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Abstract:

In modern conditions of conducting physical education classes, the role of tools and methods of monitoring the
body’s functional characteristics as markers of student’s health state is increasing. Purpose: to study the
longitudinal dynamics of the students, studying at a special medical group body functional state features during
three years of study at the university. Materials and methods. 314 students of 1-3 years of study at six
universities of Russia, having a disease and studying at a special group for physical education took part in the
experiment. To determine the indicators of bio-impedance analysis and heart rate variability, the software and
hardware complex «MedicalSoft Sports Testing System» (MS FIT — 01) was used. The heart rate indicators were
determined; temporal (SDNN, RMSSD), spectral (TP, LF/HF, SI) parameters of heart rate variability,
hemodynamic parameters (stroke volume, cardiac output), bio-impedance analysis (BMI, phase angle, basal
metabolic rate). Based on certain indicators, the program calculated an integral indicator of health — wellness
score (WS). Results. It was found that the 3™ year students of the special group have a higher level of body
functional reserves and physical fitness relative to the groups of students in the 1% and 2™ studying years. This
fact is confirmed by the body mass index dynamics, basal metabolism, phase angle, heart rate variability, as well
as when calculating the integral score. They have a better BMI ratio, more optimal parameters of pumping heart
activity and heart rate variability, a physiological level of stress index, higher physical performance in terms of
phase angle during university studies. Conclusions. Physical education teachers should pay increased attention to
junior students due to their low functional indicators. Timely monitoring of functional indicators should be
carried out in order to take measures for prevention, preservation and promotion of health.

Key Words: physical education (PE), students, bioimpedance measurement, heart rate variability,
adaptive reserves

Introduction

Students’ professional training requires good health and high mental and physical performance of young
people. According to experts in the field of physical culture, an important role in maintaining and strengthening
the health and improving the cognitive abilities of students is assigned to regular physical activity, including
using the means and methods of the discipline «Elective courses of physical culture and sports» (Savko, &
Hojempo, 2018; Zurita-Ortega et al., 2019; Zhang et al., 2019). To implement educational programs in physical
culture, students undergo an annual periodic medical examination, according to the results of which, in
accordance with physical development, health status and various physiological parameters, they are divided into
medical groups for PE classes. Students having deviations in the state of health for physical education are
transferred to a special group.

According to research materials, students’ health status begins to decline significantly even while
studying at school (Krasnozhon et al., 2017) and by the time of admission to university, the number of students
with various diseases can reach 50% or more of the number of students (Gerber et al., 2017; Hollis et al., 2017).
Every fifth student is exempt from physical activity during PE classes for health reasons (Glazkova et al., 2020).

Physical education coach should pay special attention to students who have a disease (Momot et al., 2020;
Mozolev, 2020). It is due to the fact that such students have serious disorders of the body with damage to various
systems and low indicators of physical fitness (Badau et al., 2021). Diseases of the cardiovascular and
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respiratory systems, musculoskeletal system, gastrointestinal tract, endocrine and other systems are often
registered in young people (Doménech-Asensi et al., 2018). There is a prolonged release of students from
physical loadings by doctors, which is not entirely correct, since the absence of dosed physical exercises
contributes to a further decrease in physical performance and functional reserves (Enns et al., 2018) and further
worsens the state of health. Under these conditions, the role of tools and methods of monitoring the functional
characteristics of the body as markers of students’ health status is increasing (Adams et al., 2018; Aparecida
Maria Catai et al., 2020). Among students, the analysis of the body functional indicators state allows assessing
the potential of young people in performing physical work, their resistance to the effects of the external and
internal environment negative factors and difficulties in adapting to the study conditions at the university. A
study of a person’s, engaged in physical exercises functional characteristics may indicate fatigue, overstrain or
overtraining of the body (Sergio Jiménez Morgan, & José Arturo Molina Mora, 2017) caused by physical
exertion, and show the dynamics of recovery processes course after physical training (Dupuy, & Dugué, 2018).

Physical education classes for students with health disabilities have a specific organization and
technology (Mozolev, 2020) due to the presence of serious somatic diseases. When organizing the educational
process of students’ physical education, a key role should be given to compliance with the principle of
individualization of physical activity (Gumenyuk et al., 2021). This principle includes dynamic instrumental
monitoring of the body’s functional indicators state (Belousko, 2019). The use of modern instrumental
technologies of control, which has a sufficiently high information content, reliability and validity of the
conducted research, allows the teacher of physical culture to make an informed decision on the individualization
of the educational process (Zaitsev, & Sheinin, 2021). It provides for an individual dosage of the volume,
intensity and direction of students' physical exercises. Instrumental pedagogical control provides for the study of
the leading functional indicators of the cardiovascular, musculoskeletal, nervous and other systems in the process
of teaching students at the university

The scientific literature presents the data of the authors' research, which indicate that, despite the
numerous training programs for physical education of students with health disabilities, the correction of training
sessions is relevant, taking into account the identified features of the students’ functional indicators (Koryahin,
2018). The issues of students’ in the special medical group of health longitudinal dynamics of instrumental
control of functional indicators in the process of their education at the university continue to be insufficiently
studied.

Research aim is to study the longitudinal dynamics of the students, studying at a special medical group
body functional state features during three years of study at the university.

Material & methods

The project involved 314 students of both sexes of the first, second and third years of study at six
universities of humanities and technical fields of study in the Russia. According to the results of a medical
examination at the beginning of each academic year, all students participating in the project were diagnosed with
certain somatic diseases. This fact led to their inclusion in a special medical or III functional health group for
physical education with a limitation of the volume and intensity of physical activity. Before the start of the
research project, all students were familiarized with the conditions of the experiment, they signed an informed
voluntary participation and consent to the processing of their personal data, according to the protocol of the
Helsinki Declaration of 2008.

To determine the indicators of bio-impedance analysis and heart rate variability, the software and
hardware complex «MedicalSoft Sports Testing System» (MS FIT - 01, Russia) was used. Testing was carried
out in the middle of the academic day, during the inter-session period and in a state of physiological rest. Heart
rate variability (HRV) was recorded in a sitting position, in a quiet and calm room, at an air temperature of 20-
22° and a relative humidity of 45-55%. The method of counting the number of zero crossings was used to
determine the QRS complexes of the cardiointervalogram. The resting heart rate (SBR) was determined,;
temporal (SDNN, RMSSD), spectral (TP, LF/HF, SI) HRV parameters (Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology. Heart rate variability.
Measurement standards. Physiological interpretation and clinical application, 1996).

Such hemodynamic parameters were calculated: cardiac stroke volume (SV), ml; cardiac output
(MVB), I/min. According to bio-impedance analysis, the following indicators were calculated: body mass index
(BMI, kg/m?), phase angle (FU, c.u.) and the main exchange (BM, kcal). Based on passing the test, the program
calculated an integral indicator of health — wellness score (WS).

To determine systolic blood pressure (SBP), mm Hg; diastolic blood pressure, (DBP), mm Hg, an

automatic tonometer «Omron M2 Basic» was used.
The data were processed by methods of variational parametric statistics using the Statistica 10.1 software
package for Windows and Microsoft Excel 2016. The arithmetic mean (M) and the mean-square deviation (G)
were calculated. The Kolmogorov-Smirnov criterion with the Lilliefors correction was used to check the group
data of samples for the distribution normality. One-factor analysis of variance ANOVA was used to compare
students of different studying years with each other. The differences were considered significant at p <0.05.

1097

JPES ®  www.efsupit.ro



IVAN BOCHARIN, MAXIM GURYANOV, ELENA ROMANOVA, ANNA POZDEEVA, MIKHAIL KOLOKOLTSEV,
ANTON VOROZHEIKIN, ANDREI MALKIN, TATIAYNA POBORONCHUK, RAISA LOBASTOVA, ALEXANDER
KOVALEV

Results

The research results analysis shows that there are no statistically significant differences in the value of
the body mass index (BMI) between the young men of the first and second years of study. At the same time,
there is a statistically significant decrease in BMI in third-year students by 3.3% relative to 1¥-year students, and
by 3.7% relative to 2™%-year students, p <0.05. This fact indicates a more optimal ratio of height and weight and a
possible increase in the physical performance of young men by the third year of study. The opposite situation
was recorded in girls: the BMI of freshmen was statistically significantly lower than the value of the indicator of
sophomores by 2.7%, and by 4.5% relative to the peers of the 3 year, p <0.05. In general, the values of the
parameters are within the boundaries of the normal distribution of length and body weight, however, in boys of
the 1% and 2™ studying courses, as well as girls of the 2™ and 3™ ones, BMI is at the upper limit of the normative

range, Fig. 1.
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Fig. 1. Body mass index of students of different courses (A — boys, B — girls), «*» - differences between
students of different courses are statistically significant, p <0.05

The values of indicators characterizing blood pressure are within the normal range in all observed
groups, Fig. 2. In boys and girls of the first year, SBP has a more optimal value relative to the other groups, p
<0.05. A decrease in DBP was registered in 1% year students, which may characterize a decrease in the elastic
tone of the vascular wall or the existing features of the autonomic regulation of blood vessels. In girls, DBP was
established within the normative range, no statistically significant differences were found between
representatives of different courses, p >0.05. It should be noted that sophomore students whose heart rate
approached the upper limit of the standard (a value close to 90 bpm) and was higher by 5.2% relative to first-
year students and by 9.1% relative to third-year students, p <0.05. The girls also retain the tension of regulatory
systems and increased sympathetic stimulation of the heart muscle, as evidenced by a fairly high heart rate
among all groups of subjects. When studying the shock volume, it turned out to be higher for 3™-year students
relative to junior students by 5.6% and 7.6%, respectively, p <0.05. A similar pattern is observed among girls,
which may indicate both a higher level of fitness and functional reserves of the body, and the peculiarities of the
morphological development of their body. According to the time index of heart rate variability value in 3'd-year
boys, SDNN is fixed at a higher value, and in 1* and 2nd-year students it approaches the lower limit of the norm,
p <0.05. This fact indicates a decrease in the heart rate variation with the presence of its centralization. The
same dynamics of SDNN is observed in girls of all courses of study, while in first-year students it manifests
itself with pronounced sympathicotonia.
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It was found that the 3™ year boys have the best recovery capabilities of the body, based on the value of
RMSSD as an indicator characterizing parasympathetic activity. Its value in boys turned out to be 20.1% and
18.8% higher relative to 1% and 2™ year students, p <0.05. There is a relative decrease in the parasympathetic
activity of first-year girls (a decrease of 9.4% compared to sophomores and third-year students), p <0.05. At the
same time, the 1% year girls have a pronounced tension of regulatory systems, due to the high value of the stress
index (SI), Fig.2, which can lead to disruption of adaptation mechanisms. In 2"-year boys, the stress index is
recorded at a value close to 200 c.u.

In terms of the total power of the spectrum, there is an increase in functional reserves among male 3"-
year students (31.0% and 30.2% higher compared to 2™ and 1*-year ones). Among the girls, students of the 2™
and 3™ courses can be noted — their total spectral analysis power was 1451.3 + 131.7 ms, and 1438.4 + 171.4
ms’, and freshmen — 1357.2 + 114.2 ms’, p <0.05.
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Fig. 2. Hemodynamic indices, NRV in students of different courses of study (A — boys, B — girls),
«*» - differences between students of different courses are statistically significant, p <0.05

All students have a normotonic reaction of the autonomic nervous system according to the value of the
power ratio of the HRV spectral analysis in the low and high frequencies (chart). The phase angle is calculated —
an indicator characterizing the level of fitness and physical performance, metabolic rate and general condition of
the body. Young men of all courses have a relatively high content of musculoskeletal tissue and cell mass, and
probably a good condition of cell membranes.

This fact indicates a high level of physical performance, especially among 3™ year students. Girls of the
1* year have a slight decrease in this indicator, p < 0.05. In addition, this is confirmed by a relatively high value
of the basal metabolism index, which is 0.7% higher for 31 year students relative to sophomores, and 2.2%
higher relative to freshmen, p <0.05. There were no statistically significant differences in the level of basal
metabolism among girls, p >0.05.
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Table. Index of vegetative equilibrium, phase angle, basic metabolism, wellness score for students of
different courses of study

Boys | Girls
Parameter | Course of study

I I 111 I I I
LF/HF, 1.240.01 1.7£0.02* 1.2+0.01 1.7+0.02* 1.2+0.01 1.7+0.02*
c.u.
FU, c.u. 7.8+0.07 8.1+0.08* 7.8+0.07 8.1+0.08* 7.8+0.07 8.1+0.08*
BM, kcal 1715.6+90.8 1744.7+£152.6* 1715.6+90.8 1744.7£152.6* 1715.6+£90.8 1744.7£152.6*
WS, c.u. 383.0+7.3 403.0+8.3 429.7+6.8%* 369.7£6.6 399.7£6.8 408.0+9.3*

Note. - * the difference is significant, p <0.05.
The integral score v alue (WS) for students of 1-2 courses is registered on the assessment «satisfactory».
In the third year, boys and girls have a «good» grade. This fact indicates higher functional reserves of students
studying in the third year of universities.

Dicussion

The problem of protecting students’ health is one of the important tasks facing specialists in this field,
especially for students in a special group of PE classes (Li, 2022). One of the methods of monitoring students’
health state is the use of instrumental technologies for monitoring the functional indicators of students’ body
(Adams et al., 2018; Aparecida Maria Catai et al., 2020). The value of such control increases significantly with
longitudinal observations of the dynamics of the body's reserve capabilities state.

In recent years, in the practice of physical culture and sports, the MedicalSoft software and hardware
complex, MS FIT - 01, Russia, has been used, which allows characterizing the state of the leading functional
indicators of the human body (Bocharin et al., 2022). The available materials of scientific research in the field of
instrumental methods of monitoring the functional characteristics of those engaged in physical culture or sports
do not fully contain data on long-term observations of their physiological indicators. It can reduce the
effectiveness of physical culture and wellness technologies or miss the negative effects of excessive physical
exertion on the student’s body (Sergio Jiménez Morgan, & José Arturo Molina Mora, 2017).

It is known that the acceleration of the learning process at universities is associated with the tense
psycho-physiological state of students, and excessive loads are accompanied by the mobilization of the
functioning of the body’s physiological systems (Kolokoltsev et al., 2022; Machado, & Soares, 2022). At the
same time, upon reaching the subsequent stages of adaptation, one can observe both its satisfactory level and the
failure of adaptation (Vollmer-Conna et al., 2020). Based on this, it can be assumed that the process of studying
at a university may be considered as a factor directly affecting the state of regulatory systems, and their timely
monitoring makes it possible to take effective measures to prevent, preserve and strengthen students’ health
(Rodrigues et al., 2021).

The analysis of our results shows that students of the 3™ year of the special group have a higher level of
functional reserves of the body and physical fitness, relative to students in the 1% and 2™ courses. This fact is
confirmed by the positive dynamics of third-year students’ body mass index values, basal metabolism, phase
angle, heart rate variability parameters, as well as the level of the integral score in the wellness test. In our
opinion, the use of targeted aerobic physical activity and instrumental methods of monitoring functional
indicators in PE classes has led to an increase in the reserve capabilities of students by the third year of study.
Our data are consistent with the materials of scientific studies by other authors indicating the positive impact of
regular physical activity on human health (Savko, & Hojempo, 2018; Zurita-Ortega et al., 2019; Zhang et al.,
2019). According to our data, the most pronounced positive changes in functional indicators were found in 3™-
year students in the cardiovascular system. These data do not contradict numerous research materials by other
authors (Sergio Jiménez Morgan, & José Arturo Molina Mora, 2017; Dupuy, & Dugué, 2018; Gumenyuk et al.,
2021), which point to the leading role of the cardiovascular system in the physical activity performance.

Our results of the study indicate that physical education coaches do not pay enough attention to the
adaptation of students assigned to a special medical group. It is especially important to control the adaptation of
students in the junior years of education of an educational institution.

Conclusions

Our research project shows that the 3™ year students of the special medical group have a better ratio of
body mass index, more optimal parameters of pumping activity of the heart and heart rate variability,
physiological level of stress index, the highest physical performance in terms of phase angle and integral health
score. These data indicate a favorable adaptation to the educational and motor load during the students' studies at
the university. PE teachers should give increased attention to those studying at junior courses due to the low
reserve capabilities of their body. It is advisable to carry out longitudinal instrumental monitoring of the
functional indicators of the body for the correction of sports and wellness technologies that are aimed at
preventing, preserving and strengthening students’ health.
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