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The purpose of the study was to investigate the 
problem of scientific rationale for approaches to ear-
ly detection of prepathological conditions among dif-
ferent professional contingents. For this purpose, the 
role of biomedical and psychophysiological indicators 
was investigated based on the results of our own re-
search works. 

Materials and methods. The method of assess-
ing the risks of burnout was used to substantiate the 
role of psychophysiological indicators in determining 
prepathological states in workers of certain profes-
sions. The study was conducted using the Maslach 
Burnout Inventar (MBI-GS) questionnaire with subse-
quent statistical processing in the Jupiter Notebook 
environment. We used methods of logistic regression 
analysis and specialized software method “Eli-5”. To 
illustrate the mechanisms of action of medical-biologi-
cal indicators the biological effects of electromagnetic 
radiation under conditions of low temperature were 
determined. The combined effect of these factors in a 
laboratory experiment for 30 days on the example of 
mature laboratory rats was studied. 

Results and discussion. The authors have proved 
that to effectively determine the risk groups for the 
development of professional burnout, it is advisable 
to use separate criterion-significant informative indi-
cators using the Maslach Burnout-Inventar MBI-GS 
questionnaire. In addition, it is advisable to addition-
ally determine the risks of developing burnout by the 
frequency of manifestations of symptoms of emotion-
al exhaustion for the group of persons with prepathol-
ogy. In order to prevent stress situational disorders 
among students when working with digital simulators, 
preliminary screening of emotional-stressful states 
with the subsequent application of psychocorrection 
measures is necessary. Modeling the complex ef-
fects of electromagnetic radiation and low tempera-
tures made it possible to determine the features of the 
formation of biological effects in the body according 
to the criteria of physiological, morphological, immu-

nological and biochemical changes. Thus, in the for-
mation of the adaptive and immune response of the 
organism to the combined effect of these factors, the 
reduced temperature has a dominant share of the 
contribution.

Conclusion. Our findings indicate that method-
ological approaches to the development of tools for 
the diagnosis of prepathological conditions, as the 
most effective element of primary prevention, should 
be based on the scientific basis of their structural ele-
ments. In the prevention of occupational diseases to 
the algorithm for determining the leading criteria for 
the recognition and differentiation of diseases at sub-
clinical levels, it is advisable to include studies of a 
number of simple and effective medical-biological and 
psychophysiological indicators.
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Introduction. High levels of non-communicable 
diseases are a significant obstacle to the country’s 
economic growth, especially among the young work-
ing population [1]. Among a number of urgent prob-
lems that cause this situation we can highlight those 
which directly concern area of professional interests 
of specialists in preventive medicine, namely: signif-
icant spread of risk factors against the background 
of imperfect monitoring systems; inconsistency of 
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resource provision of the health care sector with the 
requirements declared by the reforms; desynchrono-
sis of the relationship between scientific advances 
and practical health care.

Many fundamental scientific medical studies fo-
cus on the methodology of studying prepathological 
conditions. They argue that the point of application 
with the highest efficiency is the search for effective 
means of diagnosing diseases in subclinical stages 
[2, 3]. However, these studies often do not find effec-
tive ways of implementation and remain declarative, 
particularly their preventive directions.

The practical significance of mass screenings 
prior to in-depth medical examinations is the possi-
bility of detecting abnormalities in the initial stages of 
health or functional disorders without obvious symp-
toms. The basis for this is a system of quantitative and 
qualitative indicators (criteria), which can determine 
the presence of a particular pathological condition 
and which can be identified and / or calculated with-
in the preventive examination of certain contingents. 
Such indicators should be relatively easy to use and 
at the same time should be informative to illustrate 
the prevalence and risks of prepathological conditions 
among certain groups of the population (occupational 
contingents, children’s groups, students, etc.). Such 
information is the basis for an in-depth study of the 
health status of risk contingents, guided by knowledge 
of the syntropic relationship of diseases, as well as for 
further studies of related factors with possible adverse 
effects [4]. In this context, experimental studies make 
it possible to successfully assess the quantitative and 
qualitative relationships between the magnitude of the 
action of factors and possible health consequences, 
using certain individual indicators in screening proce-
dures [5].

Considering the above, the search for effective 
and cost-effective mechanisms for integrating scientif-
ic developments in the field of hygiene and preventive 
medicine into health care practice is the foundation of 
its effective modern transformation. Areas of science 
and practice of health care should be considered ex-
clusively as a single complex. Dynamic and balanced 
development of this complex ensures the achieve-
ment of the main target state programs for maintain-
ing the health of the working population.

The purpose of study was to investigate the 
role of medical-biological and psychophysiological 
indicators in substantiating the criteria for early de-
tection of prepathological conditions among different 
professional contingents. We examine some previous 
work and propose new algorithms for using these in-
dicators in preventive medicine.

Materials and methods. To substantiate the role 
of psychophysiological indicators in determining pre-
pathological states in workers of certain professions 

the method of assessing the risks of burnout was 
used. The study was conducted using the Maslach 
Burnout Inventar (MBI-GS) questionnaire [6] with sub-
sequent statistical processing in the Jupiter Notebook 
environment. We used methods of logistic regression 
analysis and specialized software method “Eli-5”. 

To illustrate the mechanisms of action of medi-
cal-biological indicators the biological effects of elec-
tromagnetic radiation (EMR) under conditions of low 
temperature were determined. For this purpose, the 
combined effect of these factors in a laboratory exper-
iment for 30 days on the example of mature laboratory 
rats was studied. Regularities of formation of biologi-
cal effects at the combined influence of EMR and the 
lowered temperature by means of definition of a share 
of contribution each of factors are established. Fuzzy-
c-means fuzzy clustering method (based on artificial 
intelligence) was used by calculating the degree of 
distance between indicators after their normalization 
and standardization [7]. A statistical analysis was per-
formed by using software – a Python 3.8 package, 
which helps to set up machine learning classifiers and 
explain their predictions.

Results and discussion.
Psychophysiological indicators. One of the cur-

rent problems of occupational hygiene is the preven-
tion of burnout due to adverse working conditions. 
The key features of professional activity in many 
areas, including workers of socially significant pro-
fessions, are the following: desynchronization of bi-
ological rhythms due to the changing nature of work, 
high level of psycho-emotional stress, intermittent in-
fluence of physical and chemical factors, etc. All these 
things cause a heavy load on the sensory, mental and 
emotional spheres with a wide involvement of neuro-
endocrine regulatory systems. This, in turn, leads to 
psycho-emotional stress and increases the risk of oc-
cupational stress / burnout. The consequences of this 
are a non-social effect due to the loss of interest in 
the profession and the growth of non-communicable 
diseases among the working population. Moreover, 
there is growing prevalence of such socially important 
diseases as diseases of the circulatory system, endo-
crine and nervous systems.

The structure of early prepathological manifesta-
tions of occupational burnout is determined by the de-
gree of contribution to its formation of certain determi-
nants, namely: features of socio-demographic char-
acteristics, individual-typological features, personality 
types, resistance to stress, nature and intensity of the 
labor process, functional state of the central nervous 
system.

In research on this topic specialists of the Depart-
ment of Hygiene and Ecology No. 2 with the involve-
ment of mechanisms of international cooperation 
[8] have been proved to determine the professional 
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burnout of workers of socially significant professions. 
It was appropriate to use the questionnaire Maslach 
Burnout-Inventar (MBI-GS). As a result, mathemati-
cal modeling allowed to establish criterion-significant 
informative statements of the questionnaire by the 
scales of “emotional exhaustion”, “depersonalization” 
and “reduction of personal achievements”. Accord-
ing to these scales, respondents can be divided into 
the following groups: without the phenomena of pro-
fessional burnout, with prepathology of professional 
burnout and with obvious signs of professional burn-
out. In addition, in the group of people with prepathol-
ogy it is advisable to determine the risks of burnout by 
the frequency of symptoms of emotional exhaustion. 

Our own research has shown the following. Work-
ers of modern socially significant professions (em-
ployees of banking institutions, ambulances, teachers 
of higher education institutions), who are exposed 
to elements of hard work, have some symptoms of 
“burnout” at 42–76% depending on profession, gen-
der, and age. In some cases, the risk of “professional 
burnout” is set at 3–19% depending on the profes-
sion, gender, and age [8].

The development of professional burnout, pro-
fessional maladjustment and deformation is preceded 
by disorders of the psycho-emotional, psychophysio-
logical state at a young age. Thus, according to the 
data of the Organization for Economic Cooperation 
and Development (OECD, 2015), the unemployment 
rate among people without mental health disorders is 
4.4%. But in the presence of moderate psychological 
disorders this indicator reaches 8.9% [9, 10]. At pres-
ent, economic losses due to mental and psychological 
health disorders are extremely high – the global cost 
of mental health disorders is about 3.5% of gross do-
mestic product [2, 9].

According to modern scientific observations, psy-
chophysiological indicators of students have a pro-
nounced tendency to deteriorate [11]. Among many 
components in the formation of psychological health 
of young people the correct organization of the edu-
cational process in the educational institution plays an 
important role, which corresponds to the adolescents’ 
psychophysiological characteristics.

Today in Ukraine among the current problems 
of modernization of higher medical education head-
liners are the issues of effective implementation of 
innovative teaching methods. These methods should 
not only complement the content of educational pro-
grams, but also meet modern requirements and in-
ternational standards. One of the most effective inno-
vative methods is simulation training, because today 
situational digital modeling is becoming part of almost 
every aspect of the education and training system 
for health professionals, from entry-level students 
to practicing professionals. However, as the experi-

ence of using digital simulators in particular in nation-
al medical education is still relatively small, there is 
no scientific data on the impact of these technologies 
on the physiological and psychological state of stu-
dents. Thus mastering of practical skills with the use 
of digital simulators can become the catalyst of situa-
tional psychological frustration, because during such 
classes students may be in a state of anxiety, worry, 
uncertainty in their knowledge, responsibility for mis-
takes and so on. Without proper psychological train-
ing it is possible to accumulate short-term changes 
in the psychophysiological state in the steel types of 
nervous and mental stress, which in future can cause 
difficulties in the performance of professional duties 
and contribute to professional maladaptation, defor-
mation and burnout [12].

The scientific achievements of the department on 
this issue show that as a prognostic criterion for the 
development of prepathological conditions among stu-
dents, as a consequence of the impact of innovative 
conditions of the educational process, it is advisable 
to use a number of psychophysiological indicators. 
One of the simplest and fastest to use, but indicative, 
is the method of self-assessment of emotional state, 
as an important regulator of behavior and an indicator 
of psychological shifts. The following is the identifica-
tion of signs of situational stress and individual stress 
lability by screening techniques. After all, emotional 
and psychological stress is an interacting set of men-
tal and physiological components of health [13].

Certainly, the pathophysiological mechanisms of 
stress-neurotic disorders include physiologically con-
ditioned substructure, which consists of indicators of 
cardiovascular, central and peripheral nervous sys-
tems, autonomic system and other vital and emotion-
ally dependent physiological systems [11, 13]. That 
is why the screening of emotional and stressful situ-
ations before working with digital simulators provides 
an opportunity to identify people at risk of developing 
prepathological conditions. Another practical element 
of screening diagnostics is the development of effec-
tive measures for individual and group psychocorrec-
tion and rehabilitation of the relevant contingent.

Medical-biological indicators. The latest medical 
and biological studies of the complex factors of the 
production environment show the following: simulta-
neous or sequential exposure to these factors without 
appropriate adaptogenic measures may pose a par-
ticular risk. When determining the criteria for assess-
ing the effects of physical factors on the body, it is im-
portant that the biological effects may be manifested 
in different ways: in the form of additivity, when the 
effect of the sum of the influence of factors is equal to 
the sum of the effects of isolated influence; in the form 
of synergism, when there is an increase in the effect 
of influence; in the form of antagonism – the effect of 

133



Український журнал медицини, біології та спорту – 2022 –  Том 7, № 4 (38)

Біологічні науки

less than expected in the summation. Also, at certain 
levels of influence each acting factor may become 
dominant in their total biological effect [14].

Knowledge of such laws is an important task not 
only of physiology but also of medicine for the effec-
tive analysis of production conditions and the state of 
health of the working contingent.

In order to establish prepathological conditions 
in workers, it is important to develop methodological 
approaches to the study of the ratio of harmful factors 
that can simultaneously affect the body, as well as to 
establish the most informative criteria for predicting 
the onset of pathological changes.

As a model of substantiation of the algorithm for 
determining the leading criteria for the development 
of prepathological conditions among the profession-
al contingents with the predominant effect of physical 
factors, the specialists of the department studied the 
combined effect of electromagnetic radiation and low 
temperature as the most common factor in the pro-
duction environment.

It is proved that low temperature is a strong 
stressor that causes significant physiological changes 
in the body to support thermogenesis. As a response 
to the effects of stressors non-specific reaction devel-
ops, which can also complicate the response to other 
factors in their combined action [14, 15].

Modeling the combined influence of factors of the 
production environment (EMR and low temperature) 
made it possible to determine the features of the for-
mation of biological effects in the whole body of rats in 
the dynamics of physiological, morphological, immu-
nological and biochemical changes.

On the example of studying the combination of 
these factors, a unique methodological approach 
based on an intelligent statistical-diagnostic neu-
ro-phase system was developed. This system allows 
to determine the dominant factor in the formation of 
appropriate biological effects on the basis of factor 
analysis to assess the informativeness of biological in-
dicators. Thanks to this approach, part of the contribu-
tion of electromagnetic radiation and low temperature 
to the overall biological effect under the conditions of 
their combined action was determined. Also, informa-
tive indicators were determined, which were based on 
the leading reactions of the organism to the combined 
influence of these factors [16, 17]. Proposed ap-
proach is based on data visualization using principal 
component analysis method that in both cases helps 
us to find separate clusters in our data. These clus-
ters were marked as separate groups and for each 
of them center was calculated. For processing data 
about effect on white rats by different physical fields 
we studied clusters movements on different days of 
experimental research. It helps us to understand be-
havior of different groups and to calculate member-

ship level of contribution of isolated influences to its 
combined effect. This membership level depends on 
distances between clusters.

Our results have shown that in the formation of 
the adaptive response of the organism to the com-
bined action of factors the reduced temperature had 
60% of contribution, but electromagnetic radiation 
only 40%. The low temperature also mainly affected 
the metabolic processes and the immune response 
(63% in comparison with the influence of EMR). For 
morphological changes in the internal organs, the 
share of contribution for EMR was 81%, and for low 
temperature – 19%). 

By using a hybrid system, informative indicators 
were determined, according to the criteria of which 
biological effects were formed: increase in concentra-
tion of diene conjugates with a simultaneous decrease 
in the concentration of SH-groups, increase in very 
low density lipoproteins and inhibition of oxygen-de-
pendent neutrophil metabolism by NBT-test [15]. Bio-
logical effects in response to the combined effects of 
EMR and low temperature, which were based on in-
creased processes of lipid peroxidation with reduced 
antioxidant protection and increased atherogenicity, 
indicate the possibility of occupational pathologies of 
the cardiovascular system.

On this basis, we conclude that the low tempera-
ture aggravates the action of EMR and the priority ac-
tions to prevent the development of prepathological 
conditions in workers should be a set of measures to 
optimize microclimatic conditions.

In summary, applied methods of mathematical 
analysis provide an opportunity not only to determine 
which of the factors dominates, but also scientifical-
ly sound to develop measures to prevent adverse 
effects of factors. This will provide an opportunity to 
purposefully influence such factors to minimize their 
negative effects, as well as to diagnose the functional 
state of the body according to subtle criteria and iden-
tify prepathological conditions. For different datasets 
principal component analysis in combination with oth-
er methods allows to explore a contribution of initial 
factors to finish result.

Conclusion and Perspectives of further re-
search. Our findings indicate that methodological ap-
proaches to the development of tools for the diagno-
sis of prepathological conditions, as the most effective 
element of primary prevention, should be based on 
the scientific basis of their structural elements. Over-
all, in the prevention of occupational diseases to the 
algorithm for determining the leading criteria for the 
recognition and differentiation of diseases at sub-
clinical levels, it is advisable to include studies of a 
number of simple and effective medical-biological and 
psychophysiological indicators.
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From a practical point of view, this will help to 
improve the algorithms of periodic medical examina-
tions, increase the effectiveness of preventive and 
rehabilitation measures as a basis for the quality of 
the functioning of primary care. Results also provide a 
basis for establishment of professionally-forming cri-
teria of professional selection, their introduction into 
the work of structural subdivisions of the state labor 
service of Ukraine for use in professional selection of 
persons for appropriate positions, development of ad-

equate measures of psychological correction to pro-
long working longevity.
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МЕТОДОЛОГІЧНІ ПІДХОДИ ДО РОЗРОБКИ КРИТЕРІЇВ ДІАГНОСТИКИ ПРЕПАТОЛОГІЧНИХ
СТАНІВ ЗА ПСИХОФІЗІОЛОГІЧНИМИ ТА МЕДИКО-БІОЛОГІЧНИМИ ПОКАЗНИКАМИ
Завгородній І., Меркулова Т., Літовченко О., Лалименко О., Перова І.
Резюме. Мета: дослідити роль медико-біологічних та психофізіологічних показників за результата-

ми власних науково-дослідних робіт. 
Матеріали та методи. Методика оцінки ризиків професійного вигорання використана для обґрун-

тування ролі психофізіологічних показників у визначенні препатологічних станів у працівників певних 
професій. Дослідження проводилося за допомогою опитувальника Maslach Burnout Inventar (MBI-GS) з 
подальшою статистичною обробкою в середовищі Jupiter Notebook. Використовували методи логістич-
ного регресійного аналізу та спеціалізований програмний метод «Eli-5». Для ілюстрації механізмів дії 
медико-біологічних індикаторів визначено біологічні ефекти електромагнітного випромінювання в умо-
вах низької температури. Вивчено сукупну дію цих факторів у лабораторному досліді протягом 30 діб на 
прикладі статевозрілих лабораторних щурів.

Результати та висновки. Доведено, що задля ефективного визначення груп ризику розвитку про-
фесійного вигорання, доцільно використовувати окремі критеріально-значущі інформативні показники 
за допомогою опитувальника Maslach Burnout-Inventar MBI-GS. Крім того, у групі осіб із препатологі-
єю додатково слід визначати ризики розвитку вигорання за частотою проявів симптомів емоційного 
виснаження. З метою попередження стресових ситуативних розладів серед студентів при їх роботі із 
цифровими симуляторами необхідним є попередній скринінг емоційно-стресових станів із подальшим 
запровадженням заходів психокорекції. Моделювання сполученого впливу електромагнітного випро-
мінювання та зниженої температури надало змогу визначити особливості формування біологічних 
ефектів в організмі за критеріями фізіологічних, морфологічних, імунологічних та біохімічних змін. Так у 
формуванні адаптивної та імунної відповіді організму на сполучену дію цих факторів домінуючу частку 
внеску має знижена температура.

З практичної точки зору це сприятиме вдосконаленню алгоритмів періодичних медичних оглядів, 
підвищенню ефективності профілактичних та реабілітаційних заходів як основи якісного функціонування 
первинної медичної допомоги. Результати також є основою для встановлення професійно-формуючих 
критеріїв професійного відбору, впровадження їх у роботу структурних підрозділів Державної служби 
України з питань праці при відборі осіб на відповідні посади, розробки адекватних заходів психологічної 
корекції з метою збереження професійної працездатності.

Ключові слова: препатологічні стани, психофізіологічні показники, медико-біологічні показники, 
професійне вигорання, сполучений вплив чинників.
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