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Abstract

In sports practice, the method of monitoring the heart rate variability (HRV) of athletes is used to control, correct
and personalize the training process. However, scientific research on the cardio-assessment of the adaptive
capabilities of the organism of student-athletes to increased psychophysical stress is not enough. Purpose of the
study: to conduct a comprehensive HRV-testing to determine the level of vegetative balance and adaptive
reserves of the organism of student-athletes. Materials & Methods. The research project involved 55 students of
the Volga Research Medical University in Nizhny Novgorod (Russia) at the age of 18-20 years. Of these, 23
people were engaged in fitness aerobics (fitness group) and 22 students were engaged in swimming (swimmers
group). The training process took place 4 times a week for 2 hours. Testing of HRV indices was carried out at
the beginning of the school day, in a state of physiological rest, after two months of systematic training. For
registration and analysis of HRV parameters, we used a hardware sports testing system “Medical Soft” (version
“MS FIT Pro”, Russia). Registration of heart rate at rest (HBR) was carried out, the results of statistical and
spectral indicators of the heart rate of athletes SDNN, RMSSD, pNN50 were analyzed, the total power of the
spectrum (TP), the power of the spectrum in the region of low (LF), high (HF) and very low frequencies were
determined. (VLF), the vegetative balance index (LF / HF) and the integral parameter of the stress index (SI)
were calculated. The normality of the distribution of parameter values was assessed using the Shapiro-Wilk test.
Result. During the complex hardware testing of students involved in various sports, different levels of statistical
and spectral values of heart rate variability were recorded in athletes of various specializations. Compared with
the results of the examination of athletes in the fitness group, the group of swimmers had lower SDNN, RMSSD,
pNNS50 indices, a higher HBR level, their total spectrum power was reduced, the ratio of waves of different
frequencies (LF, HF, VLF) was not in optimal range. The stress index was outside the upper limit of the
physiological range. The results obtained allow us to assume that the students of the fitness group have a higher
level of fitness and adaptive capabilities, in comparison with the representatives of the water sport. Conclusions.
The use of the HRV technique allows a sports doctor and coach to determine the state of the vegetative balance
and adaptive capabilities in the body of student-athletes, to promptly correct the training process program in
order to prevent the development of serious complications from the cardiovascular system of trainees.

Key Words: physical loads, training regime, sports testing system, Heart Rate Variability (HRV), adaptive
reserves

Introduction

Human sports activity associated with the training process or competitions is accompanied by the
maximum mode of operation of various functional systems of the body (Malikov et al., 2021). As established by
Vira et al. (2018), Kolumbet et al. (2021), an athlete's achievements depend both on the training process
effectiveness and on the state of the physiological reserves of his body, in particular, on the work of the
cardiovascular system. Insufficient activity of this system is one of the reasons for low results in sports
competitions (Lisenchuk et al., 2019). It is the reserves of the cardiovascular system that make it possible to
increase an athlete's physical performance with the help of adaptive and compensatory regulatory mechanisms
(Guzii et al., 2021).

The athlete's body is characterized by the ability to perform economical functional work in a state of
physiological rest, to significantly mobilize all functional systems during exercise and to fully recover (Dupuy &
Dugué, 2018). Students-athletes can be attributed to the risk group: they have a high level of psycho-emotional
tension and stress associated with a significant amount of educational material and intensive study of various
disciplines (Deschodt-Arsac et. al., 2018) and additionally experience training and competitive loads
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(Kudryavtsev, et. al., 2016). Therefore, this category of sports youth requires special monitoring of their body's
functional systems and physical health state. The materials of the research by Nuuttila et al. (2017) indicate
significant vegetative rearrangements in the athlete's body under the influence of physical exertion of different
volume and intensity, which are performed according to the training process program.

In sports practice, methods of analyzing an athlete's vegetative status and heart rate variability state are
widely used (Shlyk, 2016; Guzii et al., 2020; Christiani et al., 2021). Heart rate variability (HRV) is the
variability of time intervals between heart systoles. It allows determining the state of load tolerance (short-term
adaptation) or assess the reserve capabilities of the body (long-term adaptation). HRV is a marker of the
autonomic nervous system activity and shows the level of balance between the sympathetic and parasympathetic
nervous systems.

The method of heart rate variability analysis allows the coach to make a conclusion about the
effectiveness or efficiency of the conducted training process program and the amount of physical activity
(Adams et.al., 2018; Aparecida Maria Catai et.al., 2020). Thus, the study of the functions of the body using HRV
method gives the coach and the sports doctor important information about the state of the regulatory systems and
adaptation reserves of an athlete's organism. Besides, it allows to predict the success of his\her athletic
performance.

Determination and analysis of the parameters of regulatory mechanisms are at the heart of pre-
nosological diagnostics, and also allows studying the functional status and adaptive reserves of the athlete's
body, the speed of his\her reaction to various internal and external stimuli (Kogame et. al, 2020). Normally, the
work of the heart is carried out with the help of autonomous regulation (Castellani, 2015). Some indicators of
HRYV are associated with the activation of various links of heart rate regulation RMSSD, IAB, IAPR and VLF, as
reported by Guzii et. al. (2020). When the activity of the cardiovascular system is disrupted, central control
mechanisms are activated to return the body to normal and balance it with the external environment, which is
associated with the tension of all regulatory mechanisms (Perkins et. al., 2017; Hayano et. al., 2019).

Consequently, the greater the centralization of the control mechanism, the greater the physiological
«price» of human adaptation to various factors and amounts of physical exertion (Sergio Jiménez Morgan, &
José Arturo Molina Mora, 2017), There is a trend towards the emergence of a state of overstrain and
overtraining, therefore timely monitoring of the work of the regulatory systems of the athlete's body is necessary.
Despite the fact that the issue of the HRV method use in sports practice has been studied, the scientific literature
does not fully present the materials devoted to the study of vegetative balance in student-athletes (Misigoj
Durakovic et. al., 2016). Therefore, the study of HRV for the control, correction and personalization of the
educational and training process in student-athletes seems relevant. We believe that hyperloading on a student-
athlete's body can not only reduce athletic achievements, but also lead to a deterioration in health and be the
cause of death. Research aim is to conduct comprehensive HRV testing to determine the level of vegetative
balance and adaptive reserves of the student-athletes' body.

Materials & Methods

Pedagogical supervision was carried out at the end of 2020 at the Medical University of Nizhny
Novgorod (Russia) in compliance with anti-covid measures. Out of 55 young men aged 18-20, 23 students were
engaged in fitness aerobics (fitness group) and 22 students were engaged in swimming (swimmers group) 4
times a week for 2 hours. All participants of the project were members of the university's sports teams. The
consent of the young men to participate in the research project was received. Students' rights were respected.

HRYV indicators testing was carried out at the beginning of the academic day, in a state of physiological
rest, after two months of systematic training loads. The hardware system of sports testing «Medical Soft»
(variant «MS FIT Pro», Russia) was used for registration and analysis of HRV parameters.

The results of statistical and spectral indicators of athletes' heart rate were analyzed: standard deviation
of N-N intervals from the mean value (SDNN); resting heart rate heart rate at rest (HBR); square root of the
mean squares of the differences between adjacent N-N intervals (RMSSD); percentage of intervals differing
from the mean value by 50 ms or more (pNN50); total spectrum power (TP); spectrum power in the low
frequency region (LF); spectrum power in the high frequency region (HF); very low frequency spectrum power
(VLF); index of vegetative equilibrium (LF/HF); integral parameter of the presence or absence of a stress state
(SD).

The calculation and analysis of the data obtained was carried out in accordance with the age parameters
and standards in the field of HRV developed by the working group of the European Society of Cardiology and
the North American Society of Stimulation and Electrophysiology (Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology. Heart rate variability. Standards
of Measurement. Physiological interpretation and clinical use, 1996). The research materials were processed
using the licensed software package Statistica 6.0. The Shapiro-Wilk criterion was used to determine the
normality of the parameters values distribution. The Student's criterion was used to assess the significant
intergroup differences in the samples. The differences were considered statistically significant at p<0.05.
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Results

The method of testing on the Medical Soft hardware complex allows for a short time to study the HRV

indicators and conduct a digital analysis of the athletes' heart rate variability (Fig. 1).
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Fig. 1. Sample of the HRYV protocol obtained using the sports testing system

MedicalSoft «<MS FIT Pro», (Russia)

The protocol received on the device display after the examination shows the main indicators for a
preliminary conclusion about the state of the athletes' heart rhythm regulatory mechanisms. The RMSSD
parameter in the swimmer group was 23.7% lower than in the fitness group students (28.37 and 37.21 ms,
respectively), p<0.05. The level of SDNN (the total effect of vegetative regulation) in swimmers was 33.2%
lower than in students of the fitness group (35.53 and 47.34 ms, respectively), p<0.05, (Fig.2).

The obtained results suggest that the students of the fitness group have a higher level of fitness
compared to the representatives of the water sport. This is further confirmed in the interpretation of the RMSSD
parameter results, which showed the presence of a higher level of heart rhythm autonomous regulation in
representatives of fitness aerobics. In the group of swimmers, there is a tendency to slight overstrain of the
regulatory systems of the body due to the shift of the RMSSD parameter beyond the lower limit of the normal
range, which can be expressed in a decrease in the activity of the heart muscle autonomous regulation in these

athletes.
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Fig. 2. ITapameTtpsl Strudents-athletes' RMSSD u SDNN parameters (ms)
Note. * - the differences are significant, p<0,05

The HBR and pNN50 values indicators characterizing the heart rate variability degree in representatives

of different sports also showed a heterogeneous picture (Fig. 3).
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Fig. 3. HBR (beats per minute) and pNN50 (%) parameters of students-athletes
Note. * - the differences are significant, p<0,05

Despite systematic training, the HBR parameter in swimmers approached the upper limit of the standard
range and amounted to 75.4 beats per minute. In the athletes in the fitness group, the HBR value was 14.7%
lower and amounted to 64.3 beats per minute (p<0.05). This suggests a more economical operation of regulatory
mechanisms in student-athletes engaged in aerobics.

In the fitness aerobics group, the value of the pNN50 index in students was 63.5% higher than in the
swimmers group (22.5% and 8.2%, respectively), p<0.05. The values of the pNN50 index obtained in both
groups further confirm the difference in the functional characteristics of the examined students (Fig. 3).

The obtained results of HBR and pNNS50 study in a group of students-swimmers characterize a more
active involvement of central mechanisms in the heart thythm regulation, which indicates signs of the initial
stage of overtraining development. The parameters of the spectral analysis of heart rate variability characterize
the total power of the spectrum, which reflects the total activity of neuro-humoral influences over the heart
rhythm. In our study, representatives of swimming have lower values (p<0.05).

In this case, the total power (TP) is defined as the sum of the capacities in the LF, HF and VLF ranges.
It should be noted that normally the spectrum structure is represented as HF>LF>VLF. Therefore, the use of the
method of the heart rhythm spectral analysis allows us to establish the presence of vegetative balance, the
predominance of sympathetic or parasympathetic nervous systems activity and the type of heart rhythm control -
vegetative or central.

The low-frequency component (LF) power has a relative value of 51.94% for students of the swimming
group, for athletes of the fitness aerobics group, the LF value was 1.7 times less (31.26%), p<0.05. This suggests
that the processes of LF regulation in swimmers occur with the help of non-specific regulation mechanisms (Fig.
4).
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Fig. 4. Students-athletes' spectral analysis indicators (%)
Note. * - the differences are significant, p<0,05

The power of the high frequency spectrum (HF) characterizes the activity of the autonomic innervation
of the heart activity according to the degree of inhibition of the autonomous regulation circuit activity. In the
group of swimmers HF was 25.68%, which is 32.5% lower than in the athletes of the fitness aerobics group
(38.03%). The VLF indicator, which characterizes the power of the spectrum in the range of very low
3499
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frequencies, is 30.71% at rest for students of the fitness aerobics group and is in the physiological norm. The
athletes of the swimming group have a VLF index lower by 24.5% and is 23.2%, p<0.05, Fig.4. The VLF
indicator also characterizes the presence of a suprasegmental level of the heart regulation and an energy-
deficient state. A low VLF value in representatives of water sports indicates a tendency to develop psycho-
emotional tension.

The low values of the SDNN, RMSSD, pNNS50 and VLF parameters, established in student swimmers,
allow us to assume the development of their initial stage of overwork, which requires medical monitoring and
correction of the training process program. Analysis of the results of our project showed that the vegetative
equilibrium index (LF/HF) in swimmers is 1.9 times higher than the index of LF/HF in students in the fitness
aerobics group. Consequently, swimmers have a higher level of sympathetic stimulation of the myocardium at
rest at the time of examination (Fig.5).
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Fig. 5. Students-athletes' vegetative equilibrium index (LF/HF) (conventional units)
Note. * - the differences are significant, p<0,05

The degree of the athlete's body regulatory systems tension was determined by the value of the stress index (SI),
Fig. 6.
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Fig. 6. Students-athletes' stress index (SI) (conventional units)
Note. * - the differences are significant, p<0,05

For swimmers, the SI index was 23.2 conventional units, which is by 51.1% less than for athletes in the
fitness group (47.4 conventional units), p<0.05, Fig.6.
The sports testing conducted by us using the HRV method showed the possibility of operational monitoring of
the students' of various sports specializations cardiovascular system functional state for the educational and
training process correction.

Dicussion

Various factors of the training process can affect the functional state of the athletes' body. In addition to
the development and improvement of general and special physical fitness, tactical and technical skills, the
training process should take place within the framework of countering the athlete's overtraining and overstrain
(Brenee et.al., 2020; Malikov et.al ., 2021). One of the ways to prevent undesirable health complications in
athletes, as a result of training activities, is regular medical and pedagogical monitoring of the functional state of
the cardiovascular system of the body engaged (Nuuttila et.al., 2017). For this purpose, methods of testing heart
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rate variability (HRV) Shlyk (2016), Misigoj Durakovic et.al. (2016), estimates of blood pressure variability
between heartbeats (Guzii et.al., 2020) or other methods of registration and analysis of the physiological
parameters of the athlete's body are used.

Hardware monitoring of human heart rate variability indicators allows quick obtaining information about
the functional state of regulatory systems and the level of adaptation of the body to environmental factors or to
physical exertion of various directions (Hayano et al., 2019). Therefore, this technique is widely used in clinical
practice and sports medicine (Christian et al., 2021). After our testing of HRV, it was found that the values of
heart rate indicators (HBR), which are outside the physiological norm, were significantly higher in the student-
athletes of the swimming group, the values of SDNN, RMSSD, pNN50 and VLF were significantly lower than
in the athletes of the fitness group.

The characteristic of the HRV switching speed is the pNN50 indicator, which records the percentage of
heart contractions intervals that differ from the previous one by 50 ms or more. The students of the swimmer
group have this indicator by 63.5% more than the students of the fitness group (p<0.05). We believe that the
swimmers participating in our project have an increased risk of developing cardiac arrhythmia. The students of
the swimming group have a heterogeneity of spectral rhythm analysis patterns , which is expressed in a decrease
in the total power of the spectrum, an uneven distribution of the relative values of low, very low and high
frequency waves. This distribution tended to increase the maladaptation of the vegetative equilibrium index and
the stress index parameter in accordance with the sympathetic or parasympathetic type of regulation, as
evidenced by studies by other authors (Shlyk, 2016). The athletes of the aerobics group have a high-frequency
oscillation rthythm. This indicates that the functional fitness and reserve capabilities of the body of athletes from
this group are significantly higher than those of student-athletes engaged in swimming.

We believe that the central mechanisms of heart rhythm regulation dominate in the swimmers we
examined. These athletes have a spectrum power indicator value in the very low frequency range (VLF) below
the physiological norm, compared with the results of testing athletes of the fitness group. The power ratio of the
spectrum of low and high frequencies (LF/HF) is considered as the main spectral indicator of vegetative
maintenance of cardiorhythm. We found that the students of the swimming group have a shift of the LF/HF
spectrum towards the voltage of the central regulation of the heart. We agree with the opinion of Britton et al.
(2019) that athletes with such a regulation mechanism should be under the supervision of coaches and doctors
and periodically undergo a HRV-method examination. In athletes with a sufficient training level, the stress index
parameter (SI) ranges from 25 to 70 conventional units. In this range of SI values, there are indicators of project
participants engaged in fitness aerobics, whose stress index value is 47.4 conventional units. A lower value of
the stress index was found in athletes in the swimming group (23.2 conventional units). This shows that the
swimmers' body is in a state of overstrain and overtraining.

The predominance of central mechanisms of heart regulation in student swimmers leads to a tendency to
disrupt the adaptation mechanism and the appearance of an initial stage of overtraining in athletes, which is
presented in the research materials of other authors (Flatt et al., 2020). We believe that the HRV method allows
the doctor and the coach to determine the state of the vegetative balance in the athlete's body, to make timely
adjustments to the training program to prevent the development of serious cardiovascular complications (Perkins
et al., 2016; Drezner et al., 2019). The results of this research project are consistent with the materials of our
previously published works on the survey of student-athletes of other sports specializations (Martusevich et al.,
2020). Various factors and circumstances of the training process can affect the functional state of the body of
athletes. In addition to the development and improvement of general and special physical fitness, tactical and
technical skill, the training process should take place within the framework of countering the athlete's
overtraining and overstraining (Brenee et al., 2020; Malikov et al., 2021).

Conclusions

After conducting noninvasive complex testing of two groups of student-athletes engaged in fitness
aerobics and swimming, significantly different indicators of statistical and spectral values of heart rate variability
were recorded.

Athletes of the swimming group had lower values of SDNN, RMSSD, pNNS50, total spectrum power, low
adaptive level of functional reserves and a higher level of heart rate. They were dominated by the central
mechanism of regulation of the heart, compared with the results of athletes of the fitness group. In swimmers, the
wave ratios of different frequencies (LF, HF, VLF) were not in the optimal range, the stress index index went
beyond the upper limit of the physiological range. Thus, the swimmers' body was in a state of overstrain and
overtraining. We believe that the volume or intensity of physical activity was overestated in the training program
of the athletes of the swimming group. In the fitness group, physical activity corresponded to physical and
functional capabilities and was comfortable for the students' body.

Therefore, in order to prevent the further increase of overstrain and overtraining of the athletes' body and
the appearance of possible cardiovascular complications, adjustments should be made to the program of the
swimming training process.
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Given the high informativeness, objectivity and accessibility of the HRV method for determining the
vegetative balance and adaptive reserve capabilities of the body, this method can be recommended for use in
scientific and practical projects in other sports for medical and pedagogical control of those engaged in physical
culture and sports.
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