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Abstract  

As a result of the research it was established that the athletes in athletic trainings experience 

strengthening of the central mechanisms of neuro-humoral regulation of heart rate by reducing the 

activation of the parasympathetic autonomic nervous system on the sinus node of the heart.  At the same 

time weakening of the influence of neuro-humoral and metabolic mechanisms of sympathetic and 

parasympathetic autonomic regulation of heart rate on the sinus node of the heart was revealed. 

The result of adaptive rearrangements of the autonomic regulation system of heart rate in athletic 

trainings is the weakening of central control circuit and the growing influence of the low-frequency and 

high-frequency fluctuation spectra of cardio intervals on the sinus node of the heart. 
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Introduction 

The circulatory system is an indicator of adaptive reactions of the whole human organism [1,2]. 

Based on the two-circuit model of cardio intervals regulation proposed by R.M. Bayevsky [3], as an 

objective criterion of the state of adaptation mechanisms in conditions of intense muscular activity, heart 

rate variability system can be used. Numerous studies confirm that the analysis of heart rate variability 

reflects the state of the regulatory mechanisms of neurohumoral regulation of the heart, relationships of 

activation of the sympathetic and parasympathetic pathways of the autonomic nervous system [4]. 

Currently, there are many approaches to the study and analysis of heart rate variability to assess the 

objective functional state of the human in a variety of conditions: professional activity, sports, in health and 

pathology [5,6]. 

At the same time most researches in the field of heart rate variability have static discrete character 

and more often they don’t reflect peculiarities of the dynamics of adaptive mechanisms of cardio intervals 

regulation. 

Over the last decade, a new trend in the field of human motor activity connected with the use of 

health technologies of various kinds and special devices has appeared. They are fitness technologies, pilates, 

aqua aerobics and the use of training devices. However, the reasoning of new technologies influence on the 

health status of an exercising person and physiological mechanisms of adaptation rearrangements in fitness 

classes have not been studied enough. 

Thus, there is a problem of studying adaptive changes occurring in a person exercising in conditions 

of health and fitness technology. Besides the study of adaptation mechanisms in terms of muscles activity is 

important from the point of view of correcting training programs of the above mentioned health 

technologies. 

The objective of this research was to study the dynamics of the system of autonomic regulation of 

heart rate in athletes in athletic trainings. 
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Investigation methods 

During research 20 healthy young adults aged 18-19 regularly receiving athletic trainings for 3 years 

were examined.  

As a model muscular activity physical exercises of the power character were used. Participants 

performed the following types of physical load: the pace of the exercise (3/6 - three seconds in the catching 

mode, and 6 seconds in the inferiormode) exercises are performed with partial amplitude (90% of 

maximum). Mass of weights is 65% of the maximum, but the number of repetitions is reduced by the 

corresponding rate of up to 4 repetitions. Duration of exercises is 36 seconds.). 

Before the research each of the participants filled out a questionnaire that included questions of 

consent or not consent to the use of the results for research purposes. Written consent for the research was 

received from all the athletes as it is recommended by the ethical committees for biomedical researches [7]. 

Autonomic regulation was assessed according to the statistical analysis of heart rate variability. 

Cardiac monitor «Polar RS800CX» was used for this purpose. Parameters of autonomic regulation of heart 

rate and the results of spectral analysis of the athletes were recorded. The obtained data were further 

processed using the statistical program «KubiosHRV». The analysis of heart rate variability was performed 

in a lying position for 5 minutes before and after physical exercises. 

Statistical analysis was performed using the software package Statgraphics 5.1 (Manugistics, Inc.). 

Methods of nonparametric statistics with the help of the criterion of Wilcoxon signed-rank sums were used 

[8]. To demonstrate the data distribution interquartile range was used with presentation of the first quartile 

(25% percentile) and third quartile (75% percentile). 

 

Research results 

Table 1 represents parameters of autonomic regulation of  heart rate for athletes in the dynamics of 

physical exertion at the beginning of the research. Results’ analysis shows the presence of tachycardia at rest 

among those surveyed, indicating a decline in the adaptive capacity of the circulatory system (Table 1). 

Table 1. 

Parameters of autonomic regulation of heart rate for athletes at the beginning of the research program 

(median, upper and lower quartile, n=20) 

Criteria  at rest after physical activity 

Heart rate, 1per min 
103,84 

103,61; 106,10 

129,77* 

129,41; 151,72 

RR- intervals average 

duration, ms 

584,70 

528,00 585,40 

472,60* 

397,75; 474,40 

RR- intervals standard 

deviation, ms 

54,20 

53,80 56,65 

49,15* 

36,95; 49,85 

Note: *-р<0,05, in comparison with the rest state  

After a single physical exercise in athletes, a change in the values of parameters of the cardiovascular 

system was observed (Table 1). It is manifested in the growth of heart rate values, mean duration of the RR-

intervals and in reduce of the standard deviation of the RR-intervals, indicating an increase of the degree of 

tension of the autonomic regulation of heart rate (Table 1). 

Thus, at the beginning of the research program for athletes cardiovascular system response reflects a 

decreased level of tolerance to physical exercises. 

Table 2 shows the values of the spectral analysis of heart rate in athletes in the dynamics of physical 

activity at the beginning of the program of studies. 
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Analysis of the standstill suggests that after exercise there is the predominance over the low-

frequency spectrum of heart rate in athletes in the dynamics of physical activity at the beginning of the 

program of studies. In addition, the activity of the high-frequency range significantly increases and the value 

of autonomic balance (LF / HF) decreases. 

 

Table 2 

Values of the spectral analysis of heart rate in athletes in the dynamics of physical activity at the 

beginning of the research program  

(median, upper and lower quartile, n=20) 

Criteria at rest after physical activity 

Very low frequency, % 

(VLF) 

84,70 

68,74; 89,32 

97,4* 

88,73; 99,93 

Low frequency, % 

(LF) 

13,30 

13,30; 79,10 

2,20* 

2,20; 2,80 

High frequency, % 

(HF) 

2,00 

2,00; 10,70 

0,40* 

0,40; 0,70 

LF/HF correlation 
6,60 

6,60; 7,40 

5,10 

4,30; 5,10 

Note: *-р<0,05, in comparison with the rest state  

The obtained result indicates an increase in the central mechanisms of neuro-humoral regulation of 

heart rate by reducing the activation of the parasympathetic autonomic nervous system on the sinus node of 

the heart. 

The effect of a single exercise increases the influence of high-frequency vibration spectrum of cardio 

intervals, while reducing the activation of the low-frequency and high-frequency vibration spectrum of 

cardio intervals (Table 2). The revealed fact reflects the significant prevalence of the activation of the central 

circuit of heart rate regulation due to the activation of neurohumoral and metabolic factors [3]. 

The parameter values  of cardio intervals skatterogram in athletes at the beginning of the research 

program are presented in Table 3. 

Changes in parameters of cardio intervals skatterogram in athletes in a single physical exercise at the 

beginning of the program of studies is characterized by a significant decrease of SD1 (Table 3). This fact 

points to a weakening of the non-periodic fluctuations of heart rate in athletes under the influence of 

physical activity. 

 

Table 3 

Heart rate spectral analysis parameters for athletes at the beginning of the research program 

(median, upper and lower quartile, n=20) 

Criteria at rest after physical activity 

SD1, мс
2
 

13,90 

13,70; 16,00 

4,10* 

2,10; 4,30 

SD2, мс
2
 

91,9000 

82,20; 92,20 

100,90 

37,90; 102,50 

Note: *-р<0,05, in comparison with the rest state  

Table  4 shows the values of the parameters of autonomic regulation of the heart rhythm of the 

athletes in the dynamics of physical activity at the end of the research program. 
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Analysis of long-term changes in the cardiovascular system indicates that at the end of the program 

of studies at rest athletes were observed to have a significant decrease in heart rate and, accordingly, 

increase of the average length of RR-intervals (p <0,05), as compared with the beginning of the program 

(Table 4). Also there is a tendency to increase the value of the mean standard deviation of RR-intervals at 

the end of the study (Table 4), compared with the beginning (Table 1). 

 

Table 4 

Values of the parameters of autonomic regulation of the heart rate of the athletes at the end of the 

research program  

(median, upper and lower quartile, n=20) 

Criteria  at rest after physical activity 

Heart rate 1/min 
79,55 

79,30; 90,66 

121,10 

120,85; 136,59 

Mean duration of 

RR- intervals, ms 

759,50 

663,90; 761,00 

500,80 

443,30; 502,30 

Standard deviation of 

RR- intervals, ms 

61,80 

53,85; 62,25 

53,35 

46,85; 54,65 

Note: *-р<0,05, in comparison with the rest state  

After a single load at the end of the study more appropriate changes of parameters of the 

cardiovascular system were found at the athletes (Fig. 4) compared with the beginning of the research 

program (Table 1). The frequency of the sulfur reductions and, respectively, the average duration of RR-

intervals  have significantly less changes concerning the state of rest (Table 4) than it was at the beginning 

of the study (Table 1). However, the changes under the influence of a single exercise of the measure of total 

heart rate variability (standard deviation of RR-intervals) in athletes at the end of the research program 

(Table 4) do not differ from the values at the beginning (Table 1). 

Thus, the findings of autonomic regulation of heart rate in the athletes in dynamics of physical 

activity at the end of the program studies revealed that the process of long-term exercise leads to 

economization functioning of the cardiovascular system. 

Table 5 shows the values of the spectral analysis of heart rate in athletes in the dynamics of physical 

activity at the end of the research program. 

 

Table 5 

 Values of the spectral analysis of heart rate in athletes in the dynamics of physical activity at the end 

of the research program  

(median, upper and lower quartile, n=20) 

Criteria at rest after physical activity 

Very low frequency, % 

(VLF) 

54,60 

36,80; 68,34 

91,60* 

85,70; 96,20 

Low frequency % (LF) 
34,10 

34,10; 42,40 

6,80* 

1,40; 6,80 

High frequency, % 

(HF) 

11,30 

9,90; 11,30 

1,60* 

0,20; 1,60 

LF/HF correlation 
3,00 

3,00; 4,30 

4,10 

4,10; 6,10 

Note: *-р<0,05, in comparison with the rest state  
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Analysis of the performance of spectral analysis of heart rate variability in athletes at the beginning 

(Table 2) and the end (Table 5) of the research program has revealed differences in the distribution of the 

spectra of cardio intervals fluctuations. At the end of the study, the athletes program revealed a less 

pronounced very low frequency range and a more pronounced low-frequency spectrum and high-frequency 

component of the fluctuation spectrum of heart rate (Table 5) compared to the beginning (Table 2). Thus, 

the values of autonomic balance (LF / HF) at rest are less than twice at the end of the study (Table 5) than at 

the beginning (Table 2). This shows a decline in the influence of the central contour of cardiac rhythm 

control in athletes.  

After exercise the influence of neuro-humoral and cardio-metabolic regulation increases (very low-

frequency component increases), and the values of the low-frequency and high-frequency fluctuations 

reduce. Autonomic balance values (LF / HF) at the end of the study, as well as after the load change 

insignificantly compared to the rest state (Table 5). 

Thus, the athletes at the end of the program of studies observed improvement of autonomic 

regulation of heart rate due to the weakening of central control circuit and the growing of the  influence of 

the low-frequency and high-frequency fluctuation spectra of cardio intervals on the heart sinus node. 

Table  6 shows the values of the parameters of cardio intervals scattergram in athletes in the 

dynamics of physical activity at the end of the research program. 

Analysis of table 6 indicates that at end of the study the athletes are revealed to have reduced values  

scattergram parameters SD1 and SD2 both at rest and after a single exercise (except SD1 after loading) 

compared with the beginning (Table 3). The revealed fact correlates with spectral analysis, and indicates the 

weakening of neurohumoral and metabolic effects and simultaneous strengthening of the influence of the 

sympathetic and parasympathetic activation on the sinus node of the heart. 

 

Table 6 

Parameters of the spectral analysis of heart rate for athletes at the end of the research program 

(median, upper and lower quartile, n=20) 

Criteria at rest after physical activity 

SD1, мс
2
 

19,00 

17,50; 19,25 

4,35* 

2,60; 4,60 

SD2, мс
2
 

85,50 

72,60; 86,00 

69,55* 

63,50; 71,95 

Note: *-р<0,05, in comparison with the rest state  

Thus, the results of investigation of the parameters of autonomic regulation of heart rate in athletes 

have shown that the presence of a long-term process of adaptation to physical exertions leads to 

economization functioning of the cardiovascular system by increasing the level of exercise tolerance. At the 

same time weakening of the influence of neuro-humoral and metabolic mechanisms of sympathetic and 

parasympathetic autonomic regulation of heart rate on the sinus node of the heart was revealed. 

 

Results 

1. The results of studies of the dynamics of the autonomic regulation system of heart rate in 

athletes at athletic trainings indicate the strengthening of the central mechanisms of neuro-humoral 

regulation of heart rate by reducing parasympathetic activation of the autonomic nervous system on the 

sinus node of the heart. 
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2. The result of long-term adaptation to athletic trainings is characterized by economization 

functioning of the cardiovascular system in athletes due to the growth of body’s tolerance level to physical 

exercise as the reflection of the long-term adaptation.  At the same time weakening of the influence of 

neuro-humoral and metabolic mechanisms of sympathetic and parasympathetic autonomic regulation of 

heart rate on the sinus node of the heart was revealed. 

3. The result of adaptive rearrangements of the autonomic regulation system of heart rate in 

athletic trainings is the weakening of central control circuit and the growing influence of the low-frequency 

and high-frequency fluctuation spectra of cardio intervals on the sinus node of the heart. 
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