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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-
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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.

Keywords: prepathological conditions, psycho-
physiological indicators, medical and biological indi-
cators, professional burnout, combined influence of
factors.
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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
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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-
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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
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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-

134

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-
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equate measures of psychological correction to pro-
long working longevity.
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METOAONOIYHI NIAXOAu A0 PO3POBKU KPUTEPIIB AIATHOCTUKU NPEMNATONOMNYHUX

CTAHIB 3A NMCUXOPI3IONON4YHUMNU TA MEOUKO-BIONONYHUMMN NOKA3HUKAMUA

3aezopodHiti I., Mepkynoea T., Jlimoe4yeHko O., JlanumeHko O., lMepoea I.

Pe3tome. Mema: gocnignTv ponb MeamKo-6ionoridyHmx Ta NcMxodisionoriyHmMx NoKasHUKIB 3a pesynbraTa-
MM BflaCHMX HAyKOBO-A4OCNIAHMX POBIT.

Mamepianu ma memodu. MeToamka ouiHKN pU3NKiB NPOECiNHOro BUropaHHsi BUKOpUCTaHa anist obrpyH-
TYBaHHS Poni NCUXOi3ioNoriyHNX NOKa3HMKIB Y BU3HAYEHHI NpenaTonoriYHMX CTaHiB Yy npauiBHUKIB NeBHUX
npodecin. JocnigxeHHs nposogunocs 3a gonomorow onutysansHuka Maslach Burnout Inventar (MBI-GS) 3
nodanbLUOK CTaTUCTUYHOK 00pobkoto B cepenoBui Jupiter Notebook. BukopuctoByBanu meToam norictmy-
HOro perpecinHoro aHanisy Ta cneuianisoBaHui nporpamHuii metoa «Eli-5». [ng intocTpauii mexaHiamis gii
Meaunko-6ionoriyHnx iHAMKaTopiB BU3HaAYEHO BionorivHi edpeKkTn enekTpoMarHiTHoOro BUNPOMIHIOBaHHS B YMO-
Bax HM3bKOI TemnepaTypu. BuByeHo cykynHy Aito umx dpaktopi y nabopartopHomy gocnigi npotarom 30 gib Ha
npuvknagi ctateBo3pinux nadbopaTopHUx Lypis.

Pesynbmamu ma eucHoeku. [JoBefeHo, Lo 3aana eheKTUBHOIO BUSHAYEHHS rpyn PU3MKy pO3BUTKY NPo-
decinHOro BUropaHHs, OOLiNbLHO BUKOPUCTOBYBATU OKPEMI KpUTepianbHO-3HavyLi iHOopMaTMBHI MOKa3HMKK
3a gonomorol onuTtyBanbHuka Maslach Burnout-lnventar MBI-GS. Kpim Toro, y rpyni oci6 i3 npenatornori-
€10 0OOAaTKOBO Chif, BM3HA4YaTW PU3UKM PO3BUTKY BUTOpPaHHS 3a 4acTOTOK MPOSBIB CUMMTOMIB €MOLMHOrO
BUCHaXXEHHsI. 3 MEeTO nonepemXeHHs1 CTPECOBUX CUTYaTUBHUX pO3nagdiB cepen CTyAEHTIB npu ix poboTi i3
UnpoBMMM CUMYNATOPaMM HEODXiAHMM € MonepenHi CKPUHIHT eMOLINHO-CTPECOBUX CTaHIB i3 NoAanbLunm
3anpoBafXXeHHAM 3axofiB ncmxokopekuii. MogentoBaHHS CMOMyYeHOro BMMMBY €NeKTPOMarHiTHOro BUMpo-
MIHIOBAHHSA Ta 3HWKEHOI TeMMepaTypu Hagano 3Mory BU3HAUMTU OCOONMBOCTI POPMYBaHHSA GiONOrivYHMX
edekTiB B opraHiami 3a kputepismmu disionoriyHMx, MopdonoriYyHmX, iMyHOMNOriYHKUX Ta BioXiMiYHUX 3MiH. Tak y
hopMyBaHHi aganTUBHOI Ta iMYHHOT BiAMNOBIAI OpraHiaMy Ha CnonyYeHy Aito uux hakTopiB AOMiHYOUY YacTKy
BHECKY Ma€e 3HWXeHa Temneparypa.

3 NpakTUYHOI TOYKMN 30pYy Le CMpUATMME BAOCKOHANEHHIO anropuTMIiB NepPioANYHMX MeaUNYHUX Ornsagis,
NigBULLEHHIO ePeKTUBHOCTI NPpOodinakTMYHMX Ta peabiniTauinHmnx 3ax0AiB 5K OCHOBY SKICHOTO (DYHKLIOHYBaHHS
NepBUHHOI MeAMYHOI JonoMorn. Pe3ynbTaTti TakoX € OCHOBO 7151 BCTAHOBMNEHHSI MPOdECiNHO-hOopMYHOYMX
KpuTepiiB npodeciiHoro Bigbopy, BNpoOBaAKeHHS iX y pobOTy CTPYKTYpHUX Nigpo3dinis [JepxaBHOI Criyom
YkpaiHv 3 nuTaHb npaui npu Biabopi ocid Ha BiaNoOBIaHI nocaan, po3pobkn agekBaTHMX 3aX0A4iB NCMXOMOriYHOT
KOpeKL,ii 3 MeToL 36epexxeHHs NpodeciiHoi Npaue3aaTHOCTi.

KnrouoBi cnoBa: npenartonoriyHi cTaHn, NcnxodisionorivyHi NokasHUKM, MeanKo-6ionorivHi NOKasHUKK,
npodecinHe BUropaHHs, CNoMny4YeHUi BAmMB YNHHUKIB.

ORCID and contributionship:

Igor V. Zavgorodnii : 0000-0001-7803-3505 APEF
Tatiana V. Merkulova : 0000-0003-2362-9226 #BP
Olena L. Litovchenko : 0000-0002-5286-1705 BP-EF
Olga S. Lalymenko : 0000-0002-9279-1377 BDE
Iryna G. Perova : 0000-0003-2089-5609 ¢P

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

CORRESPONDING AUTHOR

Igor V. Zavgorodnii

Kharkiv, Kharkiv National Medical University,

Hygiene and Ecology No 2 Department

4 Nauky Ave., Kharkiv 61022, Ukraine

tel: +380503433187, e-mail: iv.zavgorodnii@knmu.edu.ua

The authors of this study confirm that the research and publication of the results were not associated with any
conflicts regarding commercial or financial relations, relations with organizations and/or individuals who may have
been related to the study, and interrelations of coauthors of the article.

CratTa Haginwna 04.06.2022 p.
PexkomeHdosaHa 0o OpyKy Ha 3aciOaHHi pedakuyiltiHoi Koneaii ricrs peyeH3ys8aHHs

136 YKpaiHCbKUM XXypHan MeauuuHu, 6ionorii Ta cnopty — 2022 — Tom 7, Ne 4 (38)





