms n (%)

in terms of social relations

difficulties in establishing relationships with peers 64 (78)

not making eye contact 41 (50)

no spontaneous need to share emotions 30 (36.6)

impaired or different reaction to other people’s emotions 40 (48.8)

none of the above 4 (4.9)

other 5 (6)

Speech disorders

delayed or complete absence of speech development 41 (50)

lack of willingness to start and sustain a conversation 29 (35.4)

stereotypical and repetitive use of words and phrases 26 (31.7)

lack of spontaneous variety in pretend play or social role play 42 (51.2)

none of the above 12 (14.6)

other 4 (4.8)

Atypical behavior

absorbing one or more stereotypical interests, e.g., a form of play is to 
arrange objects (blocks, cars) in a row, in a specific order 44 (53.7)

attachment to specific, non-functional routines 38 (46.3)

stereotypical and repetitive movement patterns, including tapping or 
twirling your fingers, or complex whole-body movements 36 (43.9)

none of the above 12 (14.6)

other 6 (7.2)

RESULTS
Parents and legal guardians completed an electronic ques-
tionnaire entitled: Therapeutic impact of art on children 

and adolescents with comprehensive development disorders 
(autism spectrum disorders) and children and adolescents 
without diagnosed developmental disorders.

One hundred ninety parents and legal guardians of chil-
dren and adolescents participated in the study, of which 
43% (82 subjects) were parents and legal guardians of 
children and adolescents with ASD.

RESULTS CONCERNING THE INTERESTS OF 
CHILDREN AND ADOLESCENTS IN THE FIELD OF 
ART AND THE KNOWLEDGE OF THE CONCEPT 
OF ITS THERAPEUTIC APPLICATION
Respondents described the impact of artistic activities 
on the well-being and behavior of their children. We di-
vided the answers into positive, negative, and no impact. 
The results are presented in Table II. In both groups, we 
noticed a clear predominance of responses proving the 
positive impact of artistic activities on the well-being and 
behavior of children and adolescents with diagnosed ASD 
(the study group – 77%) and without such disorders (the 
control group – 76%). As examples of the positive impact, 
parents and legal guardians mentioned, among others, 
calming and reassuring children, improving concentration, 
and increasing self-esteem.

For the respondents from the control group, artistic class-
es were most often a form of additional classes in which 
they participated to develop their interests and passions 
and improve relations with their peers. Thus, within the 
study group, we could distinguish children and adolescents 

Table II. The impact of artistic activities on the well-being and behavior 
of children and adolescents with diagnosed disorders from the autism 
spectrum and without such disorders.

Type of impact n (%)

Children and 
adolescents without 

autism spectrum 
disorders

positive 82 (76)

negative 1 (1)

no impact 25 (23)

Children and 
adolescents with 
autism spectrum 

disorders

positive 63 (77)

negative 0 (0)

no impact 19 (23)

Table III. Have you experienced the therapeutic application of art?
Respondents Control group Study group

Yes 77 people (40.5%) 36 people (33.3%) 41 people (50%)

No 113 people (59.5%) 72 people (66.7%) 41 people (50%)

Table IV. When was your child diagnosed?
The age of diagnosis n (%)

below the age of 3 20 (24.4)

3 - 6 years old 33 (40.2)

7 - 8 years old 17 (20.7)

after the age of 10 12 (14.6)
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with ASD who received therapy using elements of art and 
those who had contact with artistic activities that were not 
elements of therapy in the home and school environment.

Then we asked the respondents if they had encountered 
a therapeutic application of art. The results are presented 
in Table III. 40.5% (77 subjects) of the respondents expe-
rienced its therapeutic use, of which 33.3% (36 subjects) 

were in the control group, and 50% (41 subjects) were in 
the study group.

RESULTS ON THE TYPE  
AND EXTENT OF DISORDERS
Parents and guardians of children and adolescents with 
ASD provided information on the age at which their chil-
dren were diagnosed with ASD. The results are presented in 
Table IV. Among the respondents, the largest group of chil-
dren was diagnosed between the ages of 3 and 6 (40.2%).

The next questions concerned the symptoms of children 
and adolescents diagnosed with ASD. We asked the re-
spondents to list the symptoms occurring in their charges 
regarding social relations, speech disorders, and unusual 
behavior. The obtained results are presented in Table V. 
The most common symptoms in children and adolescents 
with ASD regarding social relations were difficulties in 
establishing relationships with peers (78%). In terms of 
speech disorders, it was the lack of spontaneous variety of 
playing pretend or playing imitating social roles (51.2%) 
and delayed or complete lack of speech development (50%). 
However, in terms of atypical behaviors, it was absorbed 
in one or more stereotypical interests (53.7%).

RESULTS OF THERAPY WITH THE USE  
OF ART ELEMENTS
Then we asked the study participants about the use of 
elements of art in the therapy of their charges. Some chil-
dren combined more than one type of artistic activity. The 
results are presented in Figure 1. Art therapy was used in 
20.7% (n = 17) of children and adolescents with ASD, of 
which 14 subjects (82.4%) received music therapy, four 
subjects (23.5%) received theater therapy, and 12 subjects 
(70.6%) – artetherapy.

Table VI. Reasons for not using the elements of art in the therapy of children 
and adolescents with ASD.

Reasons for not using the elements of art 
in the therapy of children and adolescents 

with ASD
n (%)

I haven’t heard about art therapy 38 (58.5)

It is not possible to participate in this form of 
therapy in the immediate vicinity 10 (15.4)

I believe that the effectiveness of art therapy 
is low 3 (4.6)

Financial issues 4 (6.15)

Nobody recommended this form of therapy 2 (3.1)

Child disinterest 4 (6.15)

This form of therapy is not suitable for my 
child 1 (1.5)

Others 3 (4.6)

Table VII. The relationship between the child’s age and the use of art therapy.

The child’s age Children taking part in art therapy
n (%)

0-3 years old 0 (0)

4-6 years old 2 (11.8)

7-9 years old 2 (11.8)

10-13 years old 3 (17.6)

above the age of 13 10 (58.8)

Fig. 1. Percentage of each form 
of art therapy used with children 
and adolescents with ASD.
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Parents and legal guardians of children and adolescents 
with ASD who underwent art therapy assessed the effec-
tiveness of this type of therapy on the improvement of 

symptoms (social relations, speech, atypical behavior) oc-
curring in their charges. For this purpose, the respondents 
marked the scope of improvement on the axis consisting 

Fig. 2. The correlation between 
the type of art therapy used and 
the improvement achieved, by ASD 
symptoms category.

Fig. 3. The correlation between the 
use of a single form of art therapy 
and a combination of several forms 
of art therapy and the improvement 
obtained, taking into account each 
category of ASD symptoms.

Fig. 4. The relationship between the 
therapy used and the population of 
the respondents locality.
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of a 5-point scale, where 1 was no visible effects, and 5 was 
the improvement to a large extent. Based on the obtained 
results, we calculated the means (M), considering the type 
of therapy (music therapy, theater therapy, artetherapy) and 
the category of ASD symptoms (social relations, speech, 
unusual behavior). Detailed results are presented in Figure 
2. Among the respondents, music therapy (M = 3.43) and 
artetherapy (M = 3.42) had the most positive effect on 
disorders in social relations. In contrast, theater therapy 
had the most positive effect on speech disorders (M = 3.5).

We also analyzed the effects of using only one form of art 
therapy and the effects of combining several of their forms 
with each other. 58.8% (10 subjects) received more than one 
form of therapy, while 41.2% (7 subjects) received single 
therapy. In the analysis, we considered the average of the 
obtained data in the field of disorders in social relations, 
speech, and atypical behavior. The obtained results are 
presented in Figure 3.

We asked the parents and legal guardians of children and 
adolescents with ASD who did not use the elements of art 
in therapy why this form of treatment was not used in their 
charges. Detailed results are presented in Table VI. Among 
the respondents, the most common reason for not using the 
elements of art in the therapy of children and adolescents 
with ASD was the lack of knowledge about the existence 
of such a form of therapy (58.5%).

We also analyzed the relationship between the child’s 
age and the type of art therapy used. The obtained results 
are presented in Table VII. Children participating in art 
therapy were most often over 13 (58.8%).

We also analyzed the relationship between the therapy 
used and the size of the town inhabited by the respondents. 
The results are presented in Figure 4. Most of the respon-
dents who received art therapy came from towns of up to 
50,000 inhabitants. 

DISCUSSION

THE PART CONCERNING THE INTERESTS OF 
CHILDREN AND ADOLESCENTS IN THE FIELD OF 
ART AND THE KNOWLEDGE OF THE CONCEPT 
OF ITS THERAPEUTIC APPLICATION
Based on the respondents’ answers, we concluded that in 
our population, activities related to art showed a positive 
impact on the well-being and development of children and 
adolescents, both without and with diagnosed ASD. Within 
the control group, 76% of parents and guardians noticed 
the positive impact of artistic activities on their children, 
and in the study group, it was 77%. The most frequently 
reported positive effects were silence, calming down, re-
laxation, joy, improvement of manual dexterity under the 
influence of art, and in children and adolescents with ASD, 
additionally improvement of concentration and speech.

Thanks to the positive influence of art on the development 
of children and adolescents, it was used as a complementary 
therapy, among others, in ASD [13, 14, 18, 20]. 40.5% (77 
subjects) of respondents heard about the therapeutic use 

of art. It was 50% (41 subjects) within the study group, 
and in the control group, it was only 33.3% (36 subjects). 
This proves that art therapy is not very widespread among 
the respondents. Still, there is a noticeable slightly greater 
knowledge of this form of therapy among parents and 
guardians of children and adolescents with ASD.

THE PART ON THE TYPE AND SCOPE OF 
DISORDERS
Children and adolescents with ASD struggle with problems 
related to various spheres of life. They often have a higher 
level of anxiety [25, 26]. Moreover, there are gastrointes-
tinal symptoms, sleep problems, and seizures [1, 27]. We 
categorized the basic symptoms of children and adoles-
cents with ASD into three main groups. Within disorders 
of social relations, there are, among others, difficulties in 
understanding roles and social situations [28]. In terms 
of speech, disorders refer to a delay or complete lack of 
development [29]. They are most likely one of the causes 
of irregularities in functional play [30]. Repetitive atypical 
behaviors such as clapping hands, spinning in circles, and 
swaying belong to the last category of symptoms [31].

The questionnaire showed that the most common symp-
toms in terms of social relationships are difficulties in estab-
lishing relationships (78%), lack of making eye contact, and 
impaired or different response to other people’s emotions. 
Regarding speech disorders, 51.2% of the respondents 
pointed to the lack of spontaneous variety of play in their 
charges and half of the delayed or complete lack of speech 
development. Finally, among atypical behaviors, the most 
common (52.7%) mentioning was a preoccupation with 
one or more stereotypical interests.

 

THE PART ON THERAPY WITH  
THE USE OF ART ELEMENTS
Based on the questionnaire, we compared music therapy, 
artetherapy, and theater therapy. The groups of subjects 
who received music therapy and artetherapy were compa-
rable (14 and 12 subjects), while the participants of theater 
therapy were definitely fewer (4 subjects). Moreover, the-
ater therapy was in each case combined with a different 
form of art therapy (Fig. 4).

The most frequently chosen form of art therapy among 
the surveyed parents and legal guardians (82.4%) was 
music therapy. Available data indicates its impact on the 
improvement of social relations [32]. Our study confirms 
this, and in addition, its impact on this category of ASD 
symptoms turned out to be the greatest (M = 3.43). To a 
lesser extent, it positively affects the improvement of speech 
disorders (M = 3) and unusual behavior (M = 3).

Theatre therapy was the least frequently used form of 
therapy among children and adolescents with ASD. Our 
survey showed its most significant impact on speech dis-
orders (M = 3.5), slightly less on atypical behavior (M = 
3.25), and the least on social relations (M = 3). The respon-
dents indicated that artetherapy had the most significant 
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the effects of therapy.
4.  Music and visual arts activities seem to positively impact 

social relationship disorders, while drama activities seem 
to impact speech disorders positively.

5.  Combining several arts in therapy is more beneficial 
than using just one.

6.  Therapy with elements of art is most often used in chil-
dren and adolescents over 13 years of age.   

We plan to continue the research thanks to the promising 
results and the profound interest of both the authors and 
families of subjects with ASD. Soon, we plan to significantly 
increase the number of subjects surveyed by establishing 
cooperation with foundations supporting people with 
autism spectrum disorders. This will allow for detailed 
analysis and increasing the credibility of the results. We 
hope that our work will help to broaden the knowledge on 
the use of art in therapy and contribute to its dissemination.

The authors declare that they have no ties or financial 
dependence on any organization or anyone with a direct 
financial contribution to the research subject or materials 
studied in this work (through employment, consulting, 
shareholding, fees). At the same time, they declare that 
they do not show any conflict of interest.
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CONCLUSIONS
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by most people participating in the study.

2.  The therapeutic application of art among the people 
involved in the study is not very widespread.

3.  Artistic activities positively impact disorders in the field 
of social relations, speech, and atypical behavior, which 
is confirmed by the average of the obtained results on 
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INTRODUCTION 
Spironolactone is related to the low efficacy diuretic group; 
this group is also called potassium sparing diuretics. Spi-
ronolactone has a chemical structure similar to other steroids 
but with a last one substitute at c-17. It has an excellent 
bioavailability of 90% with a limited first pass effect, and has 
a half-life of approximately 14 hours. Its active metabolites 
can renone (with a half-life of 9 hours) and can renoate 
are excreted primarily in urine and secondarily in bile. 
Spironolactone is available as tablet, usually taken once or 
twice daily; it should be taken with food or milk to increase 
absorption [1]. Spironolactone acts not only to competitively 
inhibit aldosterone but also react with testosterone and pro-
gesterone receptors causing side effects as impotence, gyne-
comastia and menstrual irregularities [2]. Recent studies on 
this drug have concentrated on its effect in patients with left 
side H F as an aldosterone antagonist [3]. It is postulated to 
work synergistically with ACEIs to provide more thorough 
blocking of the of the renin-angiotensin system.

PRECAUTIONS AND CONTRAINDICATIONS  
OF SPIRONOLACTONE
Precautions [2]:
1- If patient is allergic to Spironolactone.

2- Presence of hepatic or renal disease.
3- Pregnancy and breast feeding.
4- If patient is taking K supplements.
Contraindications [4]:
1- Hyperkalemia when S.K 5 mmole /dl.
2- In patients with impaired renal function.
Side effects of Spironolactone:
1- Nausea, vomiting and abdominal cramping [2].
2-Sore throat and skin rash.
3- Menstrual irregularity in females, and gynecomastia and 

impotence in males [5].
4- Hyperkalemia and Hypernatremia can occur.
5-Mental confusion.
Drug interaction:
1-  Spironolactone increases the half-life of digoxin thus 

may increase the risk of digoxin toxicity [6].
2-  Risk of hyperkalemia increases with the concomitant 

use of ACEIs [7].
3- Its effectiveness would decrease if used with salicylate [8].

THE AIM
To evaluate the effect of single daily 25 mg of spironolac-
tone on serum electrolytes and kidney function tests in 
patients with severe chronic left sided heart failure. 
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ABSTRACT
The aim: To evaluate the effect of single daily 25 mg of spironolactone on serum electrolytes and kidney function tests in patients with severe chronic left sided heart failure. 
Materials and methods: 60 patients with severe chronic left sided heart failure were enrolled in this study and they were divided in to 2 equal groups’ one group with standard 
therapy of HF and the other with spironolactone in a dose of 25 mg / day, as an additive therapy to the standard one. Serum electrolytes and kidney function tests were assessed 
at the beginning of the study   and after 3 months. 
Results: A significant increment in serum potassium (p<0.05) was observed in the spironolactone group after 3 months treatment, while no significant reduction in serum 
sodium (p>0.05) and no significant increase in serum creatinine and blood urea (p>0.05) was noticed in the same group, control group showed no significant changes (p>0.05), 
in both serum electrolytes (S.K and S.Na) and renal function tests (S.C and B.U). 
Conclusions: Spironolactone caused a significant elevation of serum potassium level but this elevation is still with the clinically accepted ranges when low dose of spironolactone 
is used and with intact renal function. Serum creatinine level was not significantly increased with 25 mgl day of spironolactone. We conclude that Renal function tests namely blood 
urea and serum Creatinine, and serum potassium should be closely monitored in patients on spironolactone therapy especially those patients who use ACEI and ARBs in addition.

 KEY WORDS: HF, spironolactone, S.K, S. Na, S.C, B.U.
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MATERIALS AND METHODS
60 patients (15 females, 45 males) with chronic left sided systolic 
HF and with an average age of 61 ±5 years were enrolled in the 
study successively in Najaf teaching hospital, the study continued 
for one and a half year. All patients were treated with ACEIs and 
loop diuretics, 63.3% patients were on nitro vasodilators, 28.3% 
patients were on digoxin (this represent the standard therapy). 
Potassium sparing diuretics were not permitted in this study. 
Patients were randomly distributed in to 2 equal groups:

Control group: remain on their standard therapy
Treated group: received spironolactone in a dose of 25 mg/

day in addition to their standard treatment.
Follow up continued for 3 months. Laboratory tests including 

serum electrolytes, renal function tests were investigated for the 
2 groups before and after receiving treatment. From those 60 
patients only 29 patients continued the study (14 patients in 
the control group and 15 patients in the spironolactone group).

LABORATORY TESTS
Serum electrolytes including serum potassium (S.K) [9] and 
serum sodium [10], renal function tests including blood urea 
(B.U) and serum creatinine (S.C) [9] were performed for each 
patient at initial visit, repeated after 4 weeks and after 3 months.

STATISTICAL ANALYSIS
Within group changes from base line to 3months were analyzed by 
the paired t-test and p-values less than 0.05 were considered to be 
statistically significant. Comparison between the 2 groups of mean 
changes from base line to 3 months were performed by ANOVA

RESULTS AND DISCUSSION
Effect of spironolactone on serum electrolytes and renal 
function tests

Table I. Effect of 25 mg /day of spironolactone on serum electrolytes and renal function tests.
Before Treatment After 3 months Treatment p-value

Serum Potassium, mmol/L 4.27 ± 0.102 4.57 ± 0.118 < 0.05

Serum Sodium, mmol/L 137.87 ± 1.04 137.2 ±  1.4 > 0.05

Blood Urea mg/dl 33.37 ± 2.93 34.27 ± 2.2 > 0.05

Serum Creatinin mg/dl 0.76 ± 0.040 0.787 ± 0.052 > 0.05

Data are expressed as Mean± SEM, n=15

Table II. Serum electrolytes and renal function tests in control group.
At base line After 3 months p-value

Serum Potassium, mmol/L 4.34 ± 0.084 4.24 ±  0.081 > 0.05

Serum Sodium, mmol/L 137.36 ± 1.49 137.64 ± 1.29 > 0.05

Blood Urea mg/dl 36.14 ± 2.60 35.36 ± 2.5 > 0.05

Serum Creatinin mg/dl 0.714 ± 0.035 0.721 ± 0.037 >0.05

Data are expressed as Mean± SEM, n=14

Table III. Mean difference in serum electrolytes and renal function tests between controls and spironolactone treated group.
Mean change±SEM MD±SEM p-value

Serum Potassium, mmol/L

Spironolactone
0.307 ± 0.078

0.330 ± 0.146* < 0.05
Control

-0.093 ± 0.109

Serum Sodium, mmol/L

Spironolactone
-0.667 ± 1.95

-0.443 ± 1.95 > 0.05
Control

0.286 ± 0.934

Blood Urea mg/dl

Spironolactone
0.553 ± 3.36

0.196 ± 3.12 > 0.05
Control

-0.786 ± 1.86

Serum Creatinin mg/dl

Spironolactone
0.027 ± 0.051

0.041 ± 0.061 > 0.05
Control

0.007 ± 0.037
*Mean difference is significant at 0.05 level
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A significant increase in serum potassium (p<0.05) was ob-
served in the spironolactone group after 3 months treatment, 
while no significant reduction in serum sodium (p>0.05) and 
no significant increase in serum creatinine and blood urea 
(p>0.05) was noticed in the same group (Table I). Control group 
showed no significant changes (p>0.05), in serum electrolytes 
(S.K and S.Na) and renal function tests (S.C and B.U) (Table II).

Comparison between the two groups revealed a significant 
difference in the mean level of serum potassium (p<0.05), 
whereas no significant difference in the mean levels of serum 
sodium, serum creatinine and blood urea were obtained 
(p>0.05) (Table III).

Patients treated with spironolactone showed a significant 
increase in the mean serum level of potassium this increase al-
though was significant but still with the accepted clinical limits. 
This result was also obtained by Pitt et al. and Han [11-12]. Others 
as Svensson, and Wrenger et al., stated that serious hyperkalemia 
can be resulted from combination of spironolactone and ACEIs 
in patients with heart failure especially with advanced age due 
to physiological regression of renal function with advanced 
age, higher dose of spironolactone and impaired renal function 
[13-14]. Serum sodium exhibits no significant reduction in the  
spironolactone treated patients this may be attributed to the 
low dose of spironolactone  that used in this study and this was 
consistent with  results that obtained by Yasky et al. [15]. Renal 
function tests showed no significant increase in blood urea and 
serum creatinine, this result was similar to that obtained by Yasky 
et al. [15], but others like Pitt, et al., and Svensson et al., assured 
that spironolactone can cause significant but still accepted in-
crease in serum creatinine levels in patients with heart failure 
and the chance for raised level of serum creatinine will increase 
with elderly patients due to increasing risk of renal impairment 
with advanced age and higher  dose of spironolactone [11-15].

CONCLUSIONS
Spironolactone caused a significant elevation of serum potassium 
level but this elevation is still with the clinically accepted ranges 
when low dose of spironolactone is used and with intact renal 
function. Serum creatinine level was not significantly increased 
with 25mgl day of spironolactone. We conclude that Renal 
function tests namely blood urea and serum Creatinine, and 
serum potassium should be closely monitored in patients on 
spironolactone therapy especially those patients who use ACEI 
and ARBs in addition.
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INTRODUCTION 
The management of pregnancy and childbirth, prevention 
and prediction of complications during childbirth in the 
mother and fetus remain today a pressing problem of 
modern obstetrics [1-4]. According to the literature, it 
is established that in women with extragenital pathology 
childbirth will not always be pathological or complicated, 
and in almost healthy – physiological [5]. In modern 
conditions, against the background of the development 
of market relations and socio-economic transformations, 
which ambiguously affected various spheres of life, and 
especially the social and medical aspects of the family, the 
demographic situation in Ukraine has deteriorated. This 
is evidenced by fertility, maternal and perinatal mortality, 
women’s reproductive health – an increase in the problem of 
infertility in marriage, gynecological diseases, miscarriage, 
complications during pregnancy and labor, the postpartum 
period and the progressive growth of somatic pathology in 
pregnant women [6]. To date, there is much debate about 
the generally accepted concept of «normal labor» [1]. 
However, over the past 20 years, obstetric aggression has 
increased, which is expressed in a decrease in the frequency 
of physiological childbirth and an increase in the frequency 
of operative childbirth not only in Ukraine but also in other 
more developed countries [7]. Psychophysical preparation 

for childbirth and partner involvement counteract this 
phenomenon when the partner is a close person, usually a 
man, who is the best mediator between the health worker 
and the mother [8]. Unfortunately, over time, interest in 
the use of psychoprophylactic preparation for childbirth 
and in general for pregnant women as individuals has 
decreased [9]. Most pregnant women approach childbirth 
without proper training, relying solely on their knowledge 
and health (almost healthy). According to the literature, 
of those women who gave birth with a partner, only half 
attended the «School of Family Preparation for Childbirth» 
[10]. Which indicates the relevance, the need for careful 
study and further research in this direction.

THE AIM 
To study current aspects of childbirth in healthy women 
according to retrospective data.

MATERIALS AND METODS 
To study this topic, we analyzed 1,078 births on the basis 
of the department for pregnant women with obstetric 
pathology of the State Institution «Institute of Pediatrics, 
Obstetrics and Gynecology named after Academician 
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ABSTRACT
The aim: to study the current aspects of the course of labor in healthy women using retrospective indicators.
Materials and methods: To study this topic, an analysis of 1,078 births on the basis of the maternity ward for pregnant women with obstetric pathology of the State Institution 
«IPAG. acad. O.M. Lukyanova National Academy of Medical Sciences of Ukraine». It was found that among all births, the share of first-borns was 602 (55.8 %) women, of whom 
451 (41.8 %) were pregnant for the first time, and only 86 (8 %) were healthy pregnant women. 
Results: It was found that among 86 births the frequency of physiological births was 64%, of which in 47.7% of cases the birth was complicated, and pathological – 36%. 
The most common complications during childbirth were: premature rupture of membranes (PRPO), episio- and perineotomy, trauma to the birth canal. The main causes of 
pathological childbirth: abnormalities of labor, fetal distress, defect of the placenta and membranes, clinically narrow pelvis, malposition of the fetus and early postpartum 
hemorrhage. All children were born alive. It should be noted that all births where the Apgar score was ≤ 6 had no partner support, and the women themselves did not receive 
any preparation for childbirth.
Conclusions: According to our data, in almost healthy women who gave birth for the first time and had no perinatal loss in the anamnesis, did not undergo prenatal training 
and did not have partner support during childbirth, the number of complications during childbirth is increasing. Therefore, this group of healthy pregnant women needs more 
detailed study and analysis, development of prenatal training algorithms to improve perinatal indicators.
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OM Lukyanova of the National Academy of Sciences of 
Ukraine.» There were 602 first-borns (55.8%), of whom 
451 (41.8%) were pregnant for the first time, and only 86 
(8%) were healthy pregnant women, whom we will study. A 
group of healthy pregnant women believed that such a large 
number of women, and because they are healthy, the course 
of their pregnancy and childbirth should automatically be 
physiological and will not require intervention. This myth 
has recently come into force among women who consider 
themselves the healthiest and do not see the need to spend 
time training, as well as doctors themselves, who have lost 
interest in the personality of a pregnant woman and her 
psychophysical mood. Even in many maternity hospitals 
and women’s clinics there is no preparation for childbirth. 
Criteria for inclusion in the study were: first pregnancy, 
chronic diseases in remission, one fetus, compensated 
fetal condition. Exclusion criteria: gynecological diseases 
and gynecological operations in the anamnesis, infertility, 
pregnancy after in vitro fertilization, polyhydramnios, 
fetoplacental dysfunction, isthmic-cervical insufficiency, 
severe anemia, preeclampsia, inflammatory diseases in 
early pregnancy, severe extragenital pathology.

RESULTS
Clinical evaluation of labor was performed according to 
the history of pregnancy and childbirth in healthy women 
who are pregnant for the first time. The mean age of the 
surveyed women was 25.9 ± 3.4 years. Distribution of 
women by age: up to and including 19 years of age – 6 (7 %)  
women; 20-24 years – 19 (22.1 %) persons; 25–29 – the larg-
est group – 48 (55.8 %) women, 30–34 years – 11 (12.8 %)  
women, after 35 years – 2 (2.3 %) women. Among the 86 pa-
tients, women engaged in mental activity predominated, their 
share was 48.8 %, 19.9 %   – had physical activity, 20.9 % –  
unemployed, 9.3 % of women studied. All women regularly 
attended women’s clinics, and only 8 (9.3 %) attended their 
parents’ school. Childbirth with the support of a partner 
amounted to – 17.4 %. It was found that among 86 births 
the frequency of physiological births was 64 %, of which in 
47.7 % of cases the birth was complicated, and pathological 
– 36 %. Despite the fact that all births took place in almost 
healthy women and had to be timely, still 3.5 % of them 
were premature, but not earlier than 34 weeks of pregnancy, 
all children survived. The tendency to prolonged pregnan-
cy (at 41–42 weeks) was observed in 4 (4.7 %) cases with 
all births with pathological course, in 2 cases – cesarean 
section, 1 – vacuum extraction of the fetus, in one case by 
manual examination of the uterine wall. The most common 
complications during childbirth were: premature rupture 
of membranes, episio- and perineotomy, injuries of the 
birth canal (rupture of the cervix, rupture of the vagina 
and perineum). Among these complications, the largest 
share was episio- and perineotomies – 35 (40.7 %), and the 
smallest – 17 (19.9 %) injuries of the genital tract. 

Premature rupture of membranes during childbirth oc-
curred in 20 (23.3%) women. The causes of abnormal labor 
in the examined women were: abnormalities of labor, fetal 

distress, defect of the placenta and membranes, clinically 
narrow pelvis, abnormal position of the fetus and early 
postpartum hemorrhage. 11 (12.8%) – cesarean section, 7 
(8.1%) of which the indication for surgery was fetal distress, 
2 (2.3%) – incorrect fetal position, 2 (2.3%) – clinically 
narrow pelvis. The largest share of surgical interventions 
was instrumental and manual revision of the walls of the 
uterine cavity 13 (15.1%) during childbirth, indications 
were defects of the membranes and lobes of the placenta 
and 11 (12.8%) – during cesarean section. Abnormalities 
of labor were recorded in 4 cases, in one case the labor was 
rapid, in two – the weakness of labor in the second period 
of labor, in the other case – the weakness of labor in the 
second period of labor and fetal distress, which led to ad-
ditional intervention: episiotomy with surgical extractor . 
Early postpartum hemorrhage occurred in some labor in 
women 25 years old, large fetus – 4240 g, which could be 
the cause of postpartum hypotonic bleeding. In the struc-
ture of pathological labor there is a dependence on the 
age of the woman. There fore, only 12.9% of women with 
pathological course were in the age group up to 24 years, 
and 87.1% – women aged 25 years and older.

DISCUSSION
According to the analysis, it was found that anesthesia during 
labor was used in 66 (76.7 %) pregnant women, of whom in 6 
(6.9 %) cases used two methods of analgesia – a combination 
of antispasmolitics and narcotic analgetics. Epidural anes-
thesia was given to 12 (14 %) women, narcotic analgetics to 
24 (27.9 %) mothers, and antispasmolitics to 15 (17.4 %). All 
children were born alive, of which 6 (7 %) children received 
6 points or less in the first minute, 26 (30.2 %) children 
received 7 points, and 54 (62.8 %) children received 8 or 
more points. The birth of children with a score of 6 or less is 
due to labor: 2 children were born prematurely, 2 – cesarean 
section in acute distress, 2 – vacuum extraction due to the 
weakness of the powerful period on the background with 
epidural anesthesia. It should be noted that all labor where 
the Apgar score was ≤ 6 had no partner support, and the 
women themselves did not receive any preparation for labor.

CONCLUSIONS
According to our data, in almost healthy women who 
gave birth for the first time and had no perinatal loss 
in the anamnesis, did not undergo prenatal training 
and did not have partner support during childbirth, the 
number of complications during childbirth is increasing. 
Therefore, this group of healthy pregnant women needs 
more detailed study.
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INTRODUCTION
Therapeutic plasmapheresis is one of the most modern 
techniques that can be used by physicians in almost all 
specialties [1-5]. According to the standards, plasma-
pheresis is used for pathological conditions resulting 
from autoimmune pathology, the presence of endo- and 
exopathology and infectious diseases, especially of viral 
etiology. According to studies conducted in Ukraine, the 
most common pathologies for therapeutic plasmapher-
esis are bronchial asthma, acne, viral hepatitis, psoriasis 
and alcohol intoxication, which indicates a narrower use 
of this method [6]. Plasmapheresis is divided into two 
types: therapeutic and donor [7]. There are five types of 
plasmapheresis: manual, automatic membrane, automatic 
centrifugal, plasmapheresis with plasma therapy and with 
mixed technology.

Manual plasmapheresis is carried aut as discrete collec-
tion of whole blood, its further separation and return of 
cells. Up to 400 ml of blood is taken at a time, in double or 
triple bags, using stirrer scales. The final blood is separated 
by centrifugation in special centrifuges. This high-cost and 
big equipment must be installed in a specially prepared 
room. In total, it takes about 2-3 hours and at least 4 sets 

of consumables to obtain 800 ml of plasma [7]. The ad-
vantage of this method is the availability of performance 
in clinics that have such equipment in blood transfusion 
departments. The disadvantage is not only the high cost of 
centrifuges, but also significant requirements for the room 
and the foundation of the building due to the potential 
danger of long-term vibrations with a large amplitude. 
Four sets of consumables, and the employment of the 
production unit with working hours of employees for up 
to 3 hours, can also be attributed to the disadvantages of 
significant costs. Also, the human factor is not excluded 
during this procedure, which, according to the GCP stan-
dard, is unacceptable.

Membrane plasmapheresis is a logical development of 
plasmapheresis. This procedure uses a filter that passes 
only blood plasma, trapping cells. Such filters are produced 
in the city of Dubno (Russia) using an elementary particle 
accelerator, that punches holes in the membrane of the 
appropriate size. Thanks to the static or pressurized pump, a 
transmembrane pressure is created, it pushes plasma through 
the filter element. The advantages of this method are the low 
volume of blood taken outside the body (this allows you to 
perform low-volume plasmapheresis without additional 
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effort) and the mobility of the device. The disadvantages are 
the need to create transmembrane pressure, which could 
theoretically lead to cell destruction, as well as the relatively 
high cost of the membranes and filters in general. It should 
also be kept in mind that some of these machines do not 
automatically control dilution with anticoagulant.

Centrifugal machines have a slightly larger volume of 
blood to be processed. Due to the fundamental difference 
in technology and the lack of high-cost materials in 
cost systems, the cost of one procedure is much lower. 
According to some authors, the use of a centrifuge can also 
lead to cell destruction, but we have not found confirmed 
data on this. In addition, from our personal experience, this 
was not observed. Among the advantages of this method, 
the high speed of the procedure, low cost, and the ability 
to use on the road are significant. These devices were 
primarily designed for donor plasmapheresis, so safety 
and reliability are at extremely high level; the normal load 
of these machines is up to 6 procedures per day [6]. The 
basis of this technique is the use of a centrifugal bell, which 
in a completely closed system, with single-needle access, 
that is periodically filled with whole blood, with roller 
pumps that have no contact with the blood itself. The rate 
of collection and return, as in membrane plasmapheresis 
is clearly controlled, a separate pump is used for dosing 
anticoagulant. Air sensors, are responsible for safety. 
Reliability, simplicity and mobility of a design made these 
automatic machines one of the market leaders.

Mixed type devices have a rotating membrane. In general, 
this system corresponds to the principle of operation of 
centrifugal devices, but is more expensive and immobile 
(can be moved only within the room).

Plasma therapy devices for plasmapheresis in Ukraine 
are beyong compare for the above methods, due to the 
complex use and incomparably higher price.

Nowadays in Ukraine the following plasmapheresis 
machines are used:
1. Scinomed
2. Nigale
3. Haemonetic
4. Fenwall (Baxter)
5. Haemophenix
6. АmPlTT (as Haemophenix)
7. AC-B-02
8. Phemos-PF [6].
There are plasma therapy machines and centrifuges pres-
entsd on the market. However, the cost of the procedure 
with using these systems is much higher.

According to the research, the procedure of plasmapheresis 
is performed according to conventional methods, but the 
method of the course is very different, which allows to 
obtain different results for the same pathology on the same 
equipment.

Plasmapheresis is a modern technique in donation and 
therapy [8]. More and more blood centers in the world 
use the automatic method instead of the manual one [6]. 
And this despite the fact that the method is used for almost 
100 years [7].

The procedure according to the analysis of many sources, 
does not differ depending on the type of equipment used. 
Any single-needle plasmapheresis is performed intermit-
tently. Plasma is removed and the cells are returned to the 
patient. This method works on all methods of plasmapher-
esis, including manual, using the centrifuge (collecting 
whole blood in a plastic container, followed by centrif-
ugation at a speed sufficient to separate the blood into 
components and separation on the device for squeezing). 
Plasma is moved to an additional package that is removed 
at manual plasmapheresis whole blood sampling of some 
volume (from 30 to 400 ml) then its separation on plasma 
on cells is carried out repeatedly.

Plasmapheresis is a complex procedure that requires 
highly qualified doctors. Thus, despite the fact that the 
history of the blood service of Ukraine dates back to 
1918-1919 [9-10], the first plasmapheresis was performed 
only in the 1970s. It should be noted that in some clinical 
cases, plasmapheresis in combination therapy gives 
much better effect than conventional therapy [11]. Also, 
therapeutic plasmapheresis is often used to promote donor 
plasmapheresis as a useful procedure [12-20].

THE AIM
The aim of the work is to analyze the medical and economic 
aspects of the manual and different types of automatic 
plasmapheresis (manual, automatic centrifugal, automat-
ic membrane, plasmapheresis with plasma therapy and 
mixed) used for therapeutic purposes.

To achieve this goal it is necessary to perform the fol-
lowing tasks:
1.  To establish the difference between the influence of 

different plasmapheresis technologies on hematological 
blood parameters.

2.  To highlight the negative impact of the studied 
technologies on the following indicators: hemolysis, 
the presence of cell fragments, discomfort and citrate 
reactions during the collection of 800 ml of plasma.

3.  To establish the most effective technology for therapeutic 
plasmapheresis among the studied ones.

MATERIALS AND METHODS 
The Baxter Auto-C machines with mixed technology (it 
includes rotating membrane technology), Haemonetics 
PCS2 machines (using centrifugal technology, blood 
separates in the bell during its rotation), Haemophenics 
machines (using filters «Rosa», separation occurs in them) 
for the study) were used. The Baxter CPDA anticoagulant 
and saline to compensate for hypovolemia were used. 
Vascular access was performed with 16GA needles.

Total protein was examined by the biuret method, 
hemoglobin by the Sali method, total bilirubin by the 
colorimetric photometric method, and cell fragments by the 
Goryaev camera microscopy method. The patient’s comfort 
was assessed with a 10-point scale, where 10 is a state of 
complete comfort, 1 – a state of complete discomfort.
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Blood donors admitted to the donation as healthy 
(participated) in this study. This eliminated the effects of 
pathological conditions in the result.

In total, manual plasmapheresis was performed in 31 
persons, including 15 women and 16 men. Automatic 
plasmapheresis with centrifugal technology was per-
formed in 36 persons, including 16 women and 20 men. 
Automatic plasmapheresis with membrane technology 
was performed in 21 persons, including 11 women and 
10 men. Automatic plasmapheresis by mixed technology 
was performed in 36 person, including 18 women and 
18 men.

RESULTS AND DISCUSSION
According to a survey in patients with plasmapheresis 
on a Baxter device, the level of comfort during the 
procedure according to a 10-point scale was 9.2 ± 0.8.  
We used anticoagulant CPD in an amount of  
255 ml ± 30 ml (p <0,05). At the same time the possibility 
of carrying out procedure without use of citrates at their 
replacement by heparin, in the corresponding dose for 
ensuring decrease in level of blood coagulation within to 
1 hour remains. The cost of consumables was $ 38, and 
other costs were $ 10.

 When performing the procedure on a Haemonetic 
device, according to a survey of patients, the level of 
comfort during the procedure according to a 10-point scale 
was 9.6 ± 0.4. We used anticoagulant CPD in an amount of 
250 ml ± 25 ml (p <0,05). At the same time, it is possible 
to perform the procedure without the use of citrates and 

replace them with heparin in the appropriate dose to reduce 
blood clotting for up to 1 hour. The cost of consumables 
was $ 20, and other costs were $ 10.

During using the Heamophenix device, the level of 
comfort during the procedure according to a 10-point scale 
was 8.9 ± 1.1. We used anticoagulant SPD in the amount of 
285 ml ± 80 ml (p <0,05). At the same time, it is possible 
to perform the procedure without the use of citrates and 
replace them with heparin in the appropriate dose to reduce 
the level of blood clotting for up to 1 hour. The cost of 
consumables was $ 60, and other costs were $ 10.

During  manual plasmapheresis the level of comfort 
at procedure on a 10-point scale made 7 ± 2. We used 
anticoagulant GPD in the amount of 290 ml ± 60 ml  
(p <0,05). At the same time, it is possible to perform the 
procedure without the use of citrates and replace them 
with heparin in the appropriate dose to reduce the level of 
blood clotting for up to 1 hour. The cost of consumables 
was $ 20, and other costs were $ 30.

As a result of comparing the effect of plasmapheresis on 
hematological parameters, no significant changes were 
shown, that indicates the same impact of this procedure 
on the body, regardless of the method by which it was 
performed (Table I).

Thus, the reduction of total protein occurs in all types 
of procedures without significant difference. In the 
analysis of the possible negative impact of different types 
of plasmapheresis, no significant differences were found. 
Thus, in no case did plasmapheresis lead to hemolysis, 
the presence of cell fragments that could be found in the 
methods we used.

Table I. Comparison of methods

Type of technology
Mixed Centrifugal Membrane Manual 

plasmapheresis

before after before after before after before after

Access 1 needle 16GA 1 needle 16GA 1 needle 16GA 1 needle 16GA

Procedure time 58±5 58±4 62±10 120±30

Plasma volume, ml 800 800 800 800

Total protein, g/l 75±4 73±5 79±6 74±2 70±3 68±8 72±1 70±6

Haemoglobin 145±7 146±6 140±10 142±6 135±7 136±8 148±9 145±4

Native haemoglobin in plasma Missing Missing Missing Missing

Native haemoglobin in the channel Missing Missing Missing Missing

Bilirubin Norm Norm Norm Norm

Cell fragments Missing Missing Missing Missing

Hematocrit Norm ±5% Norm ±5% Norm ±5% Norm ±5%

Patient comfort 9,2±0,8 9,6±0,4 8,9±1,1 7±2

Used ml of anticoagulant 255ml±30 250 ml ±25 355 ml ±80 290 ml ±60

Set cost, $ * 38 20 60 20

Other expenses** 10 10 10 30

The cost of the procedure 48 30 70 50

* According to data obtained from open sources.
** According to the assessment of the blood center.
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Patient comfort is slightly reduced in manual 
plasmapheresis due to increased procedure time and 
accentuation of the patient, long cycles of collection and 
return, as well as significantly longer procedure time, 
according to the method associated with multiple blood 
sampling of 400-450 ml. To obtain plasma, this meth-
od requires from 4 to 6 cycles, which also include the 
preparation of containers with blood and its centrifugation. 
The use of high-cost centrifuges leads to increasing of 
depreciation costs and a significant increase in time of 
the procedure leads to a significant levels of cost of this 
procedure. In addition, this is indicated by the need for each 
cycle to use a new cost set and the involvement at this time 
of both nurses and doctors. Thus, the considerable time of 
the procedure with manual method, which also leads to 
an increase in its cost, the need to use special centrifuges 
that have special requirements for installation, make this 
method not competitive with automatic plasmapheresis. 
However, the greatest value in this case is the cost of the 
procedure, as shown by its effectiveness, there are no 
significant differences depending on the type of technique.

It should be noted that the procedure on a plasma therapy 
machine is very expensive due to the price, consumables, 
that are designed for more complex and technological 
procedures: hemofiltration, immunosorption, hemodialysis 
and others.

The cost of sets for machines such as Haemophenix is   
quite high due to the use of filtration technology, which 
according to some data is less traumatic to blood cells, 
but we did not find this effect in the study. Such filters are 
manufactured, using particle accelerators and other state-
of-the-art technologies, but this makes them high-value.

Haemonetic machines (Scinomed iPCM, etc.) are 
designed primarily for donor plasmapheresis. That is 
why, in addition to high technology and quality, the 
manufacturer has another priority – the price, which is the 
lowest among the technologies we study. These machines 
are not inferior in quality and efficiency of the procedure 
for therapeutic purposes to other technologies. They also 
have European certification according to the standard of 
medical equipment. In the process of plasmapheresis, the 
patient, donating plasma, feels just as comfortable as when 
using other technologies. It should be noted that modern 
plasmapheresis machines are available in a large number 
of plasma centers, and can be used by doctors of medical 
institutions. This allows one to use these machines in a 
flexible mode and achieve high results in the treatment of 
most diseases.

Unfortunately, during the study it was not possible to 
compare the effect on the patient of plasma therapy machines 
on the studied technologies. This needs further study.

CONCLUSIONS 
Based on the study, it was found that all 4 studied thera-
peutic plasmapheresis technologies have the same effect 
on the hematological parameters of the patients’ blood in 
this study.

It was found that the study did not have a negative im-
pact on the body by the following indicators: hemolysis, 
the presence of cell fragments, patient discomfort and 
citrate reactions during the standard procedure of sam-
pling 800 ml of plasma in patients without predisposition 
to reactions.

It was found that the most perfect are plasmapheresis 
machines with centrifugal technology according to the 
result of medical and economic justification. They lead 
to increased efficiency by reducing the price with the 
same quality of procedures. It helps to improved quality 
of medical care. This is because efficiency is an inherent 
part of quality.

The results of this study can be used in clinical work when 
choosing a method of plasmapheresis, if the procedure on 
plasma therapy machines is impractical or unavailable.
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INTRODUCTION
Healthcare institutions, in which human lives and health 
are saved, are not as safe as they may seem. Healthcare 
branch is one of the most hazardous in the USA by non-le-
thal opportunistic injury rate [1]. The healthcare workers 
life duration due to dangerous, hard and stressful working 
conditions is on average shorter than that of other citizens 
[2-3]. It is only in single economically developed countries 
that the medical staff average life duration is the same as 
that of the population [4]. 

Each tenth patient in the in-patient department has been 
accidentally endangered during his medical servicing. 
Due to the medical staff mistakes and other preventable 
incidents, two million six hundred thousand patients die 
annually in countries with low and average income level. 
Among the other factors, fear of reporting mistakes in 
hospital institutions as a consequence of unfair depressive 
culture inhibitt the progress and training aimed at staff 
actualization and prevention of mistakes [5]. 

Risks, severity and stressfulness of the healthcare work 
increases abruptly under the conditions of medical and 
biological emergencies. Medical workers were the first 
to face the COVID-19 pandemics danger [6]. In case of 
infectious epidemics not only the staff of certain medical 
departments, but of whole hospitals may be affected, which 
brings considerable difficulties in providing healthcare to 
the local societies [7-8].

These tragedies are represented not only with the human, 
financial and other losses, but as the turning points in 
certain branches progress as well as human progress at all. 
For example, analysis of the atomic nuclear power station 
“Three-mile island”(the USA) 1979 accident causes led 
to introduction of such important safety principle as the 
human factor, and the unbiased analysis of the 1986 Chor-
nobyl atomic nuclear power station  provided humanity 
with the global safety principle – safety culture. Nowadays 
these principles underlie the safety basis not only in the 
nuclear sphere [9], but almost in all human activity spheres. 
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ABSTRACT
The aim: The authors aimed to estimate the healthcare environment risks and safety problems of the medical staff and patients, methods of neutralizing the negative public 
health effects and to suggest the new approaches to improved effectiveness and reliability of the healthcare establishments functioning under the emergencies.
Materials and methods: The study includes data of questioning of 163 healthcare workers of certain institutions in Ukraine using the questionnaire of the Agency for Healthcare 
Research and Quality ( the USA)  on adherence to the patients’ safety culture. In this study only the data on the patients’ safety culture “response to mistakes” are represented. 
The more positive answers the respondents gave, the less they are aware that their mistakes and reports do not influence them negatively.
Results: Hospital environment reprsents a complex multi-component system, in which specific medical and social tasks are executed, with their fulfillment accompanied 
with hazardous and unsafe biological, psycho-physiological, chemical, physical and social effects on the staff, patients and the environment. The joined effect of the hospital 
environment negative factors on the staff is stipulated for the stress and functional tiredness accumulation; it leads to increase in medical mistakes occurrence, which, in its turn, 
increases probability of occupational catching COVID-19, thus, raising the hospital environment risks under the COVID-19 circumstances both for the medical staff and the patients. 
Conclusions: The COVID-19 pandemics turned to be a helpful factor to define critical issues in the hospital environment safety, proving the necessity of further studies, aimed 
at transforming the safe hospital environment notion from its theoretical meaning into the working paradigm, minimizing practical risk in hospital establishments.
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The stress-tests, developed and held in the atomic power 
stations after the “Fucushima-1” accident, resulted in pos-
itive consequences for the power stations safety, including 
the Ukrainian ones [10].

On the other hand, evidences show that informational 
silence and superficial approach to the accident results in 
the new similar ones [11].

Nowadays, under the COVID-19 pandemics, despite 
tremendous human and economic losses, caused by it, the 
priority attention is paid to the re-interpretation of the po-
litical directions aimed at prevention of similar pandemics 
in the future [12]. 

The COVID-19 pandemics should be regarded as a 
stress-test for the global healthcare and humanity, con-
centrating not on the missed opportunities, but the new 
impulses [13]. The consequence of such position among 
the others should be new approaches to the hospital en-
vironment safety.

THE AIM
The authors aim to estimate the healthcare safety problems 
manifested during the COVID-19 pandemics and to sug-
gest new approaches to improved safety and reliability of 
the healthcare institutions.

MATERIALS AND METHODS
The study includes data of questioning of 163 health-
care workers of certain institutions in Ukraine using the 
questionnaire of the Agency for Healthcare Research and 
Quality ( the USA)  on adherence to the patients’ safety 
culture [14]. In this study only the data on the patients’ 
safety culture “response to mistakes” are represented. The 
more positive answers the respondents gave, the less they 
are aware that their mistakes and reports do not influence 
them negatively.

The authors have reviewed and analyzed Ukrainian 
standard legislative documents on the healthcare service 
provision and control, as well as the papers of Ukrainian 
and foreign authors dedicated to the patients’ safety. The 
annual reports on the healthcare in Ukraine by State 
Institution “Center of Medical Statistics of Ministry of 
Health of Ukraine” and the statistical reports of the State 
Statistical Service of Ukraine, dedicated to occupational 
injury rates, have been analyzed; as well as the WHO data 
and operational information of the State Service of Labour 
Protection.

The authors used the following methods: bibliosemantic, 
questionnaire, hygienical, statistical and mathematical 
methods.

RESULTS AND DISCUSSION
Even in 2019, under the COVID-19 pandemics emergence 
(fig.1), the occupational injury rate in Ukrainian healthcare 
and Social service branch was rising. Compared to 2019, 
when 286 official employees were injured performing their 

professional duties, the value increased in 2020 by more 
than 10 times, reaching 3288 people. The same changes 
are observed with the mortal injury rate: from 7 people 
in 2019 to 79 people in 2020. Here the rise occurs mostly 
due to increase in the healthcare branch victims, where 
the mentioned values in 2020 made up 3238 and 68 people 
respectively.  

The hazardous medical staff labour conditions reflected 
negatively on their professional performance. Figure 2 
demonstrates not only increase in the in-patient adult 
mortality rate (from 1.72% to 2.90%), which turned out 
to be the most susceptible to the SARS-CoV-2. Similar 
dramatic increase trends in 2020 compared to 2019 were 
characteristic for the general children in-patient mortality 
rate (from 0.18% to 0.29%) and mortality rate of the chil-
dren under 1 year (from 0.93% to 1,28%). Postoperative 
mortality in Ukrainian in-patient departments has also 
significantly increased (from 0.58% to 0.75 %).

This generally confirms the WHO statement that one 
cannot provide for the patients’ safety without safe medical 
personnel labour conditions.

This proves that the COVID-19 pandemic has become a 
peculiar stress-test, which detected problems in the health-
care safety branch, the problems requiring for the thorough 
studies with further elimination of the problems causes.

Nowadays, no accurate statistical data on the 2020 
occupational injury rate in various branches of Ukraine, 
including the healthcare, are available. As for the previous 
years (2006-2018), the prevailing were accidents due to 
poor organization and psychophysiological causes, i.e. 
human factor (Fig.3). 

All the described above calls for attention paid to the 
organization culture and safety culture in Ukrainian 
healthcare establishments as effective instruments of the 
safety-centered human values mobilization. Unfortunately, 
the country experiences difficulties with safety culture in 
the healthcare branch.

The results of questioning on the safety culture adher-
ence in Ukrainian healthcare institutions regarding the 
“Response to mistakes” are provided as follows (Fig. 4): 
the Ukrainian medical staff, like their colleagues in the 
other countries of the CIS [15] and the USA [16], gave less 
than 50% positive answers regarding the characteristics 
“Response to mistakes”, with this parameter characteriz-
ing weakness of the safety culture. The only exception is 
the medical personnel of Sweden healthcare institutions 
[17], as for the respondents the “Response to mistakes” 
was their strong safety culture side. In Ukraine the value 
was only 30%.

I.e., the majority of medical staff, particularly in Ukraine, 
is afraid of disclosing mistakes and faulty actions due to 
possible, sometimes unjustified disciplinary punishment 
and negative effect of such information on the career 
ladder growth.

This requires for special research.
At the same time, high values of positive answers regarding 

the characteristic “Response to mistakes” obtained from the 
Ukrainian atomic nuclear power stations staff [15-16] is 
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encouraging the thought that even in the Ukrainian health-
care system it is possible to shape appropriate attitude to the 
patients and medical staff safety. There are convincing evi-
dences [18-19] that an appropriate safety culture in a medical 

establishment cannot be shaped if various contingent layers 
(patients, staff) safety is provided via different programs.

Another healthcare safety problem, observed both in 
Ukraine and in the world, is occupational injury rate, in-

Fig. 1. Changes in healthcare and social 
services occupational injury rate (Ukraine, 
2014 – 2020).

Fig. 2. Changes in the values of in-patient 
and post-operative adult and children 
mortality in healthcare institutions of 
Ukraine.

Fig. 3. Relation of the occupation injury 
rate to their causes in Ukrainian healthcare 
during the 2006-2018 period.
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cluding the lethal one, due to criminal actions of the third 
parties. In 2011 in Ukrainian healthcare establishments 
10 medical workers were injured, which included 6 lethal 
cases. Generally, occupational injury rate due to criminal 
actions of the third parties takes up the third place among 
the psycho-physiologically-caused occupational injuries 
(Fig. 5). This problem has gained extreme importance 
under the COVID-19 pandemics [20]. Physical protection 
is another relevant issue, regarding high risk sources situ-
ated in hospitals (ionizing radiation sources, highly-toxic 
substances, strong narcotic medications, etc.).

During the pandemics, due to increase in medical wastes 
disposal, primarily disposable individual protection facili-
ties, the healthcare establishments environmental problems 
have also exacerbated [21].

So, due to the conducted authors’ research and litera-
ture review, we have established that safety issues in the 
healthcare establishments refer to at least five basic aspects:

1. Patients’ safety;
2. Medical staff labour safety and hygiene;  
3. Protection of the healthcare establishments risk 

sources, material assets, staff, patients under everyday 
conditions;

4.Healthcare establishments resilience to accidents in 
emergencies;

5. Environmental safety of healthcare establishments.
The authors suppose that the most significant factors of 

safe hospital environment, joining all five healthcare estab-
lishments’ safety aspects and providing for the favorable 
conditions implementation, are developing and preserving 
high level of the organization culture and its derivative, 
expressed as the safety culture in healthcare establishments.

Considering all the above-mentioned, safe hospital en-
vironment could be defined as the environment of highly 
organized culture, providing for the safety of the staff, 
patients, visitors and the surrounding environment under 
usual circumstances and emergencies, at the acceptable 
risk level.

The authors’ schematic vision of the safe hospital envi-
ronment is shown in picture 6.

The development of such safe hospital environment is 
possible only under the common safety program imple-
mentation, the program including all components of the 
hospital environment safety. Such integrated approach 
would provide for the appropriate safety culture devel-
opment.

Fig. 4. Share of positive answers regarding 
the “response to mistakes” obtained from the 
Ukrainian and foreign healthcare establish-
ments staff as well as the Ukrainian atomic 
nuclear power station personnel.

Fig. 5. Relation of occupational injury rate 
values by their causes in Ukrainian healthcare 
from 2006 till 2018.
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Though, transforming the notion “safe hospital environ-
ment” into an active instrument of healthcare institutions 
increased safety requires for more reasoned studies.

CONCLUSIONS
1.  The COVID-19 pandemic has acted as a peculiar stress-

test for identifying the problems of the hospitals safety 
and their interdependence.

2.  A direct dependence between the occupational risks 
caused by COVID-19, medical staff values and patients 
safety values has been registered. The study has found 
low adherence of the healthcare establishments person-
nel to the patients’ safety issues.

3.  Patients’ safety, medical staff labour safety and hygiene, 
medical staff resilience to emergencies and accidents, 
protection of the healthcare establishments risk sources, 
material values and patients under everyday conditions, 
as well as the environmental safety represent the hospital 
environment safety components.

4.  The authors state that the safe hospital environment is 
the environment of highly organized culture, providing 
for the safety of the staff, patients, visitors and surround-
ing environment under the everyday conditions and in 
emergencies on the acceptable risk level. 

5.  The most significant factors of the safe hospital envi-
ronment, joining all aspects of the healthcare establish-
ments, and providing for favorable conditions of their 
implementation, are: shaping and preserving highly 
organizated culture level as well as its derivative –safety 
culture in healthcare establishment.

6.  The notion «safe hospital environment» should be pres-
ent not only in the theoretical guidelines, but realized 
on practice, through the hospital safety measures, which 
requires for more substantial study, thus, serving active 
instrument of safe hospital environment.

7.  The values which were studied by the authors may serve as 
indicators ( stress- markers) used for assessment of the per-
sonnel and patients safety in the healthcare establishment.
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INTRODUCTION 
The issue of public health is certainly a priority for every 
civilized society. These questions are regarded as problems 
of the national level and efforts of many scientists are di-
rected to their solution. Medicine, valeology, physiology, 
psychology, philosophy, pedagogy are the fields engaged 
into the process of healthy lifestyle habits formation. In the 
modern world human health is determined by a number 
of global factors and challenges that require balanced, 
coordinated scientific approaches [1; 2]. 

Recently lifestyle as an important aspect of health care is 
paid more attention by researchers [3]. According to WHO, 
60% of related factors to individual health and quality of life 
are correlated to lifestyle [4].  Unfortunally millions of people 
conduct an unhealthy lifestyle. Hence, they have higher risks 
of illness, disability and even death. Problems like metabolic 
diseases, joint and skeletal problems, cardio-vascular dis-
eases, hypertension, overweight, violence and so on, can be 
caused by an unhealthy lifestyle. The relationship of lifestyle 
and health should be highly considered [5]. 

According to Chung J., Chung L., Chen B. [6] the phys-
ical fitness levels of school children depends on two main 

factors contributing to health: genes and lifystyle. Lifestyle 
could possibly be a key factor and predictor of physical fit-
ness, providing strong evidence to support the interaction 
between lifestyle and genes in their impact on our health. 

The modern human being disregard the laws of nature, 
natural development of a personality, violation of harmo-
ny in the «people-nature» interaction, the unpredictable 
scientific development often have put civilization on 
the survival brink. Global warming, air pollution, man-
caused disasters, wide spread of new diseases (including 
COVID-19) and other human issues are prompting the 
world community for  recognizing human life and health 
as an undisputed priority. Negative trends in the human 
civilization’s life have become threatened and catastrophic 
nowadays. It is espessialy important to stay physically fit 
and active during self-isolation caused by the COVID-19 
pandemic [7; 8; 9].

The world community has a long positive experience 
in preserving and promoting human health worldwide. 
In particular, the activities of such international orga-
nization as the World Health Organization (WHO) is 
proof of it [10].  
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ABSTRACT
The aim of the article is to determine pedagogical conditions of healthy lifestyle principles formation of children aged 6–7. 
Materials and methods: Three groups of methods have been used in the research – theoretical – content analysis of scientific literature and modeling; empirical – surveys, 
observations, questionnaires and pedagogical experiment; statistical – mathematical processing, quantitative and qualitative analysis. 
Results: The definition of notion «health» has been analyzed. Attention is focused on the interdisciplinary aspect of the problem. We have conducted pedagogical experiment 
wcich  involved 145 primary school studets (aged 6–7) of Lviv specialized school № 8 (Ukraine) in order to find ways to form the healthy lifestyle principles in general secondary 
educational institutions. We have identified the levels of formation of healthy lifestyle of primary school children (aged 6 – 7) as high, medium and low. 
Conclusions: The organizational and pedagogical conditions for the formation of the healthy lifestyle principles of children aged 6–7during curriculum and extracurriculum 
activities are: axiological approach application to the formation of healthy lifestyle principles; strengthening positive attitude of primary school children (aged 6–7) toward the 
healthy lifestyle principles formation; organizational, methodological and pedagogical support of the healthy lifestyle principles of primary school students. It has been found 
that the implementation of the proposed tools contributes to better understanding of healthy lifestyle importance and develop means to be fit and healthy. 
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The notion health is defined in the Charter as «a state 
of complete physical, spiritual, social well-being and not 
merely the absence of disease or infirmity» [11]. In the WHO 
Charter, health is defined as a fundamental human right 
regardless of race, religion, political views, social and eco-
nomic status for the first time in international practice [10].

The contemporary science pays special attention to the 
child’s health. The challenges and risks of modern society 
indicate the urgency of this problem all over world. In many 
countries, including France, Canada, the United States of 
America, Austria, Germany, Poland [12] and others, the 
concept of early formation of a healthy lifestyle is begin-
ning to be implemented in the family and is consistently 
developped in all levels of education. This concept aims to 
provide children with knowledge that would help to gain 
independence, teach them to take care of their physical 
and mental health [13].

The analysis of scientific theoretical sources on formation 
of children healthy lifestyle [14] proves the urgency and 
the necessity to solve above mentioned problem. 

THE AIM
The aim of the article is to determine pedagogical conditions 
of healthy lifestyle principles formation of children aged 6-7. 

MATERIALS AND METHODS 
Three groups of methods have been used in the research 
– theoretical – content analysis of scientific literature and 
modeling; empirical – surveys, observations, question-
naires and pedagogical experiment; statistical – mathe-
matical processing, quantitative and qualitative analysis.

RESULTS 
The formation of a healthy lifestyle is usually carried out 
accorging to a multidisciplinary approach. It includes 
physiological aspects (basic knowledge on the human 
body, grounds of hygiene, nutrition etc.), basic knowledge 
on various activities, self-esteem in everyday life or in the 
context of specific approaches, such as campaigns to pre-
vent smoking, drug addiction, transmission of infections 
[15]. The foreign and Ukrainian educators consider valeo-
logical and ecological education as one of the important 
tasks of schooling. The essence is seen in the preservation 
and strengthening health, care for others and nature [11].

Health is an integral phenomenon that combines the fol-
lowing components: physical, mental, social and spiritual. 
They are interconnected and determine the state of human 
health. In addition, the prerequisites for health care are 
important, ie the factors that determine its current state: 
«The main prerequisites for health include eight factors: 
peace, safety, social justice, education, nutrition, income, 
ecosystem, sustainable resources» [16]. 

The understanding of human health importance should 
be formed at the early age as an effective tool. It is regarded 
as specially and consciously organized human activities 

aimed at preventing disease, strengthening all body sys-
tems, improving well-being, maintaining a reasonable 
balance between work and rest, extensive usage of nature 
factors. Children need special attention not only in terms 
of strengthening and maintaining their health, but the 
formation of an appropriate philosophy of life, allowing to 
lead an environmentally friendly lifestyle; be aware of the 
human capabilities limits and the limits of interference in 
the natural environment; taking into account valeological 
and ecological values; formation of the ability to under-
stand health as a holistic and complex phenomenon, cov-
ering the physical, mental, spiritual and social components. 
According to this issue, the formation of children healthy 
lifestyle habits at the early age requires close attention of 
researchers in pedagogy, psychology, medicine and valeol-
ogy. The development of a holistic concept of child’s health 
and the active search for effective methods and health 
technologies has become urgent.

To optimize the formation of healthy lifestyle principles 
of primary school children in Ukrainian general secondary 
education establishments the pedagogical expiriment has 
been conducted. 145 primary school students (aged 6 – 7 
years old) took part at the experiment. They are first and 
second form students of Lviv specialized school № 8 (Lviv 
city, Ukraine). The analysis of the structural components 
of the «healthy lifestyle principles» phenomenon made 
it possible to determine diagnostic criteria and relevant 
indicators presented in the table I. 

We have identified the levels of formation of healthy 
lifestyle of primary school children (aged 6 – 7) as high, 
medium and low. They have been accompanied by the 
appropriate characteristics based on the criteria and in-
dicators. 

The group with high level includes children with an 
positive attitude to a healthy lifestyle, good health and 
a high level of motivation to maintain personal health. 
They consider their health as a priority; follow the rules of 
personal hygiene; daily routine. They have regular motor 
activity, attend physical education classes.

The group with average level includes children with a 
rather low level of motivation for a healthy lifestyle. This 
category of children don’t have a holistic understanding of 
the essence of health and a healthy lifestyle, don’t have a 
continuous interest in learning about the health value. The 
health is not a priority, such children mostly follow hygienic 
rules, physical education lessons are sometimes missed.

The children who aren’t motivated to conduct healthy 
lifestyle and have abnormalities in their health are classified 
to low level. Children have fragmentary information about 
maintaining health and do not understand the content of 
healthy lifestyle concept and its components. They have 
only basic skills of organizing a healthy lifestyle and use it 
sporadically. Children often miss physical education classes 
for no good reason.

Formation results of healthy lifestyle of primary school 
children (aged 6 – 7) are presented in the table II.

Primary school children (aged 6 – 7) questioning «How 
do you take care of your health?» has been aimed at iden-
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tifying behavioral attitudes towards their own health. 
We have conducted the targeted monitoring of children’s 
energies and independence in various activities aimed at 
maintaining their health. It has been established that chil-
dren wash their hands when necessary or when possible, 
the classroom is aired only on the teacher’s instructions. 
The obtained data show that children do not follow com-
pletly the requirements of healthy lifestyle, they just follow 
the adult’s instructions. 

The research process of the healthy lifestyle principles, 
the peculiarities of their formation in classroom and during 
extracurricular activities, analysis of the observational stage 
results and the experiment made it possible to determine 
organizational and pedagogical conditions to form healthy 
lifestyle principles for primary school students (aged 6 – 7):
1.  Axiological approach to the formation of the healthy 

lifestyle principles based on the values priority. The 
axiological approach is implemented through the as-
similation of folk customs and traditions that contribute 
to the formation of valeological knowledge.

2.  Strengthening the active position of primary school 
children (aged 6 – 7) to form the healthy lifestyle 
principles. An active personal attitude is important – 
awareness of the importance of knowledge about health, 
components of internal motivation, engaging into 
health-related activities, taking into account individual 
interests and abilities, responsibility formation.

3.  Organizational, methodological and pedagogical 
support of the healthy lifestyle principles formation 
of primary school children (aged 6 – 7). Effective for-
mation of the healthy  lifestyle principles needs proper 
pedagogical support. Mutual understanding, trust and 
respect among teachers and parents are of great impor-
tance. In our opinion, the high-quality performance of 
primary school teachers functions includes theoretical, 
methodological and practical training of teachers to 
form healthy lifestyle principles.

It has also been used the conversation on the topic «Why 
do you need to be healthy without medicine?». Children 
have discribed medicine-free means for maintaining and 
enhancing their health. The analysis of the content of 
proverbs, sayings, fairy tales gave them information on 
preserving and strengthening their own health. During 
the art lessons teachers have used art therapy (for example 
«Green Forest», «Moments of color»), collage making and 
painting.

In order to test the effectiveness of such forms of edu-
cational activities to form healthy lifestyle principles, a 
control phase of the experiment has been conducted. In the 
process of data processing and obtained results analysis we 
have revealed the expected dynamics in the experimental 
group of primary school children (aged 6 – 7) in terms of 
quantitative and qualitative indicators. Generalized results 
of distribution of primary school children of control and 

Table I. Criteria and indicators of primary school children (aged 6 – 7) healthy lifestyle principles formation 
Criteria Indicators

Cognitive creteria
− proper understanding of healthy lifestyle;
− unterstanding health impact factors;
− positive attitude to physical education.

Motivation and values creteria 
− understanding importance of health and maintaining healthylifestyle;
− understanding the role of health in the hierarchy of general and personal values;
− interest in researching healthy lifestyle peculiarities.

Actional creteria 
− activation of skills and abilities of healthy lifestyle;  
− independence during health-related activies;
− ability to maintain and promote health in a variety of situations.

Table II. Formation results of healthy lifestyle of primary school children (aged 6–7)

Levels

Criteria

Cognitive Motivational Actional

KG,% EG, % KG,% EG, % KG,% EG, %

High 18,7 52,5 17,4 50,2 24,3 61,6

Average 35 39 34,6 36,8 43 34

Low 46,3 8,5 48 13 32,7 4,4

Table III. Total results of distribution of primary school children (aged 6 – 7) of control and experimental groups based on all criteria of healthy lifestyle 
principles formation

Classes
High Medium Low

initial,% final,% initial,% final,% initial,% final,%

Experimental 21,7 54,6 39,8 37,3 38,5 8,1

Control 20,5 29,2 39,3 40,5 40,2 30,3
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experimental groups based on the criteria to form healthy 
lifestyle principles are presented in the table III.

The results of the control experiment (table III) has 
showed a positive trend in the levels of formation of the 
foundations of a healthy lifestyle 6 – 7 year olds children 
due to the implementation of educational work on the 
formation of the healthy lifestyle principles. 

DISCUSSION
The standard educational program for general secondary 
educational institutions is developed in accordance with 
the Law of Ukraine «On Education», the State Standard of 
Primary Education, the Concept of the National Program 
«Health 2020: Ukrainian Dimension». The conceptual 
strategy for the formation of a healthy lifestyle is formulated 
in the Law of Ukraine «Fundamentals of the legislation of 
Ukraine on health care». The section VII of the document 
«Maternal and child health» is directly related to children’s 
health. It states that in the process of learning the Ukrainian 
language, literary reading and mathematics one should 
use material that enhances the content of these subjects 
with knowledge about human health, forms a number of 
competencies accordingly [17]. 

Acquaintance of primary school children with features 
of healthy lifestyle formation provides the further devel-
opment of child’s personality. It gives an understanding of 
significance of physical exercises, ball games, promoting 
healthy lifestyle, strengthening body and spirit, self-expres-
sion, social interaction in the process of physical education 
and health-related activities [3].

We believe that extracurricular group activities has a 
significant potential for the formation of a healthy lifestyle 
principles. We have given the preference to the methods 
and techniques wich have maximized children interest 
in healthy living. Further educational activities has been 
aimed at stimulating motivation for healthy lifestyle – pro-
moting the development of value orientations of children 
to maintain and strengthen their health.

In order to solve the tasks, posture correction exercises, 
breathing exercises, health-ralated exercises have been 
conducted during classes with primary school children. 
Motor games have been the main means to form healthy 
lifestyle principles. It contributes to the improvement of 
physical indixes of the body of children.

CONCLUSIONS
Thus nowadays the world community pays special attention 
to the child’s health. Scientists emphasize the awareness of 
the importance of good health for human wellbeing. The 
environmentally friendly support should be formed at the 
early age, an effective tool should be a healthy lifestyle, ie 
specially and consciously organized human activities to 
prevent diseases, strengthen body and spirit, use effectivly  
various natural factors.

Theoretical analysis of scientific sources on the research 
problem shows the importance to search the ways to op-
timize the formation of a healthy lifestyle foundations of 

primary school children in general secondary educational 
institutions by means of classroom and extracurricular 
educational activities.

Assessment of the formation of healthy lifestyle foundations 
of primary school children has been determined by using 
the following criteria: cognitive, motivational, actional ones. 
Based on these criteria and indicators, we have determined 
three levels of the formation of healthy lifestyle principles: 
high, medium and low. The organizational and pedagogical 
conditions for the formation of the healthy lifestyle principles 
of children aged 6 – 7during curriculum and extracurriculum 
activities are: axiological approach application to the forma-
tion of healthy lifestyle principles; strengthening positive 
attitude of primary school children (aged 6 – 7) toward the 
healthy lifestyle principles formation; organizational, meth-
odological and pedagogical support of the healthy lifestyle 
principles of primary school students.

As the result of the research it has been found that the 
implementation of the proposed tools contributes to better 
understanding of healthy lifestyle importance and develop 
means to be fit and healthy. Such approach is an effective basis 
to improve children health, to create a holistic valeological 
standpoint, to realize the importance to be healthy and wellthy. 
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INTRODUCTION
Today, the problem of obesity on our planet affects more 
than 250 million people, more than 500 million people 
are overweight. Changes in dietary habits and increased 
availability of high-calorie food have made overweight 
and obesity one of the most serious health problems to-
day [1, 2]. In recent years, changes in the human intestinal 
microbiome has been shown to play an important role in 
the development of obesity [3, 4]. There are 4 main phylum 
bacteria (Bacteroidetes, Firmicutes, Actinobacteria, Proteo-
bacteria) in the large intestine of healthy people, which are 
divided into classes, genera and species of microorganisms. 
The vast majority of microorganisms that inhabit the large 
intestine are anaerobes. More than 90 % of the microflora 
of the distal colon in healthy people are microorganisms 

of the phylum Bacteroidetes and Firmicutes. Firmicutes 
include more than 200 species of gram-positive bacteria, in 
particular, various species of Clostridium, Staphylococcus, 
Streptococcus, Enterococcus [5]. Phylum Bacteroidetes is 
represented by gram-negative bacteria such as Bacteroides, 
Prevotella.

Bacteroids play an important role in fat metabolism 
– provide hepato-intestinal circulation of bile acids and 
cholesterol catabolism. Normally, deoxycholic and che-
nodeoxycholic acids with participating the secretory 
IgA, inhibit the growth of pathogenic and opportunistic 
pathogens, even in natural for the body concentrations [6].

Proteobacteria include such gram-negative opportunistic 
enterobacteria as E. coli, Klebsiella spp., Citrobacter spp., 
Proteus spp.
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vulvovaginal candidiasis and overweight and obesity (60 women); group II – women with vulvovaginal candidiasis without overweight and obesity (30 women); group III – 
women with bacterial vaginosis and overweight and obesity (60 women); ІV – women with bacterial vaginosis without overweight and obesity (30 women). The study of the 
intestinal microbiocenosis included the determination of the species and quantitative composition of the microflora. Quantitative indicators of intestinal microflora were studied 
by seeding 1 ml from each dilution on differential diagnostic media: Endo, Ploskireva, ICA (bismuth – agar sulfide) to detect pathogenic enterobacteria; ZhSA (yellow – salt 
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in women with overweight and obesity. In all women with excess body weight and obesity, intestinal microflora disorders have been registered, which are characterized by the 
replacing the lactobacilli and bifidum bacteria to opportunistic pathogens. A significant increase in Firmicutes phylum microorganisms and a significant decrease in Bacteroidetes 
phylum were found. The obtained data prove that changes in the species composition of the intestinal microbiota play an important role in the pathogenesis of obesity.
Conclusions: The results indicate the feasibility of monitoring the intestinal microbiota in women with vulvovaginal candidiasis and bacterial vaginosis, especially in the presence 
of excess body weight and obesity to determine the degree of violations of its components, and timely correction of the detected changes.
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Actinobacteria phylum consists of gram-positive bacteria, 
the most important of which are Bifidobacterium. Bifido-
bacterium production of lysozyme, bacteriocins, alcohols 
and high antagonistic activity against pathogenic bacteria 
prevent their penetration into the upper gastrointestinal 
tract [7].

Up to 10% of the total number of intestinal microorgan-
isms are aerobic bacteria – Escherichia coli, streptococci, 
staphylococci, enterococci, various types of opportunistic 
enterobacteria, yeast-like fungi of the genus Candida.

In recent years, the development of candidiasis in 
overweight and obese people is increasingly associated 
with excessive carbohydrate intake. In addition, chronic 
inflammation that accompanies obesity affects a person’s 
immune reactivity, increasing the likelihood of developing 
a fungal infection [8].

Among the fungi of the genus Candida which are of 
major importance as causative agents of candidiasis, are 
Candida albicans, Candida glabrata, Candida tropicalis, 
Candida parapsilosis, Candida krusei. Literature data show 
that against the background of obesity, Candida albicans 
and Candida glabrata are more often isolated from the 
intestine [9].

The reliability of the intestine ecological barrier is associ-
ated with lactobacilli. Reducing the number of lactobacilli 
in the intestine leads to the reproduction of pathogenic 
and opportunistic microorganisms [10].

Many scientists have studied changes in the intestinal 
microbiota in overweight and obesity. Studies have shown 
an association between obesity and the composition of the 
gut microbiome [11].

Thus, a number of studies have found a numerical in-
crease in bacteria of the Firmicutes type compared with 
representatives of the Bacteroidetes type and more energy 
storage from food in overweight people. Some researchers 
believe that an increase in the microbiome of obese bac-
teria that ferment polysaccharides with forming the large 
amounts of short-chain fatty acids (CLA) [12] plays a role 
in providing an increased energy reserve in the colon and 
developing the obesity.

Firmicutes, such as those found in large numbers in obese 
patients, are thought to express genes encoding enzymes 
that break down undigested polysaccharides. This increases 
the concentration of KLZHK, providing colonocytes with an 
available source of energy. As a result, the energy value of food 
increases, which is eventually realized by weight gain [13].

  It was found that as the degree of obesity increases, 
the degree of microecology of the large intestinal cavity 
increases, which can be explained by the close relationship 
between the processes of absorption and metabolism in the 
background of intestinal microecology [14 – 16].

THE AIM
The aim of our work was to study the intestinal micro-

biome in obese women and further develop differentiated 
patterns of exposure to the intestinal microbiota to improve 
metabolism and reduce excess weight.

MATERIALS AND METHODS
In order to solve the tasks set in our work, we surveyed 120 
overweight and obese women. For comparison, 60 women 
without overweight and obesity were examined. All women 
were divided into groups:

Group I – women with vulvovaginal candidiasis and 
overweight and obesity (60 women); group II – women 
with vulvovaginal candidiasis without overweight and 
obesity (30 women); group III – women with bacterial vagi-
nosis and overweight and obesity (60 women); ІV – women 
with bacterial vaginosis without overweight and obesity 
(30 women). The data obtained during the examination 
of 30 healthy women were used as a control.

The study of the intestinal microbiocenosis included the 
determination of the species and quantitative composition 
of the microflora. The degree of intestinal biocenosis vio-
lations was assessed according to the guidelines by Bond-
arenko V.M., Matsulevich T.V. “Microbiological diagnosis 
of intestinal dysbacteriosis” Moscow, 2007.

For quantitative analysis of the intestinal microflora from 1 
g of feces delivered without preservatives, a working dilution 
(1:10) was prepared, from which a number of serial dilutions 
(103 – 1011) were made. Quantitative indicators of intestinal 
microflora were studied by seeding 1 ml from each dilution on 
differential diagnostic media: Endo, Ploskireva, ICA (bismuth – 
agar sulfide) to detect pathogenic enterobacteria; ZhSA (yellow 
– salt agar) for determination of staphylococci; Endo and Simons 
citrate for the determination of Escherichia coli and opportunistic 
enterobacteria; EDDS medium – for the detection of enterococci. 
To study the hemolytic activity of bacteria was used agar with 
5% erythrocyte content of sheep. The presence of bifidobacteria 
in the test material was studied on Blaurok medium, and lac-
tobacilli – on MRS medium. The number of bifidobacteria and 
lactobacilli was determined by diluting the material.

Saburo medium was used to identify yeast-like fungi. 
MICROLA-TEST kits “Candida test 21” (Erba Lachema 
s.r.o. (Czech Republic)) were used for further identification 
of isolated yeast-like fungi.

The taxonomic position of microorganisms was deter-
mined according to the “Determinant of Bergi bacteria”. 
Identification of microorganisms was performed by their 
cultural and morphological characteristics.

Determination of anaerobic microorganisms was carried 
out according to the guidelines “Laboratory diagnosis of 
purulent – inflammatory diseases caused by asporogenic 
anaerobic microorganisms”, Kharkiv, 1985.

Anaerobic intestinal microflora was studied with strict 
adherence to the technique of anaerobic culture. Solid and 
liquid nutrient media (thioglycol medium, blood agar with 
glucose, liver broth, Kitt-Tarozzi medium) were used for 
the study. The Anaerocult system (Merck, Germany) and 
the Anaerogas gas packages were used to create anaerobic 
conditions. MICROLA-TEST kits “Anaero test 23” (Erba 
Lachema s.r.o. (Czech Republic)) were used for further 
identification of isolated anaerobic microorganisms.

To assess the degree of intestinal dysbacteriosis, quan-
titative accounting of colonies grown in dense nutrient 
media was performed.
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The content of UPM in the test material was expressed 
by the number of colony-forming units in 1 g (CFU / g) 
of biological material.

Statistical analysis of the obtained research results was 
performed using standard computer packages “Data Anal-
ysis” Microsoft Excel for Windows 2002. The values   of the 
arithmetic mean were calculated – the value (M), the aver-
age error of the average value (m), the level of probability 
of discrepancies (p). The reliability of the obtained data 
was evaluated by the generally accepted method using the 
Student’s criterion. Reliability was considered established 
if its probability was at least 95% (0.05).

 RESULTS
Intestinal dysbiosis was found in all examined patients with 
vulvovaginal candidiasis and obesity (group I). II degree 
of dysbiosis was registered in 41.7% of patients, III degree 
in 58.3% of women.

When examining women of group I it was found that 
E. coli was detected in the majority of subjects (95 %), 
but its quantitative level did not reach the indicators in 
the group of healthy women and was lg 5.8 CFU / g (Fig. 
1). E. coli with hemolytic properties was sown with a high 
frequency – 28.3 %, at a concentration of lg 7.2 CFU / g, 
which significantly exceeded the diagnostic level. Also, 
among Proteobacteria such opportunistic microorganisms 
as Serratia spp. – 31.7 %, Klebsiella spp. – 26.7 %, Enterobacter 
spp. – 25 %, Citrobacter spp. – 18.3%.

The quantitative indicators of registrating the ci-
trate-stimulating bacteria exceeded the norm and were 
within lg 6.2 CFU/g-lg 7.5 CFU/g.

When examining patients of group I was revealed an 
increase in qualitative and quantitative indicators of staph-
ylococci seeding, streptococci belonging to Firmicutes. The 
seeding frequency of S. faecalis reached 70 %, S. aureus – 
48.3 %, S. epidermidis with hemolytic properties – 46.7 %.

  A high level of intestinal contamination with gram-pos-
itive cocci with pathogenic properties was registered: lg 
5.4 CFU/g – lg 5.6 CFU/g. The amount of S. faecalis (lg 7.3 
CFU/g) also exceeded the diagnostic level.

Fungi of the genus Candida were found in the intestine 
in 100 % of women with vulvovaginal candidiasis at a 
concentration of lg 6.5 CFU/g. Candida albicans-71.7 %, 
Candida glabrata -20.0% were most often sown from the 
intestines of patients of group I. Other species of fungi were 
isolated with insignificant frequency (Fig. 2).

Therefore, it can be assumed that the source of highly 
virulent strains of fungi that infect the mucous membranes 
of the genitals is the intestine, and without inhibiting the 
growth of fungi in it, any therapy aimed at treating genital 
candidiasis is usually unsuccessful and subsequently leads 
to recurrence of the disease.

The analysis of seeding indicators of indigenous intestinal 
microflora made it possible to state a significant decrease in 
its number – Lactobacillus spp. was sown in 73.3 % of women 
at a concentration of lg 5.2 CFU/g, and Bifidobacterium spp. 
in 68.3 % of subjects at a concentration of lg 6.2 CFU/g.

Among the representatives of the anaerobic microflora 
a significant proportion were bacteria of the phylum Fir-
micutes: Peptostreptococus spp. was detected in 53.3% of 
patients, Blautia spp. in 75%, Clostridium spp. in 51.7%, 
Eubacterium spp. in 63.3%. The quantitative level of seed-
ing these microorganisms in women with vulvovaginal 
candidiasis increased by almost two orders of magnitude 
compared to normal (Fig. 1).

Among other members of the obligate anaerobic mi-
croflora, there was a significant decrease in the qualitative 
and quantitative level of seeding from the intestine of 
Bacteroides spp. (38.3 %, lg 6.7 CFU/g) and Prevotella spp. 
(13.3 %, lg 6.0 CFU/g).

In 73.3 % of the examined patients of group I, associative 
forms of bacterial intestinal contamination were revealed. 
Mostly three – four component associations of staphylococci 
with opportunistic enterobacteria and fungi of the genus 
Candida were registered.

For comparison, the second group of women with 
vulvovaginal candidiasis without overweight and obesity 
was examined. The frequency of registration of grade III 
dysbacteriosis in patients with vulvovaginal candidiasis 
without overweight and obesity was 36.7 %, grade II-63.3 
%. Intestinal microecology disorders in patients of group II 
were manifested in an increase in the frequency of seeding 
the lactose-negative E. coli – 16.7 %, E. coli (heme +) – 20 %,  
and certain species of enterobacteria (Klebsiella spp. – 23.3 %).  
Gram-positive cocci contaminated the intestines of 
women with vulvovaginal candidiasis without excess 
body weight and obesity with a much lower frequency 
than in women of group I. S. aureus was sown in 23.3% of 
women, S. epidermidis with hemolytic properties in 13.3 
%. Quantitative seeding rates of opportunistic pathogens 
were also lower, compared with women of group I, but 
exceeded the rates of intestinal contamination in the 
group of healthy women.

Increased intestinal contamination with gram-nega-
tive rods and gram-positive cocci was accompanied by 
a deficiency of Lactobacillus spp. in 90% of subjects and 
Bifidobacterium spp. in 83.3% of group II women. Absence 
of Lactobacillus spp. found in 10% of patients with Bifido-
bacterium spp. in 16.7%. Fungi of Candida in the II group 
of examined patients were sown with a lower frequency 
(93.3%) than in patients of the first group. Quantitative in-
dicators of Candida fungi (lg 5.3 CFU / g) also significantly 
exceeded the diagnostic level. C. albicans was found in 
56.7% of cases in the species composition of Candida fungi. 
Among Candida non-albicans fungi, C. glabrata was most 
often registered in 23.3%, C. parapsilosis in 6.7% (Fig. 2).

As in the previous group of patients, the intestinal microflo-
ra was in 3-4 component associations. Associations of oppor-
tunistic pathogens were found in 66.7% of women in group II.

In women of this group, changes in the anaerobic com-
ponent of the intestinal microbiocenosis differed from 
those obtained in patients of group I. In contrast to the 
results obtained in group I patients, no significant differ-
ences were found from the rate of seeding of Bacteroidetes 
phylum bacteria. Frequency and quantitative indicators of 
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seeding Bacteroides spp. were in 73.3% (lg 9.0 CFU / g) and 
Prevotella spp. in 30.0% (lg 8.3 CFU / g).

Representatives of anaerobic gram-positive microflora 
belonging to the Firmicutes type, contaminated the intes-
tines of group II patients also with a lower frequency than 
in patients of group I.

From our studies it can be concluded that in patients of 
group II the imbalance between bacteroids and represen-
tatives of the microflora type Firmicutes was less significant 
than in women of group I.

Thus, the obtained data indicate that the most significant 
dysbiotic intestinal disorders were registered in the group 
of patients with vulvovaginal candidiasis in combination 

with overweight and obesity. Detection of pathological 
changes in the intestinal microbiocenosis in these patients 
indicates the need to develop preventive and curative mea-
sures aimed at eliminating from the microbial associations 
of potentially pathogenic microflora and fungi of Candida, 
as well as normalizing the relationship between Firmicutes 
and Bacteroidetes towards the latter.

The task also included the study of intestinal microbi-
ome in women with bacterial vaginosis and obesity. The 
majority of women in group III registered the formation of 
intestinal dysbiosis, mainly II-III degree (II degree-31.7%, 
III degree – 68.3%). The amount of E. coli in patients of 
group III did not reach the level of healthy women. In the 

Fig.1. The composition of facultative and obligate anaerobic intestinal bacteria in women with vulvovaginal candidiasis and obesity

Fig. 2. Species composition of genus Candida fungi isolated from the intestine in women with vulvovaginal candidiasis with obesity and without obesity.
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spectrum of Escherichia coli there is an increase in the 
frequency of detection and concentration of E. coli with 
hemolytic properties – 25% (lg 6.7 CFU / g) (Fig. 3).

Qualitative indicators of intestinal contamination of 
women with bacterial vaginosis and obesity (group III) 
indicate a high frequency of seeding the opportunistic 
enterobacteria: Enterobacter spp.-21.7%, Proteus spp. in 

16.7%, Citrobacter spp. in 28.3%, Klebsiella spp. in 23.3%, 
Serratia spp. in 48.3%, in concentrations exceeding the 
diagnostic level> lg 6.0 CFU / g and data obtained from 
the examination of healthy women.

Examination of women with bacterial vaginosis and obesity 
revealed an increase in the qualitative and quantitative indicators 
of staphylococci seeding, streptococci belonging to Firmicutes. 

Fig. 3. The composition of facultative and obligate anaerobic intestinal bacteria in women with bacterial vaginosis and obesity

Fig. 4. Species composition of fungi of the genus Candida isolated from the intestines of women, with bacterial vaginosis and obesity and without obesity



INTESTINAL MICROFLORA ON THE BACKGROUND OF BACTERIAL VAGINOSIS ON VULVOVAGINAL...

2487

The seeding frequency of S. aureus reached 36.7%, S. epidermidis 
(heme +) – 38.3%, S. saprophyticus – 41.7%, S. faecalis – 76, %. 
Quantitative indicators of seeding the coccal microflora also 
reached a significant level: lg 5.2 CFU / g – lg 7.3 CFU / g.

The frequency of detecting  the genus Candida fungi in 
female patients of this group was not very high and was 
21.7%. Candida albicans was found with the highest fre-
quency – 13.3%. Other species of fungi were isolated with 
insignificant frequency (Fig. 4).

Quantitative indicators of intestinal contamination 
in women of group III by the genus Candida fungi  
were – lg 5.0 CFU / g and exceeded the diagnostic level 
(> lg 4.0 CFU / g). Also, in patients of group III there is 
a significant decrease in the frequency of excretion and 
the quantitative level of seeding the protective intesti-
nal microflora: Lactobacillus spp. –63% (lg 5.3 CFU / g),  
Bifidobacterium spp. –73.3% (lg 5.9 CFU/g). 

Studying the intestinal biocenosis in women with bacteri-
al vaginosis and obesity, it was found that the lactobacilli and 
bifidum bacteria, which are normally dominant in the intesti-
nal microflora, are replaced by opportunistic aerobic micro-
organisms and obligate anaerobes. Thus, among gram-pos-
itive obligate anaerobes, Peptostreptococus spp. -56.7%,  
Clostridium spp. -56.7%, Eubacterium spp.- 68.3%, 
Blautia spp. – 61.7 %. Quantitative indicators of these 
microorganisms significantly exceeded the diagnostic 
level and seeding rates of microorganisms in the group of 
healthy women and was in the range of lg 8.2 CFU / g – lg  
12.0 CFU/g.

Dominant in the intestines of a healthy person Bacteroi-
des spp. were sown only in 41.7 % of surveyed women of 
group III at a concentration of lg 6.0 CFU/g, and Prevotella 
spp. in 15% at a concentration of lg 5.0 CFU/g.

In 68.3 % of women with bacterial vaginosis and obesity, 
opportunistic intestinal microflora was in multicomponent 
associations. The associations included hemolytic species 
of gram-negative enterobacteria, Candida fungi and Fir-
micutes phylum microorganisms in various combinations.

The results obtained in our study indicate an increase in 
the relative number of Firmicutes against the background of 
a decrease in the number of Bacteroidetes in patients with 
bacterial vaginosis in combination with obesity. Changes 
in the Firmicutes / Bacteroidetes ratio suggest that there is 
a relationship between the microflora and the formation 
of excess body weight and obesity.

Examination of women with bacterial vaginosis without 
obesity (group IV) also revealed differences in the compo-
sition of the intestinal microflora.

In the examined group IV dysbacteriosis of the II degree 
was found in 56.7 % of cases, dysbacteriosis of the III degree 
is in 43.3 % of cases.

In patients with bacterial vaginosis without obesity, a 
lower frequency of intestinal contamination with staph-
ylococci with pathogenic properties (S. aureus – 20 %, S. 
epidermidis (heme +) – 16.7 %) was registered.

Among enterobacteria, E. coli (heme +) was sown with a lower 
frequency – 16.7 %, Klebsiella spp. – 20 %, Citrobacter spp. – 16.7 
%, compared with data obtained from patients of group III.

The study of quantitative indicators of intestinal bio-
cenosis in patients with bacterial vaginosis without obesity 
showed that in this group there are lower concentrations of 
opportunistic enterobacteria (lg 5,2 KUO/g -lg 5,7 KUO/g)  
and staphylococci  with pathogenic  propert ies  
(lg 4, 2 CU/g – lg 4.4 CFU/g), but these indicators exceeded 
the data obtained in the control group.

Negative changes in the indicators of intestinal micro-
ecology in patients of group IV were mainly manifested by 
low quantitative indicators of normal microflora (Lacto-
bacillus spp.- lg 6.8 CFU / g and Bifidobacterium spp. – lg 
8.2 CFU / g). Lactobacillus deficiency was registered in 
63.3 % of group IV patients, and their absence in 16.7 % 
of subjects. Decreased seeding levels of Bifidobacterium 
spp. were found in 56.7 % of group IV patients, in 13.3 % 
of patients Bifidobacterium spp. were not sown.

The frequency of seeding the Candida fungi in patients of 
group IV was 13.3 %. Among them, fungi of C. albicans were 
found in 10 % of cases, C. glabrata in 3.3 % (Fig. 4).

Among the obligate anaerobic microflora in women 
with bacterial vaginosis without obesity with high fre-
quency and in large numbers sown Bacteroides spp. in 83 % 
(lg 11.0 CFU/g), Prevotella spp. in 36.7 % (lg 9.8 CFU/g). 
Peptostreptococus spp. was found in 43.3 % (lg 6.6 CFU/g), 
Clostridium spp. in 40 % (lg 6.5 CFU/g).

In 43.3 % of the IV group women patients the sowing 
of opportunistic pathogenic microflora in 2 – 3 species 
associations were recorded.

Therefore, it can be concluded that there are differences be-
tween the indicators of intestinal biocenosis in groups of wom-
en with bacterial vaginosis and obesity, as well as with bacterial 
vaginosis and without obesity, which consist in a violation of 
the ratio of Bacteroidetes / Firmicutes towards a significant 
increase in bacteria Philou Firmicutes, a significant increase 
conditionally – pathogenic Enterobacteriaceae, significant 
intestinal contamination with  genus of Candida fungi, the 
formation of multicomponent associations of conditionally 
pathogenic microorganisms against the background of a sig-
nificant decrease or absence of normal intestinal microflora.

Based on the results of studies, we can summarize the 
nature of changes in the intestinal microbiome on the back-
ground of vulvovaginal candidiasis and bacterial vaginosis 
in women with overweight and obesity.

In all women with excess body weight and obesity, intes-
tinal microflora disorders have been registered, which are 
characterized by the replacing the lactobacilli and bifidum 
bacteria to opportunistic pathogens. A significant increase 
in Firmicutes phylum microorganisms and a significant 
decrease in Bacteroidetes phylum were found. The obtained 
data prove that changes in the species composition of the 
intestinal microbiota play an important role in the patho-
genesis of obesity [17].

Detection of pathological changes in the microbiocenosis 
indicates that the intestinal microflora may play an important 
role in the occurrence of disorders in the biocenosis of the 
vagina in women, as well as be of great importance in the 
pathogenesis of obesity. Considering all this, it becomes nec-
essary to develop preventive and therapeutic measures aimed 
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at eliminating from the microbial associations of potentially 
pathogenic microflora and restoring the level of bifido – and 
lactoflora in the intestines of patients. The most severe dys-
biotic processes develop in patients with vulvovaginal candi-
diasis and overweight and obesity (group I), as well as with 
bacterial vaginosis and overweight and obesity (group III) due 
to increased concentrations of hemolyzing, lactose-negative 
Escherichia coli, pathogenic properties, and Candida fungi.

CONCLUSIONS
1.  In patients with vulvovaginal candidiasis and bacterial 

vaginosis and overweight and obesity, there is a decrease 
in the content of Bacteroidetes phylum bacteria and a 
deficiency of protective microflora (lactobacilli, bifidum 
bacteria), gram-positive anaerobic microorganisms Phi-
lou Firmicutes and fungi of the genus Candida.

2.  In groups of patients with vulvovaginal candidiasis, the 
frequency of intestinal contamination with fungi of the 
genus Candida, including Candida non-albicans was 100 
% in women of group I and 93.3 % of women in comparison 
group (group II) in high concentrations that significantly 
exceeded the diagnostic level > lg 4.0 CFU/g. The spectrum 
of fungi most often included Candida albicans. Other 
species of Candida non albicans were less common.

4.  The results indicate the feasibility of monitoring the intestinal 
microbiota in women with vulvovaginal candidiasis and 
bacterial vaginosis, especially in the presence of excess body 
weight and obesity to determine the degree of violations of its 
components, and timely correction of the detected changes.
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INTRODUCTION
Migraine is the primary neurogenic cerebral dysfunction 
with the presence of genetically determined stem failure, 
severe cortical hyperactivity with periodically occurring 
hypothalamus dysfunctions [1,2]. Migraine is manifested 
by periodically recurring attacks of an intense pulsating 
headache, which is commonly located on one  side of the 
head (they tend to fronto-temporal localization), and in 
most cases it is accompanied by nausea, vomiting, photo 
and phonophobia, drowsiness, lethargy after the attack. 
The duration of an attack can last from several hours to 
2-3 days, the frequency can vary from 1 time per year to 1 
time per week. Two major forms of migraine are migraine 
without aura, which is characterized by headache attacks 
with specific accompanying symptoms; migraine with aura, 
which is characterized by local neurological symptoms, 
usually preceding or accompanying the headache [3]. A 
few hours or even days before an attack, precursors of the 

headache may occur, as well as symptoms after the attack 
(hyper- or hypoactivity, depression, craving for certain 
foods, repeated yawning, etc.) [4,5]. 

 A migraine attack begins with the so-called Leo cor-
tical spreading depression. The phenomenon of cortical 
depression is provoked by various stimuli and occurs in 
the occipital cortex. Calcium channel dysfunctions and 
mitochondrial dysfunctions, nitric oxide and glutamate 
impaired metabolism contribute to the brain overexci-
tation. The focus of neuronal depolarization progressively 
spreads over the surface of the cortex from the occipital to 
the frontal lobe [6]. 

  Depolarization is accompanied by an increase in ex-
tracellular potassium, and a decrease in sodium, calcium 
and chlorine. Cortical depression causes the activation 
of sensory neurons of the trigeminal complex, increases 
their sensitivity to nociceptive irritation of the vessels of 
the dura mater [7]. 

FEATURES OF HEMODYNAMICS IN HEAD MAGISTRAL  
AND CEREBRAL ARTERIES IN THE PATIENTS WITH MIGRAINE
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ABSTRACT
The aim of the study was to Doppler sonography study of  the structural and functional state of head magistral arteries  (HMA) and cerebral arteries in the patients with various 
forms of migraine.
Materials and methods: We conducted the clinical Doppler examination of 124 young patients (18-45 years old), including 55 men and 69 women in the conditions of the 
clinical base of the Kharkiv Medical Academy of Postgraduate Education in 2017-2019. The criteria for involvement of patients in the study were: migraine without aura (group 
1 – 63 patients), migraine with aura (group 2 – 61 patients) The control group consisted of 45 patients of the corresponding gender and age. The condition of HMA and cerebral 
arteries was studied using  the ultrasound device.
Results: The presence of extravasal compressions of vertebral arteries (VA) is typical for the patients with migraine, as well as for some cases of the hypoplasia of the VA in the 
group of the patients with migraine with aura. In the patients with migraine with aura, there was a decrease in the velocity values in the extracranial VA segments. The velocity 
values in the external carotid arteries (ECA) were slightly reduced in both groups. The most significant were the changes in the hemodynamics in the middle cerebral arteries 
(MCA), which were manifested by the pattern of the excessive perfusion in the patients of the migraine without aura  and the pattern of the hampered perfusion in the MCA 
in the patients of the migraine with aura.
Conclusions: 1. In the patients with migraine with aura, a decrease in the velocity values in the extracranial segments of the VA was observed, in some cases combined with 
the hypoplasia of the vertebral artery, the hampered perfusion in middle cerebral arteries.
2. The excessive perfusion in middle cerebral arteries is the most critical hemodynamic pattern in the patients with migraine without aura.
3. The extravasal compression of vertebral arteries, combined with the hyperperfusion in posterior cerebral arteries, is a typical hemodynamic pattern both in the group of the 
patients with migraine with aura, and in the group of the patients with migraine without aura.
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   Activation of brain stem centers leads to depolarization 
of ascending and descending nociceptive and antinociceptive 
pathways, dilatation of perimeningeal vessels and neurogenic 
inflammation. Pain-sensitive nerve fibers can be activated by 
the leakage of sensitizing vasoactive substances from trigem-
inal nerve endings or by efferent activity in parasympathetic 
nerves. Based on these data, we can assume that the release of 
vasoactive substances around the vessels of the brain can cause 
sensitization of afferent trigeminal cells, vasodilation and pain 
during migraines [8]. At the time of the migraine attack, the 
dorsal region of the midbrain periaqueductal space is activated. 
These brain areas contain serotonergic, noradrenaline, endor-
phinergic and GABAergic systems. The trigger factor for mi-
graine is the activation of this area. Before a migraine headache 
attack, platelet aggregation increases, serotonin is released from 
them, which leads to vasoconstriction of large-caliber vessels, 
vasodilation of capillaries (prodromal period) [2].  Changes 
in cerebral blood flow during the migraine attack are similar 
to the stages of spreading depression. Pathogenetic factors of 
the attack are changes in the metabolism and function of the 
cortex. The rate of oligemia is approximately equal to the rate 
of pervasive depression during the migraine attack [9].  

 Various external factors can provoke the development of a 
migraine attack: mental, nervous or physical overstrain, stress, 
weather factor, sleep disturbance, intake of certain foods or 
alcohol, use of hormonal contraceptives. 

 Migraine pain consists of three components: 1. Vasodilation, 
mainly intracranial vessels, including vessels of the dura mater 
and large cerebral arteries. 2. Rapidly developing neurogenic 
(aseptic) inflammation in the perivascular region. 3. Activation 
of the central trigeminal system, namely the spinal tract of 
the trigeminal nerve (nucleus tractus caudalis) and its central 
connections [1,2,10].

The pathophysiological theory of migraine can be divided 
into 3 types: 1. Vascular: Wolf ’s vascular theory, shunt theory, 
platelet theory. 2. Neurological and neurovascular: the theory of 
spread depression, trigeminal-vascular theory. 3. Serotonergic 
theory. [1,2,10,11]. 

The method of transcranial dopplerography (TCD) of the 
major vessels of the head has been successfully used to diagnose 
lesions of extracranial and intracranial sections of the major 
arteries. Recently, a large number of works have been published 
on the study of cerebral hemodynamic disorders in patients 
with migraine with and without aura, during the attack-free 
period and during the attack [12-15]. Their results are very 
contradictory. The studies during the attack-free period did 
not show significant differences in average blood flow velocity 
in extra- and intracranial arteries in patients with migraine 
relative to the group of healthy subjects [16].   

There is enough available data supporting the vascular hy-
pothesis of the migraine pathogenesis [17-19]. In this model, the 
vasoconstriction in the intracranial vascular system is attributed 
to the aura phase of migraine attacks, with the subsequent vaso-
dilation being considered the cause of the headache. The pres-
ence of the arteriovenous shunts in this region in migraine has 
been reported and their role in the development of the headache 
has been studied [15]. It is possible that vasoconstrictive changes 
in the posterior regions of the brain are responsible for some 

of the symptoms of the migraine aura, seizure or postdromic 
phase [15]. During the migraine attack the linear blood flow 
velocity (BFV) in middle cerebral arteries (MCA) on the side of 
the headache was significantly lower than on the side without 
the headache, without changes in the volumetric blood flow, 
indicating the intracranial dilatation of the artery on the side of 
the headache, estimated at approximately 20%. This decrease in 
the velocity in MCA, indicating the arterial dilatation during the 
headache, contradicted other studies that left open the question 
of the pathophysiological role of the vascular dilatation during 
migraine attacks [20,21].

In connection with the above data, the usage of ultrasound 
methods of vascular diagnostics gains great importance for the 
study of this pathology. Available publications do not contain 
data on the results of the combined study of cerebral and ex-
tracerebral hemodynamics  in patients with various types of 
migraine paroxysms.  

THE AIM
The aim was to study the structural and functional state of 
head magistral arteries  and cerebral arteries in the patients 
with various forms of migraine.

 

MATERIALS AND METHODS
We conducted the clinical Doppler examination of 124 
young patients (18-45 years old), including 55 men and 69 
women in the conditions of the clinical base of the Kharkiv 
Medical Academy of Postgraduate Education in 2017-2019. 
The criteria for involvement of patients in the study were: 
migraine without aura (group 1 – 63 patients), migraine 
with aura (group 2 – 61 patients) in accordance with the 
criteria for the international classification of headache 
disorders (ICHD-3, 2018) [11]. The exclusion criteria 
were the presence of occlusions and hemodynamically 
significant stenoses of brain magistral arteries (BMA). All 
patients underwent clinical and neurological examinations. 
The condition of HMA and cerebral arteries was studied 
using Ultima PA ultrasound device (RADMIR, Ukraine) 
and  Angiodin transcranial Doppler apparatus (BIOSS, 
Russia). While locating HMA, the study was performed 
on patency, structure, course, indicators  of peak systolic 
velocity (PSV)  and resistance index (RI) of common 
(CCA), internal (ICA), of external (ECA) carotid arteries, 
extracranial segments of vertebral (VA) arteries, the size 
of the intima-media complex (IMC) in CCA, indicators of  
and linear blood flow velocity (BFV) in middle cerebral 
(MCA), anterior cerebral (ACA), posterior cerebral (PCA), 
ICA siphons, intracranial segments of VA, basilar artery 
(BA). The control group (CG) consisted of 45 patients of 
the corresponding gender and age.

 Statistical analysis and material processing were per-
formed using the Statistic 6.0 software package. Differences 
recognized to be statistically significant at P &lt;0.05. The 
study complies with the requirements of the Helsinki Dec-
laration and is approved by the ethics commission of the 
Kharkiv Medical Academy of Graduate Education.



FEATURES OF HEMODYNAMICS IN HEAD MAGISTRAL AND CEREBRAL ARTERIES IN THE PATIENTS...

2491

RESULTS
The most common patterns of the structural state of HMA 
were the thickening of the intima-media complex (group 
1 – 14.3%; group 2 – 11.5%), the extravasal compression of 

vertebral arteries (group 1 – 23.8%; group 2 – 34.4%), the 
hypoplasia of vertebral arteries (group 1 – 6.3%; group 2 – 
16.3%). In the patients of both groups, the values of PSV and 
RI values in the CCA and ICA did not differ from the standard 

Fig. 1. The indicators of  PSV in head magis-
tral  arteries in the patients with migraine  

Fig. 2. The indicators of RI in head magistral  
arteries in the patients with migraine  

Fig. 3. The indicators of BFV in intracranial 
arteries in the patients with migraine  
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values. The RI values in the VA in the 1st group also did not 
differ from the norm. In the patients in the 2nd group,  there 
was a decrease in the velocity values in VA (36.4 ± 9.5 cm/s; 
CG – 47.8 ± 10.4 cm/s), while the RI values  in this group 
increased (0.78 ± 0.05, CG – 0.65 ± 0.06; p <0.05), also in this 
group, the majority of the patients had asymmetries in the flow 
velocity (25-30%) in VA. The PSV values in the patients of the 
1st group  were also increased. These changes in the velocity 
values are possibly associated with a higher prevalence of the 
tortuosity of the extravasal VA compression in the patients 
with migraine compared with the control group. The velocity 
and RI values in the external carotid artery ECA were slightly 
reduced in both groups. Figs. 1,2 show the PSV and RI  indi-
cators in HMA in the patients with migraine.

In the patients of the 1st group, the blood flow values in 
the ICA siphons did not differ or differed insignificantly 
from the CG data (44.6 ± 7.9 cm/s; CG – 43.4 ± 8.2 cm/s). 
Similar results were observed during the anterior cerebral 
artery (ACA) study ( 55,7 ± 5,4 cm/s; CG – 52.3 ± 6.7 cm/s). 
We observed significant differences from the CG in terms 
of BFV in MCA (84,7 ± 11,2 cm/s; CG – 62.6 ± 10,1 cm/s, 
p< 0,05). Also, significant differences from the CG were 
found in the velocity values in the PCA (59,6 ± 6,8 cm/s;  
CG - 36.5 ± 5,7 cm/s, p< 0,05). The flow velocity in the VA 
and the BA exceeded similar indicators in the CG, while these 
differences were not significant and were less pronounced 
than the  changes in the MCA and PCA. (VA – 41,2 ±  
7,2 cm/s;  CG - 34.7 ± 9,1 cm/s, BA –  49,6 ± 6,1 cm/s;  CG -  
38.9 ± 8,4 cm/s).  In the 2nd group in the ICA siphons there 
were no significant differences in the velocity of the blood 
flow vs the CG (44,8 ± 8,7 cm/s; CG - 43.4 ± 8,2 cm/s), the 
ACA values exceeded the reference values slightly (56,3 ± 
7,7 cm/s; CG – 52.3 ± 6,7 cm/s). The velocity values in MCA 
were slightly reduced, in comparison with the CG (56,3 ± 
7,7 cm/s;  CG - 62.6 ± 10,1 cm/s, p< 0,05), the BFV in PCA 
was significantly higher than the CG values(48,3 ± 4,7 cm/s;  
CG - 36.5 ± 5,7 cm/s, p< 0,05). The flow velocity values in the 
VA and BA exceeded those in the CG (VA –  42,5 ± 6,6 cm/s; 
CG - 34.7 ± 9,1 cm/s, BA – 47,1 ± 7,5 cm/s; CG - 38.9 ± 
8,4 cm/s). Fig. 3 show the indicators of BFV in intracranial 
arteries in the patients with migraine 

DISCUSSION
The presence of extravasal compressions of vertebral ar-
teries is typical for the patients with migraine, as well as 
for some cases of the hypoplasia of the vertebral artery in 
the group of the patients with migraine with aura. In the 
patients with migraine with aura, there was a decrease in 
the velocity values in the extracranial VA segments. The 
velocity and RI values in the ECA were slightly reduced 
in both groups, which is probably due to their expansion 
at the time of the attack and in the post-attack period. The 
most significant were the changes in the hemodynamics 
in the MCA, which were manifested by the pattern of the 
excessive perfusion in the patients of the 1st group and 
the pattern of the hampered perfusion in the MCA in the 
patients of the 2nd group. These conclusions are consistent 

with the results obtained in a number of studies (12,13,15, 
19). We have shown for the first time the presence of the 
excessive perfusion in the PCA in both groups.

CONCLUSIONS
1.  In the patients with migraine with aura, a decrease in 

the velocity values in the extracranial segments of the 
VA was observed, in some cases combined with the hy-
poplasia of the vertebral artery, the hampered perfusion 
in middle cerebral arteries.

2.  The excessive perfusion in middle cerebral arteries is the 
most critical hemodynamic pattern in the patients with 
migraine without aura.

3.  The extravasal compression of vertebral arteries, com-
bined with the hyperperfusion in posterior cerebral 
arteries, is a typical hemodynamic pattern both in the 
group of the patients with migraine with aura, and in 
the group of the patients with migraine without aura.

4.  The indicators of the structural and functional state of head 
magistral arteries  and cerebral arteries in the patients with   
migraine with aura and without aura  can be used to clarify 
the diagnoses and individualize treatment in these patients.
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INTRODUCTION
Deep assessment and understanding of the current state of 
implementation of comprehensive medical and psychologi-
cal, as well as logopedic treatment in the system of medical, 
psychological and pedagogical rehabilitation of patients 
with disorders of the central nervous system allows us to 
consider it as a promising direction, which involves the 
search for innovative methods and techniques of restoring 
their cognitive and communicative activities [1-3].

An important condition for ensuring effective correc-
tional and rehabilitation work is the use of an integrative 
approach, namely: the interpenetration of knowledge from 
different fields (medicine, psychology, neuropsychology, 
psycholinguistics, etc.) to achieve the corrective goal [4-9].

Parkinson’s disease (PD) is one of the common diseases 
of the extrapyramidal system. This disease is considered 
as a neurological condition that occurs due to neurode-
generative changes in the brain. This condition can be 
hereditary or acquired due to age-related changes or ad-
verse environmental influences, but the causes of PD are 
still unknown. The analysis of existing research dedicated 

to the study of this pathology showed that it develops in 
40-60 years old people, sometimes earlier, resulting in the 
disappearance of pigmented dopaminergic neurons of the 
substantia nigra, which are involved in the transmission 
of impulses from the brain to the muscles and promote 
smoothness of movements [10].

The patients with PD have disorders of cognitive activity 
and verbal communication along with motor disorders; they 
can also have depression and vivid dreams lasting up to 5 
years or more. Motor disorders develop later in the form 
of bradykinesia, muscle rigidity, rest tremor and postural 
instability. Symptoms appear on one side of the body first 
proceeding with the other part within 2-3 years. The main 
symptoms that indicate the progression of PD include: severe 
bradykinesia, rigidity, ambulation disorder, parkinsonian 
posture, disorders of speech, swallowing, intellectual disabil-
ities, depression, dyskinesia, falls and imbalance, changes in 
handwriting (micrography), stiffness when walking, the face 
becomes mask-like, etc. [10-12]. Based on a review of the 
results of a study of patients with PD, it was found that 89% 
of such individuals have speech or voice disorders, including 
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ABSTRACT
The aim is to determine the neuropsychological peculiarities of cognitive and communicative activities in adults with the extrapyramidal system disorders.
Materials and methods: The research was conducted during 2018-2021, during which a retrospective analysis of medical treatment records of the patients with extrapyramidal 
disorders of various etiologies was performed. The research involved 137 adult patients with extrapyramidal disorders: 93 persons with Parkinson’s disease, 36 people with 
manganese encephalopathy, 5 persons with progressive supranuclear palsy and 3 people with Wilson-Konovalov disease.
Results: A significant difference between the indicators of preservation of cognitive and communicative activities and the communicative and semantic component in the group 
of patients with Parkinson’s disease without speech disorders and Parkinson’s disease and between the groups of patients with Parkinson’s disease without speech disorders 
and progressive supranuclear palsy indicates the need for experimental correctional and rehabilitation work to restore cognitive and communicative activities of the patients 
with extrapyramidal disorders.
Conclusions: The most preserved communicative and speech function was found in the patients who had initial and mild stages of the disease, in particular in the patients 
with Parkinson’s disease without speech disorders. It should be emphasized that the diagnosis of cognitive and communicative activities and the communicative and semantic 
component in adults with extrapyramidal disorders is a necessary prerequisite for the organization of the process of comprehensive rehabilitation treatment.
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disorders of laryngeal, respiratory and articulatory functions 
and only 3-4 % of them undergo logopedic therapy. People 
suffering from PD and their families consider restriction 
in communication to be one of the most difficult conse-
quences of PD due to the following factors: too quiet voice 
(hypophony), low tonal range (monotonous voice), hoarse 
voice, blurred articulation, and decreased facial expressions 
(hypomimia) [12, 13].

The main clinical manifestations of PD and methods 
of its treatment have been studied and described in the 
works many scientists [14, 15]. The scientists emphasize 
that speech disorders are the main symptoms and signs of 
the extrapyramidal system disorders. Therefore, the issue 
of diagnosis of cognitive and communicative activities 
disorders in case of extrapyramidal pathology requires 
consideration of neuropsychological and neuropsycho-
linguistic approaches.

Aspects of the functioning, problematics and com-
prehensive rehabilitation of people with extrapyramidal 
disorders have always been in the field of view of scientists 
of different centuries and different fields of knowledge. 
Thus, numerous investigations of such doctors as neu-
ropathologists, therapists, rehabilitation specialists, etc. 
are devoted to the restoration of motor functions and the 
issues of medical treatment and physical rehabilitation 
of various patients with disorders of the central nervous 
system [16-18]. All studies of the organization of the cor-
rectional and rehabilitation process indicate the need to 
create special conditions for the restoration of cognitive and 
communicative function in people with extrapyramidal 
pathologies. However, the method of psychological and 
logopedic therapy for adults with extrapyramidal disorders, 
taking into account the symptoms and signs, severity and 
complication of the disease was not the subject of special 
scientific research.

The systematic analysis of the scientific papers shows 
that, despite the significant developments in the field of 
rehabilitation, the problem of a comprehensive approach 
to psychological and pedagogical as well as logopedic 
therapy for people with extrapyramidal disorders in the 
process of correctional and rehabilitation work is insuffi-
ciently disclosed.

Extrapyramidal motor disorders are the basis of the 
clinical manifestation of various neurodegenerative dis-
eases with a predominant lesion of the subcortical basal 
ganglia. Numerous results of studies conducted by various 
scientists have shown that adults are more likely to have 
disorders of higher mental functions (memory, attention, 
imagination, thinking, speaking) and behaviour [15, 
19, 20]. The appearance of such disorders indicates the 
first signs of the disease associated with disorders to the 
extrapyramidal system. Given that speech activity is an 
important human achievement that provides one of the 
main aspects of communicative function, the process of 
its recovery and normalization should be considered as a 
process of personal correction according to its individual 
capabilities, ensuring the success of social rehabilitation 
and return to normal life.

Deterioration of memory, attention, physical well-be-
ing, speech, etc. has been found to be characteristic of 
a number of diseases, including Alzheimer’s disease, 
Parkinson’s disease, and symptomatic forms of parkinson-
ism, including progressive supranuclear palsy (PSP) and 
Wilson-Konovalov disease (WKD). All these diseases are 
based on degeneracy caused by cerebral affection, which is 
characterized by disorders of mnestic and other cognitive 
spheres, including speech, spatial orientation, abstract 
thinking, which leads to complications in everyday life 
and professional activities [3].

PSP is a neurodegenerative disease caused by damage 
to the subcortical and stem structures, which is mani-
fested by postural instability, resulting in numerous falls, 
supranuclear ophthalmoparesis, pseudobulbar syndrome 
(dysarthria, dysphonia, dysphagia) and dementia of the 
subcortical-frontal type. Progressive supranuclear palsy 
is often referred to as atypical parkinsonism, which de-
velops in 1 case per 10 cases of Parkinson’s disease, and 
the annual incidence ranges from 0.3 to 1.1 cases per 
100  000 population. PSP is also known as Steele-Rich-
ardson-Olszewski syndrome and most often develops in 
adults after the age of 45 [21, 22]. PSP was first described 
in 1963-1964 by neurologists, who conducted a detailed 
clinical and pathomorphological analysis of seven cases of 
a previously unknown neurodegenerative disease [22]. The 
cases of PSP have been described in the scientific literature 
before, but have been misinterpreted as manifestations of 
postencephalitic parkinsonism, where PSP is characterised 
by both clinical and pathomorphological similarities. The 
primary signs of the disease are postural instability with 
frequent falls (60 % of cases), dysarthria (33 %), slowness 
of movement (13  %) and visual disturbances (13  %). 
Much less often, the primary signs of PSP are dysphagia 
and stiffness when walking. This disease is manifested by 
paresis of the vertical gaze, akineticorigid syndrome, the 
development of postural instability with frequent falling 
back, pseudobulbar syndrome (dysarthria, dysphonia, 
dysphagia) and dementia of the frontal type [23].

Hypomimia is developed in patients with PSP, which 
results in masked facies. Due to the spastic tension of facial 
muscles, facial features are not smoothed, as is often the 
case with Parkinson’s disease, but exacerbated. In this case, 
the face acquires a characteristic expression, which can be 
described as “surprise”. Motor and speech perseverations, 
palilalia, echopraxia, echolalia are manifested. Examination of 
persons with extrapyramidal disorders revealed that such pa-
tients have speech disorders, manifestations of pseudobulbar 
syndrome (dysarthria, dysphonia, dysphagia), in particular, 
there is a decrease in speech activity, difficulty initiating and 
understanding speech. Cognitive and emotional disorders 
were moderate [24]. The authors agree that the main signs of 
the disease are ambulation disorder, balance disorder, falling 
back, rocking in the process of walking, body stiffness, slow-
ness of movement, impaired eye motility, along with speech 
disorders, swallowing and cognitive impairment.

As for WKD, it is an inherited progressive disease with 
an autosomal recessive type of inheritance, the pathogen-
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esis of contraction and progression of which foresees a 
violation of copper metabolism, which affects the central 
nervous system, is accumulated in brain tissue and internal 
organs. It is manifested as neurological and / or psychiatric 
symptoms and lesions of the kidneys, liver and cornea 
(Kayser-Fleischer ring) [25]. The symptoms of the disease 
most often appear when a person is from 5 to 30 years 
old. This disease requires mandatory medical treatment, 
without the use of which a fatal case occurs in 5-7 years.

Studies [26] have shown that the causes of the disease 
are a mutation in ATP7B, P-type ATF protein gene that 
transports copper cations. One atypical copy of this gene 
is present in 1 in 100 carriers of the disease. A child can 
develop Wilson’s disease only if he inherits the disease gene 
from both parents. Usually the symptoms begin to appear 
at the age of 6 to 20, but cases have been described in much 
older people. Wilson’s disease is found in 1-4 out of 100 000 
people. The problems that have arisen in patients with 
Wilson’s disease have hardly been studied in the direction 
of providing psychological and pedagogical assistance.

The acquired disorders that lead to the presence of move-
ment disturbances (extrapyramidal disorders in general) 
include the excessive use of harmful chemicals. It has been 
established that the use of surrogate drugs obtained by 
treating medical preparations with potassium perman-
ganate can lead to severe organic brain damage caused 
by the toxic effects of manganese compounds. Excess of 
manganese in the body leads to loss of appetite, halluci-
nations, memory impairment, atony, fatigue, depression, 
encephalopathy, muscle atrophy, the risk of parkinsonism.

Manganese belongs to a neurotropic poison that can 
cause the most severe forms of occupational neurotoxico-
sis. A feature of the pathogenesis of manganese intoxication 
is its tropism to the extrapyramidal (striopalidar) system. 
Manganese disrupts the metabolism of biogenic amines, a 
number of enzymes, inhibits adrenoreactivity and activates 
the cholinoreactivity of the nervous system, increases the 
content of acetylcholine in the synapses of the subcortical 
nodes and the hypothalamus. The main thing concerning 
the toxic effect of manganese is a violation of the synthesis 
and deposition of dopamine, resulting in impaired mus-
cle tone, accuracy, agility and smoothness of voluntary 
movements [27].

The accumulation of manganese in the brain structures 
(pale bullet and substantia nigra) disrupts functioning 
of the cortico-subcortical pathways and pallid-stem lig-
aments, which leads to the development of a complex 
combination of motor and neuropsychological disorders. 
Parkinsonism is the leading syndrome of chronic man-
ganese intoxication. A rapidly increasing pseudobulbar 
syndrome with the development of severe hypokinet-
ic-dystonic dysarthria is often the first manifestation of 
manganese encephalopathy. Cognitive disorders such as 
bradyphrenia, decreased attention, tendency to persever-
ation are often observed.

There are three degrees of severity of surrogate drug poi-
soning as in the case of chronic manganese poisoning. Mild 
degree is characterised by the patient’s slight postural insta-

bility, focal dystonia, mild manifestations of pseudobulbar 
syndrome in the form of mild dysarthria and dystonia. 
Moderate degree is characterised by moderate postural 
instability, moderate multifocal dystonia and moderately 
manifested pseudobulbar syndrome, characterized by 
decreased voice volume, impaired pronunciation and 
monotony of speech. Severe degree causes a pronounced 
disability i. e. intense postural instability with very frequent 
falls, pronounced multifocal dystonia, which significantly 
impairs the gait and other motor functions of the patient, 
a pronounced pseudobulbar syndrome and severe dys-
arthria, which leads to speech loss. Thus, the analysis of 
existing studies on the causes and symptoms of disorders 
of the extrapyramidal system makes it possible to state that 
numerous works by scientists in various fields have been 
devoted to the study of disorders of cognitive processes 
and speech. However, insufficient attention has been paid 
to the problem of comprehensive research of cognitive and 
communicative activities in patients with extrapyramidal 
pathology using neuropsychological, psycholinguistic and 
neuropsycholinguistic approaches.

Therefore, various disorders of the cognitive and com-
municative system are manifested depending on the 
severity and the form of extrapyramidal disorders, which 
requires a detailed study of symptoms and signs, clinical 
manifestations in order to work out ways and directions of 
correctional and rehabilitation work and develop special 
methods for comprehensive rehabilitation taking into ac-
count medical, neuropsychological, psycholinguistic and 
neuropsycholinguistic approaches.

THE AIM
The aim of this study is to determine the neuropsycholog-
ical peculiarities of cognitive and communicative activities 
in adults with the extrapyramidal system disorders.

MATERIALS AND METHODS
Participants. During 2018-2021, we conducted an experi-
mental research of 137 adult patients with extrapyramidal 
disorders who were examined and treated in the neurology 
department and the advisory clinic department involving 
93 people with Parkinson’s disease, 36 patients with man-
ganese encephalopathy (ME), 5 people with progressive 
supranuclear palsy and 3 people with Wilson-Konovalov 
disease.

Methods. The research is based on neuropsychological 
and neuropsycholinguistic approaches, which involve a 
systematic analysis of the brain and psyche in unity and 
interdependence [28]. It allows you to correlate the matu-
rity and integrity of brain structures with the formation 
and preservation of mental functions involved in various 
human activities. Since cognitive processes and speech 
are forms of mental activity carried out on the basis of 
appropriate motives, regulated by appropriate goals and 
programs and subject to all laws of mental activity, the 
process of their recovery and normalization is the main 
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goal of comprehensive rehabilitation and social integration 
of patients with central nervous system (CNS) disorders.

To achieve the purpose of the research it was necessary 
to solve the following tasks:
−  to identify neuropsychological peculiarities of cognitive 

and communicative functions in various extrapyramidal 
pathologies;

−  to investigate the state of preservation of cognitive and 
communicative activities;

−  to carry out a complex assessment of the revealed viola-
tions of the basic preconditions of communicative and 
speech activities (neuropsychological bases);

−  to conduct a thorough study of cognitive and commu-
nicative activities as well as its speech and semantic 
component, to characterize them in order to organize 
effective correctional and rehabilitation work.

The first stage – diagnostic-clinical – involved acquaint-
ance with the patients’ medical cards, conclusions of neu-
rologists about the results of clinical researches and the 
established diagnoses about extrapyramidal disorders. In 
addition, general clinical examinations, otolaryngologi-
cal examinations, computed tomography and magnetic 
resonance imaging, and other medical examinations were 
performed as prescribed by a physician.

The second stage – neuropsychological and pedagogical 
– involved a neuropsychological and neuropsycholinguistic 
examination in order to study disorders of cognitive ac-
tivities as well as expressive and impressive speech and to 
identify speech and non-speech disorders in adults with 
extrapyramidal disorders. The quality of cognitive and 
communicative function was assessed audioperceptively in 
the process of the conversation with the patient. The pur-
pose of the second stage of the experiment was to assess the 
performance of tasks according to diagnostic methods and 
determine the level of preservation of neuropsychological 
bases of cognitive and communicative activities and basic 
speech characteristics (fluency, intelligibility, respiration, 
speech rate, etc.).

The neuropsychological research was performed using 
the MMSE (Mini-Mental State Examination) scale de-
scribed in the examination of patients with extrapyramidal 
disorders and presented in many scientific sources. This 
scale of assessment of mental status was used to assess 
cognitive functions due to its comprehensiveness, as it cov-
ers its main components. Respondents were offered tasks 
consisting of 30 points, which were divided into groups 
according to the studied cognitive components: time orien-
tation, spatial orientation, perception, attention, arithme-
tic, memory, speech (nominative function, impressive and 
expressive speech, understanding of complex instructions, 
reading, writing, etc.). This examination is recommended 
for the diagnosis of adult patients with disorders of the 
extrapyramidal system, as it allows to identify the impact of 
cognitive functions disorders, comprehension of addressed 
and written speech. Assessment of the level of preservation 
of cognitive processes during testing is indicated by the au-
thors as a characteristic of patients according to their type 
i. e. attentive, sleepy, in a stupor, in a coma. The results of the 

tasks were assessed according to the scoring system: 29-30 
points – no cognitive disorders, 24-28 points – moderate 
cognitive disorders (slight neuro-cognitive impairment), 
20-23 points – mild dementia (medium neuro-cognitive 
impairment), less than 19 points – severe dementia (pro-
nounced neuro-cognitive impairment).

Therefore, the examination consists of two blocks. The 
first provides voice answers related to orientation, mem-
ory, attention and it is rated at a maximum of 21 points. 
The second block determines the ability to name objects, 
perform oral and written commands, spontaneously write 
sentences, copy a picture of a complex geometric figure and 
it is rated at 9 points. The total maximum score is 30 points.

This test takes very little time to perform and includes 
answers to 11 questions and is therefore especially practi-
cal for one-time and serial examinations. It is possible to 
draw conclusions about the patient’s cognitive ability on 
the grounds of this test.

Thus, based on neuropsychological and neuropsycho-
linguistic approaches the indicators of preservation of 
cognitive and communicative activities are determined 
as follows: cognitive activity, preservation of cognitive 
activity, comprehension of addressed speech, carrying 
out elementary verbal instructions, preservation of writ-
ing skills. The communicative and semantic component 
defined by us acquires special significance for full-fledged 
realization of communicative and speech activity. The study 
of the communicative and semantic component of com-
municative activity involved the implementation of tasks 
to study the state of preservation of the main components 
of speech activity (lexical-grammatical, syntactic, etc.). The 
indicators of preservation of the communicative and se-
mantic component are the ability to maintain conversation, 
understand and use lexical and grammatical constructions 
of varying complexity, talk about interesting (monologue 
speech), communicate on different topics, culture of speech 
behaviour, communication initiative, use of different forms 
of speech activity.

Statistical analyses. We used the coefficient of rank 
correlation according to the bilateral Student’s t-test (for 
independent, unrelated samples) in order to compare the 
results of the research. The results were considered reliable 
at p < 0.05.

Ethics approval. The research was performed accord-
ing to the requirements of the Regulations on Academic 
Honesty of Poltava V. G. Korolenko National Pedagogical 
University, which were developed on the basis of Ukrainian 
and world experience of ethical rulemaking. This docu-
ment was approved by the Academic Council of Poltava 
V. G. Korolenko National Pedagogical University (Protocol 
No. 2 of 10.09.2020) and implemented by the order of the 
Rector of the University (Order No. 1098 of 10.09.2020). 
According to its provisions, the members of the scientific 
community are guided by the rules of ethical conduct and 
professional communication; respect the principles, values, 
norms, rules, and conditions of academic honesty in their 
activities. The consent to participate in the research was 
obtained from all participants.
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RESULTS 
The results of the research of cognitive and communicative 
activity in 36 patients with manganese encephalopathy 
(namely the assessment of memory and cognitive pro-
cesses) on Mini-Mental State Exam scale of mental status 
of patients revealed that the functions of all patients con-
cerning their orientation in time and space, memory, the 
ability to concentrate and remember the events that hap-
pened to them before, the ability to perform a three-stage 
task, reading and writing a simple sentence were preserved 
almost completely.

That is, cognitive functions in patients with manganese 
encephalopathy were maintained at the level of a healthy 
person in the range of 27-30 points on the MMSE scale.

Almost all patients had hypomimia combined with a 
constant smile on their face associated with dystonia, 
reminiscent of a natural joyful expression (“Manganese 
Mask”). Patients showed micrography i. e. the size of the 
letters when writing became reduced. Severe dysarthria 
was developed in 28 patients (77.8 %). There was a feeling 
of tightness in the throat. Forced involuntary manganese 
laughter was observed in most patients. Lip movements 
were reduced with a characteristically frozen (not mobile, 
“frozen”) upper lip. The movements of the tongue were 
slow and jerky (intermittent). Six patients (16.7 %) had 
moderate salivation and only four (11.1  %) had minor 
difficulty in swallowing.

Hypokinetic dysarthria was observed in 16.7  % of 
patients, and hypokinetic dysarthria with dystonic com-
ponent (with varying degrees of muscle tightness and 
compression) was observed in 72.2 % of the patients. Four 
patients (11.1 %) had a persistent dystonic voice without a 
hypokinetic component. Two patients (5.6 %) had mutism 
with complete loss of speech volume and speech initiation. 
Palilalia and the spastic component were identified during 
the pronunciation of individual words (“YES” – “NO”), 
which required great effort.

The research included 93 patients with Parkinson’s dis-
ease, with the average age of 65.5 ± 0.75 years old ranging 
from 31 to 83. There were two relatively young patients (31 
and 36 years old) and five patients older than 75 among 
those involved in the research. The patients were offered 
to perform tasks also on the MMSE scale in order to de-
termine the level of preservation of their cognitive and 
communicative activities.

Diagnosis of memory and cognitive functions using the 
MMSE scale revealed that memory of the patients with 
Parkinson’s disease was reduced to 25-29 points at a rate 
of 30 points, indicating mild cognitive impairment. We 
found 28 (30.1  %) patients without pronounced speech 
disorders and 65 (69.9 %) patients with pronounced speech 
pathology among the examined patients with Parkinson’s 
disease. We selected these groups as separate for the sake 
of purity of the experiment. Moderate neurocognitive 
disorders were diagnosed in 9 people (13.9 %), mild neu-
rocognitive disorders were found in 35 people (63.8 %) 
and a high level of preservation of cognitive processes 
was found in 21 people (32.3 %) in the group of patients 

with Parkinson’s disease having pronounced speech disor-
ders. A high level of cognitive and communicative tasks 
performance was found in 20 people (71.4 %) and a mild 
neurocognitive disorder was found in 8 people (28.6 %) 
in the group of patients with Parkinson’s disease without 
pronounced speech disorders (28 people). The results of 
tasks performance on the cognitive and communicative 
criterion confirm a certain interdependence of the state 
of cognitive processes and speech activity. The level of 
preservation of cognitive processes is higher in the group 
of people with Parkinson’s disease without pronounced 
speech disorders than in the group of people with PD with 
speech disorders (SD).

MMSE scale for assessing the mental status of patients 
was offered to determine the preservation of cognitive and 
communicative activities in the process of examining of 
5 patients (2 men and 3 women) with progressive supra-
nuclear palsy aged 48, 60, 62, 68, 72. It was found that all 
patients have a mild neurocognitive deficit (25-26 points) 
according to the results of the tasks performance.

The patients with PSP were diagnosed with impaired 
memory and concentration and writing quality. A score 
of 26 points indicates cognitive impairment in the patient.

The diagnosis of cognitive and communicative activities 
in three patients with Wilson-Konovalov disease: one pa-
tient was born in 1992, the second one was born in 1994 
and the third patient was born in 1979. These are quite 
young people who have significant problems in commu-
nication at the social level.

The diagnosis of cognitive and communicative activities 
of two patients (66.7 %) with Wilson’s disease (according 
to the MMSE scale) revealed a high level of preservation 
of cognitive processes (30 points), and one patient showed 
reduced level (27 points) (33.3 %), indicating a mild neu-
rocognitive impairment.

The study of the preservation of cognitive and com-
municative activities revealed that most patients with 
extrapyramidal pathology have a high and sufficient level 
of preservation of cognitive functions. Most patients with 
Parkinson’s disease (77.7 %) have mild and moderate neu-
rocognitive impairment. Generalized results of preservation 
of cognitive and communicative activities of all patients with 
extrapyramidal disorders are presented in Table І.

The research revealed that the preservation level of cog-
nitive and communicative activities is significantly lower in 
patients with extrapyramidal pathology, in particular with 
PSP, PD, WKD and ME than the patients with Parkinson’s 
disease without speech disorders. The category of these pa-
tients is very heterogeneous in terms of cognitive and speech 
activities. The following levels of preservation of cognitive 
and communicative activities of patients are revealed: high, 
sufficient, medium and low. The coefficient of rank correla-
tion by Student’s t-test between the experimental groups is 
1.987, 2.04, 2.045 at a significance level of α = 0.05.

The generalized results of tasks performance on the 
communicative and semantic component in patients with 
manganese encephalopathy allowed to establish that 3 
(8.3 %) patients have a high level, the majority of patients 
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29 (80.6 %) have a sufficient level, 4 (11.1 %) patients have 
a medium level, no patients with a low level.

Certain patients had difficulties in performing tasks that 
focused on studying the level of understanding and use of 
lexical and grammatical as well as syntactic constructions 
of medium and high complexity. The patients did not 
always recreate the story without the help of an experi-
menter. There were errors in cause-and-effect relations in 
the narrative.

Analysis of the results of the tasks performance according 
to the communicative and semantic criterion of 65 patients 
with PD revealed that 5 (7.7 %) patients are characterised 
by a high level, 12 (18.5 %) patients – by a sufficient level, 
18 (27.7 %) patients – by a medium level and most patients 
30 (46.1 %) – by a low level. Most patients had difficulties in 
understanding logical and grammatical constructions with 
direct and inverted meaning, in performing tasks for se-
mantic analysis and synthesis, in reproducing the text and 
creating a story. The generalized results of the tasks per-
formance according to the communicative and semantic 
criterion of 28 patients with the initial stage of PD allowed 
to establish that 10 (35.7 %) patients are characterised by a 
high level, most patients 15 (53.6 %) – by a sufficient level, 
3 (10.7 %) patients – by a medium level and no patients 
were detected with a low level. No communication and 
speech disorders were detected in these patients. Speech 

activity had a somewhat slow nature, but in general a high 
and sufficient level according to the communicative and 
semantic criterion.

The results of the tasks performance according to the 
communicative and semantic criterion of 5 patients with 
PSP allowed to establish that 2 (40 %) patients are char-
acterised by a sufficient level, 3 (60  %) patients – by a 
medium level and no patients were detected with high and 
low levels. Such patients showed no significant disorders 
of communicative and speech activities according to the 
communicative and semantic criterion. The analysis of the 
results of the tasks performance allowed to establish that all 
3 patients with WKD were characterised by a sufficient level 
of preservation of speech according to the communicative 
and semantic criterion.

The levels of preservation of the communicative and 
semantic component in the patients with extrapyramidal 
disorders were identified according to the results of the 
tasks performance (Table ІІ).

Thus, a certain correspondence has been revealed for 
all patients with extrapyramidal pathology between the 
levels of preservation according to the communicative 
and semantic criterion as well as the severity and degree 
of the patient’s disease, its duration. It was established 
that extrapyramidal disorders cause cognitive and speech 
disorders that are common to all such patients. The com-

Table І. The state of preservation of cognitive and communicative activities

Levels of cognitive  
and communicative activities

Experimental groups

Pe
rs

on
s

%

Pe
rs

on
s

%

Pe
rs

on
s

%

Pe
rs

on
s

%

Pe
rs

on
s

%

Persons with
МЕ

36 people

Persons with 
PD

65 people

Persons with 
PD without SD

28 people

Persons with
PSP

5 people

Persons with 
WKD

3 people

High (age norm) 23 63.8 21 32.3 20 71.4 - - 2 66.7

Sufficient (mild neurocognitive 
impairment) 13 36.2 35 63.8 8 28.6 5 100 1 33.3

Medium (moderate neurocognitive 
impairment) - - 9 13.9 - - - - - -

Low (severe neurocognitive impairment) - - - - - - - - - -

Table ІІ. The state of preservation of communicative and semantic component in patients with extrapyramidal pathology

Levels of communicative  
and speech activities

Experimental groups

Pe
rs

on
s

%

Pe
rs

on
s

%

Pe
rs

on
s

%

Pe
rs

on
s

%

Pe
rs

on
s

%

Persons with 
МЕ

36 people

Persons with 
PD

65 people

Persons with 
PD without SD 

28 people

Persons with 
PSP

5 people

Persons with 
WKD 

3 people

High 3 8.3 5 7.7 10 35.7 - - - -

Sufficient 29 80.6 12 18.5 15 53.6 2 40 3 100

Medium 4 11.1 18 27.7 3 10.7 3 60 - -

Low - - 30 46.1 - - - - - -
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The developed method of diagnosing the state of preser-
vation of cognitive activity and speech in extrapyramidal 
disorders should be considered as a necessary condition 
for the development of a unified comprehensive system 
of correctional treatment for persons with extrapyramidal 
pathology in the process of medical, psychological and 
pedagogical rehabilitation.

CONCLUSIONS
The comparative analysis of the research results on cognitive 
and communicative activities revealed that the experimental 
groups’ patients with ME, with PD without speech disorders, 
PSP and WKD have mostly sufficient and high levels, the 
group of patients with PD who made up the vast majority 
of all patients with extrapyramidal pathology were char-
acterised by mostly sufficient level (63.8 % – 35 persons), 
high in 32.3 % (21 persons), medium in 13.9 % (9 persons).

The communicative and semantic component of speech 
activity turned out to be most impaired in the patients with PD, 
in particular: a low level was found in 46.1 % (30 people), a me-
dium level in 27.7 % (18 people), a sufficient level in 18.5 % (12 
people) and a high level in only 7.7 % (5 people). Other patients 
with disorders of the extrapyramidal system with ME, with 
PD without speech disorders, PSP and WKD revealed mostly 
sufficient and high levels of preservation of the communicative 
and semantic criterion of communicative and speech activities.

Thus, in general, the most preserved communicative 
and speech function was found in the patients who had 
initial and mild stages of the disease, in particular in the 
patients with PD without speech disorders. It should be 
emphasized that the diagnosis of cognitive and commu-
nicative activities and the communicative and semantic 
component in adults with extrapyramidal disorders is a 
necessary prerequisite for the organization of the process 
of comprehensive rehabilitation treatment. The success 
and pace of recovery and normalization of cognitive and 
speech activities in patients with extrapyramidal disorders 
are stipulated by the stepping of content-related aspect 
of the correctional treatment in medical institutions and 
the need to create special integrative medical, psycholog-
ical and pedagogical conditions for rehabilitation. The 
effectiveness of the restoration of communicative and 
speech activities in people with extrapyramidal disorders 
is determined by the comprehensiveness, integrativeness 
and communicative orientation of special treatment, 
taking into account neuropsychological, psycholinguistic 
and neuropsycholinguistic approaches and the use of 
tango therapy, kinesiotherapy, physiotherapeutic means, 
etc. They also depend on the motive, psycho-emotional 
state and immersion of the patient in the communicative 
and speech situation both during special classes and in 
everyday life, stimulation of communicative activity in 
social and domestic situations. The results of the experi-
mental research confirmed the need to create a system of 
integrative psychological and pedagogical conditions for 
the restoration of communicative and speech activities 
of patients with extrapyramidal disorders on the basis 

municative and semantic component of speech activity is 
most impaired in patients with Parkinson’s disease, which 
confirms the need for specially organized correctional and 
rehabilitation treatment to restore communicative and 
speech activities.

The results of the experimental research have proved the 
expediency of application of comprehensive diagnostics of 
cognitive and communicative activities. Significant differ-
ences between the indicators of preservation of cognitive 
and communicative activities in the group of patients with 
Parkinson’s disease without speech disorders and with Par-
kinson’s disease and between the groups of patients with PD 
without speech disorders and with PSP indicate the need 
to organise experimental correctional and rehabilitation 
work to restore cognitive and communicative activities of 
the patients with extrapyramidal disorders.

DISCUSSION
The revealed neuropsychological peculiarities of cognitive 
and communicative activities of the patients with extra-
pyramidal disorders, in particular with PD, manganese 
encephalopathy, PSP and WKD are characterized by the 
presence of psychophysiological, phonological, prosodic, 
articulatory and innervation, motorial, psychological, 
morphological, semantic and other groups of cognitive and 
speech disorders (dysfunction of the extrapyramidal sys-
tem characterized by metabolic lesions of the basal ganglia 
or related structures of the speech-motor analyser, kines-
thetic apraxia, lack of motivation for speech activity, etc.).

The results of the research of disorders of higher cortical 
functions (cognitive disorders) and olfactory functions 
in 20 patients with PD depending on the form, stage and 
duration of the disease revealed that such patients are char-
acterized by slow cognitive processes, impaired visual and 
spatial perception, memory and olfaction at all stages of 
their disease. According to scientists [29], the presence of 
voice and speech disorders in patients may be a clinical tool 
for early detection of PD. At the same time other scientists 
note in their research that PD impairs cognitive functions 
such as memory, thinking, attention and speech, which 
correlate with the severity of the disease [10, 12, 17, 18, 30].

The results of our research allowed discovering the 
fact that the deterioration of memory, attention, physical 
well-being, speech, etc. is a characteristic feature of a num-
ber of diseases of the extrapyramidal system. The disorders 
of communicative and speech activities identified by us 
of prosodic, phonological, morphological and syntactic 
aspects in the process of speech generation are manifested 
in impaired communicative function due to damage to 
extrapyramidal pathways, impaired motor coordination 
and innervation of the articulatory apparatus characterised 
by hypokinesia, hypomimia, bradykinesia, rigidity which 
reduce speech activity. These peculiarities determine the 
search for optimal integrative medical, psychological and 
pedagogical approaches to the restoration and normal-
ization of cognitive and speech activities in people with 
extrapyramidal disorders.
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of modern comprehensive integration approaches to the 
process of correctional and rehabilitation work based on 
neuropsychological and neuropsycholinguistic concepts.

We see the prospect of further research in the development 
of experimental methods for the development of social and 
communicative skills in patients with extrapyramidal disorders.

REFERENCES
 1.   Boriak O., Pakhomova N., Okhrimenko I., Odynchenko L., Usyk D. 

Psycholinguistic research of speech activity of junior students with 
intellectual disorders. Applied Linguistics Research Journal. 2021; 5(6): 
104-112. doi: 10.14744/alrj.2021.03360.

 2.  Mannapova K., Okhrimenko I., Tverdokhvalova I., Bychkova S., 
Makarenko P., Меlnychuk V. Peculiarities of providing psychological 
assistance to abused children. BRAIN. Broad Research in Artificial 
Intelligence and Neuroscience. 2020; 11(2Sup1): 139-156. doi: 
10.18662/brain/11.2Sup1/100.

 3.  Pakhomova N.G. Neyropsykholinhvistyka [Neuropsycholinguistics]. 
Poltava: ASMI. 2010. (in Ukrainian).

 4.  Aleksandrov D.O., Okhrimenko I.M., Serbyn R.A. Psychological factors 
of post-stress psychotraumatic feelings susceptibility of combanants’ 
children. Science and Education. 2017; 9: 16-25. doi: 10.24195/2414-
4665-2017-9-3.

 5.  Bloshchynskyi I., Griban G., Okhrimenko I. et al. Formation 
of psychophysical readiness of cadets for future professional 
activity. The Open Sports Sciences Journal. 2021; 14: 1-8. 
doi: 10.2174/1875399X02114010001.

 6.  Griban G., Yavorska T., Tkachenko P. et al. Motor activity as the basis of 
a healthy lifestyle of student youth. Wiad Lek. 2020; 73(6), 1199-1206. 
doi: 10.36740/WLek202006123.

 7.  Okhrimenko I., Boiko-Buzyl Y., Kisil Z., Katolyk H., Miloradova N. Main 
components of communicative activities of future legists with sense of 
loneliness. Applied Linguistics Research Journal. 2021; 5(4): 91-103. 
doi: 10.14744/alrj.2021.87360.

 8.  Okhrimenko  I., Pasko  O., Prudka  L. et al. The influence of modern 
sports technologies on health and professional activity of law 
enforcement officers. Wiad Lek. 2021; 74(6):, 1365-1371. doi: 10.36740/
WLek202106115.

 9.  Prontenko K., Griban G., Aloshyna A. et al. The physical development 
and functional state as the important components of the students’ 
health. Wiad Lek.  2019; 72(12a): 2348-2353. doi:  10.36740/
WLek201912115.

 10.  Levin O.S., Artem’yev D.V., Bril’ Ye.V., Kulua T.K. Bolezn’ Parkinsona: 
sovremennyye podkhody k diagnostike i lecheniyu [Parkinson’s disease: 
modern approaches to diagnosis and treatment]. Prakticheskaya 
meditsina. 2017; 1 (102): 45-51. (in Russian).

 11.  Okhrimenko I., Hrebeniuk M., Borovyk M. et al. Sport classes as effective 
means for psychophysical health improvement of representatives of 
the security and defense sector. Wiad Lek. 2021; 74(5): 1142-1146. 
doi: 10.36740/WLek202105118.

 12.  Plowman-Prine E.K., Okun M.S., Sapieza C.M., Shrsvastan R., Fernandez 
H.H., Foote K.D. Perceptual characteristics of Parkinsonian speech: A 
comparison of the pharmacological effects of levodopa across speech 
and non-speech motor system. Neuro Rehabilitation. 2009; 24: 131-144.

 13.  Rusz  J., Cmejla  R., Ruzickova  H., Ruzicka  E. Quantitative acoustic 
measurements for characterization of speech and voice disorders in early 
untreated Parkinson’s disease. The Journal of the Acoustical Society of 
America. 2011; 29(1): 350-367.doi: 10.1121/1.3514381.



Nataliya G. Pakhomova et al. 

2502

CORRESPONDING AUTHOR 
Ivan М. Okhrimenko
National Academy of Internal Affairs, Kyiv, Ukraine
tel: +380679903905
e-mail: ivango-07@ukr.net

Received: 03.06.2021
Accepted: 27.09.2021

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

This scientific article is a fragment of a research project of the 
Poltava V. G. Korolenko National Pedagogical University for 
2021-2024 “Psychology of personality development in the ed-
ucational space” (state registration number 0119U002283).

ORCID and contibutionship: 
Nataliya G. Pakhomova: 0000-0002-8332-8188 A,F

Ivan М. Okhrimenko: 0000-0002-8813-5107 B,E

Svitlana V. Kul’bida: 0000-0002-0194-3495 С,A

Tamara A. Yanovska: 0000-0002-7144-689X D,B

Halyna M. Stanetska: 0000-0003-1623-6459 E,F

Conflict of interest: 
The Authors declare no conflict of interest



2503

Wiadomości Lekarskie, VOLUME LXXIV, ISSUE 10 PART 1, OCTOBER 2021© Aluna Publishing

INTRODUCTION 
It’s well known that children are the most vulnerable part of 
population [1]. It has been proved by many investigations 
that dental health is also highly influenced by geochemi-
cal condition of the region, somatic health, psychological 
status of the children and heredity [2, 3].

Hereditary amino acid metabolism occupies a special 
place in a wide range of genetically determined childhood 
pathologies [4-6]. This group of pathology is common and 
it is possibly due to the complexity of the protein metabo-
lism biochemical organization, which also involves amino 
acids, that the probability of various metabolism units 
disruption is growing [7, 8].

In patients with congenital “metabolism error” there is 
a primary enzymatic defect and there is an increase in the 
level of one or more amino acids (AA) in the blood and / 
or urine, which leads to multiple disorders in functions of 
various organs and systems [9, 10]. Excess levels of AA or 
their metabolites cause toxic effects on the body and cause 
severe clinical disorders [11].

The connective tissue in the human body occupies a 
special place and is present in all organs and systems, ac-
counting for more than 50% of the body weight. Most of 
the tissues in the maxillofacial area have also connective 
tissue origin. Connective tissue dysplasia (CTD) is a con-

dition that is caused by structural changes in individual 
components of the connective tissue as a result of disorders 
in the embryogenesis process. CTD is a systemic process 
that is the basis for the development of pathology.

First of all, CTD is the basis of many structural and 
shaping changes in organs and systems that determine 
dysplastic-dependent disorders of functions [12-15]. 
Dysplastic-dependent changes in the internal organs are 
of greatest interest to researchers, as they determine the 
prognosis for the patients’ lives. The presence of a “defec-
tive” connective tissue alters and reduces the body’s ability 
to adapt when exposed to adverse environmental factors or 
changes in the conditions of the body’s existence.

Many authors believe that the generalized form of CTD 
is more common. The main markers are changes in the 
valvular heart apparatus, hypermobility of the joints, pa-
thology of the musculoskeletal system, skin hyperelasticity, 
anomalies in the structure of internal organs [6, 7].

Taking into account that different disorders of formation 
depend on the connective tissue condition in the body as a 
whole [7, 8], as well as following the principle of structural 
and functional unity of organs and tissues and given the 
high prevalence of connective tissue pathology, the study of 
its effect on the condition of hard of tooth tissue in younger 
children is relevant and timely.
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ABSTRACT
The aim: To assess the dental status of infants suffering from connective tissue dysplasia, with the analysis of some aspects of hydrocarbon and amino acid metabolism (blood, 
urine) and internal organs status.
Materials and methods: 81 infants (aged 14 – 36 months) with multiple dental caries were examined. Among them 39 infants were suffered from connective tissue dysplasia.
Results: High prevalence of caries in infants against the background of connective tissue dysplasia compared to their peers in the control group (p <0.05) is established: the 
caries intensity index and the caries intensity growth index are high in all age groups. Disorders of amino acid and carbohydrate metabolism were observed in infants of the main 
group. Thus, simultaneous increase of amino acids in the blood and urine was observed in 34 children of the main group in different age groups, and simultaneous increase of 
amino acids in the blood and urine and carbohydrates in the urine was observed in 25 children in different age groups. In infants of the main group the ultrasound examination 
of abdominal organs revealed changes in the liver, gallbladder, spleen, pancreas and kidneys.
Conclusions: When carrying out endogenous prophylaxis of dental caries in infants with connective tissue dysplasia, it is necessary to take into account the internal organs’ 
status and thin-layer chromatography data of amino acids and carbohydrates in the blood and urine and to prescribe peroral drugs together with the doctors geneticists.
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THE AIM 
The aim of our study was to assess the dental status of 
infants suffering from connective tissue dysplasia, with 
the analysis of some aspects of hydrocarbon and amino 
acid metabolism (blood, urine) and internal organs status.

MATERIALS AND METHODS 
The survey included 81 infants (aged from 14 to 36 
months). The children were divided into two groups: the 
main and the control ones. The main group included 39 
infants with multiple caries against the background of 
CTD. At the Department of Genetics and Prenatal Diag-
nosis of KhNMU (Doctor of Medical Sciences, Prof. O.Ya. 
Grechanyna), these infants were studied for the blood and 
urine carbohydrates and amino acids by means of thin layer 
chromatography (TLC) and ultrasound (U/S) diagnostics 
of internal organs. The diagnosis of “connective tissue 
dysplasia” was established by a geneticist for a selected 
contingent of infants. The control group included 42 infants 
of the similar age who were somatically healthy but had 
carious dental lesions.

All children were divided into four age groups, depend-
ing on the number of incised teeth. Thus, the first group 
included 7 infants in the main group and 10 in the control 
one at the age of 14 – 18 months, the second group – 8 
infants in the main group and 12 in the control one at the 
age of 19 – 23 months, the third group included 7 infants in 
the main group and 7 – in the control at the age of 24 – 29  
months, and finally the fourth group – 17 infants in the 
main group and 13-in the control at the age of 30 – 36 
months.

The study was carried out in compliance with the basic 
bioethical standards of the World Health Association’s 
Helsinki Declaration on Ethical Principles for Scientific 
and Medical Research and its materials were reviewed by 
the local Ethics and Bioethics Committee of Kharkiv Na-
tional Medical University. Written informed consent was 
obtained from all participants (parents of infants).

All infants were determined their Temporal Tooth Caries 
Intensity Index (CF), the Temporal Tooth Caries Intensity 
Growth Index (CIGI) [16]. Additionally, all infants were 
assessed for hygienic condition of the oral cavity using the 
teeth health index (THI) according to the method of E.M. 
Kuzmina [17].

Table I. Indices of the hard tooth tissues and oral hygiene status in infants against the background of CTD.
Age of infants, months 14-18 19-23 24-29 30-36

Number of infants in 
groups, n

Control 
group

Main 
group

Control 
group

Main 
group

Control 
group

Main 
group

Control 
group

Main 
group

10 7 12 8 7 7 13 17

Number of teeth in 
oral cavity, n

10.00±
0.96

10.00±
1.12

14.3±
1.38

14.00± 
1.39

17.14±
0.27

17.14± 
0.18

20.00±
0.00

20.00±
0.00

Index CF, points 1.7±
0.42

3.00±
0.92*

2.25±
0.41

3.00±
0.92*

3.27±
0.92

5.14±
1.80*

3.37±
0.85

6.29±
0.50*

CIGI index, points 0.15±
0.03

2.25±
0.59

0.15±
0.02

2.08±
0.59*

0.18±
0.04

2.34±
0.83*

0.16±
0.04

2.27±
1.18*

Carious teeth in oral 
cavity, %

15.64±
3.38

30.24±
4.83*

14.91± 
2.09

22.83± 
4.14*

19.2±
4.46

36.30± 
9.35*

16.5±
4.26

33.0±
4.83*

Number of teeth with 
complicated caries   

(P and Pt), n
0 0 0 2.0±

0.0 0 2.41±
0.64 0 2.51±

0.89

Teeth health index 
(THI), points

0.04±
0.67

0.51±
0.04*

0.14±
0.02

0.49±
0.10*

0.11±
0.03

0.64±
0.13*

0.12±
0.04

0.59±
0.06*

Index interpretation good poor satisfactory poor satisfactory poor satisfactory poor

Notes: * – statistical difference between the main and the control groups.

Table II. Number of infants with CTD who have changes in abdominal organs.

Age of infants with 
CND

Number of 
infants

Number of infants with changes in

liver gallbladder pancreas spleen kidneys

14-18 months 7 7 7 2 1 6

19-23 months 8 8 8 3 2 7

24-29 months 7 7 7 6 1 7

30-36 months 17 17 17 11 2 15

Total 39 39 39 22 6 35
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RESULTS 
The results of the studies indicate a high prevalence of 
caries in infants against the background of CTD. The caries 
intensity index (CF) is very high at all ages, and the caries 
intensity growth index (CIGI) is also high. As a result of the 
oral hygiene study in the selected contingent of infants, a 
high index of plaque was established, which indicates poor 
oral hygiene. All data are presented in table I.

As it can be seen from the data in table 1, the caries 
intensity index (CF) of temporary teeth has a very high 
level in infants of both the main and the control groups, 
especially in infants aged from 24 to 36 months. Besides, in 
all children with CTD, the index values were higher than 
those in children without the above pathology of amino 
acid metabolism. Thus, in infants aged 14-18 months, the 
intensity of caries was by 1.8 times higher than that in the 
control group (p = 1.285); in infants aged 19-23 months – 

by 1.3 times (p = 0.744); in infants aged 24-29 months – by 
1.6 times (p = 0.925) and in those aged 30-36 months – by 
1.9 times (p = 2.961) (table I).

The CIGI index for temporary teeth up to 0.4 points 
is considered low, from 0.5 to 0.8 points – average, from 
0.9 to 1.2 points – high and above 1.3 points – very high. 
According to table 1, the CIGI index in infants of the main 
group aged 14-18 months is higher than that in infants of 
the control group by 15 times (p = 3,554); in infants aged 
19-23 months – by 13.8 times (p = 3.369); in infants at the 
age of 24-29 months – by 13 times (p = 2.599) and in those 
at the age of 30-36 months – by 14.1 times (p = 1.787). 
Therefore, the CIGI index in the surveyed infants of the 
main group was on average by 1.7 times higher than the 
very high level of this index (p <0.05) (table I).

The percentage of carious teeth in the main group infants 
aged 1 to 36 months was 30.59±5.58%, which is by 1.8 times 

Fig 1. Amount of amino acids 
in the blood of the main group 
infants whose level is increased.

Fig 2. Increased amino acids level 
in the main group infants’ urine.
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higher than that in the control group (p = 2.476). Also in 
the main group of age categories such as 19-23, 24 -29 and 
30-36 months there are already teeth lesions with chronic 
forms of pulpitis and periodontitis (table I).

With regard to oral hygiene, the main group infants of 
all ages were found to have its poor level (p <0.05). But it 
should be noted that in infants of the control group the 
level of oral hygiene is good only in the first age period, 
and in the last three age periods it was  satisfactory (table I).

Also at the Department of Genetics and Prenatal Di-
agnosis of KhNMU, children with CTD were performed 
thin-layer chromatography (TLC) of the blood and urine 
amino acids and carbohydrates of (data are presented in 
fig.1, fig.2, fig.3, fig.4 and table II).

Data of the TLC studies on the blood amino acids in the 
main group infants indicate that 36 infants out of 39 showed an 
increase in amino acid levels (fig. 1). Thus, the level increase in 
a single amino acid in the blood (aspartic acid and glycine) was 
observed in three infants. A simultaneous increase in the level 
of two amino acids in the blood was observed in 21 infants. 
Increase in the level of two amino acids was in the folloing 
combination: glycine and glutamic acid; glycine and aspartic 
acid; glycine and proline; glycine and alanine; glutamic acid 
and aspartic acid; glutamic acid and alanine; aspartic acid and 
proline; aspartic acid and alanine; aspartic acid and valine; 
proline and alanine; proline and valine.

A simultaneous increase in the level of three amino acids 
in the blood was found in 11 infants. The increased amino 

Fig 3. Increased carbohydrates 
level in the urine of the main group 
infants.

Fig 4. The number of children in 
the main group with a simultane-
ous increase in the level of amino 
acids and carbohydrates in the 
blood and urine.
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acids were in the following combination: glycine, proline, 
alanine; glycine, proline, valine; glutamic acid, aspartic 
acid, alanine; glycine, aspartic acid, proline.

An increase of the carbohydrates level in the blood was 
not observed.

With regard to amino acids in the urine (fig. 2), the result 
of the analysis indicates a simultaneous increase in their 
quantitative and variational indices. Thus, an increase in 
the levels of four amino acids such as glycine, aspartic acid, 
proline and cytin was observed in one infant in the third 
age period (24-29 months). An increase of four amino 
acids, but in another combination (glycine, proline, va-
line, aspartic acid) was observed in two infants in the first 
(14 18 months) and fourth (30 – 36 months) age periods. 
An increase in another combination of four amino acids 
(glutamic acid, aspartic acid, proline, valine) was observed 
in one child of the second age group (19-23 months) and 
two children of the fourth age group (30 – 36 months). An 
increase of three amino acids (glutamic acid, cytin, valine) 
was observed in one child of the fourth age group (30 – 
36 months) and an increase of two amino acids (proline, 
valine) was observed in one child of the first age group 
(14-18 months) (fig.2).

The next item to be analyzed was the level of carbohy-
drates in the urine (fig. 3). We found that in the first age 
period (14-18 months) the increase in carbohydrate level 
was observed in five infants, in the second age period (19-
23 months) – in four infants, in the third age period (24-29 
months) – in six infants and in the fourth age period (30 
-36 months) – in ten infants. Carbohydrates, the level of 
which was increased in the urine, were fructose, galactose, 
glucose, lactose (fig. 3).

Elevation of carbohydrates level in the urine of the main 
group patients was observed in 15 infants.

Therefore, changes in the urine were observed in all the 
39 children of the main group and were manifested in an 
increase in the amino acids and carbohydrates level.

It should be noted additionally, that we also found a 
simultaneous increase in amino acids in the blood and 
urine observed in 34 children of different age groups, and 
a simultaneous increase in amino acids in the blood and 
urine, and carbohydrates in the urine observed in 25 infants 
of different age groups (fig. 4).

During the ultrasound examination of abdominal organs 
in infants with CTD changes were observed in the liver, 
gallbladder, pancreas, spleen and kidneys (table II).

As it is seen from table II, changes in the liver and 
gallbladder condition were observed in all the 39 infants 
suffering from CTD. The second place in the incidence of 
the changes detected during ultrasound study is occupied 
by the kidneys (35 infants out of 39), the third – by the 
pancreas (22 infants out of 39) and, finally, the last position 
belongs to the spleen (6 infants out of 39).

According to the ultrasound study, changes in the liver 
were manifested in the form of venous plethora, perivas-
cular infiltration, moderate diffuse changes. Condition of 
the bile ducts was characterized by the presence of diffuse 
changes, bending of the gallbladder, hypotension; condi-

tion of pancreas and spleen – presence of reactive changes; 
and the state of the kidneys – by the presence of completely 
dysplastic metabolic changes, perivascular infiltration, 
pyelectasis of one or two kidneys.

DISCUSSION 
Thus, our data on disorders of amino acid and carbohydrate 
metabolism indicate a significant disorder of metabolism, 
which is a symptom of some genetically determined 
connective tissue diseases, including connective tissue 
dysplasia [6, 10, 12].

In general, the results of our studies coincide with the 
opinion of other researchers on disorders of amino acid 
metabolism in hereditary connective tissue diseases. Thus, 
according to Smolnova TYu, Adamyan LV. (2013) the 
impairment of amino acid biosynthesis is the leading link 
in the formation of pathology of intermediate metabolism 
[13]. When the transport of amino acids is disturbed, 
various forms of genetically determined diseases can be 
observed – from asymptomatic to those with severe clinical 
manifestations. And the basis of increased excretion of 
amino acids in the urine, as a rule, is an impairment of 
tissue metabolism of amino acids or their transport at the 
level of cell membranes in the renal tubules [7].

The importance of amino acids in the metabolism 
of the human body is difficult to overestimate. Thus, 
alanine, aspartic acid, glutamic acid, proline, glycine – 
are substituted amino acids and in the biosynthesis of 
substituted amino acids, their carbohydrate part is formed 
from intermediates of glucose oxidation, which can affect 
carbohydrate metabolism. This is confirmed by the results 
of our studies and this coincides with the opinion of 
Hrechanina O.Ya. et al. [9]. Aspartic and glutamic amino 
acids are important in the body’s metabolism, participating 
in the processes of protein biosynthesis, the formation of 
other amino acids. Alanine is a part of muscle extractives. 
«Conditionally substitutable» acids include cystine, glycine, 
which are also involved in most biochemical processes in 
the body. In particular, glycine is involved in the synthesis 
of the most important substances for the body – nucleic 
acids. Also, these amino acids are part of proteinoids – 
simple proteins that are part of the supporting tissues, 
collagen [12].

The amino acids mentioned are glucogenic, i.e. those 
that give their carbohydrate fragments for the formation 
of carbohydrates. And as you know, carbohydrates, 
which are part of mucopolysaccharides, perform 
structural, protective and regulatory functions. Thus, 
mucopolysaccharides make up the bulk of extracellular 
tissue, are part of the skin, cartilage, synovial fluid [7, 
9, 11]. The importance of amino acid metabolism in 
the development of genetically determined connective 
tissue pathology is also emphasized by such geneticists as 
Nikolayev KYu, Oteva EA, Nikolayeva AA, BugayevaYeV, 
Vasilyeva OV, Korenev NM [4, 6, 8].

The importance of carbohydrate metabolism in 
connective tissue pathology is also based on the fact 
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that they directly affect the formation of phosphorus 
compounds. Thus, metabolism of calcium and phosphorus 
in the body is regulated by calcitonin – a peptide consisting 
of a chain of amino acid residues [12,13].

Castori M. et al. concluded that an increase in the level 
of one or more amino acids in the blood and/or urine can 
lead to multiple dysfunction of various organs and systems 
[14]. The works of other researchers suggest that as a result 
of mutations in the regulatory or structural gene, amino 
acids or their metabolites accumulate, which causes toxic 
effects on the body [15-17].

Today, the most common is to determine the level 
of amino acids in the daily sample of urine or blood 
serum. All of these are markers of collagen breakdown, 
which are considered to be objective and accurate 
criteria for connective tissue dysplasia (CTD). Therefore, 
determination of the level of amino acids in the daily sample 
of urine or blood serum can be used both for the purpose 
of diagnosis and for control of further rehabilitation. This 
is confirmed by the results of our study, as well as the work 
of other scientists [12, 15].

Therefore, analyzing the known data on the occurrence 
of disorders of amino acid and carbohydrate metabolism in 
patients with connective tissue dysplasia, we can conclude 
that it is appropriate to further study these pathogenetic 
aspects in order to timely identify risk groups for possible 
complications.

CONCLUSIONS 
1.  In the main group infants with poor cf (3) and high 

levels of caries intensity growth index (CIGI), poor oral 
hygiene is observed. 

2.  In young children, high levels of dental caries intensity 
and its growth, high rates of plaque deposition may be 
both a consequence of connective tissue dysplasia and 
one of its first clinical manifestations. 

3.  In infants with multiple lesions of the teeth against the 
background of CTD impaired amino acid metabolism 
was observed, which was detected during the TLC of 
carbohydrates and amino acids in the blood and urine. 
During ultrasound examination of the abdominal or-
gans, changes in the liver, gallbladder, spleen, pancreas 
and kidneys were detected. 

4.  In infants with CTD and the presence of complicated 
caries in the oral cavity, a foci of chronic infection may 
be formed, which may further enhance the impact of the 
pathological factor in the presence of dysplastic changes 
in the liver and kidneys. 

5.  When carrying out endogenous prophylaxis of dental 
caries in infants with CTD, it is necessary to take into 
account the internal organs’ status and TLC data of 
amino acids and carbohydrates in the blood and urine 
and to prescribe peroral drugs together with the doctors 
geneticists. 

6.  For infants with CTD it is necessary to develop and carry 
out individual methods of exogenous prevention of the 
dental caries development.
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INTRODUCTION
Metabolic syndrome (MS), also known as syndrome X, is 
defined by the WHO ( World Health Organization) as a 
pathological condition characterized by abdominal obesity, 
insulin resistance, hypertension, and hyperlipidemia. The 
interpretation of the metabolic syndrome has been defined 
somewhat differently by different organizations over the 
course of nearly 100 years. The first observations of coexist-
ing metabolic disorders, including abnormal carbohydrate 
and lipid metabolism, obesity, arterial hypertension and 
impaired renal function, started in 1923 [1]. The name 
of the metabolic syndrome and the definition as well as 
diagnostic criteria were first formulated by the WHO in 
1999. Diagnostic criteria were then defined as glucose 
intolerance, impaired glucose tolerance or diabetes and/or 
insulin resistance with the coexistence of 2 or more of the 
following criteria [2]: elevated blood pressure, increased 
plasma triacylglycerol levels and/or low HDL-C cholesterol 
levels, central obesity defined by waist-hip ratio (WHR) or 
body mass index (BMI), microalbuminuria, or albumin/
creatinine ratio. In the following years, a group of experts 
operating within the European Group on Insulinresistance 
Research (EGIR) decided that one of the foundations of the 
etiopathogenesis of metabolic syndrome was the phenome-
non of insulin resistance, i.e. an insufficient response of tar-
get tissues, mainly adipose tissue, to endogenously secreted 
insulin. It was then established that insulin resistance is a 
necessary condition for the diagnosis of the metabolic syn-
drome. Moreover, a relationship was established between 
the excess of abdominal and intraperitoneal fat tissue as 

well as the development and intensification of insulin resis-
tance and an increase in cardiovascular risk [3]. However, 
the diagnostic criteria established by EGIR were associated 
with the determination of plasma insulin levels, which is 
too problematic in everyday clinical practice. Another 
approach in the interpellation of the metabolic syndrome 
was the publication in 2001 of the Third Report on the 
“Detection, Assessment and Treatment of Hypercholes-
terolaemia in Adults” by experts of the National Cholesterol 
Education Program (NCEP-ATP III), where the definition 
of MS was simplified and based on the diagnosis of 3 out 
of 5 risk factors: central obesity (also assessed on the basis 
of waist circumference measurements), dyslipidemia (el-
evated levels of TG-triacylglycerols) or reduced levels of 
HDL (high density lipoprotein), increased blood pressure 
and impaired fasting glucose (IFG) [4]. Another update 
of the metabolic syndrome criteria was published in 2003 
by the American Association of Clinical Endocrinologists 
(AACE). According to the new guidelines, MS could be 
diagnosed with any of the above metabolic disorders, 
with the primary condition again being insulin resistance 
(understood as abnormal fasting glycemia or impaired 
glucose tolerance), and obesity was defined as a BMI 
value> 25 kg/m2. Additional risk factors were also given, 
such as: positive family history of type 2 diabetes (DM 2), 
polycystic ovary syndrome (PCOS), a sedentary lifestyle 
or elderly age [5]. In 2005, the International Diabetes 
Federation (IDF) modified the diagnostic criteria of MS, 
where central obesity definitione was specified, assessed 
using waist circumference, however, specific norms of this 
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parameter were introduced for individual ethnic groups of 
patients, and BMI> 30 kg/m2 was also given as a criterion 
for the diagnosis of obesity.

The other criteria were consistent with those established 
by NCEP-ATP III, except for the IFG value, which was 
lowered to <100 mg/dl [6]. Simultaneously to the above, 
recommendations of the American Society of Cardiology 
(AHA) and the National Institute of Cardiology, Pulmonol-
ogy and Hematology (NHLBI) have been published, where 
the main pathogenetic factor of MS has not been taken into 
account and it is necessary to identify 3 out of 5 previously 
used criteria that form MS. In 2009, the diagnostic criteria 
were updated to the current form, taking into account the 
definitions established by AHA-NHLBI and IDF. MS is 
diagnosed when 3 out of the 5 following criteria can be 
found (Table I). 

The metabolic syndrome is a group of metabolic dis-
orders, such as abdominal obesity, arterial hypertension, 
dyslipidemia and hyperglycemia, which tend to coexist 
and have a common etiopathogenetic basis.

THE AIM
The aim of the study is to evaluate each of the criteria for 
MS. Investigation of factors influencing the emergence 
and development of central obesity, hyperglycemia, insulin 
resistance, dislipidemia and arterial hypertension.

MATERIALS AND METHODS
The work is based on the analysis of medical literature on 
the etiology and pathogenesis of MS. 

REVIEW AND DISCUSSION

METABOLIC SYNDROME IN OBESITY
The development of obesity is caused by the action of three 
groups of factors [7]:

–  environmental (extrinsic, extramural), including: seden-
tary lifestyle, lack of physical activity, improper nutrition, 
disturbances in the circadian rhythm of sleep.

–  intrinsic (internal): age, stress, aging processes and related 
changes in the hormonal balance, immobilization for trau-
matic or disease reasons, mental disorders related to eating 
disorders (depression, anxiety disorders, post-traumatic 
stress disorder, compulsive overeating, night overeating 
and others) and the type of intestinal microbiome-genetic 
predisposition that determines the susceptibility to the 
occurrence of metabolic disorders in patients exposed to 
the above environmental and endogenous factors.

Considering etiology of the metabolic syndrome, it is im-
portant to determine the factors influencing the formation 
and development of a specific type of obesity – abdomi-
nal (visceral, central) obesity, most associated with the 
occurrence of MS [8]. Endocrine conditions related to 
the activity of sex hormones make the physiological dis-
tribution of adipose tissue in the upper body (i.e. mainly 
around the abdomen) and the tendency to a central type 
of obesity is characteristic for adult men, while body fat 
storage in lower parts and gynoid obesity most often affect 
premenopausal adult women, but this does not exclude the 
possibility of coexistence nor the development of central 
obesity in this type of patients. Typical endocrine disorder 
leading to abdominal obesity are also all conditions with 
hypercortisolemia, because the action of cortisol in higher 
than physiological concentration results in the induction 
of metabolic disorders characteristic for the metabolic 
syndrome: central obesity, hypertension, dyslipidemia 
and hyperglycaemia, as well as due to insulin antagonism: 
induces and intensifies insulin resistance. Another com-
mon endocrine disorder that may be related to obesity is 
hypothyroidism, which leads to a decrease in metabolic 
rate, decrease in basal metabolism, decrease in thermo-
genesis and oxygen consumption, and the deposition of 
glycosaminoglycans in the extracellular space. All these 
metabolic disorders are closely related to the increase in 
body weight due to the increase in fat deposits.

Table I. Consensus on the definition of metabolic syndrome according to IDF and AHA/NHBLI (2009)
Consensus on the definition of metaboliC syndrome

aCCording to idf and aha/nhbli (2009)

Required diagnosis of at least 3 out of 5 following metabolic disorders: 

Criterion Treshold values

Excessive waist circumference (dependent on population 
group) central/abdominal obesity 

Populations:
– Caucasian ≥ 94 cm (M), ≥ 80 cm (K)

– American (USA, Canada) ≥ 102 cm (M), ≥ 88 cm (K)
– the Middle East and the Mediterranean Basin ≥ 94 cm (M), ≥ 80 cm (K)

– Asian ≥ 90 cm (M), ≥ 80 cm (K)

TG concentration ≥ 150 mg/dl or ongoing lipid-lowering treatment 

HDL concentration < 40 mg/dl (M), < 50 mg/dl (K) or ongoing lipid-lowering treatment

Blood pressure ≥ 130/85 mm Hg or ongoing hypotensive treatment 

Fasting glycemia ≥ 100 mg/dl or hypoglycemic treatment
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INSULIN RESISTANCE – THE BASIS  
OF THE METABOLIC SYNDROME
Insulin resistance is the disturbance of glucose homeostasis, 
namely a decrease in the sensitivity of target tissues to in-
sulin, despite its normal or elevated levels in blood serum. 
Langerhans’ islet β cells compensate the decreased tissue 
insulin response and decreased glucose uptake from plasma 
by increased insulin secretion (compensatory hyperinsulin-
emia), so that blood glucose is initially normal. Currently, 
the HOMA-IR homeostatic assessment model (homeostatic 
model for assessing insulin resistance) is most often used to 
assess the severity and measure insulin resistance.

Physiologically, this index takes the value of 1, while 
insulin resistance is diagnosed at values ≥2.5.

Among the tissues and organs involved in glucose metab-
olism and insulin response, 3 can be distinguished: muscles, 
liver and adipose tissue. The pathomechanism of insulin 
resistance development in the course of central obesity, 
where adipose tissue is an important organ of glycemic 
control, consists in the uptake of glucose molecules from 
plasma and intracellular metabolic changes in adipose tissue 
(mainly visceral) in response to insulin binding by specific 
receptors associated with the GLUT intracellular glucose 
transporter-4, occurring only in adipocytes of adipose tissue, 
skeletal muscles and myocardium, which largely determines 
the insulin-dependent hypoglycemic effect [9].

On the other hand, the endocrine and paracrine activity 
of adipocytes involves the secretion of numerous cytokines 
from the adipokine group, the spectrum of which covers, 
among others, regulation of appetite, nutrient metabolism 
and insulin response (e.g. leptin, resistin, adiponectin) and 
pro-inflammatory and pro-thrombotic effects (e.g. IL-6, 
TNF-α, TF, PAI-1) [10]. In people constantly exposed to the 
above-mentioned extrinsic and intrinsic factors promoting 
the development of obesity and genetically predisposed, 
there is an excessive increase in adipose tissue.

Skeletal muscles are the primary target organ of insulin 
in the body and accounts for almost 80% of insulin-stim-
ulated tissue glucose uptake [11]. The most important 
defect leading to the development of insulin resistance in 
muscles is connected with disorders of insulin post-recep-
tor signaling, which are associated with impaired GLUT-4 
translocation to the cell membrane and reduced transport 
of glucose to the interior of myocytes [12]. Lipotoxicity 
plays an important role in the pathogenesis of myocyte 
insulin resistance. Increased blood NEFA (Non-Esterified 
Fatty Acids) levels and their increased uptake by myocytes 
result in the accumulation of toxic forms of muscle lipids, 
including ceramides and diacylglycerols (DAGs), which 
interfere with insulin signaling [13]. Muscle lipids lead 
to the development of insulin resistance by activating 2 
pro-inflammatory pathways: the kinase-βIκB (IKK-β)/
NF-κB pathway, activation of which leads to the stimula-
tion of the expression of many genes whose products are 
responsible for the development of insulin resistance [14]. 
Another activated pathway is the JNK1 kinase cascade 
(Jun kinase 1), which shows phosphorylase activity against 
the IRS-1 protein (Insulin receptor substrate 1) and the 

insulin receptor itself, which results in impaired signaling 
of the intracellular insulin response and increased insulin 
resistance [15].

The liver is one of the most important organs involved in 
the metabolism of lipids and glucose, and is recognized as 
the key tissue for the pharmacotherapy of insulin resistance 
(IRes) and type 2 diabetes [16]. Hepatic insulin resistance is 
manifested by an uncontrolled increase in hepatic glycog-
enolysis and gluconeogenesis, which increases endogenous 
glucose production [17]. As a result of insulin resistance 
of adipocytes, there is an increased release of free fatty 
acids (NEFA) from adipose tissue into the blood, which 
causes their increased inflow to the liver. Increased inflow 
of NEFA and hyperinsulinemia accompanying obesity 
intensify intrahepatic lipogenesis with a simultaneous, 
relative slowing down of the rate of fatty acid oxidation 
[18]. The result is an excessive accumulation of lipids in 
hepatocytes, which are mainly rich in the triacylglycerol 
(TAG) fraction. The rate of fatty acid oxidation is relatively 
reduced in relation to the excessive influx of fatty acids, 
and under these conditions there is an increased oxida-
tion of fatty acids in the peroxisomes, which results in the 
intensification of peroxidation processes [19-20]. Lipids 
undergoing increased peroxidation increase the oxidative 
stress of hepatocytes, which leads to their necrosis, and 
peroxidized lipids released from damaged hepatocytes 
induce inflammation and damage to the hepatic veins. 
This contributes to the development of nonalcoholic fatty 
liver disease (NAFLD) with complications such as fibrosis, 
cirrhosis and hepatocellular carcinoma.

HYPERGLYCEMIA AND PRE-DIABETES  
IN THE METABOLIC SYNDROME
One of the first symptoms of worsening carbohydrate 
metabolism and prediabetes is abnormal fasting glycemia 
(IFG), which is one of the diagnostic criteria of the meta-
bolic syndrome and  also a predictor of the development of 
non-insulin-dependent diabetes [21]. Another pre-diabe-
tes condition is impaired glucose tolerance (IGT), defined 
as the plasma glucose level in the range of 140 – 199 mg/dl 
after 2 h of OGTT ( Oral Glucose Tolerance Test). On the 
other hand, the current diagnostic criteria for the diagnosis 
of diabetes include:
•  random glycemia ≥11.1 mmol/l (200 mg/dl) and typical 

symptoms of hyperglycaemia (increased thirst, polyuria, 
weakness);

•  random blood glucose ≥11.1 mmol/l (200 mg/dl) without 
typical symptoms of hyperglycaemia and once (on anoth-
er day) fasting blood glucose ≥7.0 mmol / l (126 mg/dl);

•  2 times (measured on other days) fasting blood glucose 
≥7.0 mmol/l (126 mg/dl);

•  glycemia in 2h OGTT ≥11.1 mmol/l (200 mg/dl) [22].
Patients with metabolic syndrome have been shown to be 
5 times more likely to develop type 2 diabetes than sub-
jects who do not meet its criteria [23]. The mechanisms of 
non-insulin-dependent diabetes mellitus include genetic 
predisposition, as well as metabolic and cellular factors. At 
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the cellular level, the glucotoxic effect of prolonged hyper-
glycemia has been demonstrated, reducing the action of 
GLP-1 (glucagon-like peptide 1), resulting in ineffective 
regeneration and apoptosis of β-cells, leading to a decrease 
in insulin production and the development of DM 2. Met-
abolic mechanisms that lead to the development of DM 2 
are similar to those that result in insulin resistance in sarco-
mocytes, hepatocytes, and adipocytes. Increased secretion 
of NEFA into the blood in the course of the development 
of insulin resistance results in lipotoxicity and the death of 
β cells. Moreover, the constant excess of energy substrates 
leads to the development of intracellular metabolic and 
oxidative stress, which induce apoptosis of pancreatic islet 
cells. These mechanisms result in a gradual loss of the phys-
iological β-cell reserve of pancreatic islets over time, which 
results in the appearance and worsening of hyperglycemia, 
pre-diabetes, and finally full-blown DM 2 [24].

ARTERIAL HYPERTENSION  
IN THE METABOLIC SYNDROME
Like obesity, dyslipidemia and diabetes, arterial hyperten-
sion (HT) is a very important risk factor, promoting the 
development of cardiovascular diseases and increasing 
the mortality of patients. Multicenter population studies 
have identified obesity as one of the most important fac-
tors promoting the development of HT, and also showed 
the prevalence of HT in patients with BMI <25 kg/m2 at 
15%, with a noticeable increase to about 40% with a BMI 
exceeding 30 kg/m2, which indicates a significant correla-
tion of blood pressure values with body weight, not only in 
obese patients, but also in those with normal weight [25]. 
Moreover, a statistically significant relationship between 
abdominal obesity and the development of arterial hyper-
tension has been demonstrated, and it has been proved that 
increased waist circumference is an independent predictor 
of the development of hypertension [26]. Insulin resistance 
is the etiopathogenic factor linking arterial hypertension 
with other components of the metabolic syndrome. The 
reduced action of insulin leads to a decrease in vascular 
compliance and an increase in blood pressure (RR) [27]. 
Hyperinsulinemia causes an increase in the activity of 
the sympathetic nervous system and renal blood pres-
sure-regulating enzyme renin-angiotensin-aldosterone 
(RAA), which results in increased sodium retention and 
excessive vasoconstriction of angiotensin, resulting in an 
increase in RR [28].

DYSLIPIDEMIA IN THE METABOLIC SYNDROME
In order to diagnose dyslipidemia in the metabolic syn-
drome, it is required to find disturbances in the concen-
tration of lipid fractions of triglycerides and high-density 
lipoproteins in the patient’s plasma: TG (Triglyceride ) ≥ 
150 mg/dL and/or HDL (High-density lipoprotein) <40 
mg/dL (M), <50 mg/dL (K). The lipid profile accompanying 
the metabolic syndrome, consisting in a decrease in HDL 
fraction and an increase in TG and LDL (Low-density lipo-

protein) concentration, is called atherogenic dyslipidemia. 
The pathomechanism of the development of atherogenic 
dyslipidemia in the metabolic syndrome is closely related 
to insulin resistance and the excess of free fatty acids in the 
bloodstream. The excess of free fatty acids results in their 
accumulation in the liver, re-esterification to triglycerides 
and increased synthesis of TG-rich VLDL (very low density 
lipoprotein) particles.

Under physiological conditions, the function of the 
VLDL lipoprotein is to transport triglycerides into adipose 
tissue, where the lipoprotein is broken down and transfers 
TG for storage in adipocytes. At the adipocyte level, lipo-
protein lipase (LPL) is an important membrane protein 
responsible for lipid uptake and transport into the cell and 
for the breakdown of low-density lipoproteins. Expression 
of this protein is induced by insulin, and under conditions 
of insulin resistance it is significantly reduced, which results 
in the retention of VLDL in the plasma [29]. At the same 
time, the influx of lipids supplied with food is greater in the 
case of insulin resistance than in healthy subjects, which 
results in the phenomenon of postprandial hyperlipidemia.

Another effect that increases triglyceridemia is hepatic 
de novo lipogenesis, which is not inhibited under insulin 
resistance conditions and does not directly increase the 
amount of circulating VLDL, but results in an increase 
in the amount of TG [30]. Through the cholesterol es-
ter transporting protein (CETP), cholesterol esters are 
replaced from HDL and LDL with triglycerides derived 
from VLDL. As a result, the amount of cholesterol esters 
in VLDL increases as well as the amount of triglycerides 
in HDL and LDL. Structurally abnormal HDL loses the 
properties of cholesterol re-transport from tissues to the 
liver, and also has a high plasma clearance, which is why it 
is quickly removed from the bloodstream and its concen-
tration decreases. On the other hand, structurally abnormal 
LDL (sdLDL) has a lower affinity for hepatocyte receptors 
than normal LDL, and therefore remains in the plasma for 
longer [31]. Thus, lipid metabolism disorders characteristic 
of the metabolic syndrome occur. 

So, the metabolic syndrome is a pathological condition 
characterized by the coexistence of central obesity, hyper-
lipidaemia, hyperglycemia, and hypertension. Complica-
tions of the metabolic syndrome are often associated with 
the coexistence of several of these conditions. Numerous 
meta-analyzes of studies conducted for many years on large 
population groups have shown a close statistical correlation 
of the increase in BMI with an increase in overall premature 
mortality from all causes, significantly lower mortality in 
groups of patients with normal body mass index, as well as 
an increase in mortality by as much as 30% in the case of an 
increase in BMI as low as 5 kg/m2 above 25 kg/m2 [32-33].

Depending on gender, race, severity and complications, 
obesity shortens the patient’s life by 5-20 years. According to 
WHO data in Europe, 35% of ischemic heart disease, 55% of 
HT and 80% of type 2 diabetes are associated with overweight 
and obesity [34]. Comparative statistics, based on meta-ana-
lyzes of multicentre clinical trials, showed a 2-fold increase in 
the total risk of cardiovascular events in the population groups 
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of subjects suffering from metabolic syndrome compared to 
healthy subjects, more than 2.5-times higher risk of myocar-
dial infarction and death for cardiac reasons it is the most 
common cause of death in morbid obesity (BMI>40 kg/m2) 
and the average life expectancy of these patients is 6.5–13.7 
years shorter than in those with normal BMI [35-37].

Aterogenic dyslipidemia causes the formation and inten-
sification of atherosclerotic lesions both by the formation 
of dangerous forms of LDL, but also by reducing the phys-
iological defense against atherogenesis as a result of HDL 
damage, which results in an increased incidence of ath-
erosclerotic diseases. Increased cardiovascular risk in the 
course of carbohydrate metabolism disorders is noticeable 
from the stage of pre-diabetes and is strongly associated 
with insulin resistance [38]. Chronic hyperglycemia, which 
may accompany the metabolic syndrome complicated by 
type 2 diabetes, leads not only to the development of car-
diovascular disorders known as macroangiopathies (e.g. 
myocardial infarction, stroke), but also to microangiopa-
thies at the organ level, such as: nephropathy , retinopathy 
or neuropathy [39]. In patients diagnosed with metabolic 
syndrome, myocardial infarction, stroke and type 2 dia-
betes occur more frequently, which significantly increases 
the cardiovascular risk and contributes to an increase in 
mortality compared to the general population [40].

MS therapy is a complex and multidisciplinary process. It 
should include a thorough history of lifestyle, eating habits, 
family burdens, anthropometric measurements, physical 
examination, including blood pressure measurement, 
determination of basic laboratory tests, especially lipid 
profile and fasting glucose. The main goals of the modern 
therapeutic approach to patients with metabolic disorders 
are the reduction of short- and long-term cardiovascular 
risk and the prevention of acute vascular events, as well as 
the prevention of type 2 diabetes. It is a difficult, long-term 
therapy that requires the cooperation of many specialists 
and a high commitment of the patient.

CONCLUSIONS
1.  Metabolic disorders that occur in the body and lead to 

the formation of the metabolic syndrome – abdominal 
obesity, hypertension, dyslipidemia and hyperglycemia –  
tend to coexist and have a common etiopathogenetic 
basis.

2.  Insulin resistance plays one of the key roles in the 
pathogenesis of the metabolic syndrome leading to the 
development of type 2 diabetes.

3.  Abdominal obesity is the most dangerous type of obesity 
associated with the occurrence of the metabolic syn-
drome and predisposes to the development of arterial 
hypertension.

4.  The development of atherogenic dyslipidemia in the met-
abolic syndrome is closely related to insulin resistance 
and excess free fatty acids in the bloodstream.

5.  The treatment of the metabolic syndrome is multidis-
ciplinary and requires close cooperation between the 
doctor and the patient.

6.  The analysis of etiopathogenic connections points that 
metabolic syndrome should be treated by an interdisci-
plinary team of specialists. It also requires close and disci-
plined cooperation of the patient in the treatment process.
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INTRODUCTION
It is known that epidemics of acute respiratory viral in-
fections (ARI), which belongs to the group of the most 
common infectious human diseases and are able to cause 
epidemics on a global scale, not only a significant problem 
in terms of negative impact on public health and health 
of athletes too, as a separate group of it, but also for the 
organization of mass events, including sports. It is no acci-
dent that the problem of preventing the negative impact of 
ARI for the organization of mass events, including sports, 
deals with the WHO Regional Office for Europe and its 
experts (Examples: Poland – “World Youth Day”, 2016; 
Spain – “World Pride Parade”, 2017; Turkmenistan – “Asian 
Indoor and Martial Arts Games”, 2017) in collaboration 
with WHO Headquarters and the WHO Network Centers. 
However, according to the WHO definition during public 
events should be understood “measures the number of par-
ticipants which is large enough to make a risk mechanism 
for planning and regulation of the society, the state or the 
people”. All these measures have been implemented by the 
WHO Regional Office for Europe to improve the public 
health systems of the countries concerned [1-8].

The features of the sports events organization is that it quite 
often has an international character, which increases the risk 

of infectious disease and epidemics causing people from 
around the world arrival, including countries with a difficult 
epidemiological situation regarding infectious diseases [1-3].

Determined that ARI is a group of clinically and mor-
phologically similar acute inflammatory diseases of the 
human respiratory system, the causative agents of which 
are pneumotropic viruses. These rather large groups of viral 
pathology other than influenza viruses (orthomyxoviruses) 
include parainfluenza viruses (paramyxoviruses), adeno-
viruses, rhinoviruses (enteroviruses), respiratory syncytial 
virus (PSV), and coronaviruses [9].

It is important to note that until recently, regarding ARI, 
experts from the WHO Regional Office for Europe to mass 
events, including sports (athletes’ health), the greatest atten-
tion was paid to influenza viruses and much less to other 
pneumotropic viruses. In general, ARI coronavirus have been 
caused regarding athletes and their sports activities, discussed 
in the scientific literature, textbooks and materials of inter-
national organizations, mostly in a generalized form along 
with other pneumo viruses, without sufficient coverage of 
the epidemiology of coronaviruses in sports practice [10-11].

However, the outbreak of the COVID-19 coronavirus 
epidemic in China in 2019-2020, which began to spread to 
many countries around the world, including Japan, where 
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ABSTRACT
The aim: To find solutions for the ecological problems of epidemics danger to acute respiratory infections, especially coronavirus infections, during the organization of mass 
sporting events by establishing the features of its development and providing epidemiological measures to reduce the negative impact of epidemics for human health and 
activities, including athletes at both national and international levels.
Materials and methods: The methodological basis of this study is general and special scientific methods: dialectical, analysis and synthesis, synergism, historical and legal, 
formal and logical, systematic and structural, comparative and legal, formal and legal. Empirical data were scientific works, international regulations, EU legislation, United 
States and other countries.
Conclusions: The conclusions that the organization of mass sporting events must take into account the epidemiological situation of the disease in acute respiratory infections 
primarily on coronavirus infection at the national level to ensure contact with the institutions of the public health national system, use data “Hazard determination and risk 
assessment systems” (HDRAS) to determine the risk degree of infectious diseases, to conduct timely observation activities.
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the XXXII Summer Olympics were planned in Tokyo in 
2020 (and there was a proposal to move the XXXII Summer 
Olympics to London) made it very important to consider 
the problem of the epidemiology of coronaviruses and 
their dangers to both the health of athletes and their sports 
activities. In this regard, there is even a thesis that “sport 
has contracted the coronavirus” [12].

It should be borne in mind that, as modern practice shows, 
epidemics of coronaviruses can take the form of quarantine 
(convection) viral infections, such as contagious viral fever 
(Lassa, Marburg, Ebola), yellow fever. This is indicated by 
fairly high mortality, virulence, the ability to spread widely in 
such species of coronaviruses as SARS – COV, MERS – COV, 
COVID – 19 (SARS – COV – 2), and most importantly, 
that in practice quarantine measures are already imposed in 
areas where coronavirus infections occur (China, Italy, etc.). 
It should be noted that the term “quarantine infections” is 
not identical to the term “particularly dangerous infections” 
and means only a conditional group of infections in which 
quarantine may be imposed [13-16].

However, taking into account the peculiarities of the 
coronaviruses epidemiology, including the sports mass 
events, has not yet been emphasized so that they are sepa-
rately provided for in the “International Health Regulations 
2005” and the “WHO Health Emergencies Programme”. 
This was not provided for the recommendations of the 
WHO  Regional Office for  Europe regarding the mass 
events holding, including sports [5, 8, 17].

It is important to note that we have not yet developed the 
ways to reduce the negative impact of coronaviruses and 
its epidemics on the athlete’s health and their performance, 
making such development relevant and timely.

THE AIM
The article purpose – to find solutions for the ecologi-
cal problems of epidemics danger to acute respiratory 
infections, especially coronavirus infections, during the 
organization of mass sporting events by establishing the 
features of its development and providing epidemiological 
measures to reduce the negative impact of epidemics for 
human health and activities, including athletes at both 
national and international levels.

MATERIALS AND METHODS
The methodological basis of this study is general and 
special scientific methods: dialectical, analysis and syn-
thesis, synergism, historical and legal, formal and logical, 
systematic and structural, comparative and legal, formal 
and legal, and statistical [18]. Empirical data were scientific 
works, international regulations, EU legislation, United 
States and other countries.

REVIEW AND DISCUSSION
The analysis of various sources of information, including 
documents and scientific developments of WHO experts 

showed that when applying epidemiological measures in 
organizing mass events, including sports, it is necessary to 
pay special attention to acute respiratory infections (ARI), 
especially coronavirus infection and its epidemiological 
features [5, 6, 8, 19, 20].

Coronaviruses family (Coronoviride) according to the 
latest data has two subfamilies and includes 40 types of 
RNA – containing coronaviruses that affect humans and 
animals. The term “crown” is associated with their specific 
mechanism of penetration through the cell membrane by 
postiche the so-called “fake molecules” of molecules to 
which the body’s cell receptors respond [21, 22].

From an epidemiological point of view, including in 
relation to athletes, the greatest danger is posed by three 
types of coronaviruses [23, 24]:

- SARS virus – COV – known as the causative agent of 
SARS since 2002;

- MERS virus – COV – known as the causative agent of 
Middle Eastern respiratory syndrome since 2015;

- virus СOVID – 19 (SARS – COV – 2) – known as the 
causative agent of pneumonia of a new type since the end 
of 2019.

The analysis of scientific, scientific-methodical literature 
and other sources of information showed that there is a 
special problem – the problem of possible negative effects 
of the epidemic, which is caused by coronaviruses not only 
on athlete’s health but also directly on their sports activ-
ities due to various epidemiological restrictive measures 
[12, 25, 26].

In this regard, one of the reasons for the negative impact 
of the epidemic caused by coronaviruses on sports activities 
may be restrictions in the form of quarantine followed by 
special observational measures, which in turn are defined 
as a set of special epidemiological measures, including 
restrictive aimed at reducing the negative effects of viruses, 
in this case coronaviruses on human health [27].

In determining the level of quarantine and observation 
measures, it should be borne in mind that the effects of 
coronavirus COVID – 19 on the human body on aver-
age are: 80% – mild symptoms that are not significantly 
life-threatening; 14 – serious problems, pneumonia, diffi-
culty breathing; 5% – critical conditions – respiratory fail-
ure, septic shock; 2% – deaths. It is very important to use an 
electronic platform called the “Hazard determination and 
risk assessment systems’’ (HDRAS) to determine the extent 
of an epidemic to public health. It allows you to analyze 
information about dangerous factors from various sources 
of information, including the media (media), as well as 
social networks and more. The system used by experts of 
the European Regional Office to collect information on 
infections and other factors during mass events, including 
sports and the subsequent provision of advisory services, 
including the Chief Sanitary Inspectorate in Poland. The 
effectiveness of WHO’s work in preparing and conducting 
mass events was noted by the WHO Executive Board fol-
lowing the report “Global Mass Events: Their Importance 
and Opportunities for Health in the World’’ (Document 
EB 130/17) [5, 28, 29].
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So according to information sources during the epidemic 
of 2020 in China, which was caused by the coronavirus 
COVID – 19, a significant number of athletes through the 
introduction of quarantine observation, was forced to train 
alone at home, that is not based on personal housing. This 
negative impact on their training process and as a result 
all their sports performance [30].

In addition, a coronaviruses epidemic can lead to the 
postponement and even disruption of sports competitions. 
For example, the Chinese men’s tennis team because of 
coronavirus COVID – 19 and the use of observational 
measures was forced to refuse to participate in the World 
Group playoffs and Davis Cup [31].

If there coronaviruses infection and quarantine and 
observational measures necessary to follow with the pro-
visions for the mass sporting events organization:
-  to provide close contact at the national level for mass 

sports events organizers with the institutions of the na-
tional public health system, and at the international level, 
if necessary, with WHO experts and the WHO Regional 
Office for Europe (the latter for European countries);

-  in planning for the mass sporting events organization 
in conditions of coronavirus epidemic it is necessary 
to take into account the general state of public health 
regarding the availability of coronavirus infection and 
quarantine and the application of observation measures 
for the territories and settlements (cities, etc.) where the 
mass sports events planned;

-  if necessary to ensure timely evacuation of athletes from 
quarantine zones, as their presence in these areas can 
not only be dangerous to their health, but also affect the 
quality of training, competitive process;

-  use the “Hazard determination and risk assessment sys-
tems” (HDRAS) to assess the danger degree of the epi-
demiological situation regarding coronavirus infection;

-  to use diagnostic test methods of coronavirus infection 
to assess the epidemiological situation and to determine 
the athlete’s health state;

-  do not to allow spectators and fans from quarantine areas 
to places of mass sports events;

-  to maximum limit as much as possible the presence of 
elderly people and children at sports events as high-risk 
groups for coronavirus infections;

-  do not to allow domestic and farm animals as possible 
sources of coronavirus infections on the territory and in 
the premises where sports events are held;

-  to perform general hygiene requirements, hands cleaning 
and disinfection, dressing protective face masks and its 
timely replacement with new ones and so on.

CONCLUSIONS
The epidemiological problem of epidemics of acute respi-
ratory viral infections (ARI), especially coronavirus in the 
organization of mass sports events can pose a significant 
threat to the health of athletes and their sports activities 
and therefore requires a comprehensive, systemic solution, 
with special attention to coronavirus infections.

Comprehensive, systematic solution of this epidemiolog-
ical problem should include such measures as observation 
and quarantine, zoning of areas according to the degree 
of danger of SARS, the use of rapid diagnostic methods, 
vaccination, the maximum possible provision of athletes 
with the opportunity to engage in sports activities, epi-
demiological assessment their dangers, fulfillment of the 
general sanitary – epidemiological requirements.
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INTRODUCTION
Jeune syndrome (synonym: asphyxiating thoracic 
dystrophy/ dysplasia, Eng.: Jeune asphyxiating thoracic 
dystrophy). ICD10 code – Q77.2; OMIM codes – 208500, 
611263, 613091, 613819, 613376, 615630, 615633, 
616300, 617088; ORPHA code: 474 – orphan genetically 
determined disease. Disease incidence is 1:110000 – 
1:130000. This syndrome was first described by the French 
pediatrician M. Jeune, after whom the syndrome is named. 
He described a familial case of asphyxiating thoracic 
dystrophy in siblings with a very narrow chest in 1955. [1-
3]. The type of inheritance of the syndrome is autosomal 
recessive. The main complex of symptoms includes osteo-
chondrodystrophy with dominating affection of the chest, 
limbs, pelvic bones in combination with the damage to 
internal organs (kidneys, liver, pancreas), eyes. Growth 
retardation and underweight body are characteristic for the 
condition. Central nervous system disorders in the form 
of psychomotor retardation are observed in a significant 
number of children, but are secondary. Jeune syndrome is 
characterized by significant clinical polymorphism, but all 
cases are defined by the development of respiratory failure 
(RF), which manifests itself since birth, and is of stable, 
often progressive nature, and determines the prognosis in 
children under two years of age [1-6]. In cases of significant 
limb shortening by the type of metaphyseal dysplasia and 
the presence of postaxial polydactyly, there is a need for 
differential diagnosis with the syndrome of chondro-

ectodermal dysplasia, also known as Ellis van Creveld 
syndrome. The latter, despite the fact of some similarity 
of clinical manifestations, is not characterized by severe 
respiratory failure in the neonatal period, and at the same 
time the significant percentage of cases is characterized 
by congenital heart defects and damage to skin, nails, 
hair, teeth, which makes it possible to differentiate these 
diseases at the clinical level. Occasionally, particularly in 
the presence of renal and hepatic pathologies, a differential 
diagnosis is made with Sensenbrenner’s syndrome, which, 
unlike the Jeune syndrome, is characterized by an abnormal 
skull shape and symptoms of skin pathology and its 
derivatives, limb changes such as brachy- and syndactyly.

 Etiologically, Jeune syndrome is associated with 
mutations in IFT80, IFT140, DYNC2H1, WDR19, TTC21B 
genes, located in the loci of 3q25.33, 11q22.3, 4p14, 2q24.3 
chromosomes, respectively, as well as the  mutations in 
the locus of 15q13 chromosome, that is, the disease is 
characterized by significant genetic heterogeneity [3-8], 
while the search for new mutations and their description 
still continues. [4,5]  It is considered, that all these genes 
are responsible for the functioning of the so-called cilia – 
organelles in the form of flagella (cilia), which are present 
in most eukaryotic cells, including human. They perform 
both motor and sensory functions. Due to the prevalence of 
cilia in the body, their structural or functional defects cause 
a wide range of pathologies and syndromes (ciliopathies). 
It is assumed that the malfunction of cilia due to the defect 
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of a particular protein leads to disruption of connections 
between cells in the process of embryo- and fetogenesis, 
as well as in the postnatal period. Jeune syndrome also 
belongs to this group of pathologies. However, the exact 
causes and mechanism of the predominant damage to 
certain organs and systems in ciliopathies have not been 
fully studied yet.[4,7,8]

   

THE AIM
Taking into account the extreme rarity of the syndrome and 
the limited number of publications on this pathology, we 
consider it useful to describe the case of Jeune syndrome in 
the Precarpathian population to raise awareness of general 
practitioners on this issue.

   

MATERIALS AND METHODS 
The study involved infant patient with Jeune syn-
drome observed by the authors since birth and relevant 
medical records. Methods used in the study: clinical-
genealogical and syndromal analysis, general clinical 
examination, radiologic method, including computed 
tomography (CТ) scan of thoracic organs, ultrasound 
diagnostic methods: neurosonography (NSG), ultrasound 
examination of abdominal organs, and Doppler ultra-
sonography of heart (Echocardiography). The  study 
was conducted in accordance  with the  Declaration of 
Helsinki  Ethical  Principles. The research protocol was 
approved by the Local Ethics Committee (LEC) of all the 
institutions mentioned in the study. Informed consent from 
parents was obtained for the study.

   

CASE STUDY
Proband is a boy born first of a bichorionic, biamniotic 
twins. Third pregnancy, second birth, premature at 35 
weeks of gestation, pathological: rupture to delivery inter-
val of 38 hours, hyperthermia in labor. During pregnancy: 
gestational pyelonephritis, polyhydramnios, and inpatient 
treatment in this regard at 32-33 weeks of gestation.  The 
second twin and the elder sibling are healthy; between 
births, one pregnancy ended in a therapeutic abortion. 
The proband-baby was born with dysplastic manifestations 
of fetal growth retardation, body weight – 1930 g, body 
length – 44 cm, head circumference (HC) – 31.5 cm, chest 
circumference (CC) – 24 cm, with Apgar score of 7/7.  Man-
ifestations of respiratory failure were present since birth 
(4 points by the Silverman scoring system, tachypnea 80/
min., the baby required mask oxygen therapy, decreased 
breath sounds over the lungs). On the third day the baby 
was transferred to the regional children’s clinical hospital, 
the department of premature and low birth-weight children 
in a severe condition due to II degree of respiratory failure 
(RF), neurological symptoms, with the pronounced oxygen 
dependence. Phenotypically, the child had a significant 
lag in the growth of the chest circumference (7.5 cm) as 
compared to the head circumference: HC-31.5 cm, CC-

24 cm, shortening of the lower limbs due to the proximal 
parts. Calvarial bones are pliable, thinned, open large and 
soft fontanel, slightly below the skull bones. The chest is 
narrow, rigid, almost does not participate in the act of 
breathing, tachypnea up to 100-120 / min., perioral – and 
acrocyanosis, which increases during crying, nasal flaring, 
abdominal breathing, oxygen saturation (SaO2) – 79-83 
%. During auscultation, the areas of decreased breath 
sounds alternated with the areas of harsh breathing with 
the presence of scattered dry  and mixed moist rales. Heart 
sounds are slightly weakened, systolic murmur at the base 
of the heart. The abdomen is soft, takes an active part in 
the act of breathing. The liver is located + 2 cm below 
the edge of the costal arch, the spleen is not palpable. 
Respiratory system changes were clinically regarded as a 
manifestation of respiratory distress syndrome complicated 
by pneumonia. Changes in the skeletal system indicated 
the presence of osteochondrodysplasia in the child. The 
child underwent the complete physical examination check-
up and consultations of specialized doctors (geneticist, 
neurologist, cardiologist, ophthalmologist), multidisci-
plinary team discussions were organized. The following 
findings were obtained in the process of screening:  
complete blood count (CBC) test showed no pathologic 
changes, though, predisposition to thrombocytopenia was 
observed during the first week of baby’s life; biochemical 
blood assay revealed hyperbilirubinemia due to indirect 
fraction, which was regarded as conjugational, tendency 
to hypoproteinemia, decrease in the concentration of 
active transport form of vitamin D (25ОН Д3). Consid-
ering the burdened history of infection in the mother 
(pyelonephritis, fever in labor), the child was examined 
for the most common TORCH infections by ELISA 
test, which showed elevated levels of IgG antibodies to 
cytomegalovirus and herpes virus, however, the PCR for 
these pathogens was negative. Bacterial culture test of spu-
tum, blood and urine was performed to rule out bacterial 
contamination and showed no pathogenic micro flora. 
The level of procalcitonin was 0.141 ng/dl and indicated 
local infection.

   

ULTRASOUND EXAMINATION OF THE 
ABDOMINAL ORGANS (AGE – 5 DAYS) 
The liver is located typically, protruding by 2cm below the 
costal margin. Structurally without changes. Bile ducts 
are indurated. The wall is not thickened, the content is 
homogeneous. The pancreas visualizes all through, the 
structure is homogeneous. The spleen is not enlarged, 
37x14 mm, structurally homogeneous. The kidneys are 
located typically, and have smooth and distinct wall bor-
ders. Medial complex is not thickened, caval system is 
somewhat extended, renal pelvis: on the right – 5mm, on 
the left – 6mm. 

Echocardiography was performed several times: at the 
age of 4, 10, 18 days and at 1.5 months. Conclusion: The 
path of great vessels is correct. The coronary sinus is slightly 
dilated, the chambers of the heart are not dilated. The 
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walls of the myocardium are not thickened. The general 
contractility of the myocardium is good. The blood flow is 
pulsating.  Functional foramen ovale is 5 mm with overload 
of the right heart chambers. Open arterial duct of 2.2 mm 
(closed at 1.5 months). Moderate pulmonary hypertension.

   Neurosonography was performed twice, at the age of 5 
and 18 days (without negative dynamics): echogenicity of 
brain tissues is normal. No midline shift revealed. The third 
and lateral ventricles are not dilated. The vascular plexuses 
of the right and left ventricles are heterogeneous. Cisterna 
magna is within normal limits, longitudinal cerebral fissure 
– 5mm. Hyperechogenicity is observed in periventricular 
areas, close to the vascular plexuses.

   Radiography (series of examinations) was performed 
during the first week of hospital stay at the age of 10 days 
and revealed irregular pneumatization of the pulmonary 
fields with the areas of increased pneumatization in the 
upper divisions of the left lung and lower lateral right lung 
areas. Increased lung markings with infiltrative changes 
in the medial divisions of both lungs were observed. 
Sinuses and domes are not clearly differentiated. Cardiac 
borders are dilated in the breadth. The thorax is deformed, 
narrowed, cylindrical, the ribs are shortened and thickened, 
high riding  clavicles  (“handlebar clavicles”). Iliac wings 
are squarewise; a characteristic “trident” in the areas of 
acetabulum is noticed. At the age of 19 days, changes in 
the respiratory system without positive dynamics with 
increasing infiltrative changes.

Radiological conclusion: X-ray pattern is characteristic 
of bilateral bronchopneumonia, pulmonary hypoplasia 
and osteochondrodysplasia are not excluded (Fig.1 а, b). 

The child’s condition remained severe for a long time. 
Manifestations of pneumonia and respiratory failure 
progressed, which correlated with radiological changes. 
Constant dyspnea at rest and oxygen dependence were 
observed, thus, the patient required continuous mask oxy-
gen therapy. On auscultation, patient’s breathing is severely 
weakened, crepitation and moist rales are heard on both 
sides. Heart tones are somewhat weakened, intermittent 
systolic murmur, heard mainly on the basis of the heart. 
Ultrasound examination of the heart, as mentioned above, 
showed moderate pulmonary hypertension, open arterial 
duct, which closed at the age of 1.5 months, functional 
foramen ovale with overload of the right chambers. During 
the first month of life the child slowly gained weight, there 
was also low tolerance to food. Baby’s feeding involved 
small portions of expressed breast milk, supplemented with 
partially hydrolyzed formula; partial parenteral nutrition 
(PPN) was necessary during the first two weeks.  Patient’s 
neurologic state showed weakening and mosaicism of in-
born reflexes, muscular dystonia, decreased motor activity.

   Considering clinical and radiological changes, namely 
the combination of severe respiratory failure, which 
required constant oxygen therapy, and pathology of the 
skeletal system with predominant affection of the chest, 
we performed the diagnostic search of various literature 
sources. Based on this search and clinical syndrome 
analysis, the diagnosis of Jeune syndrome (asphyxiating 

thoracic dystrophy) was established, which was also 
confirmed by computed tomography (CT) of the chest. 
The description of CT is given below.

 

CT OF THE THORACIC ORGANS WITH  
3D RECONSTRUCTION (AGE – 25 DAYS)
The chest is narrow, deformed due to the reduction of its 
frontal size and increase of the sagittal one. The ribs are 
shortened, expanded, horizontally placed, II-V ribs are 
fused in the anterior segments (Fig. 2 a, b), the clavicles 
are wide, deformed and high riding. Marked decrease in 
pneumatization of both lungs due to infiltrative changes, 
more pronounced in the basal parts of the increased lung 
markings, decrease in amount of lung tissue. The contours 
of the diaphragm are smooth and flattened. 

   Radiologist’s conclusion: CT picture is characteristic of Jeune 
asphyxiating thoracic dystrophy, bilateral bronchopneumonia 
and bronchopulmonary dysplasia (BPD). 

Thus, on the basis of clinical and phenotypic data, laboratory 
and instrumental examination methods, consultations with 
specialists, the child was diagnosed with: asphyxiating thoracic 
dystrophy (Jeune syndrome) with autosomal recessive type of 
inheritance. Congenital pneumonia of unspecified etiology, 
respiratory failure – II degree. 

Complications: severe bronchopulmonary dysplasia. 
Pulmonary hypertension of moderate degree.

Concomitant pathology: functional fetal communications: 
open arterial duct (2.2 mm), functional foramen ovale (5 
mm) with overload of the right heart chambers;

Hypoxic-ischemic CNS injury, acute period, CNS 
depression syndrome;

Conjugative jaundice of a premature baby with low body 
weight before gestation.

The patient received comprehensive treatment, which 
included oxygen therapy, infusion therapy, phototherapy, 
partial parenteral nutrition, antibiotic therapy using reserve 
group antibiotics (III and IV generation cephalosporins, 
carbap enems) ,  int ravenous  immunoglobul in , 
dexamethasone, euphyllin, sildenafil, probiotics, antifungal 
drugs, vitamin therapy, hepatoprotectors, inhalations with 
pulmicort, berodual. On treatment, the patient’s condition 
stabilized; there was a positive clinical and radiological 
dynamics of pneumonia (the comparison X-ray at the age 
of 1 month 11 days showed no inflammatory infiltration 
signs). But at the same time shortness of breath of the 
mixed type still persisted: respiratory rate (RR) about 80 
per min. at rest, oxygen dependence. Oxygen saturation 
remained reduced: at rest it ranged at 88-90-93%, while 
at minimum load it dropped to 77%. The mother refused 
to consult the child in the medical institutions of III-IV 
level. The child was discharged home at 1 month and 3 
weeks with recommendations to continue mask oxygen 
therapy in an outpatient unit under the supervision of a 
district pediatrician and the course of rehabilitation and 
symptomatic therapy, as well as   regular consultations with 
specialists, namely geneticist, pulmonologist, orthopedist, 
neurologist, ophthalmologist.
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   Follow-up data: At the age of nine months, the patient still 
has the phenotypic features of Jeune syndrome: narrowed 
and deformed chest, significant lag of head circumference 
from the chest circumference – 6.5 cm (HC – 39cm, CC – 
32.5cm). Lag in height and weight are still observed: height 
– 64cm (-3sigma), body weight – 5.9kg (body mass index 
14.4), limbs are somewhat shortened. Failure to gain height 
and weight reduced as compared to the first half a year of 
the baby’s life.  The use of anabolic medications (agvantar, 
trimetabol, retabolil) showed positive effect. Shortness of 
breath decreased in the dynamics: RR 45-50 breaths/min. at 

rest, SaO2 levels ranged between 93-95%. The neurological 
status is characterized by the delay in statokinetic develop-
ment: the baby sits only with support, weak legs resistance, 
and muscular hypotonia.  Up to nine months, the patient 
has no recurrent diseases of the bronchopulmonary system, 
which gives hope for a more favorable prognosis in this case.

DISCUSSION
Analyzing this case and comparing it with the observations of 
patients with Jeune syndrome made by other authors [1-3,6], 

Fig1. Radiographs of the chest, 
abdomen and pelvis of a patient 
aged 10 (a) and 19 (b) days.

Fig. 2. CT of the patient’s chest 
with 3D-reconstruction per-
formed at the age of 25 days: 
narrowed chest, wide, short, 
horizontally placed ribs with the 
fusion of II-Vth  ribs in the anterior 
divisions.

a b
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we can reasonably state the presence of the most characteristic 
disease symptoms in our patient. The combination of specific 
deformity and rigidity of the chest with severe respiratory 
disorders in the form of shortness of breath, low oxygen 
concentration in the blood, oxygen dependence, both during 
pneumonia and without it, are the leading symptoms in 
the diagnosis of this syndrome. Such contributing factors 
as chronic intrauterine hypoxia of the fetus, infectious 
diseases of the mother during pregnancy, premature birth, 
reduced weight and growth rates, a significant delay in chest 
circumference as compared to the head circumference in 
children with Jeune syndrome, both at birth and later in life, 
which were stated by other authors, were also observed in 
our case. In most of the described cases [1-3] the authors 
note  patients’ severe state in the neonatal period, complex 
concomitant pathologies to other organs and systems, 
which were also registered in our observation. However, 
the diagnosis of Jeune syndrome is still rarely established 
in the neonatal period, so we consider it appropriate to 
remind about it. Ideally, the final verification of the diagnosis 
should be based on molecular genetic analysis, but today it 
is limited to widespread clinical use, and in Ukraine it is not 
carried out at all. According to the literature, the prognosis 
of the state is serious, often unfavorable with significantly 
reduced life expectancy of patients. At early manifestations 
of severe respiratory failure, oxygen dependence, recurrent 
bronchopulmonary diseases, the lethal outcome occurs at the 
age of about two years. With more favorable course, children 
live over two years, but they usually develop severe renal 
pathology such as interstitial nephritis, nephronophthisis, 
nephrocalcinosis with the development of renal failure. It is 
believed that in such cases, death occurs at the age of 2-10 
years or older from renal pathology [3,6,8]. In some cases, 
liver fibrosis is also revealed. Treatment is symptomatic, with 
the development of surgical methods to manage chest and 
lung pathologies, including their transplantation. Medical 
and genetic family counseling on the prognosis is carried out 
classically, based on the 25% risk for offspring in autosomal 
recessive pathology. Prenatal diagnosis is more informative 
with the molecular genetic analysis of the proband, and is 
based on a purposeful search for the main manifestations of 
the disease by means of ultrasound examination[6,7]. This is 
how the medical and genetic consultation of the family was 
carried out in our case.   

CONCLUSIONS 
Despite the fact that Jeune syndrome is rather rare, 
neonatologists and pediatricians need to be aware of this 
pathology and first of all, pay special attention to the 
association of characteristic chest deformity and severe 
respiratory failure. This will facilitate early diagnostics of 
the condition and aid in the choice of the most adequate 
algorithms for its monitoring and treatment.  
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INTRODUCTION 
Inherited epidermolysis bullosa (IEB) is a group of geneti-
cally and clinically heterogeneous diseases characterized by 
the formation of blisters on the skin and mucous membranes 
and erosions due to injury. Different forms of IEB can be 
accompanied by various extradermal complications, namely 
the formation of blisters and erosions on the cornea and 
mucous membranes, stenosis and strictures of the respira-
tory system, gastrointestinal tract, urinary system, muscle 
dystrophy and malignant tumors. The term “epidermolysis 
bullosa” was introduced in 1886 by Kebner. IEB is divided 
into three types depending on the level of blistering: sim-
plex, junctional and dystrophic. There is a stratification of 
the epidermis due to cytolysis of keratinocytes in simplex 
IEB.  Blisters are formed on the border of the epidermis and 
dermis due to splitting of the light plate of the basement 
membrane (lamina lucida) in junctional IEB type. There is 
blisters formation under the dense plate of the basal mem-
brane in dystrophic IEB. Nowadays we know more than 30 
subtypes of IEB [1, 2], main of them are present in table I. 

Currently, mutations have been identified in more than 
10 genes encoding the structural proteins of keratino-
cytes and the basal membrane of the skin and mucous 
membranes. A common feature of these proteins is their 
involvement in the formation of strong bonds between the 
epithelium and the basement membrane. The nature of the 
mutations and their localization determine the severity of 
the clinical manifestations of IEB. Mutation information is 
a prerequisite for effective medical and genetic counseling, 
prenatal and pre-implantation DNA diagnosis.

Most variants of simplex IEB are inherited autosomal 
dominantly. The most common – localized – is known as 
the Weber-Cockayne subtype. The disease manifests itself 
in the neonatal period, extradermal manifestations in the 
form of blisters on the oral mucosa. The most difficult 
variant is the autosomal dominant generalized BE, the 
Dowling-Meara subtype.

Junctional IEB is inherited autosomal recessively. Severe 
generalized form, Herlitz subtype is called lethal IEB due 
to the high risk of premature death. The cause of death is 
considered to be sepsis, pneumonia, obstruction of the 
larynx and trachea.

Dystrophic IEB can be inherited autosomally dominantly 
and autosomally recessively. This form is characterized 
by generalized blisters, erosions, scars, contractures of 
the hands, feet, elbows and knees. Typical are damage to 
the gastrointestinal tract, urinary system, eyes, chronic 
anemia, developmental delay, high risk of squamous cell 
skin cancer.

The frequency of IEB is unknown. Mild variants are 
registered with a frequency of 1 in 50,000 births, heavy – 
1 in 500,000. The incidence does not depend on gender. 
Examination of a child with suspected IEB should include 
a study of the pedigree. Importantly, individual cases may 
be due to spontaneous mutation or incomplete penetration 
of the autosomal dominant gene.

The main treatment is skin care. All forms of IEB are 
characterized by skin damage, respectively, wound healing 
is central to treatment. Due to the formation of blisters, con-
stant inflammatory process, polymicrobial colonization with 
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infectious complications, poor nutritional status and trophic 
disorders, skin damage turns into chronic wounds. They 
cause severe pain, and changing bandages makes it worse.

Delicacy and a minimum of touches are important in 
care. Preventing overheating and lubricating the skin to 
reduce friction can limit blistering. Auxiliary is the use 
of a special water or air mattress. The child should not be 
taken under the armpits, it is taken in the arms, holding 
the neck and buttocks. Clothing should be made of soft 
material, simple cut. It is not advisable to use diapers, it is 
better to keep the crotch open.

Wound healing occurs in four stages: inflammation, reep-
ithelialization, tissue formation and renewal. The ideal ban-
dage should provide a sufficient level of moisture, not stick, 
be atraumatic, protect against infection, reduce pain, and 
have the appropriate size. Soft silicone bandages meet these 
requirements. Hydrogel dressings are recommended for 
dry wounds. Absorbent dressings are used for wet wounds. 
Bacterial colonization and infection inhibit wound healing. 
Local antiseptics should be used for a short period of time. 
When healing does not occur due to the above actions, use 
the biological equivalents of the skin – xenografts.

Severe forms of IEB are accompanied by a deep pro-
tein-energy deficiency. [3, 4] Eating disorders are caused 
by the following reasons: increased catabolism on the back-
ground of chronic inflammation – open wounds with loss 
of blood and serous fluid, increased protein breakdown, 
heat loss, infection, and complications from the mouth, 
esophagus and other gastric departments. -intestinal tract 
limit food intake and disrupt the absorption of nutrients. 
Therefore, the main objectives of therapeutic nutrition are 
as follows: to prevent nutrient deficiencies, reduce stress 
during feeding, maintain normal body fat, normalize in-
testinal function and immune status.

The daily energy requirement of babies with IEB is from 
130 to 180 kcal / kg, and in some cases up to 225 kcal / kg. 
The need for protein is 2.5-4 g / kg, the liquid is 150-200 
ml / kg. It is necessary to support breastfeeding, applying 
Vaseline on the lips and nipple reduces friction. When 
breastfeeding is not possible, use expressed breast milk with 
fortifiers. Severely ill children with IEB need a subsidy for 
all vitamins, especially vitamin C, which plays an important 
role in iron absorption and collagen synthesis.

Constant loss of blood from the wound surface leads to 
chronic anemia, so it requires correction with iron supple-
ments. Zinc is a cofactor of more than 200 enzymes, so due 
to its antioxidant properties it plays an important role in the 
processes of growth, wound healing, immune protection, 
membrane stabilization. [5,6] Recommended liquid dosage 
forms in the form of zinc sulfate (30 mg in 5 ml). In all chil-
dren with impaired nutritional status, it is recommended to 
monitor the level of selenium and carnitine, which is used 
as a solution at a rate of 50-100 mg / kg / day. In children 
with IEB, bone metabolism is impaired due to increased 
concentrations of cytokines on the background of chronic 
inflammation, as well as impaired calcium absorption due 
to gastrointestinal complications. Therefore, such children 
are offered a combination of calcium and vitamin D.

Thus, bullous epidermolysis is a severe disabling disease 
that adversely affects the quality and life expectancy of pa-
tients. Patients die between the ages of 3 and 30, depending 
on the form of the disease.

THE AIM
The purpose of this case report is to draw the attention 
of specialists to a disease that is rare, to share their own 
experience of managing patients with IEB of newborns.

CASE STUDY
Child L., born from the first normal pregnancy, first phys-
iological delivery, Apgar score 7 and 9 points. Mother is 23 
years old, father 28 years old, no inherited diseases in both 
families. Child’s body weight is 2930 g, length is 49 cm. 

The general condition of a child was severe; the child is rou-
tinely anesthetized with IV paracetamol. Unaffected areas of the 
skin were without impaired microcirculation. Self-breathing, 
RR – 48 per minute. Hemodynamic was not disturbed, HR 
– 128 per min, blood pressure – average 60 mm Hg. Swollen, 
holds through a probe 80 ml of breast milk. Diuresis 760 ml per 
day, bowel movements 6 times was not disturbed. 

The presence of skin aplasia at birth (both lower extremi-
ties from the fingers to the lower third of the thighs, lesions 
of the mucous membranes of the mouth, the presence of 
blisters on the skin 0.5-1 cm serous-hemorrhagic content 
on the skin of the forehead.

Wounds on the skin of the cheeks, elbows, palms, knees, 
legs, feet are closed by xenoskin, single erosions are open, 
there are cracks on the legs in areas of exfoliation of xe-
noskin. New damage occurs due to friction.

Additional examination which was performed during 
hospitalisation:
− CBC (leukocytosis, mild anemia);
−  Measuring level of proteins (normal), bilirubin (nor-

mal), ALT and AST (normal), thymol test (normal), 
urea and creatinine(normal); 

− CRP – 14 mg/l;
− ASLO (normal), 
− electrolyte imbalance;
−  normal serum level of zinc and low amount of serum 

25(OH)D3;
−  thyroid hormones (T4, TSH, ATPO) were in normal 

ranges;
−  General urine analyses was performed 2 times a week 

(normal);
−  ECG / EchoCG (sinus arrhythmia, patent foramen 

ovale);
−  ultrasound of the thyroid gland and kidneys hadn’t show 

anomalies; 
−  bacterial investigation of the wounds content and sen-

sitivity to antibacterial drugs.
Diagnosis: Inherited epidermolysis bullosa, dystrophic type.

Treatment we used included daily skin care, management 
of infected and non-infected wounds, management of the 
oral mucosa membranes and rehabilitation. It was per-
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formed according to the “Adapted evidence-based clinical 
guidelines. Bullous epidermolysis”[7].

Management of skin folds (neck, ears, elbows, thighs 
and knees) is carried out daily 1-2 times a day with special 
liquids gently. Management of dry elements and those 

that are at the stage of epithelialization is carried out with 
ointment 2-5 times a day. Wounds in the perineum were 
treated as needed after using the toilet.

Care for blisters and wounds included bathing (0.9% 
salt solution: hypo (less than 90 g) or 90 g per 10 liters 

Fig. 1. Skin aplasia of the left leg

Fig. 3. Skin aplasia of the elbow Fig. 4. Damage of the skin closed 
with xenoskin

Fig. 6. Damage of the 
skin closed with xe-
noskin during treatment

Fig. 7. Child with IBE during treat-
ment

Fig. 5. Damage of the foot skin closed 
with xenoskin

Fig. 2. Skin aplasia of the right leg
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of water for clean wounds); in case of wound infection, 
octenidine dihydrochloride/chlorhexidini bigluconas/
povidone-iodine solution 1:20 in the bath, combine solu-
tion (hexamidine diisothionate 100 mg, chlorhexidine 
bigluconate solution 20% 0.5 ml, chlorocresol 300 mg) as 
a detergent (requires rinsing). 

Care of the infected wounds included using of creams or 
ointment with bandages which are listed above: 
−  argosulfan (silver sulfathiazole 20 mg, cetostearyl alcohol 

(cetyl alcohol 60%, stearyl alcohol 40%) 84.125 mg, liquid 
paraffin – 20 mg, white vaseline – 75.9 mg, glycerol –  
53.3 mg, sodium lauryl sulfate – 10 mg, methyl parahy-
droxybenzoate – 0.66 mg, propyl 0.33 mg, potassium 
dihydrogen phosphate – 1.178 mg, sodium hydrogen 
phosphate – 13.052 mg, water d/i – up to 1 g.) 

or 
−  Tyrosur gel (1 g of gel contains 1 mg of thyrotricin; 

cetylpyridinium chloride, propylene glycol, ethanol 
96%, carbomer, trometamol, purified water)

or 
−  Bactroban (mupirocin 2.2 g, macrogol 400 – 58.7 g, 

macrogol 3350 – 39.1 g) 
or 
−  Octenilin (100 ml of solution contain: 0.050% octeni-

dine dihydrochloride, 9.90% propylene glycol, 2.50% 
hydroxyethylcellulose, 87.55% distilled water)

or
−  Levomikol (chloramphenicol 7.5 mg, dioxomethyltet-

rahydropyrimidine (methyluracil) 40 mg, macrogol 
1500 – 190.5 mg, macrogol 400 – 762 mg).

There were performed steps describing below in case of 
formation of “fresh” elements: 
−  evacuation of the vesicular element contents without 

removing the epidermal film;
− wound care (description below);
−  applying a bandage the size of the wound or slightly 

larger than it (description below).
Puncture of blisters in 2 points or the lower point with 
a sterile Microlance G18-G19 needle or sterile scissors 
with liquid evacuation and preservation of a tire with the 
following processing: 

−  Creams containing zinc oxide 15.25%, benzyl benzoate 
1.01%, benzyl alcohol 0.39%, benzyl cinnamate 0.15% 
in combination with dexpanthenol and/or miramistin;

+ Antibacterial sponge bandage with silver
+ Absorbent wipes and tampons
+  Ointment bandage (Peruvian balm, white vaseline, 

cetomacragol 1000, glycerol monostearate 40–50%, 
hydrogenated fat, medium triglycerides).

+  Fixation with lightweight elastic tubular bandage that 
stretches in radial and longitudinal directions

Treatment of the oral mucosa membranes included oral 
antiseptic for 7 days such as:
−  Benzydamine hydrochloride 0.255 mg 0.15 g (with ethanol 

96% – 10 ml, glycerol – 5 g, methyl parahydroxybenzoate – 
0.1 g, menthol flavor (flavoring) – 0.03 g, saccharin – 0.024 
g, sodium bicarbonate – 0.011 g, polysorbate 20 – 0.005 g, 
purified water – qs up to 100 ml)

or
−  Solkoseril (deproteinized dialysate from the blood of 

healthy dairy calves (in terms of dry matter) 4.15 mg, 
methyl parahydroxybenzoate, propyl parahydroxyben-
zoate, sodium carmellose, propylene glycol, calcium 
lactate pentahydrate, water d/i)

or
−  Octenidine dihydrochloride, water-based.
During hospitalization specialists of the multidisciplinary 
team trained parents how to provide daily care of the 
child’s skin and make correct rehabilitation. It included 
information about how to

rehabilitate the body and wounds carefully, avoiding 
significant pressure and pulling movements; avoid “eras-
ing” movements when handling/cleaning the body with 
wipes, to change them for “wetting” movements; making 
correct bandages.

It was recommended to provide after discharge: 
− continuous care of the child’s skin
− social assistance as a child with a disability
−  supervision by a dermatologist and pediatrician/family 

doctor;
−  consultation of a dentist, surgeon, ophthalmologist, 

psychologist, nutritionist after 6 months.

Table I. Classification of the main types and subtypes of inherited epidermolysis bullosa

Main type Subtypes Proteins in whose genes  
occur mutations 

Simplex IEB

Simplex Weber-Cockayne  IEB Keratin 5, 14

Simplex Koebner IEB Keratin 5, 14

Simplex Dowling-Meara IEB Keratin 5, 14

Simplex IEB with muscle dystrophy Plectin

Junctional IEB
Junctional Herlitz IEB Laminin 332

Junctional Non-Herlitz IEB Laminin 332, 
Collagen 17 type

Dystrophic IEB

Dominant dystrophic IEB Collagen 7 type

Recessive dystrophic Hallopeau-Siemens IEB Collagen 7 type

Recessive dystrophic non-Hallopeau-Siemens IEB Collagen 7 type
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CONCLUSIONS
Inherited epidermolysis bullosa requires the patient to 
fight the disease throughout his life, which is associated 
not only with the severity of the disease, but also with the 
development of secondary complications, such as defor-
mity of the musculoskeletal system or eating problems. 
Despite the fact that patients with IEB need special living 
conditions, they try to live a normal life with its ups and 
downs, successes and failures, desires and dreams, over-
coming daily difficulties. Dissemination and clarification 
of information about the disease and the difficulties caused 
by it, in most cases, help to understand the problems of 
the patient, evoking respect for him and help to form the 
attitude to him that he really deserves.
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INTRODUCTION
Since the end of 2019, the new coronavirus infection 
(COVID-19) has spread from China to other countries, 
and the number of cases is growing rapidly. The virus has 
become a global threat. On January 30, the WHO declared 
an international emergency over the coronavirus. Since 
March 11, coronavirus infection has become an intercon-
tinental problem – a pandemic has developed [1].

Ukraine (until December 2019) ranks 17th in the world 
in the number of Covid-19 cases. Although according to 
statistics, the children are the least vulnerable group for 
coronavirus infection, unfortunately, severe and serious 
complications such as pneumonia, Kawasaki disease and 
Kawasaki-like syndrome, Multisystem inflammatory 
syndrome in children, toxic shock syndrome, myocarditis 
occur in children, too [2]. As of the end of November, 
according to the Ministry of Health in Ukraine, 732,625 
cases of coronavirus were laboratory confirmed, including 
13,720 children. According to the Lviv Regional Laboratory 
Center of the Ministry of Health, in the Lviv region [3] since 
the beginning of the Covid-19 pandemic, among 46078 of 
all infected were about 5-6% of children.

At the beginning of the epidemic, COVID-19 in children 
did not cause concern to doctors, as there was a mild or 
asymptomatic course of the disease. Clinically, it is similar 
to acute respiratory viral infections (ARVI) and was not 
threatening to the pediatric group [4]. In the future, there 
were more reports of a wider clinical spectrum of pediatric 
COVID-19: from asymptomatic to critically severe disease. 

The most common symptoms in children and adolescents are 
fever and cough, headache, sore throat, myalgia, shortness 
of breath, nausea, abdominal pain, vomiting and diarrhea. 
Other clinical features, such as renal, cutaneous, olfactory, 
gustatory, neurological, and ocular, are less common in the 
COVID-19 pediatric population [5]. No significant differ-
ences in demographic and clinical indicators were found 
in patients with and without background allergic diseases, 
but severe forms of coronavirus infection in children were 
more common in obese children [6]. Subsequently, severe 
cases of SARS-CoV-2 have been reported more frequently 
in various countries in children with pneumonia compli-
cated by distress syndrome [7, 8]. Some children developed 
shock with biochemical signs of myocardial dysfunction and 
multisystem inflammatory response syndrome in children 
with multiple organ failure [8, 9]. The development of such a 
severe process is associated with hemophagocytic syndrome 
(HPS), or hemophagocytic lymphohistiocytosis (HLH) – a 
disease based on uncontrolled activation of the effects of cel-
lular immunity. Activation of cytotoxic T lymphocytes and 
tissue macrophages (histiocytes) is accompanied by hyper-
production of proinflammatory cytokines and leads to severe 
organ dysfunction [10]. Correction of severe hypoxic and 
metabolic conditions requires intravenous (venous-venous) 
extracorporeal membrane oxygenation (ECMO). The main 
indications for ECMO are severe, life-threatening disorders 
of pulmonary gas exchange, which are accompanied by im-
paired oxygenating (arterial hypoxemia) and / or ventilation 
(arterial hypercapnia) lung function [11].
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To analyze clinical, laboratory features of severe corona-
virus infection complicated by bilateral pneumonia with 
acute respiratory distress syndrome (ARDS) in a three-
year-old girl who was on V-V ECMO for one week and 
mechanical ventilation of the lungs for 28 days.

The diagnosis was confirmed by detection of SARS-
CoV-2 virus RNA by PCR, X-ray and ultrasound exam-
ination of the lungs.

CASE STUDY
A 3-year-old girl (body weight 15 kg) was admitted to the 
intensive care unit of the Lviv Regional Children’s Clinical 
Hospital on the 14 of September 2020. History: the child 
had been ill for two days as fever and shortness of breath 
developed. She was not in contact with infectious patients. 
Hereditary, allergic history is not complicated. She was 
born from the second full-term pregnancy. Bodyweight at 
birth – 4200 g. She developed according to age.

14.09.2020 Physical examination revealed: condition – 
severe due to respiratory failure, shortness of breath -72/
min, retraction of intercostal spaces, heart rate (HR) – 170/ 
min, SpO2 – 87%, body temperature – 36,8ºC. Crackles on 
both sides were detected during auscultation of the lungs, 
breathing remained weakened on the right side. Heart 
tones were clear, sinus tachycardia. Chest X-rays revealed 
signs of right-sided focal pneumonia.

14.09. 2020 – Treatment was prescribed: oxygen therapy 
through a face mask (O2 flow 10 l/min), antibiotic therapy: 
(ceftriaxone + azithromycin), correction of water-electrolyte 
disorders. Because oxygen therapy was not accompanied by 
a significant improvement of oxygenation (SpO2 – 90-91%, 
PaO2 – 68 mmHg, PaCO2 – 55 mmHg, pH – 7), shortness 
of breath with additional muscles persisted, the child was 
administered non-invasive lung ventilation: NIV CPAP/

PSV: FiO2 -60%, PEEP – 8 cmH2O, PIP – 5 cmH2O). A 
temporary improvement of oxygenation was obtained: 
PaO2/FiO2-133, PaO2 –80 mmHg, PaCO2- 57 mmHg.

15.09.2020 there were further progression of respiratory 
failure and hypoxemia (PaO2/FiO2-117) on the back-
ground of NIV CPAP/PSV in the child, as well as deteri-
oration of neurological status on the Glasgow coma scale 
(decrease in GCS scale from 14 to 12 points). Control Chest 
X-rays revealed a deterioration of the radiological imaging: 
increase of the intensity of opacities on the right side and 
the emergence of new bilateral infiltrates. The child was 
administered mechanical ventilation: P/SIMV, FiO2- 50%, 
PIP-12 cmH2O, PEEP – 10 cm H2O, TV 6 ml/kg, RR-25/
min, I/E 1:1,5. Given the data of acid-base balance (BE-8), 
infusion of dobutamine 5 μg/kg/min was prescribed. 

CBC (15.09.2020): HGB 9,7g/dl., RBC 3,8 ×1012/l, PLT 
320 ×109/l, WBC 12,5×109/l, neutrophils 78%, lympho-
cytes 19%, monocytes 3%. Procalcitonin test (15.09.2020) –  
0,28 ng / ml, IL-2 -0, IL-6 – 23pg/ml.

16.09.20 – a positive PCR test for SARS-COV-2 was 
obtained.

Based on a positive PCR test for SARS-COV-2, clinical 
symptoms, radiographic picture and, PaO2/FiO2 – 117, 
the diagnosis was made: SARS-COV-2 infection, bilateral 
polysegmental pneumonia, acute respiratory distress syn-
drome (ARDS) of the moderate degree.

16.09.2020-19.09.2020 The child was on P/SIMV convec-
tion respiratory support in the prone position. Required 
strict parameters of mechanical ventilation: PIP-15 cm H2O, 
PEEP – 14 cm H2O, TV 6 ml/kg, RR-25 / min, I/E 1:1,2. 
The patient’s condition deteriorated, the patient needed an 
increase of FiO2 from 60% to 100%. Negative dynamics of 
PaO2/FiO2 from 117 to 80 were noted. Ultrasound examina-
tion (Lung ultrasound – Blue protocol) was used as bedside 
monitoring of lung condition. Ultrasound examination of 

Fig. 1. Right-sided focal pneumonia. Fig. 2. Increase of the intensity of opacities on the right side and the 
emergence of new bilateral infiltrates.
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the lungs showed signs of interstitial syndrome (a large 
number of B-lines, single A-lines) and a symptom of consol-
idation in the  basal areas of the lungs on both sides (Lung 
consolidation, shred sign). There was a decrease in the ejec-
tion fraction of the left ventricle (IF – 45%). Clinically, there 
was a decrease in urine output to 0,5 ml/kg/h. The child re-
ceived medication: meropenem, fluconazole, dobutamine –  
7,5 μg/kg/min, furosemide 7 mg/kg/d, dexamethasone –  
8 mg/d, heparin – 5 IU/kg/h. Laboratory CRP-20 mg / l, 
Procalcetonin test – 0,123 ng/ml.

20.09.20 The child was subjected to the high-frequency 
oscillatory ventilation: HFOV: FiO2 – 100% Paw – 25 cm-
H2O, ΔP33%, Frequency 7 Hz. However, no significant im-
provement in oxygenation was achieved (PaO2/FiO2 -72).

23.09.2020 There was a decrease in blood oxygenation 
(PaO2/FiO2 – 60) . It was decided to apply the method 
V-V ECMO for the child. The surgeon cannulated the 
right internal jugular vein (Return cannula: 14 Fr) and the 
left femoral vein (Access cannula: 16 Fr). V-V ECMO set-
tings: –RPM (Pump speed) 3125, LPO (Blood flow rate) –  
0,7-0,8, FiO2 – 100%. Convection mechanical ventilation 
of the lungs continued: P/SIMV, FiO2 – 30%, PIP-14 cm 
H2O, PEEP – 10 cm H2O, TV 6 ml/kg, RR-15/min, I/E 
1:1,5. The child required prolonged analgesia and sedation 
(thiopental sodium, fentanyl) and heparinization  (target 
values  APTT 45-50 s,)

As a result of V-V ECMO there was an improvement in 
oxygenation of PaO2 170-180 mmHg., as well as respiratory 
mechanics – Cst increased from 8 ml / cmH2O to 22 ml / 
cmH2O. Duration V-V ECMO – 7 days. Subsequently, con-
vection ventilation continued:  P/SIMV: PIP 18 cmH2O, 
PEEP – 10 cmH2O, FiO2 – 40%, RR – 20/min, Cst – 14 
ml/cmH2O. Satisfactory oxygenation (PaO2/FiO2 -310) 
and hemodynamics (IF-60%) were achieved.

After 6 days, the child was weaned from mechanical ven-
tilation . After 10 days he was transferred from the intensive 
care unit. Complications were observed during treatment:
1.  Hematoma of the anterior abdominal wall (as a con-

sequence of heparin therapy). Surgical drainage of the 
hematoma was performed.

2.  Thrombocytopenia (as a consequence of heparin ther-
apy). Platelet transfusion was administered.

3. Steroid diabetes (patient needed insulin infusion).
4. Cognitive disorders.
The child was discharged with minimal neurological deficit. 
The total duration of hospitalization was 67 days.

DISCUSSION
The coronavirus pandemic (COVID-19) affects all age 
groups, but is less severe in children [4, 12, 13]. A possible 
reason for this difference in severity between adults and 
children may be related to the difference in receptors in the 
renin-angiotensin system (RAS) and the altered inflamma-
tory response to pathogens [14]. Angiotensin I converting 
enzyme 2 (ACE2) is a protein encoded by the ACE2 gene 
located on the human X chromosome. It is a membrane 
or secreted enzyme protease, the main function of which 

is the cleavage of the peptide hormone angiotensin I to 
a more active form of angiotensin II. ACE2 destroys the 
peptide bradykinin and is its natural regulator in humans. 
Also, this protein is a receptor for the entry into the cell of 
several viruses, including coronaviruses SARS-CoV and 
SARS-CoV-2 [14]. Changes in immune function and key 
receptors in RAS occur in children, which may explain the 
milder course of the disease [15]. SARS -CoV-2 uses the 
ACE2 receptor to penetrate cells, and is mainly distributed 
through the respiratory tract. These receptors are present in 
many cell types in the body, including immune cells such as 
monocytes, neutrophils and lymphocytes. The RAS system 
is associated with inflammation through angiotensin II, and 
ACE2 alters RAS activity from a pro-inflammatory to an 
anti-inflammatory response [16]. But patients with different 
levels of ACE2 may have an abnormal immune response and 
pneumonia. In the lungs, SARS-CoV-2 mainly affects pneu-
mocytes and macrophages, activating them, and can lead to 
multiple organ failure. The pathophysiology of macrophage 
activation syndrome is the cytolytic activity of lymphocytes 
[10]. Cytokines storm (that is, IL-1, IL-6, IL-18) leads to the 
activation of macrophages, creating hemophagocytosis and 
contributing to organ dysfunction [17]. Clinical signs of 
HPS are characteristic of hyperinflammatory syndromes, or 
cytokine storm syndrome. Hyperinflammatory syndromes 
are the same pathophysiological condition in the final stage, 
which is the result of the developed initiation of triggers of 
uncontrolled inflammation. Hyper inflammatory syndromes 
are classified based on known major triggers or defects 
[18]. Implementation of the prediction of severe infectious 
process in children is also possible in the study of levels 
of pro-inflammatory and anti-inflammatory cytokines, 
procalcitonin and C-reactive protein, troponin [7, 19, 20]. 
Mohamed Jeljeli and others [21] studied the ontogenesis of 
cytokine production in response to phytohemagglutinin 
from newborns to adults and noted a change from elevated 
IL-10 in neonates to a balanced level of IL-10 / T helper 
type 1 (Th1) / Th2 / Th17 in early life. This protects against 
pathogens, but improves the storm of cytokines. Changes 
in ACE2 are critical for neutrophil influx and pneumonia. 
Severe COVID-19 infection is characterized by a massive 
inflammatory reaction or a cytokines storm, leading to 
ARDS and multiorgan dysfunction. This result suggests 
that the etiology may be hemophagocytosis or macrophage 
activation syndrome [10]. Based on the understanding of 
this syndrome, and many studies that have determined the 
indicators of proinflammatory cytokines in severe clinical 
forms of coronavirus infection, glucocorticosteroids, intra-
venous immunoglobulin and other immunosuppressive 
drugs are used. Lesions of the cardiovascular system, lungs 
(interstitial changes) and kidneys are observed in the most 
severe cases, when there is infiltration by macrophages of 
tissues of internal organs [20]. Extracorporal membrane 
oxygenation should be considered as rescue therapy for 
patients in cases when traditional respiratory support meth-
ods, including conventional ventilation and HFOV, do not 
provide adequate blood oxygenation. According to Euro-
ELSO [22], the frequency of ECMO utilization during the 
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COVID-19 pandemic was 0.5% – 1% from all hospitalized 
patients. In Europe, as on May 7, 2020, 1068 adult patients 
required ECMO support. Although, cases of pneumonia due 
to SARS-CoV-2 have been reported in infants [23], children 
[24] and young adults [25], these patients generally had good 
outcomes and rarely required extracorporeal life support. 
Thus, according to the EURO ELSO survey, conducted on 
28 January 2021 in European countries, only 10 cases of 
ECMO in children were officially registered, while more than 
1,000 cases of ECMO were registered in adult patients [22].

Adult patients with COVID-19 required from 20 to 50 
days of ECMO to recover [26]. In the case of our patient, 
7 days of ECMO was sufficient to maintain oxygenation 
and allowed protective ventilation to be carried out until 
the inflammatory changes in the lungs regressed. A group 
of Spanish physicians led by Gimeno-Costa. R has also 
reported a shorter duration of ECMO in children with 
COVID-19 compared to adults. Their report noted the 
duration of ECMO 7 days in a female patient aged 16 years, 
which led to the patient’s survival.

Concerning the children’s survival, the results of ECMO 
treatment in the pediatric population are better than in 
adults and are on average 57% [27]. Mechanical ventilation 
more than 2 weeks before ECMO, as well as comorbid 
conditions, are considered by different authors as predic-
tors of mortality in patients requiring ECMO. As for the 
most common complications that develop in children on 
ECMO, most authors point to the threatening bleeding as 
a result of anticoagulant therapy. Our patient developed 
a large hematoma of the anterior abdominal wall, which 
led to intra-abdominal hypertension and required surgical 
drainage. According to H. J. Dalton, et al. bleeding occurred 
in 70.2% of children on ECMO, including intracranial 
haemorrhage in 16% of patients, which was independently 
associated with a higher daily risk of mortality [28].

CONCLUSIONS
In conclusion, life-threatening conditions associated with 
COVID-19 in children are much less common than in adult 
patients. However, in some cases, when critical hypoxemia 
is not eliminated by traditional methods of respiratory sup-
port, ECMO can become a life-saving technology and with 
its timely usage in pediatric patients, successful treatment 
results are observed in more than half of cases.
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