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Abstract.

Introduction The use of new technologies in human life leads to an improvement in lifestyle. However, many
factors of modern life (environmental, social and others) can provoke a decrease in physical and mental
performance, which, as a result, worsens health. One of main factor causing deterioration in health is physical
inactivity. Physical activity, in turn, can help improve health and mental well-being. The study of the
psychophysiological state of persons with different level of physical active may provide new information about
the mechanism of physical inactivity and be of use to improve health. The purpose: We study
psychophysiological state in physically active and sedentary persons. We predict that physically active
participants buffer environmental stressors better and thus have higher values on their psychophysiological states
than sedentary persons. Material and methods 19 physically active men (22-35 years) who practiced sports no
more than three times a week were examined. Men with low physical activity and a sedentary lifestyle (20
persons, 26-36 years) were also examined. All of persons are non-clinical subjects. The mental state was studied
using an adaptive version of the Luscher color test. Neurodynamic tests included a test of a person's ability to
make decisions and anticipate them. Among the cognitive tests, the “Number Comparison” test for perception
speed was used. All tests used in the study were part of the Multipsychometer-05 hardware and software
complex. Results It was revealed that the lack of physical activity leads to increased tension of the autonomic
regulation system and limitation of the body's functional reserves. The relationship of physical inactivity with
increased anxiety and tension of the autonomic nervous system was revealed. Thus, the increase in effectiveness
and speed of perception in physically active persons indicates the stimulating effect of the motor activity factor.
In addition, it was revealed that physically active people have better accuracy and quality of non-verbal
perception and information processing. Conclusions Physical activity affects the mental state, cognitive
functions and anxiety levels. This is promoted by an increase in the performance of perception and the speed of
processing non-verbal information. One of the main useful results of this study is the possibility of the influence
of physical activity on improving the mental and cognitive properties of an individual
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Introduction

According to the Declaration of the World Health Organization, human health is a state of complete physical,
mental and social well-being, and not just the absence of disease. Physical well-being is associated with an active
healthy lifestyle (Ruegsegger et al., 2018; Chen et al.,, 2022). Mental well-being depends on the
psychophysiological status and includes information processing competences such as the ability to perceive and
process information from the external environment (Morales-Rodriguez et al., 2020; Ruggiero et al., 2021).
Social well-being is characterized by the level of the individual in society, a sense of comfort in professional or
other activities.

The structure of physical well-being includes the components of physical fitness, level of physical activity
and age as factor (Kljajevi¢ et al., 2021; Bondarev et al., 2021). Traditionally, physical activity has been
considered a preventive health factor (Petrides et al., 2019; Adams et al., 2019).

The question often arises about the definition of a physically active person. We believe that physically active
person association with abilities to daily exercises and optimize of body condition. The difference between a
physically active people lies primarily in high stress resistance and the absence of sedentary behavior.
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One of the main components of mental performance often defined as psychophysiological functions
(Cipresso et al.,, 2019). Those functions can be categorized by the structure of the psychophysiological
organization of a person such as neurodynamic functions, cognitive characteristics, and emotional states (Zhang
et al., 2013; Korobeynikov et al., 2020). Moreover, psychophysiological functions are a basic of psychological
condition of person. Many psychical processes supported of physiological properties. This is important due
harmonization of health status of people via improvement of psychophysiological functions (Papale et al., 2023).

A focus on physical activity is currently important. The recent COVID-19 pandemic has highlighted
additional problems about physical inactivity among adults. The use of new technologies in human life leads to
an improvement in lifestyle. However, many factors of modern life (environmental, social and others) can
provoke a decrease in physical and mental performance, which, as a result, worsens health. One of main factor
causing deterioration in health is physical inactivity (Panahi et al., 2018). Evidence indicates that lack of physical
activity is a destructive component of human life and responsible for disorders of different system of the body
(Canu et al., 2019).

A main mechanism that explains why increasing physical and mental performance is associated with better
health often refers to the effect of cross-adaptation (Klaperski et al., 2013). Cross-adaptation describes that the
accumulated adaptive potential of any physical or mental factor allows persons to resist to environmental
stressors. The accumulation of factors for promoting physical and mental health build together the effect of
cross-adaptation (Wu et al., 2017). The accumulated adaptive potential of any factor can be understood by
compensation such that each factor can be used for resistance to environmental stressors.

A major environmental stressor was recently well studied as in 2020 the COVID-19 pandemic began. For
instance, a study showed how training endurance and mental health have been affected in physically active
persons during the pandemic (Roche et al., 2022). Effects of the pandemic on health have been attributed for
instance to the forced self-isolation and the need of stopping social and economic activities. It seems likely that
due to a long break in intense and high frequency of motor activity, most people at the end of quarantine will be
in a state of disadaptation, dysfunctional adaptation mechanisms and a lower level of working capacity.

Due the self-isolation observed the increase of depression and anxiety among people of different age (Ubara
et al., 2020; Nkire et al., 2021). Simultaneously the data about improvement of physical and psychological
condition by the mean of physical activity among people who been ill COVID was received (Precht et al., 2022;
Colas et al., 2022).

An important and less studied is the study of psychophysiological functions in people with different levels of
physical activity (Paoli et al., 2020; Sarto et al., 2020). Probably, studying the psychophysiological state will
allow to better understand the mechanism of health of people with different levels of physical activity. It is
possible that physically active participants are better able to tolerate environmental stress and therefore have
higher scores on their psychophysiological state than less active people (Klaperski et al., 2018).

There are many studies on cognitive decline over the lifespan. For instance, aging is associated with low
physical activity and decreased performance (Lockenhoff et al., 2018; Dully et al., 2018). But the changes that
occur with physical inactivity in young age are poorly understood.

It is likely that the connection between cognitive decline and age-related hypokinesia is based on the perception
and processing of information from the environment (Krivanek et al., 2021. Moreover, a decrease in mental
abilities provokes a slowdown in decision making (Kolesnyk et al., 2019). On the contrary, physical activity
leads to improved neural connections and increased decision-making ability.

Our hypothesis believes that the psychophysiological state is the main component of human health. One of the
main factors influencing the psychophysiological state is physical activity. We believe that the improvement in
cognitive function with physical activity occurs due to increased neural connections. Moreover, studying the
mechanisms of the connection between physical activity and psychophysiological state can provide insight into
the preventive health of people.

The purpose: We study psychophysiological state in physically active and sedentary persons. We predict that
physically active participants buffer environmental stressors better and thus have higher values on their
psychophysiological states than sedentary persons.

Methods

Participants

19 physically active men (22-35 years) who practiced sports no more than three times a week were examined.
Men with sedentary lifestyle (20 persons, 26-36 years) were also examined. All participants were healthy and are
non-clinical subjects.

Among people leading a sedentary lifestyle, all had a profession with reduced physical activity. These people
spent more than 6 hours a day in a sedentary position. In addition, none of them had additional physical activity.

All subjects were previously examined by a therapist and given permission to participate in the study. No
problems were identified in the health status of the study participants. Volunteers who expressed a desire to
receive information about their psychophysiological state took part in the study. The selection of participants
was made by prior announcement. Most of the study participants were university staff and researchers. A

383

JPES ®  www.efsupit.ro



LESIA KOROBEINIKOVA, MARKUS RAAB, GEORGIY KOROBEYNIKOV,OLEKSANDR PRYIMAKOV, FIKRAT
KERIMOV, ANDRIY CHERNOZUB, IVANNA KOROBEINIKOVA, OLGA GONCHAROVA

preliminary survey of the individuals participating in the study revealed that the presence of the pandemic did
not significantly affect the nature of physical activity.

The survey revealed that a group of people leading an active lifestyle during the pandemic continued their
training sessions at home. While for sedentary people, the pandemic has not made any changes in terms of
physical activity.

All participants agreed to participate in research in accordance with the Ethical Standards of the Declaration
of Helsinki, as approved by the local Biomedical Research Ethics Committees. Before the start of the study, each
of the experimental participate filled out a questionnaire that contains questions regarding consent or
disagreement with the use of the step research for scientific purposes. Ethical clearance on this research was
provided by Commission on Biomedical Ethics of the National University of Ukraine on Physical Education and
Sport (on 22.08.2023, minutes Ne. 4).

Tasks and Measures

Were used multiple tests for the assessment of the psychophysiological state.

The mental condition was studied by the adaptive variant of the Liischer color test. According to the test
results, following variables were evaluated: psychical capacity, fatigue, anxiety, deviation from autogenously
norms, eccentricity, concentricity, vegetative coefficient, heteronomy, and autonomy. In our previous study, a
high degree of correlation was established between the parameters of the Liischer color test and the mental
condition of people (Stanzani et al., 2019).

Neurodynamics refers to a person’s ability to adequately perceive information from the external environment,
make optimal decisions and respond to external stimuli. One of the neurodynamic tests we used is the decision
making task. The concept of decision making indicates as a person's ability to adequately perceive complex
information (Raab 2020).

The anticipation property indicates anticipation of what will happen. Thus, the anticipation test assesses the
balance of the nervous process and indicates the relationship between excitation and inhibition of the nervous
system. The previous studies showed a connection between neurodynamic functions and the physical
development of the junior schoolchildren (Korobeynikov et al., 2003; Lyzohub et al., 2016; Kozina et al., 2019).

Perception from the environment is an important characteristic of the nervous system. The quality and speed
of perception determine the level of psychophysiological state. A visual perception test was used. Participants
were asked to identify a geometric figure between four reference figures to close the missing element. Cognitive
functions were studied using the "Comparison of numbers" test. The connection between cognitive function and
physical activity has been revealed previously (Caponnetto et al., 2021).

Testing was carried out in the first half of the day, after instructions to the subjects. All persons were in
satisfactory condition and mood. Complaints about health problems are excluded.

All the tests used in the study were part of the hardware-software complex "Multipsychometer-05". The tests
used have been tested for reliability and validity (Akhapkin et al., 2018). In addition, our previous experience in
examining people of different ages and levels of functional fitness convinces us of the reliability and validity of
the tests used.

Procedure

Two different groups of persons were examined: physically active and sedentary. The research was carried
out in the morning.

After receiving informed consent, were tested all persons with multiple tests. The task of the Liischer color
test is to find the preferred color among the presented colors. The principle of this test is the correlation between
mental state and color preferences. The most relevant indicators for assessing the current mental state are mental
capacity, fatigue, and anxiety.

Previous studies showed correlation of color test from Liischer and emotional states of persons with
cognitively disorders [Stanzani et al., 2019). In addition, the Liischer color test is used to assess emotional and
post-traumatic stress disorder (Karimovna et al., 2023). A decision-making test related to a person's ability to
process external stimuli with varying levels of difficulty. Different color stimuli were presented on a monitor.
The task required participants to respond quickly and correctly to the appropriate task program. From the results
of the test the following parameters were evaluated: dynamism, capacity of visual analyzer, decision-making
time and impulsiveness.

To assess anticipation ability, we used the moving object response test. This test includes a complex of
sensory-motor reactions to complex signals. According to the test results, the following parameters are
evaluated: accuracy, stability, arousal and arousal trend.

The purpose of the method "Visual perception" is to assess perception, attention and thinking by quickly and
efficiently solving a non-verbal stimulus (geometrical figures). The following variables were assessed:
productivity, speed, accuracy and effectiveness of processing of non-verbal information. The value of
productivity is determined by the total number of correctly completed tasks for the total time of the test. The
property of perception is a criterion of sensitivity to cognitive impairment (Jessen at al., 2020; Korobeynikov et
al., 2022).

The purpose of the "Comparison of numbers" test is to assess non-verbal cognitive resources. The display was
presented with a number series from 2 to 9. The person must compare the current number with the previous one.
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As a result of the test, the following variables were evaluated: effectiveness, latency of solution, accuracy and
stability were estimated.

Among all the tests used, the main assessment is the ability to perception and information processing.
However, if for a decision-making test time is the main criterion, then for an anticipation test it is important to
assess the balance between excitation and inhibition of the nervous system. Accordingly, cognitive tests
determine the speed of perception and the quality of processing of non-verbal information.

Statistical analysis

Statistica 12" software was used for data analysis. Due to due to the lack of normal distribution of our
sample, we used non parametric methods of statistically of analysis. Wilcoxon rank sum test was used in all
study values for all analyses to assess statistical difference between groups of individuals and were considered
statistically significant at p<0.05. The interquartile range was computed using the first (25% percentile) and third
quartile (75%). Spearman correlation analysis was used to study the relationships between the parameters of
physiological states.

Results

Table 1 presents the results of a study of the Liischer color test. According to the results obtained, the values
of mental capacity, anxiety and vegetative coefficient were increased in sedentary individuals compared to active
individuals. In addition, a decrease in physical activity was accompanied by an increase in anxiety and activation
of the sympathetic tone of the autonomic nervous system.

Table. 1. Comparative analysis between persons with different levels of physical activity according to the
parameters of the Liischer color test (Median, Lower and Upper Quartiles)

Variables Groups
Active (n=19) Sedentary (n=20)
Mental capacity, 10.0 12.50*
conditional unit 9.00; 12.00 8.00; 13.00
. -, . 1.00 3.00*
Anxiety, conditional unit 0.00: 3.00 1.00: 4.00
.. .. . 9.00 5.50%
Concentricity, conditional unit 6.01: 10.00 4.00: 7.00
. . ... . 13.00 17.50*
Vegetative coefficient, conditional unit 10.00: 18.00 12.00: 22.00
... . 10.00 8.00*
Autonomy, conditional unit 8.00: 12.00 6.00: 8.00

Legend: * Wilcoxon, p <0.05

At the same time, the values of concentricity and autonomy in physically active people were associated with
independence from external influences. The following variables: fatigue, deviation from autogenously norms,
eccentricity and heteronomy did not differ between groups.

Table. 2. Comparative analysis between persons with different levels of physical activity according to the
parameters of neurodynamic tests (Median, Lower and Upper Quartiles)

Variables Groups
Active (n=19) | Sedentary (n=20)
Decision making test
Dynamism,% 68.59 73.10%*
65.66; 80.53 68.84; 81.55
Capacity of visual analyzer, conditional 1.82 1.65*
unit 1.69;1.97 1.58; 1.80
Decision making time, ms 335.00 380.00%*
320.00; 410.00 350.00; 410.00
Impulsiveness, conditional unit -0,03 -0.01*
-0.07; 0.03 -0.17;0.11
Anticipation test
Arousal, conditional unit -0.60 -0.21*
-1.50;0.16 -1.1; 0.06
Arousal trend, conditional unit -38.59 -13.55%*
-205.00; 53.38 -230.10; 116.61

Legend: * Wilcoxon, p <0.05

According to data Table 2 results of the decision test indicates that physically active individuals present
better values. All the parameters analyzed were statistically different between groups.

The result of the test anticipation (Table 2) indicates the significance of the differences between both groups
of studied individuals in terms of variables of arousal and the arousal trend. The result obtained indicates a high
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level of excitation in sedentary people compared to physically active people. The following variables: accuracy
and stability were not different.

Data from the cognitive functions test (Table 3) show significant differences between both groups in terms of
the studied variables. Indicators of the speed of perception was higher in physically active individuals. Higher
productivity among physically active individuals indicates a greater number of correctly solved tasks. The
accuracy variable were not different.

Tab. 3. Comparative analysis between persons with different levels of physical activity according to the
parameters of cognitive tests (Median, Lower and Upper Quartiles)

Variables Groups
Active (n=19) | Sedentary (n=20)
Visual perception
.. .. . 72.00 65.50*
Productivity, conditional unit 64.00; 78.00 52.00- 80.00
Speed of information processing, number 17 532251 00 16.49*
stimulus/min e 13.50; 18.75
. .. . 57.25 48.90*
Effectiveness, conditional unit 44.87: 62.24 38.93: 62.43
Comparison of numbers
. ... . 979.73 876.24%*
Effectiveness, conditional unit 870.28: 1085.70 769.25: 1028.10
Latency of solution, ms 862.55 952.96*
Y ? 759.70; 988.00 845.03; 1048.20

Legend: * Wilcoxon, p <0.05

The results of comparison of numbers test revealed the best effectiveness values in physically active men.
Lower values in latency of solution in physically active persons indicates an increase in the speed of perception
of non-verbal information. The following variables: accuracy and stability were not different.

Correlation analysis between psychological state parameters and neurodynamic characteristics showed higher
coefficients in the group of physically active people compared to sedentary ones.

In the active group the analysis showed a significant correlation between eccentricity and stability in the
anticipation test (rs=-0.53, p<0.05). The study showed a significant relationship between heteronomy and
anticipation test variables: stability (rs=-0.63, p<0.05), arousal (rs=-0.73, p<0.01) and correlation of autonomy
with arousal (rs=-0.55, p<0.05).

In sedentary persons, the correlation between psychical capacity and arousal trend (rs=0.60, p<0.05) indicates
a multidirectional vector correlation. There was a correlation between concentricity and dynamism according to
the anticipation test in sedentary persons (rs=0.55, p<0.05).

Discussion

This study examined the relationship between parameters of psychophysiological state in men with different
levels of physical activity.

Our results extend knowledge that the lack of physical activity leads to increased tension of the autonomic
regulation system and limitation of the body's functional reserves (Canu et al., 2019). In addition, the
development of psycho-emotional fatigue under conditions of physical activity limitation can provoke a
weakening of cortical activation (Panahi et al., 2018). As is known from previous studies, physical activity
contributes to an increase in human resilience (Avila et al., 2018; Bondet et al., 2020). The main mechanisms of
this process are associated with adaptation to physical activity and the formation of a functional system that is
resistant to negative environmental factors. Mental deterioration is associated with internal anxiety and
uncertainty about the limitations of physical inactivity (Bélair et al., 2018; Romero-Blanco et al., 2020). Thus,
decline of physical activity, along with autonomic functions, the mental state of the individual is substantially
affected.

The results showed an increase in anxiety and autonomic nervous system tension in sedentary people. In
physically active people, optimized functioning of the autonomic nervous system, reduced anxiety and increased
mental resource were observed. These results are consistent with the authors’ data showing the connection
between well-being and the level of physical fitness (Kljajevic et al., 2021; Bondarev et al., 2021). High levels of
well-being and fitness may slow the decline in physical dysfunction in humans and improve cardiovascular
function (Petrides et al., 2019; Adams et al., 2019).

Our study showed improved decision-making characteristics and decreased arousal in physically active
individuals. In contrast, sedentary individuals showed decreased decision-making ability and increased arousal.
The results obtained were consistent with the data of the authors who showed an increase in cognitive activity
due to the activation of neural circuits of the brain under conditions of moderate physical activity. At the same
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time, a decrease in physical activity is accompanied by deterioration in memory and information processing
ability. Among physically active persons, the best values were observed for solving tasks productivity and
perceptual speed. In sedentary persons the characteristics of productivity, efficiency, and perceptual speed lost to
physically active persons.

In contrast to sedentary individuals, an increase in the ability to accelerate the perception and processing of
non-verbal information has been shown in physically active individuals. These results are consistent with other
studies that show improvements in nonverbal learning even when using perceptual-motor training. In addition,
the presence of a connection between speed indicators of cognitive activity and sensorimotor reaction indicates
possible mechanisms for improving neurodynamic functions during motor activity.

The obtained results can help to build a concept of prevention of deterioration of psychophysiological states
in accordance with the mechanisms of improvement of the mental condition, neurodynamics and development of
cognitive functions.

To conclude our results, we proposed a scheme of the relationship between physical activity and
psychophysiological state (Figure 1).

mental

resource

physical activity

improved
decision
making

redaction of
anxiety psycho-
physiological
state

nonverbal
intelligence

Fig. 1 Schema of relationship of physical activity and psychophysiological state

Thus, psychophysiological state includes the following components: mental, emotional, neuropsychological
and cognitive. Physical inactivity leads to deterioration of the mental condition, increased anxiety, decreased
speed of perception from space and deterioration of decision making on non-verbal information. Physical
activity as a preventive factor leads to an improvement in the psychophysiological state. In particular, physically
active individuals were observed to have increased mental resource, decreased anxiety, improved decision-
making and speed of speed perception and advancement of non-verbal intelligence. In fact, physical activity
leads to the construction of new connections between neurodynamics and cognitive properties. This process
improves the perception of visual information and decision making.

Limitations

This study cannot be extended to the entire population and is limited to just this contingent. In further
research, we plan to develop real ways to improve psychophysiological state through physical activity.

Conclusions

Physical activity affects the mental state, cognitive functions and anxiety levels. This is promoted by an
increase in the performance of perception and the speed of processing non-verbal information. One of the main
useful results of this study is the possibility of the influence of physical activity on improving the mental and
cognitive properties of an individual. Health prevention involves physical activity and improving
psychophysiological state by optimizing emotions, perception and processing of non-verbal information.
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