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Abstract

Purpose. The aim of this study was to determine changes in volumetric respiratory variability in
physically fit individuals during recovery after physical exercise.

Material & Methods. To achieve the goal with the spiroarteriocardiorhythmograph (SACR) device,

101 male athletes aged 22.3+2.4 years were examined. The procedure for studying the
respiratory system included conducting measurements in a sitting position using the SACR
device for 2 minutes. The initial measurement was carried out immediately before the start of
training (cl), 5-7 min. After the training session, a second registration (C2) was carried out
the following morning on an empty stomach. A third registration (C3) was carried out the next
morning after training.

Results. Considering the received data, the changes in the TPR (Lxmin*)? and HFR (Lxmin=)2

indicators, which characterize the effect of physical load, are worth noting. For TPR (Lxmin-1)2,
atcl - 327.6(210.3; 538.2), at c2 - 497.3 (309.8; 1036.8) and at c3 - 302.8 (179.6; 458.0),
f=18.1 and p=0.000. It is noteworthy that there were no significant changes in the LFR
(Lxmin)? indicator, which characterizes low-frequency effects on breathing, which, in our
opinion, is associated with reflex stimulation of sympatho-adrenal mechanisms during physical
load at the level of hemodynamic support, when the role of central mechanisms is significantly
reduced. The VLFR (Lxmin)? indicator, which is associated with central effects on breathing,
has a certain informative value. 5-7 minutes after physical load, its values are significantly
different from the initial VLFR (Lxmin=t)?, at cl - 2.0 (1.0; 3.6) vs. c2 - 3.2 (2.0; 6.8), f=4.7,
p=0.007. However, the next morning (c3) it has intermediate values that do not significantly
differ from the previous ones (cl1 and c2).

Conclusions. The results of the volumetric respiratory variability study suggest that TPR (Lxmin=t)2

and HFR (Lxmin-!)2 are clearly related to physical load and recovery after it, which complements
information on the impact of physical activity on the respiratory system and its recovery after
it.

Keywords: breathing regulation, physical load,recovery.

Introduction

The main function of the body in various motor
modes is to maintain an oxygen regime adequate
to physical load (Benitez-Mufioz et al., 2025). The
cardiorespiratory system performs this function.
The effect of long-term adaptation of the human

body to significant physical load can also be assessed
by the dynamics of the cardiovascular system indica-
tors, which are recorded at rest (Abreu et al., 2022;
Pelliccia et al., 2018; Caselli et al., 2015).

Currently, modern non-invasive methods of
studying indicators are being searched and test-
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ed, which would allow obtaining the most impor-
tant information about the functional state of the
athlete’s body and his functional readiness to per-
form training and competitive loads, as well as
recovery after previous physical load, which is the
key to preventing the development of negative
conditions associated with overstrain of various
functional systems (Hoffmann et al., 2020; Guzii
et al., 2023; Guzii & Romanchuk, 2021; Koval et
al., 2025; Lazovic et al., 2015).

An important component of the study of the
functional state of the human body is the deter-
mination of the function of systems that provide
available and reserve (adaptive) capabilities that
characterize and predict the state of health, the
course of sanogenetic and pathological process-
es, taking into account individual morphometric,
metabolic changes, the nature of activity, age and
gender (Birdee et al., 2023; Castro et al., 2017;
Chernozub et al., 2025; Dominelli & Molgat-Seon,
2022; Guzii et al., 2019).

One method of assessing the body’s function-
al state is to perform a spectral analysis of car-
diorespiratory system indicator variability. (Ak-
selrod et al., 1985, Eckberg, 2000). There is a
significant number of publications on the analy-
sis of heart rate variability (HRV), which is wide-
ly used in various fields of medicine, physiology
and sports, but somewhat less - publications
on the analysis of blood pressure variability at
each heartbeat (Parati et al.,, 2021; Guzii & Ro-
manchuk, 2021). However, there are few publi-
cations on the volumetric variability of breathing
(Anderson & Ramirez, 2017; Castro et al., 2010;
LoMauro & Aliverti, 2021; Lopes et al., 2025; Ro-
manchuk, 0., 2023; Romanchuk, 0., 2024; Ro-
manchuk & Guzii, 2020a; Romanchuk & Guzii,
2020c; Shams et al., 2021; van den Aardweg &
Karemaker, 1991). Moreover, the development of
technologies, express devices for research and
monitoring of the functional state of the body in
the practice of sports medicine, public health and
rehabilitation requires the definition and refine-
ment of physiological parameters of the body’s
activity to create appropriate databases for ob-
jectification and unification of the assessment of
functional changes in the human body (Kaverins-
kiy et al., 2025; Malakhov, 2024) both at rest and
under the influence of various types of activity
(Romanchuk et al., 2024a; 2024b). Physical ac-
tivity is a natural factor in activating the activity
of various body systems, primarily cardiovascular
and respiratory, which determine the course of
adaptive and subsequently restorative processes
in the body. This allows us to study tolerance to
physical load and recovery after them in natural
conditions, as components of the functional state
of the body, which is important in the practice of
medicine, rehabilitation, and sports (Sikora et al.,

2024; Tipton et al., 2017; van den Bosch, 2021).
The role of the cardiovascular system in ensuring
adaptive processes has been studied quite well,
while data on the mechanisms that occur in the
regulation of the respiratory system have certain
gaps (Berton et al., 2023; Braendholt et al., 2023;
Bruce et al., 2019; de Oliveira et al., 2023; Gujic
et al., 2007; Krohn et al., 2023; Ryan et al., 2020;
Tipton et al., 2017). This is due to the technical
capabilities of field measurements, which have
been somewhat limited for the respiratory system
until recent years. In addition, most studies of
respiratory function have focused on static meas-
ures or average respiratory parameters over time
(van den Bosch et al., 2021).

At rest, breathing occurs naturally through
active inhalation and passive exhalation. The
mechanism for initiating inspiration is known to
be due to several oscillators, particularly the pre-
Botzinger complex, which is located in the me-
dulla oblongata. (Moore et al., 2013). Regulation
of breathing has significant individual and situa-
tional variability (Kandimalla et al., 2025). It is
the latter that stops attempts to study spontane-
ous breathing, and also shifts scientific research
to the study of the perfusion-ventilation capabil-
ities of the respiratory system (Del Negro et al.,,
2018). In the respiratory system, changes in the
partial pressure of oxygen (pO,) and carbon diox-
ide (pCO,) are detected by central and peripheral
chemoreceptors and compensated for by chang-
es in ventilation to maintain arterial blood gases
within tightly regulated limits (Lin & Lin, 2012).
Of course, this is important from the standpoint of
understanding oxygen supply and gas exchange,
but it does not always allow us to fully character-
ize regulatory influences, limited to chemo- and
mechanoreceptor mechanisms (de Oliveira et al.,
2023; del Rio et al., 2013; Forster et al., 2012;
Harris et al., 2017). In recent years, the results of
several studies conducted in laboratory conditions
have appeared which analyze the central modu-
latory influences on breathing (Eckberg, 2000,
Heck et al.; 2017, Yackle et al., 2017; Braendholt
et al., 2023).

It is known that the process of regulating res-
piratory function is mediated by a complex neural
network (Kluger et al., 2023), which takes into
account numerous internal and external influenc-
es on the regulation of air flow and respiratory
rate in a way that ensures blood gas homeostasis
while minimizing the work of the respiratory sys-
tem (Migliaccio et al., 2023). Studies on cardiores-
piratory synchronisation and controlled breathing
have shown that, during strength endurance de-
velopment, respiratory volumes are used more
economically (Romanchuk et al., 2024). Some
studies conducted at rest have shown that exper-
imentally induced increases in elasticity (Brack et
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al. 1997) or resistive loading (Brack et al. 1998) in
healthy adults determine the variability of pulmo-
nary ventilation and tidal volume, which is reflect-
ed in the ability to use respiratory reserve (Berton
et al., 2023) not only during physical exertion but
also at rest. Several authors have shown that with
cyclic gradually increasing physical exertion, vol-
umetric variability of breathing initially increases,
but with increasing intensity, when the possibili-
ties of respiratory reserve are exhausted, it begins
to decrease (Lopes et al., 2025), which probably
characterizes the development of fatigue (Berton
et al., 2023). In general, however, it should be
emphasized that the mechanisms involved in res-
piratory variability during physical exertion and
the subsequent recovery period are still unknown.

This study aimed to determine changes in vol-
umetric respiratory variability in physically fit in-
dividuals during recovery after physical exercise.

Material and methods
Participants

This study was conducted within the scientific
programmes of the Exercise and Sports Medicine
departments at South Ukrainian National Peda-
gogical University (September 2012 - July 2016)
and Lviv State University of Physical Culture (Jan-
uary 2021), at various sports facilities in Odesa
and Lviv, and with Team Ukraine. To achieve the
goal, 101 male athletes aged 22.3+£2.4 years
were examined, who were engaged in various
acyclic sports with the predominant development
of strength abilities (boxing — 35 people, weightlift-
ing — 10 people, powerlifting — 15 people, freestyle
wrestling — 26 people, judo — 15 people). The ex-
perience of practicing sports was 10.3+£3.1 years.
On the eve of the study, the trainers instructed all
participants to avoid consuming stimulant bever-
ages (such as coffee, green tea and energy drinks)
prior to the examination. Taking into account that

the examination was carried out in different peri-
ods of the annual training cycle the training load
was carried out in different modes. However, this
usually occurs at the submaximal level.

Before the main study, morphometric parame-
ters were measured using standard methods (Ro-
manchuk, 2010). Table 1 presents the morpho-
metric indicators of the examined group, which
indicate optimal physique against the background
of high values of the functional capabilities of the
respiratory system (according to VCL and VI indi-
cators) and great strength development (accord-
ing to SI indicator).

Table 1. Characteristics of morphometric in-
dicators of the studied group (M+SD)

Indicator MtSD
Weight, kg 74.8+16.1
Height, cm 178.4+9.4
BMI, kgxm~2 23.3+£3.3
Body square, m? 1.92+0.24
Chest circumference (rest), cm 97.2+9.8
Chest excursion, cm 7.2+£2.5
Stomach circumference, cm 80.5+9.2
Hip circumference, cm 52.6+5.4
SI, Dxkgtx100 64.4+10.6
VCL, ml 4995.0+922.5
VI, mixkg 67.4+8.2
Fat, % 13.3+6.3

Abbreviations: VCL (ml) - volume capacity of lungs, VI
(mlxkg?) - vital index, SI (Dxkg'x100) - strength index

Methods

The spiroarteriocardiorhythmograph (SACR)
device (Panenko et al., 2006; Romanchuk & Guzii,
2020b) in the combined registration mode allows
recording parameters of heart rate, blood pressure
according to the Penaz method (Pendz, 1992) and
flows of inspired and expired air (Noskin et al.,
2018) (Fig. 1).

Figure 1. A segment of recording of cardiorespiratory system activity curves (ECG, pulse wave, air

flow wave) using SACR.
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Figure 2. Image of the curve of the average respiratory cycle with changes in heart rate and blood
pressure in it with calculation of respiratory pattern indicators.
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Figure 3. Power spectrum of spontaneous breathing.

Before each VRV study, blood pressure (sys-
tolic - SBP in mmHg; diastolic - DBP in mmHg;
pulse — PBP in mmHg) was measured using the
Korotkoff method, in accordance with the stand-
ard procedure, while the participant was sitting.
(Parati et al., 2021). During SACR registration,
parameters of HRV, blood pressure variability,
pattern, and respiratory variability were deter-
mined. This report presents an analysis of statis-
tical indicators of HRV - SI (stress index, c.u.),
SDANN (standard deviation of the values of cardio
intervals, ms), RMSSD (square root of the sum of
squares of the differences in the values of consec-
utive pairs of normal intervals, ms), pNN50 (the
percentage of NN50 from the total number of con-
secutive pairs of intervals that differ by more than
50 milliseconds, obtained over the entire time re-
cording, %) (Malik et al., 1996).

Airflows in the SACR device are recorded us-
ing an ultrasonic sensor. This allows the indicators
of the breathing pattern and volumetric respira-
tory variability (VRV) to be determined and cal-
culated using the spectral method (according to
Fourier’'s law of distribution). Among the indica-
tors of the breathing pattern, the following were
determined: breathing frequency - fR (min™),
tidal volume - Vt (L), inhalation time - Ti (s),
exhalation time - Te (s), inhalation fraction - Ti/
TOT (c.u.), inspiratory volume rate - Vt/Ti (Lxs™),
expiratory volume rate - Vt/Te (Lxs™!), minute

195

ventilation of the lungs - Ve (Lxmin-) (Fig. 2).
VRV indicators were determined in ranges char-
acteristic of HRV (Fig. 3). These include the total
power of the respiratory variability spectrum (TP,
(Lxmin-)2), the power of the respiratory varia-
bility spectrum in the ultra-low frequency range
(VLF,, (Lxmin')2), the power of the respiratory
variability spectrum in the low frequency range
(LF,, (Lxmin™)2), the power of the respiratory
variability spectrum in the high frequency range
(HF,, (Lxmin™*)2), and the ratio of the variabili-
ty spectra in the low and high frequency ranges
(LF/HF,, (c.u.)).
Procedure

The procedure for studying the respirato-
ry system included conducting measurements
in a sitting position using the SACR device for 2
minutes. VRV indicators were registered under
the conditions of the training process. The ini-
tial measurement was taken immediately before
training (cl1). Five to seven minutes after the end
of the training session, a second measurement
was taken (c2). The third measurement of the
VRV indicators was taken on an empty stomach
the morning after training (c3). In other words,
this protocol enabled the assessment of changes
indicating immediate and long-term recovery fol-
lowing the load.

The protocols and procedures were approved
by the Ethical Principles for Medical Research In-

© 2025 Romanchuk et al.
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volving Human Subjects of the World Medical As-
sociation Declaration of Helsinki (1964) and sub-
sequent amendments. This study was approved
by the Human Research Ethics Committee of the
University where the experiments were carried
out. All athletes were informed about the study
and signed an informed consent form before the
trial.

Statistical analysis

The processing of the received results was
carried out with the help of STATISTICA program
for Windows (version 10.0), Microsoft Excel 2012.
One-way ANOVA was used for VRV. The accepted
significance level was 5%. The Tukey’s honestly
significant difference test (Tukey’s HSD) was used
to test differences among sample means for the
significance. The data are presented as the mean
(M) and standard deviation (SD) for parameters
with normal distribution and the median (Me) and
the upper and lower quartiles (Q1-Q3) for param-
eters with non-normal distribution.

Results

To understand the processes that occur in the
body, we present an analysis of changes in the
cardiovascular and autonomic nervous systems
indicators, which are most often used to assess
changes in the body under the influence of phys-
ical load (Table 2). As can be seen from Table 2,
all the applied indicators of the cardiovascular
and autonomic nervous systems indicate changes
that occur in the body during physical load. They
all reflect the effect of the load. In this case, 5-7
minutes after the end of the load, those transient
processes occur in the body during recovery. Af-
ter all, knowing the features of their changes at
the peak of the load, we can say about a cer-
tain tension due to the activation of the sympa-
tho-adrenal system. The most significant of these

items is an increase in HR (min*!) from 61.9+£7.9
to 84.7+£12.6, f=124.5, p=0.000, SI (c.u.) from
76.9+£63.9 to 344.1+£380.7, f=46.9, p=0.000,
SBP (mmHg) from 118.9+12.9 to 136.7£14.5,
f=12.3, p= 0.000, and a decrease in SDANN (ms)
from 87.7+£34.9 to 50.5+30.0, f=28.8, p=0.000.
However, the next morning all these indicators re-
turn to the initial values and almost do not differ
from them. Among the indicators used, there are
several that not only recover to the initial values,
but also show a significant deviation in the oppo-
site direction - the pNN50 indicator (%) at c1 -
16.9+7.2, at c2 - 11.5+4.4, at c3 - 20.4+10.1,
f=56.3, p=0.000 (p_,=0.000), or a tendency
towards it - the RMSSD (ms) indicator at cl1 -
69.0+37.3, at c2 - 41.6+36.3, at c3 - 75.5+£37.9
(P.3=0.179). According to the changes in these
indicators, it can be stated about the pronounced
activation of parasympathetic influences in the
morning after physical exertion. This can charac-
terize the complete recovery of the body and the
formation of conditions for improving the func-
tional state of the body, which is important in the
training process.

Table 3 presents changes in respiratory pat-
tern indicators, which indicate the recovery pro-
cess after physical load. As can be seen from the
presented data, 5-7 minutes after load, moder-
ate differences are noted in fR (min?t) - at cl1 -
14.5+4.5 versus at c2 - 16.3%6.3, f=4.8, p=
0.008 (p..,=0.040) against the background of a
similar initial state, Vt (L) - at cl - 0.615+0.293
versus at c2 - 0.654+0.276, f=3.4, p=0.036
(p,.,=0.545). It is significant that against the
background of unchanged indicators Ti (s), Te
(s) and Ti/TOT (c.u.), f=0.5, p=0.629, f=0.5,
p=0.617 and f=0.8, p=0.468, respectively, sig-
nificant differences are noted in the indicators
Vt/Ti (Lxs?), Vt/Te (Lxs?') and Ve (L), f=10.8,
p=0.000, f=7.5, p=0.001 and f=10.3, p=0.000,

Table 2. Comparative characteristics of the cardiovascular and autonomic nervous systems in the

studied group of athletes

Indicator M+SD f . P-value p-value

cl c2 c3 Statistic cl-c2 cl-c3 c2-c3
HR, min 61.9+7.9 84.7+12.6 61.2+7.2 124.5 0.000 0.000 0.875 0.000
SBP, mmHg 118.9+12.9 136.7+14.5 116.8+13.7 12.3 0.000 0.000 0.843 0.000
DBP, mmHg 72.8+8.2 74.6+9.4 70.1+7.4 1.1 0.049 0.046 0.086 0.039
PBP, mmHg 46.2+13.2 62.0+15.2 46.5+13.0 4.5 0.000 0.000 0.848 0.000
SI, c.u. 76.9+63.9 344.1+380.7 68.9+52.9 46.9 0.000 0.000 0.943 0.000
SDANN, ms 87.7+34.9 50.5+30.0 88.2+33.1 28.8 0.000 0.000 1.000 0.000
RMSSD, ms 69.0+37.3 41.6+36.3 75.5+37.9 34.0 0.000 0.000 0.179 0.000
pNN50, % 16.9+7.2 11.5+4.4 20.4+10.1 56.3 0.000 0.002 0.000 0.000

Abbreviations: HR (min) — heart rate, SBP (mmHg) - systolic blood pressure (by Korotkoff), DBP (mmHg) -
diastolic blood pressure (by Korotkoff), PBP (mmHg) — pulse blood pressure (by Korotkoff), SI (c.u.) — stress
index, SDANN (ms) - standard deviation of the values of cardio intervals, RMSSD (ms) — square root of the sum
of squares of the differences in the values of consecutive pairs of nhormal intervals, pNN50 (%) - the percentage
of NN50 from the total number of consecutive pairs of intervals that differ by more than 50 milliseconds, obtained

over the entire time recording.
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Table 3. Changes in respiratory pattern indicators in the studied group of athletes

Indicator M+SD f . P-value p-value

cl c2 c3 Statistic cl-c2 cl-c3 c2-c3
fR, min-! 14.5+4.5 16.3+6.3 14.1+4.8 4.8 0.008 0.040 0.885 0.011
Vt, L 0.615+0.293 0.654+0.276 0.557+0.217 3.4 0.036 0.545 0.276 0.028
Ti, s 1.9+1.2 1.8+1.0 1.9+1.1 0.5 0.629 0.644 0.990 0.730
Te, s 2.7+1.3 2.9+1.5 2.8+1.2 0.5 0.617 0.717 0.990 0.635
Ti/TOT, c.u. 0.41+0.05 0.42+0.04 0.41+0.05 0.8 0.468 0.819 0.801 0.435
Vt/Ti, Lxs™? 0.31+0.11 0.37+0.15 0.29+0.11 10.8 0.000 0.006 0.316 0.000
Vt/Te, Lxs™! 0.27+0.13 0.33+0.18 0.25+0.12 7.5 0.001 0.017 0.589 0.001
Ve, L 8.281+3.283 9.918+4.747 7.547+3.133 10.3 0.000 0.007 0.359 0.000

Abbreviations: fR (min-') - frequency of respiration, Vt (L) - tidal volume, Ti (s) - mean inspiratory time,
Te (s) - mean expiratory time, Ti/TOT (c.u.) — mean inspiratory duty cycle, Vt/Ti (Lxs™*) — mean inspiratory flow,
Vt/Te (Lxs™t) - mean expiratory flow, Ve (L) — minute ventilation.

Table 4. Changes in volumetric respiratory variability in a group of athletes over the course of the study

- Me (Q,; Q.) f _ p-value
Indicator cl c2 c3 Statistic P-value cl-c2 cl1l-c3 c2-c3
. 327.6 497.3 302.8
-1)2
TPy (Lxmin™)* - 510.3; 538.2) (309.8; 1036.8) (179.6; 458.0) 181 ~ 0.000 0.000 0.768 0.000
VLF,, (Lemin)t ) o 6) e N 6) a 26 0 47  0.010 0.007 0.303 0.253
. 13.0 17.6 13.7
-1)2
LRy, (Lxminy o 230 (0.6 82.8) (6.6.70.6) 0.7 0515 0.619 0.992 0.545
. 243.4 412.1 208.9
-1)2
HF, (LXMin™)? ueia it o) (1613.835.2) (1156 546,0) 1644  0.000 0.000 0.620 0.000
LF/HF,, c.u. 0.040 0.044 0.078 04  0.678 0.737 0.714 0.999

(0.026; 0.260) (0.020; 0.123) (0.028; 0.456)

Abbreviations: TP, dispersion of V_/T_ in a given time interval (total power) <0.4 Hz; VLF,, power spectrum
of V./T, in the very-low frequency range <0.04 Hz, LF,, power spectrum of V_/T_ in the low frequency range
0.04-0.15 Hz; HF,, power spectrum of V_/T_ in the low frequency range 0.15-0.4 Hz, LFHF_, LF [(Lxmin)2]/

HF [(Lxmin*)?]=c.u.

respectively. Their changes resemble those for
the RMSSD (ms) indicator: 5-7 minutes after the
load, they are significantly higher than the initial
values, and the next morning after training, there
is a tendency for them to decrease below these
values. This suggests that such dynamics also re-
flect the recovery of the respiratory system and
its readiness for further loads.

Table 4 presents changes in VRV parame-
ters, which reflect the total respiratory power
(TP,, (Lxmin')?) and its power in different fre-
quency ranges (VLF, LF and HF). Considering the
presented data, it is worth noting the changes in
the TP, (Lxmin!)? and HF_, (Lxmin™*)? indicators,
which characterize the effect of physical load and
resemble changes in the Ve (L) indicator, when
the values of spectral power the morning after
training change in the opposite direction with a
tendency to a greater decrease than the initial
values. For TP, (Lxmin™)?, at c1 - 327.6 (210.3;
538.2) vs. at c2 - 497.3 (309.8; 1036.8) vs. at
c3 - 302.8 (179.6; 458.0), f=18.1, p=0.000. For
HF, (Lxmin™')?, at c1 - 243.4 (148.8; 441.0) vs.
c2 - 412.1 (161.3; 835.2) and vs. at c3 - 208.9
(115.6; 346.0), f=16.4, p=0.000. It is notewor-
thy that there were no significant changes in the

LFR (Lxmin-t)2 indicator, which characterises the
effects of low frequencies on breathing. In our
opinion, this is associated with the reflex stimula-
tion of the sympatho-adrenal mechanisms during
physical exertion that supports haemodynamics,
when the role of central mechanisms is signifi-
cantly reduced. The VLF, (Lxmin™)? indicator,
which is associated with central effects on breath-
ing, has a certain informative value. 5-7 minutes
after physical load, its values are significantly
different from the initial VLF, (Lxmin™*)?, at c1 -
2.0 (1.0; 3.6) vs. at c2 - 3.2 (2.0; 6.8), f=4.7,
p= 0.007. However, the next morning (c3) it has
intermediate values that do not significantly dif-
fer from the previous ones (cl1 and c2). That is,
the TP, (Lxmin™)? and HF,, (Lxmin)? indicators
can be considered as sensitive to the influence of
physical load and recovery after them, the role of
the VLF,, (Lxmin™)? and LF,, (Lxmin™)? indica-
tors are currently unclear and, given the results
obtained, requires further research.

Discussion

The mechanisms that provide VRV are an im-
portant component of the body’s optimal func-
tional state (Heck et al.,, 2017). VRV indicators,

© 2025 Romanchuk et al.
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calculated using spectral analysis, enable us to
distinguish between different frequency influenc-
es and can significantly supplement information
on regulatory influences on the respiratory sys-
tem (Harbour et al., 2022). On the other hand,
these influences are transmitted to the functions
of the cardiovascular system, gas exchange, and
metabolism (Shams et al, 2021). Previously, we
conducted studies of VRV in athletes at different
stages of the training process and during competi-
tions. The study of VRV in 1930 practically healthy
young male subjects at rest during spontaneous
breathing allowed us to determine the normative
(Q,-Q,) limits of the VRV indicators distribution in
different frequency ranges (similar to HRV): TP,
(Lxmin™)? - 290.0-635.0; VLF, (Lxmin™)? - 1.3-
4.8; LF, (Lxmin™)? - 7.9-33.6; HF_, (Lxmin™')? -
207.4-547.5; LF/HF_ (c.u.) - 0.025-0.150 (Guzii
et al, 2019). VRV parameters were also studied
in 58 qualified athletes with high and low VO,max
levels (Romanchuk & Guzii, 2017), which showed
significant differences in TP, (Lxmin)? - 231.0
(158.8; 342.3) vs. 349.7 (210.3; 524.4) and HF,
(Lxmin=)2 - 174.2 (62.4; 285.6) vs. 237.2 (90.3;
404.0), respectively. At the same time, the values
Q3 of the LF, (Lxmin™*)? were significantly higher
in both groups compared to the normative distri-
bution (84.6 and 64.0, respectively, versus 33.6).
The differences in VRV of 202 highly qualified ath-
letes at rest were analysed, taking into account
the type of cardiac rhythm regulation, which in-
dicates the development of fatigue. It was found
that, with centralisation of regulatory influences
on the cardiac rhythm, was significantly greater
than with the predominance of autonomic influ-
ences 416.0 (331.0; 888.0) vs. 277.0 (213.0;
339.0), which was determined by significantly
higher values of HF, (Lxmin"1)2 - 357.0 (286.0;
807.0) vs. 180.0 (107.0; 260.0). It was interest-
ing that when autonomic influences prevailed, the
relative contribution of LF, (Lxmin™)? tended to
be higher than when the cardiac rhythm regula-
tion was centralized. Analysis of the dynamics of
VRV indicators in this athlete’s group under the in-
fluence of the workload showed that they differed
for the development of sympathetic overstrain
(Romanchuk & Guzii, 2020a, Guzii et al., 2023).
The dynamics of these indicators were separate-
ly studied in 9 athletes during competitive load
(Romanchuk & Guzii, 2020c). The latter showed
that the TP, (Lxmin™)? in the morning after the
competitive load returned to the pre-competitive
values 420.3 (163.8; 600.3) vs. 400.0 (338.6;
479.6), and a day later significantly decreased to
231.0(213.2; 278.9), which indicated a significant
economization and restitution of respiratory func-
tion. Moreover, the dynamics of LF, (Lxmin-1)2
were characterized by a significant decrease the
day after the competition, dropping from 13.7

© 2025 Romanchuk et al.

(9.0; 22.1) before the competition to 6.8 (2.9;
9.6).4) the morning after the competition. The
dynamics of HF, (Lxmin™)2 were characterized
by a significant decrease the day after the com-
petition, dropping to 210.3 (204.5; 225.0) from
302.8 (216.1; 400.0) before the competition, and
from 269.0 (125.4; 376.4) the morning after the
competition. In this case, the highest values of
HF, (Lxmin™')? in the morning after the competi-
tion deserve attention, which may indicate the ac-
tivation of high-frequency influences on breathing
during recovery.

The results of a study in the clinic of internal
medicine in patients with bronchial asthma turned
out to be quite informative regarding VRV. The dif-
ferences in VRV indicators in a study of 86 patients
with controlled and uncontrolled bronchial asthma
were found to be quite significant (Romanchuk et
al.,, 2019, Romanchuk & Bazhora, 2018), which
showed a significant increase in TP, (Lxmin)? in
both groups of patients to 1373.4 (721.0; 3378.1)
and 1162.8 (625.0; 1814.8), respectively. The
latter occurred due to an increase in all frequen-
cy components. The greatest contribution to the
increase was made by HF, (Lxmin™)? - 1217.0
(622.5; 2987.9) and 818.0 (453.7; 1267.4), re-
spectively. The groups were differentiated due to
the predominance of LF, (Lxmin™)? in persons
with a controlled course - 44.2 (29.7; 61.6) vs.
26.0 (11.6; 64.0). This indicated a more pro-
nounced influence of low-frequency regulation,
which could characterize the intermittent course.
Separately (Bazhora & Romanchuk, 2018). It was
also shown that the presence of overweight and
obesity plays an important role in the regulation
of respiratory function.

Lopes et al. (2025) conducted an informative
study of VRV in men and women, which enabled
gender differences in athletes during running ex-
ercise to be identified. To achieve this, RMSSD
indicators for V,, V. and fR were used. For this,
RMSSD indicators for V., V, fR were used. The au-
thors demonstrated that increased exercise inten-
sity reduces V_ variability. In men, unlike in wom-
en, V, variability is associated with V_ reserve. It
was also demonstrated that, when running, wom-
en with a gradual increase in physical activity had
lower V_ variability than men. This may lead to an
ineffective response to future challenges, such as
increased metabolic demand (Nery et al., 1982).
On the contrary, excessive VRV can cause insta-
bility of homeostasis (Jubran & Tobin, 2000). On
the other hand, the use of the RMSSD indicator,
while providing a general characteristic of VRV,
does not allow analyzing the frequency charac-
teristics of VRV, which are behind regulatory in-
fluences, the role of which is associated with the
activation of carotid artery chemoreceptors (Del
Rio et al., 2013; Marcus et al., 2014; Forster et
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al., 2012), muscle afferents (type III and 1V fib-
ers) in the conditions of the formation of metabol-
ic needs at rest and during physical load (Bruce
et al., 2019; de Oliveira et al., 2023; Silva et al.,
2018). In general, the conducted studies reveal
new mechanisms of respiratory control and its
participation in ensuring the optimal functional
state of the body.

However, it is clear that further research is
needed to answer a number of questions regard-
ing the possibility of using VRV indicators in sports
medicine, respiratory function monitoring in inter-
nal medicine clinics, and rehabilitation.

Conclusion

The results of the VRV study suggest that TP,
(Lxmin?)? and HF, (Lxmin™*)? are clearly related
to physical load and recovery after it, which com-
plements information on the impact of physical
activity on the respiratory system and its recov-
ery after it.
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