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Вплив цілорічного тренування на показники варіабельності серцевого ритму, 
центральної гемодинаміки та фізичної працездатності плавців на короткі дистанції

Є. Л. Михалюк, В. В. Сиволап, Є. Ю. Гороховський, М. С. Потапенко

Динамічне спостереження за спортсменами викликає чималий науковий інтерес для фахівців спортивної медицини, оскіль-
ки дає змогу констатувати зміни функціонального стану спортсменів паралельно зі зростанням спортивного результату 
протягом однорічного циклу тренувального процесу.
Мета роботи – оцінити зміни параметрів варіабельності серцевого ритму (ВСР), центральної гемодинаміки та фізичної 
працездатності плавців на короткі дистанції в підготовчий і змагальний періоди тренувального процесу.
Матеріали та методи. У підготовчому та змагальному періодах тренувального процесу обстежили плавців (n = 94) на 
короткі дистанції кваліфікації від майстра спорту міжнародного класу до спортсмена 2 розряду. Для аналізу ВСР викори-
стали короткі (5-хвилинні) записи ЕКГ відповідно до міжнародного стандарту.
Результати. У підготовчому періоді 75,0 % плавців мали ознаки ваготонії, 20,0 % – нормотонії, 5,0 % – симпатикотонії. 
Різниця питомої ваги ваготоніків і нормотоніків вірогідна (p = 0,0005). У змагальний період відбувся зсув співвідношення 
вегетативного балансу в бік нормотонії: 60,0 % / 40,0 % / 0 % відповідно. Поділ плавців за типами кровообігу в підготов-
чому періоді: гіпокінетичний – 45,0 %, еукінетичний – 45,0 %, гіперкінетичний – 10,0 %; у змагальному періоді – 45,0 %, 
55,0 %, 0 % відповідно. Середнє значення PWC170/кг зросло на 16,41 % (р = 0,0001). Індекс функціонального стану збіль-
шився на 25,08 % (р = 0,00001). Кореляційний аналіз у підготовчий і змагальний періоди показав, що збільшення фізичної 
працездатності пов’язане зі збільшенням індексу Mo, зменшення індексу СІ – зі зменшенням ВПР і ПАПР і збільшенням 
Mo, а також зменшення СI – зі зниженням індексу стресу. Покращилися спортивні результати: 20 % (n = 4) плавців ви-
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Dynamic examination of athletes is of great interest for sports medicine specialists, as it allows measuring changes in athletes’ 
functional state in parallel with increasing athletic performance in a one-year training cycle.
The aim of the work is to assess dynamic changes in parameters of heart rate variability, central hemodynamics and physical per-
formance in short-distance swimmers during preparatory and competitive periods of the training process.
Materials and methods. The swimmers (n = 94) qualified from the second-class sport qualification to Master of Sports of International 
Class were examined during the preparatory and competitive periods of the training process. Short ECG recordings of 5 minutes 
were used for the heart rate variability (HRV) analysis according to the International Standard.
Results. In the preparatory period, the autonomic equilibrium index had a mean value of 3.104 ± 0.494 1/s2, and in the competitive 
period – 2.459 ± 0.248 1/s2 (P = 0.295). The initial distribution of athletes depending on the value of autonomic tone, according to 
the classification proposed by R. M. Bayevskiy, had the following ratio in the preparatory period: 75.0 % / 20.0 % / 5.0 %, vagotonic, 
normotonic and sympathotonic individuals, respectively, statistically significantly indicating the prevalence of athletes with vagotonia 
over normotonic individuals (P = 0.0005). In the competitive period, this ratio was 60.0 % / 40.0 % / 0 %. The central hemodyna-
mic indices showed a downward trend as evidenced by a decrease in the cardiac index from 2.954 ± 0.126 l·min-1·m-2 to 2.862 ±  
0.088 l·min-1·m-2 (Р = 0.510), although these values matched to the eukinetic circulatory type (CT) during both training periods. However, 
the ratio of hypokinetic, eukinetic and hyperkinetic CT in the preparatory period was 45.0 % / 45.0 % / 10 0 %, and in competitive peri-
od – 45.0 % / 55.0 % / 0 %, respectively. The mean value of physical working capacity (PWC170/kg) in the preparatory period was 15.54 ±  
0.66 kgm·min-1·kg-1, and in the competitive period it was 18.09 ± 0.53 kgm·min-1·kg-1, making an increase of 16.41 % (Р = 0.0001). 
The functional state index (FSI) increased significantly by 25.08 % from 5.558 ± 0.322 r. u. to 6.952 ± 0.272 r. u. (Р = 0.00001). 
The correlation analysis during the preparatory period showed a significant positive correlation between Mo and PWC170/kg (r = 0.46, 
P = 0.040), ARI and CI (r = 0.50, P = 0.026), IARP and CI (r = 0.53, P = 0.017), stress-index and SI (r = 0.52, P = 0.019) and 
negative – between Mo and CI (r = -0.56, P = 0.009). In the competitive period, the general tendency of correlation interaction was 
remained, as evidenced by revealed positive relationships between Mo and FSI (r = 0.53, P = 0.017), ARI and SI (r = 0.51, P = 0.020).
Conclusions. Short-distance swimmers in the competitive period had significantly higher level of physical working capacity (by 
16.4 %), the functional state index (by 25.1 %), as well as parasympathetic tone of ANS in comparison with the preparatory period. 
The above-mentioned hemodynamic changes and autonomic balance indicators were associated with the increase in athletic per-
formance: 4 (20 %) swimmers qualified for the title of Master of Sports of Ukraine, 2 (10 %) swimmers – for Candidate Master of 
Sports, and 2 (10 %) swimmers – for first-class sport qualification.
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конали норматив майстра спорту України, 10 % (n = 2) спортсменів стали кандидатами в майстри спорту, 10 % (n = 2) 
стали спортсменами 1 розряду.
Висновки. Плавці на короткі дистанції у змагальний період мали на 25,1 % вищий рівень функціонального стану, на 
16,4 % – фізичної працездатності, збільшення тонусу парасимпатичного відділу АНС порівняно з підготовчим періодом. У 
змагальному періоді збереглися кореляційні зв’язки, що виявлені в підготовчому періоді. Поліпшення спортивних резуль-
татів плавців на короткі дистанції асоціювалося з названими змінами показників гемодинаміки та вегетативного балансу.

Dynamics of the functional state of the athlete’s body 
during the sports season with the most pronounced shifts 
in the competitive period with their return to standards in 
the transition period, when the athlete practically does not 
train, is the most important sports medicine feature [2].

Such dynamic examinations represent a great interest for 
sports medicine specialists, as it allows measuring changes 
in the functional state of athletes in parallel with increasing 
athletic performance in a one-year training cycle [6].

At the same time, there are some difficulties in orga-
nizing the process of these examinations, mainly due to a 
lack of motivation among athletes, being officially allowed to 
compete, to undergo repeated loading tests on the eve of 
the responsible start, or if an athlete is in another phase of 
training session, for the next start preparation. That is why 
groups of examined athletes are often small, and similar 
examinations are occasional. In particular, we carried out 
such studies analyzing brain and central hemodynamic 
indicators during a one-year training cycle among shot put-
ters including 98 athletes (31 women and 67 men) as early 
as 1989 [5]. Slightly smaller compared groups, for known 
reasons, were in dynamic studies among sprinters [8,10], 
and middle-distance 400-meter runners of both sexes [7,9]. 

Our international colleagues face this kind of challenges. 
The above assertions appeared to be justified by the fact 
that Polish researchers were able to compare heart rate 
variability indicators in pre-competitive and competitive pe-
riods in only 11 volleyball players [15], dynamic changes in 
the physical working capacity among 9 elite handball players 
[13]. International research of scientists from Brazil, Australia, 
and Spain combined the results of examinations among 
15 futsal players [14]. Comprehensive study on assessing 
the state of heart rate variability and physical working capacity 
among 22 handball players throughout the season of play (6 
examinations) was conducted by O. N. Kudrya [3]. Thus, in 
the scientific literature, there are very few studies examining 
the dynamics of heart rate variability, central hemodynamics 
and physical working capacity in athletes during preparatory 
and competitive periods of the training process.

Aim
To assess dynamic changes in parameters of heart rate 
variability, central hemodynamics and physical performance 
in short-distance swimmers during preparatory and com-
petitive periods of the training process.
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Влияние круглогодичной тренировки на показатели вариабельности  
сердечного ритма, центральной гемодинамики и физической работоспособности 
пловцов на короткие дистанции

Е. Л. Михалюк, В. В. Сыволап, Е. Ю. Гороховский, М. С. Потапенко

Динамическое наблюдение за спортсменами представляет большой интерес для специалистов спортивной медицины, 
поскольку позволяет констатировать изменения функционального состояния спортсменов параллельно с ростом спор-
тивного результата в течение годичного цикла тренировочного процесса.
Цель работы – оценить изменения параметров вариабельности сердечного ритма (ВСР), центральной гемодинамики 
и физической работоспособности пловцов на короткие дистанции в подготовительный и соревновательный периоды 
тренировочного процесса.
Материалы и методы. В подготовительном и соревновательном периодах тренировочного процесса обследовали пловцов 
(n = 94) на короткие дистанции квалификации от мастера спорта международного класса до спортсмена 2 разряда. Для 
анализа ВСР использовали короткие (5-минутные) записи ЭКГ в соответствии с международным стандартом.
Результаты. В подготовительном периоде 75,0 % пловцов имели признаки ваготонии, 20,0 % – нормотонии, 5,0 % – сим-
патикотонии. Разница удельного веса ваготоников и нормотоников достоверна (p = 0,0005). В соревновательный период 
произошло смещение соотношения вегетативного баланса в сторону нормотонии: 60,0 % / 40,0 % / 0 % соответственно. 
Распределение пловцов по типам кровообращения в подготовительном периоде: гипокинетический – 45,0 %, эукинети-
ческий – 45,0 %, гиперкинетический – 10,0 %; в соревновательном периоде – 45,0 %, 55,0 %, 0 % соответственно. 
Среднее значение PWC170/кг выросло на 16,41 % (р = 0,0001). Индекс функционального состояния увеличился на 25,08 % 
(р = 0,00001). Корреляционный анализ в подготовительный и соревновательный периоды показал, что увеличение физи-
ческой работоспособности связано с увеличением индекса Mo, уменьшение индекса СИ – с уменьшением ВПР и ПАПР 
и увеличением Mo, а также уменьшение СИ – со снижением индекса стресса. Улучшились спортивные результаты: 20 % 
(n = 4) пловцов выполнили норматив мастера спорта Украины, 10 % (n = 2) спортсменов стали кандидатами в мастера 
спорта, 10 % (n = 2) стали спортсменами 1 разряда.
Выводы. Пловцы на короткие дистанции в соревновательный период имели на 25,1 % выше уровень функционального 
состояния, на 16,4 % – физической работоспособности, увеличение тонуса парасимпатического отдела АНС по сравнению 
с подготовительным периодом. В соревновательном периоде сохранились корреляционные связи, которые проявлялись 
в подготовительном периоде. Улучшение спортивных результатов пловцов на короткие дистанции ассоциировалось с 
указанными изменениями показателей гемодинамики и вегетативного баланса.
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Materials and methods
Swimmers (n = 94) qualified Master of Sports of Interna-
tional Class, Master of Sports, Candidate Master of Sports, 
first- and second-class sport qualification were assigned in 
a group (n = 20). Athletes of this group were examined in 
the competitive period of the training process in addition to 
the preparatory period. At the beginning of the preparatory 
period, the group consisted of 3 athletes qualified for the title 
of Master of Sports of Ukraine, 9 athletes – Candidate 
Master of Sports, 6 athletes – first-class sport qualification 
and 2 athletes – second-class sport qualification.

Mathematical and spectral methods of heart rate 
variability (HRV) analysis were used to assess the state of 
the neurohumoral heart regulation mechanisms, activity of 
segmental and suprasegmental levels of the autonomous 
nervous system (ANS) [4]. 5-minute short ECG recordings 
were used for the HRV analysis according to the Interna-
tional Standard [16].

The analysis of the ANS was carried out using a 
stress-index, an integral indicator of HRV. Based on 
the recommendation of R. M. Bayevskiy [1], vagotonia is 
assumed if the stress-index is less than 50 relative units 
(r. u.), normotonia – if the stress-index is within the range 
of 51–199 r. u. and sympathicotonia – if the stress-index is 
more than 200 r. u.

Central hemodynamic parameters were examined by 
an automated tetrapolar rheography method according to 
W. Kubiček et al. (1970) Y. T. Pushkar et al. modified (1970) 
[12]. Stroke volume (SV) and cardiac output (CO), stroke 
and cardiac indices (SI, CI), systemic vascular resistance 
(SVR) and systemic vascular resistance index (SVRI) were 
calculated.

Physical working capacity was measured according to 
a common technique on a cycling ergometer using a sub-
maximal PWC170 test [14] and calculating the relative value 
of physical working capacity, i.e. PWC170/kg. The functional 
state index (FSI) was calculated according to the formula 
that we had proposed and patented [11].

The study resul ts  were analyzed stat is t i -
cally with Statistica for Windows 13 (StatSoft Inc.,  
№ JPZ804I382130ARCN10-J). All the data were presented 
as the sample mean (M) ± the standard error (m). The sig-
nificance of mean differences was analyzed by a two-tailed 
t-test for dependent variables. The difference between two 
subsets of data was considered statistically significant at a 
value of P less than 0.05. Pair-wise Pearson’s correlation 
was used to analyze an association between HRV, central 
hemodynamic and physical working capacity indices.

Results
Most researchers think that analysis of resting heart rhythm 
variability is the best objective, informative and sensitive 
method to assess functional state and physical preparation 
in sports. A comparison between studied HRV indicators 
showed no significant differences in most of them. A favo-
rable upward trend in mode (Mo) from 0.890 ± 0.035 s to 
0.938 ± 0.036 s (Р = 0.153) and range of variability (D) 
from 0.523 ± 0.006 s to 0.599 ± 0.119 s (Р = 0.616) as well 
as a downward trend in AMо/D from 105.67 ± 29.21 %/s 
to 78.16 ± 10.93 %/s (Р = 0.381) and in the stress-index 
from 60.09±15.72 r.u. to 43.73 ± 6.73 r.u. (P = 0.358) was 

observed in time-domain HRV indicators in the competitive 
period. The resulting shifts indicated favorable changes in 
autonomous balance with a trend towards predominantly 
parasympathetic effects of the ANS. The results obtained 
were confirmed by a downward trend in mean heart rate 
(HR) value from 60.05 ± 2.63 bpm to 57.95 ± 2.10 bpm 
(P = 0.250).

It is known that the autonomous rhythm index (ARI) 
allows ascertaining the autonomous balance and the higher  
its activity, the less the ARI; the more the autonomous 
balance is shifted towards the parasympathetic arm of 
the ANS predominance, the higher the adaptive reserve 
including sports one. In the preparatory period, the auton-
omous balance index had a mean value of 3.104 ± 0.494 
1/s2, and in the competitive period – 2.459 ± 0.248 1/s2 
(P = 0.295), respectively.

The initial distribution of athletes according to the value 
of autonomous tone based on the classification proposed 
by R. M. Bayevskiy [1] in the preparatory period was as 
followis: 75.0 % / 20.0 % / 5.0 %, vagotonic, normotonic 
and sympathotonic individuals, respectively, statistically sig-
nificantly indicating the prevalence of athletes with vagotonia 
over normotonic individuals (P = 0.0005). In the competitive 
period, this ratio was 60.0 % / 40.0 % / 0 %. It should be 
noted that there were no significant differences between 
vagotonic and eutonic individuals (P = 0.206) among 
the examined swimmers, at the same time, there were not 
sympathotonic individuals.

A decreasing trend in the central hemodynamic 
parameters was in the cardiac index from 2.954 ±  
0.126 l·min-1·m-2 to 2.862 ± 0.088 l·min-1·m-2 (Р = 0.510), 
while these values matched to the eukinetic circulatory type 
(CT) during both training periods. However, the percentage 
of CT was 45.0 % / 45.0 % / 10.0 % in the preparatory peri-
od, and 45.0 % / 55.0 % / 0 % – in the competitive period, 
hypokinetic, eukinetic and hyperkinetic CT, respectively. 
Despite an increase of two swimmers (10 %) in the number 
of athletes with eukinetic CT, we believe that there were 
beneficial developments in the competitive period since 
the absence of athletes with unfavorable hyperkinetic CT.

The relative values of physical working capacity and 
functional state index (FSI) significantly changed. The 
mean value of PWC170/kg was 15.54 ± 0.66 kgm·min-1·kg-1 
in the preparatory period, and increased by 16.41 % 
(Р = 0.0001) and totaling 18.09 ± 0.53 kgm·min-1·kg-1 in 
the competitive period.

The FSI increased significantly by 25.08 % from 
5.558 ± 0.322 r. u. to 6.952 ± 0.272 r. u. (Р = 0.00001). 
Based on our classification, low FSI score was in the pre-
paratory period, and it increased to below the average in 
the competitive period. The individually assessed functional 
state in the preparatory period was as follows: low score 
in 12 swimmers (60.0 %), lower the average score in 7 
(35.0 %), medium score in 1 swimmer (5.0 %). In the com-
petitive period, the FSI was low in 7 (35.0 %), lower the av-
erage score in 10 (50.0 %), and medium in 3 swimmers 
(15.0 %). Thus, in the competitive period, the number of 
swimmers with medium score increased by 10.0 %, with 
below the average – by 15.0 %, and the number of swim-
mers with low score decreased by 25.0 %.

The correlation analysis during the preparatory period 
showed a significant positive correlation between Mo and 

Original research



Запорожский медицинский журнал. Том 23, № 3(126), май – июнь 2021 г.ISSN 2306-4145    http://zmj.zsmu.edu.ua346

PWC170/kg (r = 0.46, P = 0.040), ARI and CI (r = 0.50, 
P = 0.026), indicator of the adequacy of regulation process-
es (IARP) and CI (r = 0.53, P = 0.017), stress-index and 
SI (r = 0.52, P = 0.019) and negative – between Mo and 
CI (r = -0.56, P = 0.009). Mo is known to be an indicator 
showing a probable level of cardiovascular functioning and 
the higher it is, the higher parasympathetic effect of the ANS 
and, in our case, the higher PWC170/kg.

The ARI made it possible to assess autonomous ba-
lance and effect of its reduction on the CI valuing the pre-
mise of a shift towards the dominance of parasympathetic 
regulation and a decrease in CI. A decrease in the IARP 
values also indicated the prevalence of parasympathetic 
effects and a decrease in CI. The decrease in the stress-in-
dex unidirectionally contributed to the decrease in SI, and 
finally, a reliable increase in the Mo advantageously led to 
a decrease in SI, resulting in its economy when the values 
corresponding to the hypokinetic CT were reached.

In the competitive period, the general tendency of cor-
relation interaction was remained, as evidenced by revealed 
positive relationships between Mo and FSI (r = 0.53, 
P = 0.017), ARI and SI (r = 0.51, P = 0.020).

The dynamics of increasing athletic performance in a 
one-year training cycle was quite interesting. In the com-
petitive period, four athletes CMS qualified for the title of 
MS, two first-class swimmers – for the CMS title, and two 
second-class swimmers – for the first-class athletes. Thus, 
there were seven MS of Ukraine, seven swimmers CMS and 
six first-class swimmers in the examined group.

Discussion
As shown above, few studies were carried out on dynamic 
observations of the functional state among athletes. Dynamic 
examinations of 15 futsal players showed a significant im-
provement in pedagogical tests and some indices of HRV 
in the competitive period as compared to those during short 
3-week preparatory period indicating the prevalence of para-
sympathetic regulation among examined athletes [14]. The 
authors suppose that monitoring the results of these tests 
and HRV indicators can help to assess a level of adaptation 
in athletes and/or to detect signs of deadaptation earlier. 
Examination of HRV carried out during pre-competition and 
competition periods among 11 volleyball players showed 
significant differences in spectral and time-domain HRV pa-
rameters [15]. The significant increase in very low frequency 
(VLF) (%) in the competitive period could be due to a state of 
increased psychophysiological arousal. The authors suggest 
that the resting bradycardia identified by the time-domain 
HRV parameters analysis may be the result of internal 
changes in the sinoatrial node possibly reflecting an impact of 
long-term training on the cardiac conduction system. The high 
level of physical activity in volleyball players during the studied 
periods can certainly contribute to the vagal tone reduction 
and a shift of the ANS balance towards the sympathetic arm, 
which might reflect their decline.

Dynamic observations [13] of the 9 handball players 
conducted at the end of the competitive period and at 
the beginning of the preparatory period which was preceded 
by the 4-week total endurance training for the next sports 
season showed a significant increase in PWC170/kg from 
2.73 ± 0.51 W/kg to 3.06 ± 0.42 W/kg (P < 0.01).

Studies conducted by O. N. Kudrja [3] showed that 
22 handball players qualified from first-class athletes to 
MS experienced a significant increase in PWC170/kg from 
18.10 ± 0.77 to 21.00 ± 0.67 kgm·min-1·kg-1, heart 
rate reduction from 65.0 ± 2.09 to 55.1 ± 1.96 and 
stress-index decrease from 64.01 ± 6.98 to 35.94 ± 5.26 
r. u. (Р < 0.05) between the beginning of the pre-
paratory period and the beginning of the competitive  
period.

Thus, in the competitive period, in line with improve-
ments in the pedagogical tests among team-sport athletes, 
there were significant favorable developments in ANS 
and physical working capacity. The data obtained by us in 
swimmers also has shown a positive dynamics of HRV and 
PWC and, most importantly, athletic performance has been 
reflected in achieving the normative of MS of Ukraine, CMS 
and first-class athletes by some swimmers. It is also worth-
while noting that in team sports, some players might have 
had reduced functional state and overexertion, especially 
on the cardiovascular system and ANS, that was dwarfed 
by a high level of functional state in other team members 
who ensured the athletic team achievement. For this reason, 
athletes engaged in individual sports were at a substantial 
disadvantage as a decrease in functional state showed a 
decrease in athletic performance.

Conclusions
1. There was the substantial prevalence of parasympa-

thetic tone of the ANS with the upward trend in the number 
of athletes with vagotonia, absence of athletes with hy-
perkinetic CT, the significant increase in physical working 
capacity by 16.41 % and FSI by 25.08 % among short-dis-
tance swimmers in the competitive period as compared to 
the preparatory one.

2. Correlation analysis carried out in the preparatory pe-
riod of the training process showed favorable relationships 
that were reflected in the increased physical working capac-
ity of swimmers as Mo values were increased, decreased 
CI values as ARI and IARP were decreased, increased 
Mo and decreased SI as the stress-index was decreased.

3. In the competitive period, these relationships re-
mained, as well as the increased athletic performance since 
four swimmers qualified for the title of Master of Sports of 
Ukraine, two first-class swimmers qualified for Candidate 
Master of Sports, and two second-class swimmers – for 
first-class athletes.

Study limitations. Statistically insignificant changes in 
some studied indicators in our work are explained by the low 
statistical power of the study as well as the heterogeneity 
of the group by the level of sports qualification. The latter 
points to the need for a stronger focus on the development 
of certain physical performance for further progression in 
the sport chosen at the training process stages, rather than 
on an enforcing the sport achievements, for athletes of mass 
categories (first- and second-class).

The prospects for further research are to study 
the effect of training loads from the preparatory to 
the competitive period of the training process on the HRV 
indicators, central hemodynamics and physical working 
capacity among athletes in other sports including sex  
differences.

Оригинальные исследования
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