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Abstract Using spiroarteriocardiorhythmography, 202
highly qualified male athletes aged 22.6 + 2.8 years, who
are representatives of acyclic sports were examined.
According to HRV (hearth rate variability), the types of the
athletes’ cardiac rhythm regulation were determined. There
are 4 types of autonomic regulation of cardiac rhythm:
Type | — indicates moderate stress, Type Il — indicates a
decrease in the functional state of regulatory systems, the
development of fatigue, Type Ill — indicates the optimal
state of regulation, Type IV — indicates overstrain of
autonomic regulation or high fitness. The athletes with a
predominance of central (types | and Il) and autonomous
(types 11l and 1V) effects on the cardiac rhythm regulation
are differentiated by indicators of total respiration power
(TPg, (I/min)®) and power in the high frequency range
(HFR), (I/min)?). Athletes with the type IV cardiac rhythm
regulation had a more significant contribution of the
low-frequency component (LFgn, n.u.) in the regulation of
spontaneous respiration than athletes with type | and Il
cardiac rhythm regulation. In the type Il regulation of
cardiac rhythm there is a significant decrease in expiratory
duration (s), which is also manifested by a significant
increase in the ratio of inspiratory and expiratory phases,
which may characterize expiratory insufficiency for this

type.

Keywords  Spiroarteriocardiorhythmography, HRV,
Types of Autonomic Regulation of Cardiac Rhythm,
Respiration Variability, Respiration Pattern

1. Introduction

An important component of medical control over
athletes within the training process is to determine the
body’s functional reserves for targeted training process
[1-7], as well as the establishment of systems that limit the
possibility of training [8-13] and under certain conditions
can lead to pre-pathological and pathological conditions
connected with stress and failure of adaptation
mechanisms [14-23]. This circumstance requires the use
of modern integrative methods of functional study of the
organism in the “field conditions” [24-29]. The latter
requires the development of informative functional criteria
that could not only differentiate pre-pathological
conditions  [1,2,10,11,16,24,28,30], which include
overstrain of the cardiorespiratory system by sympathetic
and parasympathetic types and overtraining, but also
allow to organize appropriate corrective measures taking
into account the most intense systems [31,32].
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One of the informative methods of express assessments
of the functional state of various parts of autonomic
regulation and the body as a whole is the method of
spectral analysis of variability of the cardiorespiratory
system. There are a huge number of publications on the
practical application of the method of heart rate variability
(HRV), which is widely used in the “field conditions”, in
various fields of medicine, physiology and sports
[1,2,4,5,13,14,18,22,23,25-29,33-38]. In recent years,
there have been publications on the practical application
in clinical practice, preventive, space and sports medicine
of the method of blood pressure variability at each heart
contraction [39-44]. We have proposed and implemented
in the practice of medical research and medical control of
athletes the study of spontaneous respiration variability
(RV) for short intervals [45-49].

It should be noted that the search for modern literature
sources determining the variability of spontaneous
respiration ended in vain. This may be due to the large
individual and situational variability of the respiratory
system functioning [50-53]. In many studies, the authors
research the processes of variability of the cardiovascular
system  with regard to controlled respiration
[54,55,56,57,58], thus focusing on the mechanisms of
influence of different frequency respiration. Tests are
being developed to investigate the reactivity of the
cardiovascular system in response to controlled respiration
in various diseases [55,58-60] and conditions of the body
[61-64], etc. HRV parameters that do not depend on
respiratory rate (RR) are highlighted. In one of the
previous studies it was shown that even in spontaneous
(uncontrolled) respiration, the parameters of variability of
the cardiovascular system significantly depend on RR and
tidal volume (V) [65]. There is a search for criteria for
synchronization of the activity of the respiratory and
cardiovascular systems [54,64,66].

Given the primacy of the respiratory circuit regulation
of HRV [20,50,52,67-69], we proposed to study the
variability of spontaneous respiration, because it is an
integral indicator that takes into account both the
frequency and volume variability of the respiratory
process. This indicator can be compared with the
respiratory minute volume parameter (Vg, I), which is one
of the main indicators of respiratory power, both at rest
and at different loads [67]. However, it does not make it

possible to distinguish different frequency characteristics
of respiration, operating only on generalized values. On
the other hand, indicators of respiratory variability, which
are calculated using spectral analysis, allow to distinguish
different frequency effects, which can significantly
supplement the information on regulatory effects on the
respiratory system [20,50].

The relevance of this study is due to the feasibility of
finding rhythmic criteria for the regulation of respiration
in athletes with different types of cardiac rhythm
regulation.

The purpose of this work is to determine features of
the respiration pattern and its variability in highly
qualified athletes with different types of cardiac rhythm
regulation.

2. Materials and Methods

Our attention was drawn to the integrated method of
studying the cardiorespiratory system -
spiroarteriocardiorhythmography (SACR), which
simultaneously records the heart rate, rhythms of systolic
and diastolic pressure at each heartbeat and respiratory
rhythms [70], which allows significant time savings to
determine the functional state of the heart, vessels and
respiration, as well as to identify the important parameters
of their interaction. SACR is an instrument complex,
recommended by Ministry of Health Care and Social
Development of the Russian Federation for clinical use;
registration certificate #29/03020703/5869-04, INTOKS,
St. Petersburg. Using SACR, 202 highly qualified male
athletes aged 22.6 + 2.8 years, who are representatives of
acyclic sports, namely various martial arts (Kkarate,
taekwondo, kickboxing, boxing, judo, wrestling, sambo)
and games (water polo, football) were examined. All
studies were conducted in the pre-competition period. The
experience of sports was 10.3 + 3.1 years. The study of
SACR was performed in the morning, on an empty
stomach, in a sitting position. Registration lasted for 2
minutes.

A sample of the registration of the parameters of the
cardiorespiratory system of the athlete N. using the device
SACR and the results of software analysis of the obtained
data is presented in Fig. 1-3.
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Figure 1. The program window that shows the rhythmograms of heart rate, respiration (in top), systolic and diastolic blood pressure (in bottom)
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Figure 2. The program window, which shows spectral analysis parameters of heart rate (in top), systolic and diastolic blood pressure (in middle),

and respiration (

in bottom)
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Figure 3. The program window, which shows the analysis of the average parameters of the respiration pattern (black line)

Before the SACR study, morphometric examination
and routine methods of measuring arterial systolic
pressure (SBP), diastolic pressure (DBP) were performed.
HRYV indicators were determined: TP (total power of HRV,
ms?), VLF (power in the very low-frequency range, ms?),
Sl (stress index, conventional units). The ultrasonic sensor
of the SACR device allows to measure streams of air on
inspiration and expiration and to define average
parameters of a pattern of respiration (PR): duration of
inspiratory (Tin, s), duration of expiratory (Tex, s), tidal
volume (V, 1), volumetric inspiratory speed (Vin, I/s),
volumetric expiratory speed (Vex, I/s), the ratio of
inspiratory duration to expiratory duration (c.u.), as well
as the volume of minute respiration (Vg); and calculate the
parameters of respiration variability (RV): total power of
respiration (TPg, (I/min)?), respiration power in the very
low-frequency range (VLFg (I/min)?), respiration power in
the low-frequency range (LFg (I/min)?) and respiration
power in the high frequency range (HFg (I/min)?) and
their derivatives — LFgn (a part of low-frequency rhythms
in the RV spectrum, n.u.), HFgn (a part of high-frequency
rhythms in the RV spectrum, n.u.), LF/HF (ratio of LFg
and HFg, c.u.).

Shlyk proposed an approach [37], which involves the
classification of HRV data to determine the type of the
cardiac rhythm autonomic regulation taking into account
the indicators of TP (ms?), SI (c.u.) and VLF (ms?). There
are 4 types of autonomic cardiac rhythm regulation: Type
I — shows moderate stress, Type Il — shows a decrease in
the functional state of regulatory systems, the
development of fatigue, Type 111 — shows the optimal state
of regulation, Type IV — shows overstrain of autonomic
regulation or high fitness.

The principles of classification of types taking into
account the above criteria are presented in Table 1.

Statistical analysis was performed using the Statistica
10.0 software to determine the differences between groups
using the Mann-Whitney criteria.

Table 1. Criteria for determining the types of cardiac rhythm
regulation by N. Shlyk
- Criteria
Type of regulation Group ST (cw) VLF (ms))
The central regulation I >100 >240
predominance 11 >100 <240
111 25 - 100 >240
The autonomous VLF>500
regulation predominance \Y} <25 TP>8000-10000

3. Results

According to HRV, the types of cardiac rhythm
regulation of athletes were determined. Their distributions
with a demonstration of the average values of the main
criteria are presented in Table 2.

Characterizing athletes with different types of
regulation, attention should be paid to morphometric and
routine indicators (Table 3), which differ significantly
from all in type IV. They show significantly lower body
mass index (BMI, kg/m?), chest circumference (cm) and
higher vital index (VI, kg/ml), compared with other
athletes (p <0.05). The parameters of systolic pressure
(SBP), diastolic pressure (DBP) and pulse pressure (PBP)
are also smaller (p <0.05). However, DBP does not differ
in athletes belonging to type Ill. Athletes of types I, Il and
111 do not differ significantly from each other.
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Table 2. Average values of HRV indicators, which were the basis for the differentiation of athletes by types of cardiac rhythm regulation, M

(Q1;,Q3)
Type of regulation n TP, ms? VLF, ms? SI, c.u.
Type 1 42 2490 (1632; 3844) 610 (331; 1406) 143.4 (122.9; 214.5)
Type II 28 1475 (1163; 2314) 161 (144; 188) 222.1 (150.8; 282.8)
Type IIT 88 5686 (4186; 12679) 770 (471; 1600) 57.7 (38.5; 70.3)
Type IV 44 18540 (12645; 26392) 1490 (992; 2061) 17.4(13.3;19.9)

Table 3. Comparative characteristics of morphometric and routine parameters of athletes with different types of cardiac rhythm regulation, with

significant differences, M (Q1;Q3)

Indicators

Type I

Type II

Type III

Type IV

Body mass, kg

75.0 (62.0; 84.0)

75.0 (70.0; 87.0)

73.0 (64.0; 79.5)

70.7 (58.5; 82.5)°

BMI, kg/m?

23.1(21.1; 25.2)

22.2 (21.4; 26.7)

22.5(20.9; 24.7)

20.9 (20.0; 26.2) "®*

Percentage of fat, %

11.8(9.8; 18.2)

16.8 (10.5; 18.1)

11.8 (8.7; 17.0)

10.2 (7.3; 14.1)@

Chest circumference (rest), cm

97.0 (88.0; 101.0)

97.0 (91.5; 101.5)

96.0 (91.0; 100.0)

91.0 (87.5; 97.0)"%*

Excursion chest, cm

7.0 (5.0; 9.0)

7.0 (5.0; 8.5)

7.0 (6.0; 8.0)

8.0 (6.0; 9.0)"

Abdominal circumference, cm

78.0 (73.0; 87.0)

78.5 (73.5; 88.5)

78.0 (75.0; 84.0)

75.0 (73.0; 87.0)"

VVL, ml 5000 (4100; 6000) 4800 (4500; 5800) 4800 (4500; 5300) 4650 (4200; 5600)

VI, mllkg 67.3 (62.9; 73.7) 64.3 (58.8; 72.5) 68.2 (63.8; 72.2) 70.0 (66.7; 74.7)®
SBP, mmHg 120 (110; 130) 120 (116; 130) 120 (110; 130) 110 (106; 120)"@*
DBP, mmHg 76 (70; 80) 76 (70; 80) 72 (64; 80) 70 (68; 80)™@
PBP, mmHg 50 (40; 54) 54 (40; 60) 42 (40; 50) 40 (35; 47)"©*

* _ p< 0,05- between types IV and I; ©@— p< 0,05 — between types IV and II; * - p< 0,05 — between types IV and III.

Table 4. Comparative characteristics of respiratory variability parameters in athletes with different types of cardiac rhythm regulation, M (Q1;Q3)

Indicators Type 1 Type 11 Type I Type IV
TPr, (I/min)? 357 (286; 515) 416 (331; 888)% 276 (142; 538)™S 277 (213; 339)@@
VLFg, (I/min)? 1,7 (1,0;3,2) 1,7(1,4;2,3) 2,0(0,8; 3,6) 2,0(0,9; 4,4)
LFg, (I/min) 10,2 (7,8; 25,0) 18,5 (6,8; 25,0) 15,2 (5,3; 72,3) 16,0 (8,1; 66,5)
LFgn, n.u. 2,7 (2,1; 8,0) 2,5(1,5;5,7) 4,0 (2,1; 23,6) 5,9 (2,8; 36,7)"@@
HFg, (I/min)? 276 (219; 441) 357 (286; 807)%¢ 205 (121; 458)™S 180 (107; 260) @@
HFgn, n.u. 83,0 (65,8; 89,8) 89,4 (85,6; 91,6)* 84,1 (71,2; 91,8) 71,7 (51,8; 89,8)%*
LFHFg, (I/min)%/ (I/min)? 0,03 (0,02; 0,10) 0,03 (0,02; 0,06) 0,04 (0,02; 0,33) 0,09 (0,03; 0,72)"®@

* —p< 0,05, ** — p< 0,01 — between types IV and I; @_ p< 0,05, ee_ p< 0,01 — between types IV and II;
# _p< 0,05 — between types IV and III; ™ — p< 0,05 — between types I1I and I; *~ p< 0,05, ** — p< 0,01 — between types I1I and II; & — p< 0,05, & — p<

0,01 — between types I and 1.

The RV parameters turned out to be informative (Table
4). Among all groups, the results of the study of athletes
with type 1V, which are significantly differentiated from
types | and Il (p <0.01) by lower absolute values of the
total spectrum of variability (TPg) and high-frequency
effects on respiration (HFg). Relatively large in type IV (p
<0.05) were also relative indicators of low-frequency
effects (LFgn) and their ratio to high-frequency (LFHFR).
The optimal (I1l) type of cardiac rhythm regulation is
differentiated from | and Il types (p <0.05) only by
high-frequency effects on respiration (HFg), although the
latter is also reflected in the TP (p <0.05). In this case,
types | and Il in terms of RV also differ in high-frequency
effects on respiration (HFg), which in type Il are the

largest.

In general, it should be noted that the types of
regulation with a predominance of autonomic effects on
cardiac rhythm (111 and 1V) differ from the types of
regulation with a predominance of central effects on
cardiac  rhythm  significantly less activity of
high-frequency (HFg, (I/min)?) effects on spontaneous
respiration, which is displayed on the total power of RV
(TPg, (I/min)?). It is HFg (I/min)?that also differentiates
between types | and Il, which suggests a significant
increase in the reduced functional capacity of the body
and the development of fatigue associated with a
pronounced predominance of central influences on cardiac
rhythm.
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Table 5. Comparative characteristics of respiratory pattern parameters in athletes with different types of cardiac rhythm regulation

Indicators Type I Type 11 Type LI Type IV
Tin, s 15(1.3;1.8) 1.6 (1.4;1.8) 1.6 (1.4;2.3)* 1.7 (1.5;2.3)"
Tex, s 2.4(1.8;2.8) 2.1(1.7;2.2)% 25(2.1;32)% 25(2.2;3.8)@°
Vr, | 0.550 (0.400; 0.770) 0.690 (0.460; 0.770) 0.530 (0.380; 0.760) 0.525 (0.425; 0.745)
Vin, I/s 0.32 (0.26; 0.42) 0.37 (0.29; 0.44)% 0.27 (0.20; 0.36)™S 0.28 (0.22; 0.32)"@@
Vex, Iis 0.26 (0.22; 0.32) 0.28 (0.22; 0.38) 0.20 (0.16; 0.31)* 0.23 (0.16; 0.30)@
Tin/Tex 0.70 (0.60; 0.76) 0.77 (0.63; 0.82)% 0.71 (0.63; 0.80) 0.67 (0.59; 0.81)®
RR, min* 15.2 (13.3; 18.5) 16.2 (10.9; 19.3) 14.8 (11.1; 16.9)° 13,5 (9.1; 15.8)@@
Vg, | 8.4 (7.3; 10.0) 8.0 (7.4; 11.0) 6.6 (4.8;10.1)™* 7.4 (5.1;9.4)°°

* —p< 0,05, ** — p< 0,01 — between types IV and I; @_ p< 0,05, @e _ p< 0,01 — between types IV and II;

* _ p< 0,05 — between types 111 and I; *~ p< 0,05, *® — p< 0,01 — between types I1I and II; # — p< 0,05 — between types Il and I.

Analyzing the differences in respiratory pattern (PR) of
athletes with different types of cardiac rhythm regulation,
first of all (Table 5), it is necessary to pay attention to
persons with type 1V, who have a significantly lower RR
—13.5 (9.1; 15.8) than athletes with type | and type Il —
15.2 (13.3; 18.5), p <0.05, and 16.2 (10.9; 19.3), p <0.01.
This is due to a significant increase in both inspiration
time and expiration time in type 1V, which is associated
with lower volumetric inspiratory and expiratory speeds
compared to types | and Il. In this case, the ratio of the
phases of respiration does not differ significantly. Almost
similar, but less significant, are the differences in PR of
athletes with type Il regulation. No differences were
registered between their PR and PR of athletes from type
IV. Athletes belonging to types | and Il of regulation are
differentiated in some way according to PR. First of all,
this applies to a significant reduction in expiratory
duration in type Il regulation (p <0.05), which is
accompanied only by a tendency to increase the
volumetric expiratory speed compared to type I. This PR
is evidenced by an increase in the ratio of the phases of
inspiration and expiration, which in athletes from type Il
is significantly higher than in athletes from type |1 — 0.77
(0.63; 0.82) against 0.70 (0.60; 0.76), p <0.05. The latter
may indicate a certain inferiority of the expiratory phase
in type Il.

That is, the types of regulation that are associated with
the predominance of autonomic effects on cardiac rhythm
(11 and 1V) have significant differences in PR. They
characterize more economical spontaneous respiration,
which against the background of similar values of V (I),
which is a criterion of oxygen supply to the body, are
determined by the prolongation of inspiration (s) and
expiration (s), decrease in volumetric inspiratory and
expiratory speed (I/s) and a corresponding reduction in RR
(min™) and Ve (I). Noteworthy are the differences
between types Il and I, which reflect the level of
centralization of effects on cardiac rhythm. Indicative, in
this comparison, is a certain dissociation of the differences
between the indicators of the duration of inspiration (s)

and expiration (s) with the indicators of the volumetric
speed of inspiration and expiration (l/s).

A significant decrease in expiration in type Il is
accompanied by similar to type | values of expiration.
And similar values of inspiration at the Il type are
followed by essential increase in inspiration. This can be
explained by the inefficiency of expiration in type II,
when the increase in hypercapnia, which is characteristic
of a decrease in the reserve capacity of the cardiovascular
system, leads to premature overstimulation of the
respiratory center and activating effects on the inspiratory
muscles [9].

Among all indicators of RV the indicator of HFg,
(/min)? deserves the greatest attention. Therefore, it was
important to trace its connections in different types of
cardiac rhythm regulation with other studied parameters.
First of all, it was shown (Table 6) that among the
indicators that determine the type of cardiac rhythm
regulation, significant negative correlations were observed
with the parameters of total power HRV (ms?) with
excessive centralization (type 1) and excessive autonomy
(type 1V) regulation. This suggests that HF-effects on
spontaneous respiration in some way compensate for the
pronounced regulatory effects on cardiac rhythm -
increasing (HFg, (I/min)?) with decreasing (HF, ms?) - type
I1, and decreasing (HFg, (I/min)?) with increasing (HF, ms?)
- type 1V. The latter was also shown by us in the analysis of
RV parameters of athletes with different levels of somatic
health, which is based on the level of maximal oxygen
consumption (VO,max) [62], changes in the regulation of
the cardiorespiratory system in the dynamics of the annual
training cycle [15], as well as in determining RV changes in
competitive [46] and training load [47,48]. No such
association has been established with other components of
HRYV that determine the type of cardiac rhythm regulation.

Given the relationship of HFg with PR parameters
(Table 7), it should be noted that significant there are
relationships with volumetric speeds of inspiration (Vin,
I/s) and expiration (Vex, I/s), due to the peculiarities
calculation of RV power indicators, including in the HF
range. At the same time, the least significant are the
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connections of athletes with types 1l and 1V of cardiac
rhythm regulation, in which Vin and Vex are well
differentiated. It is noteworthy that most of the
connections (moreover, similar in strength) in this
indicator RV with PR indicators are observed in types Il
and I, which suggests a significant role of rhythmic
components of spontaneous respiration associated with
central control mechanisms, in ensuring optimal (type 11)
regulation of cardiac rhythm and its greatest intensity
(type 11), when chemoreceptors are activating. On the
other hand, a lot number of factors that may affect the
mechanisms of spontaneous respiration regulation, in this
case, limited the possibilities of more meticulous analysis.

Such factors include morphometric characteristics of
body structure, which determine its constitutional features.
As shown by the analysis of the relationship of HFr with
the parameters of morphometry of athletes (Table 8), they
differ significantly in athletes with centralization (types I

489

and Il) and autonomy (types Il and V) of cardiac rhythm
regulation. In type Il (optimal) regulation, lower values
of HFR (Table 4) are associated with chest circumference
at rest (cm), the circumference of the abdomen (cm) and
significantly higher values of VI (ml/kg).

In type IV regulation, they are associated with body
mass index (cm), chest girth at rest (cm) and abdominal
circumference (cm). The parameters of lung capacity in
type IV are not significant. They are also not significant in
types | and Il of heart rate regulation. However, with a
marked decrease in functional reserves (type II) the
leading link is related to a chest excursion, which
indicates an increase in HFg with increasing excursion.
The latter suggests that an additional source of HF-effects
on spontaneous respiration with reduced functional status
may be excessive irritation of mechanoreceptors of the
chest, which may also contribute to the inferiority of the
expiratory phase, which we suggested above.

Table 6. Correlation matrix of HFg, (I/min)? with HRV parameters, which determine the type of cardiac rhythm regulation

Indicator Type TP, ms? VLF, ms? S, c.u.
Type [ 0.290 0.273 -0.106
Type II -0.627" 0.186 0.022

HFg, (I/min)?
Type III -0.216 -0.073 0.287
Type IV -0.444" -0.083 0.299

*—p<0,05

Table 7. Correlation matrix of HFg, (I/min)? with PR parameters at sportsmen with different types of cardiac rhythm regulation

Indicator Type Tin, s Tex, S Vr, | Vin, I/s Vex, s RR, min®
Type I 0.107 -0.058 0.709™ 0.789™" 0.776™ 0.010
Type II -0.320" -0.497" 0.468" 0.769™ 0.9617" 0.328"
HFg, (I/min)? - — - — — —
Type III -0.317 -0.437 0.327 0.752 0.876 0.477
Type IV -0.436" -0.296 0.067 0.518" 0.725™ 0.356"

* _p< 0,05, ** — p< 0,01, *** - p< 0,001

Table 8. Correlation matrix of HF, (I/min)? with morphometric indicators at sportsmen with different types of cardiac rhythm regulation

Chest Excursion chest Abdominal
Indicator Type BMI, kg/m? circumference om "| circumference VVL, mi VI, mi/kg
(rest), cm (rest), cm
Type 1 0.156 0.193 -0.190 0.134 0.134 -0.154
Type II -0.086 0.032 0.519" -0.152 0.151 0.203
HFg, (I/min)? - - —
Type 11T 0.280 0.358 0.106 0.321 0.072 -0.613
Type IV 0.520" 0.512" -0.167 0.466" 0.302 -0.221

* _p< 0,05, ** — p< 0,01, *** - p< 0,001
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4. Discussion

Our results indicate that athletes with the different types
of cardiac rhythm regulation at rest are differentiated by
PR and RV. The most significant among the indicators of
RV were absolute indicators — TPg, (I/min)? and HFg,
(I/min)®. However, their low values are associated not
only with the optimal and high level of cardiac rhythm
regulation, but also indicate a significant economization of
the respiratory system. This assumption is confirmed by
the data obtained by us earlier in the survey of highly
qualified athletes in the competitive period, when the
results of the study of RV the next morning after intense
competitive exercise indicated the differentiation of
athletes in TPg, (I/min)?and HFg, (I/min)? and high values
of the latter were observed in athletes with signs of under
recovery [46].

These indicators had characteristic dynamics under the
influence of intense training loads in the pre-competition
period, which indicated the possibility of the development
of functional overstrain by sympathetic and
parasympathetic types [47,48]. The data obtained in the
study of patients with different courses of bronchial
asthma, which indicate a significant (several times)
increase in TPg, (I/min)?, LFg, (I/min)*and HFg, (I/min)?
were quite informative in comparison with healthy
individuals, especially in the intermittent course [35],
which is considered as a mechanism for compensating for
obstructive disorders. The latter in the examination of
athletes may be useful to determine the preconditions for
the development of exercise-induced asthma. On the other
hand, the authors [49] show that in the persistent course
there is a pronounced dependence of RV on body weight,
especially excessive one. The study of rhythmic
parameters of spontaneous respiration can be informative
in the study of synchronization of the cardiorespiratory
system, which have now begun to be actively determined
by simultaneous registration of parameters of the
cardiovascular and respiratory systems [54,59,60].

This approach, in our opinion, will diagnose the subtle
mechanisms of intersystem interactions that underlie the
pre-pathological changes in the body of athletes.

5. Conclusions

A study of the variability and pattern respiration in
athletes with different types of cardiac rhythm regulation
revealed the following:

1. When at rest, athletes with a predominance of central
(types 1 and Il) and autonomous (types Ill and IV)
effects on cardiac rhythm are differentiated by
indicators of total respiratory power (TPg, (I/min)?)
and power in the high frequency range (HFg),
(Umin)®), which with the predominance of
autonomous influences are significantly smaller.

2. Athletes with type 1V cardiac rhythm regulation have
a more significant contribution of the low-frequency
component (LFgn, n.u.) in the regulation of
spontaneous respiration than athletes with type | and
Il cardiac rhythm regulation, which is also reflected in
the ratio of low-frequency and high-frequency effects
(LFHFg, (I/min)%/(1/min)?).

3. Athletes with type I and Il cardiac rhythm regulation
are differentiated by indicators of total respiratory
power (TPg, (/min)®) and power in the high
frequency range (HFg, (I/min)?), which in type Il are
significantly higher.

4. When at rest, athletes with a predominance of central
(types I and I1) and autonomous (types Il and 1V)
effects on cardiac rhythm are differentiated by the
indicators of the respiration pattern — durations of
inspiration (s) and expiration (s), which during the
predominance of autonomous influences s
significantly greater; at that time the volumetric
inspiratory speed (l/s), volumetric expiratory speed
(I/s) and VE (1) are a significantly lower while the
predominance of autonomous influences. In this case,
V+ () and the ratio of the phases of inspiration and
expiration do not differ significantly.

5. Itis shown that in type Il regulation of cardiac rhythm
there is a significant decrease in expiratory duration
(s), which is also manifested by a significant increase
in the ratio of inspiratory and expiratory phases,
which may characterize expiratory insufficiency in
this type.
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