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Background. The impact of adaptation to physical loads on heart rate variability
(HRV) responses during cognitive or emotional stress remains insufficiently studied.
This study aimed to examine changes in HRV parameters among individuals with dif-
fering levels of adaptation to speed-strength physical loads while performing complex
visual-motor reaction (VMR) tasks.

Materials and Methods. The study compared HRV metrics between trained males
(22 karate athletes, Group T) and untrained males (26 students, Group UT). Groups did
not differ significantly in age and anthropometric parameters. HRV was recorded both
at rest and during three complex visual-motor choice reaction (VMCR) tests involving
increasing numbers of stimuli - VMCR,, VMCR,,, and VMCR,,,. The following HRV
indices were calculated: the heart rate (HR), the standard deviation of normal RR inter-
vals (SDNN), the root mean square of successive differences (RMSSD), the percentage
of successive interval pairs differing by more than 50 ms (pNN,,), the length of the short
axis of the Poincaré plot (SD,), and the length of the long axis of the Poincaré plot (SD,)

Results and Discussion. At rest, values of SDNN, SD,, RMSSD, and pNN,, were
11.80-43.01 % higher in group T than in group UT (p < 0.05), while HR was 7.40 %
lower in group T (p <0.05). A tendency towards the prevalence of persons with domi-
nance of sympathetic tone within the group UT was observed. During VMCR tasks,
HRV parameters changed in both groups. Specifically, SDNN decreased by 38—42 %
(p <0.01), with a more pronounced reduction in group T. We found a nearly significant
strong negative correlation between SDNN reduction and the number of stimuli in the
VMCR tests (r =-0.99, p = 0.10) in group UT. During the VMCR tasks, group T showed
significant decreases in RMSSD (p <0.01) and pNN,, (p = 0.03), whereas no significant
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changes were observed in group UT. A nearly significant strong negative correlation
was found between pNN,, and the number of stimuli in group UT (r = -0.99, p = 0.08),
in contrast to group T. The SD, decreased significantly during the VMCR tasks in both
groups (p <0.01), with a nearly significant correlation between these changes and the
number of stimuli in group T (r = -0.995, p = 0.06) and group UT (r = -0.992, p = 0.07).
The effect of VMCR on SD, was more pronounced in group T. Furthermore, SD, signifi-
cantly decreased during VMCR in both groups (p <0.01), with larger reductions observed
in group T. Analysis of HRV at rest suggests that adaptation to speed-strength training is
associated with an enhanced parasympathetic tone. Under cognitive load, there is a shift
toward increased sympathetic activity. These changes are more pronounced and occur
more rapidly in trained individuals, as indicated by the progressive alterations in specific
HRV parameters among the untrained group during the sequential series of tests.
Conclusion. Individuals adapted to speed-strength training exhibited higher para-
sympathetic activity at rest and more efficient sympathetic responses to cognitive load,
indicating superior autonomic regulation adaptability compared to untrained individuals.

Keywords: heart rate variability, physical loads adaptation, complex visual-motor
reactions, speed-strength training, students

INTRODUCTION

Adaptation to stressors, including physical exercises, is a complex, multi-level pro-
cess that results in the organism developing optimal strategies for adjusting to changes
in both external and internal environments (Lisun & Uhlev, 2020). According to Hans
Selye’s General Adaptation Syndrome theory, adaptation to stress involves both non-
specific systemic responses and specific mechanisms tailored to the stressor (Lisun &
Uhlev, 2020; Ridkovets, 2015). These responses are mediated through a coordinated
activity of the autonomic nervous system (ANS) and the hypothalamic-pituitary-adrenal
(HPA) axis, resulting in widespread physiological changes that prepare the body to cope
with and recover from stress. The activity of ANS centers serves to integrate the func-
tions of various organ systems to achieve optimal adaptation and involves the activation
of cardiovascular and vasomotor subcortical centers (Lisun & Uhlev, 2020).

Regular physical activity induces a range of both specific and non-specific adaptive
responses, which can be assessed by analyzing the functional state of the ANS. The
functional state of the ANS is reflected in variations in autonomic tone, which denotes
the dynamic balance between sympathetic and parasympathetic activity (Sammito
et al., 2024; Shushkovska et al., 2023). The parasympathetic system exerts its regula-
tory effects primarily via the vagus nerve, particularly through M-cholinergic receptors
of the sinoatrial node, leading to an increase in the heart rate variability (Lisun & Uhley,
2020; Ridkovets, 2015; Shushkovska et al., 2023). Sympathetic activation is linked
to the release of catecholamines, which stimulate B-adrenergic receptors and lead to
a reduction in the heart rate variability (HRV), and in some cases, cause an onset of
sinus tachycardia (Lisun & Uhlev, 2020; Shushkovska et al., 2023).

Currently, HRV analysis remains one of the most accessible and non-invasive
approaches for evaluating the functional state of the autonomic nervous system, both
at rest and under diverse physiological and psychological stressors (Peabody et al.,
2023; Bhattacharya et al., 2023). HRV reflects the natural fluctuations in the duration of
cardiac cycles (Kim et al., 2018). These fluctuations can originate from either internal or
external sources (Liashenko & Stetsenko, 2024; Kochyna et al., 2020). In the absence
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of external stimuli, HRV arises from endogenous physiological processes and biological
rhythms (Kochyna et al., 2020). External influences on HRV include changes in body
posture, physical exercises, emotional or psychological stress, and thermal stressors
(Liashenko & Stetsenko, 2024; Ridkovets, 2015; Castaldo et al., 2015). Given the pri-
mary role of the ANS in regulating heart rate (Dong, 2016), HRV analysis enables the
objective assessment of sympathetic and parasympathetic activity (Slyvka et al., 2019).
The most informative HRV markers related to stress include elevated sympathetic acti-
vity (reflected by decreased SDNN and SD, values) and diminished parasympathetic
activity (indicated by reduced pNN,,, RMSSD, and SD,) (Shushkovska et al., 2023). The
SDNN, RMSSD, and pNN,, indices are commonly used to evaluate parasympathetic
regulation of cardiac rhythm, assuming the presence of a normal sinus rhythm and
intact atrioventricular conduction (Liashenko & Stetsenko, 2024).

It is well established that enhanced regulatory and adaptive capacity is associated
with increased parasympathetic activity at rest, which develops progressively through
systematic training (Chakraborty et al., 2023; Laborde et al., 2017; Immanuel et al., 2023).

Although the autonomic benefits of endurance training are well established
(Laborde et al., 2017; Immanuel et al., 2023), the regulation of the heart rate variabi-
lity (HRV) in athletes participating in speed- and power-focused sports remains com-
paratively underexplored (Kassiano et al., 2021; Kanyhina et al., 2020). Karate offers
a particularly compelling model for such investigation. Unlike purely endurance-based
disciplines, karate demands rapid bursts of speed-strength performance coupled with
high levels of neuromuscular coordination (Chaabéne et al., 2012; Franchini, 2023).
This high-intensity, intermittent activity places significant demands on cardiovascu-
lar endurance, muscular strength, and anaerobic capacity, thereby engaging diverse
physiological adaptation mechanisms.

Experimental evidence suggests that karate training is linked to structural brain
adaptations, including increased gray matter volume in the frontal and temporal lobes
(Duru & Balcioglu, 2018). Comparable findings indicate that regular physical activity,
particularly aerobic and resistance training, can enhance gray matter volume across
various brain regions or mitigate age-related decline (Erickson et al., 2014; Chieffi
et al., 2017; Hvid et al., 2021; Raiji et al., 2024). Notably, several of these regions are
implicated in autonomic regulation and cognitive control, raising the possibility of cross-
adaptation between physical fitness and autonomic responses to cognitive or psycho-
emotional stressors.

Despite this potential, the impact of habitual physical activity on autonomic reac-
tivity to cognitive and emotional challenges remains insufficiently understood. While
some studies have examined heart rate variability (HRV) responses to such stressors
in individuals with varying fitness levels (Chakraborty et al., 2023; Luque-Casado et al.,
2013; Hansen et al., 2004), their results are limited and often inconsistent. For instance,
a recent study involving aerobically fit young adults reported lower resting heart rates but
did not find reliably attenuated autonomic reactivity to cognitive stress (Mee et al., 2023).

Despite growing evidence of exercise-induced neurophysiological changes, there
remains a significant gap in understanding how chronic physical training influences ANS
responses to non-physical stressors such as cognitive and emotional challenges. This
limitation constrains our comprehension of the full spectrum of adaptations resulting
from regular physical activity. Crucially, the ability to sustain stable performance under
psychological stress is integral to effective motor task execution, efficient resource
mobilization, and optimal post-exercise recovery (Slyvka et al., 2019). Therefore, this
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study aimed to investigate changes in heart rate variability parameters in individuals
with different levels of adaptation to speed-strength physical training during the perfor-
mance of complex visual-motor reaction tasks.

MATERIALS AND METHODS

The study included male students from Ivan Boberskyi Lviv State University of
Physical Culture. The trained group (T) consisted of 22 highly qualified karate athletes
(black belts, first-class athletes, or candidates for the title of Master of Sports), with
a mean age of 19.14+2.25 years, an average height of 179.18+4.67 cm, and a body
weight of 73.95+12.65 kg. All had more than five years of training experience. The
untrained group (UT) included 26 students who did not engage in regular physical acti-
vity, with a mean age of 18.31+0.68 years, an average height of 179.21+7.14 cm, and
a body weight of 73.50+11.00 kg. None of the participants self-reported a diagnosed
cardiovascular disorder or related medical condition. All participants provided written
informed consent, which included a brief explanation of the study’s key procedures. The
research was conducted in line with the principles of the Declaration of Helsinki on ethi-
cal research involving human subjects (World Medical Association, 2013) and the core
bioethical principles outlined in the Council of Europe Convention on Human Rights and
Biomedicine (Council of Europe, 1997).

The HRV recordings were conducted during the first half of the day with participants
in a quiet, temperature-controlled environment, free from movement or emotional stress.
All procedures adhered to established guidelines for standardizing HRV measurement
and minimizing external influencing factors (Damoun et al., 2024). During the first stage
of the study, HRV was recorded for five minutes at rest in a seated position. To simulate
the psycho-emotional stress conditions, the second stage of the study involved partici-
pants performing a complex visual-motor choice reaction (VMCR) task with feedback
using the “Diagnost-1m” system. Three tests were performed with increasing numbers of
stimuli (60, 90, and 120) — VMCR,,, VMCR,,, and VMCR,,,. Participants were instructed
to press a response button with the right hand for squares, with the left hand for cir-
cles, and to withhold their response for triangles (inhibitory signal). A feedback mode was
used, where stimulus duration decreased after correct responses and increased after
incorrect ones. The initial exposure time was set at 0.9 seconds, varying between 0.9 and
0.02 sec., with a constant interstimulus interval of 0.2 sec. (Makarenko et al., 2018).

Heart rate variability (HRV) was registered by Polar 800RS heart rate monitors.
Data were analyzed with the Polar Pro Trainer 5.40.172 software. The following HRV
indices were calculated: heart rate (HR); SDNN — the standard deviation of NN (normal
RR) intervals; RMSSD — the square root of the mean squared differences of successive
NN intervals; pNN,, (%) — the percentage of successive interval pairs differing by more
than 50 milliseconds; SD, — the length of the short axis of the Poincaré plot ellipse; and
SD, — the length of the long axis of the Poincaré plot ellipse, expressed in milliseconds
(Bhattacharya et al., 2023; Immanuel et al., 2023). Resting SDNN values were used to
classify autonomic nervous system status into four functional types: 0—-30 ms (hyper-
sympathicotonic), 31-50 ms (sympathicotonic), 51-80 ms (normotonic), and 81-200 ms
(vagotonic, indicating parasympathetic dominance) (Vovkanych & Kachmar, 2013).

The results were analyzed using standard statistical methods by the “Origin 2018”
software. Data normality was assessed using the Shapiro-Wilk test. Differences
between groups were tested with Student’s t-test or the Mann—Whitney U test (when
data deviated from normal distribution). To determine the statistical significance of the
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impact of the VMCR tests on HRV parameters across all three tests, one-way anal-
ysis of variance (ANOVA) was applied. The strength and direction of relationships
between HRV changes and the number of stimuli in the VMCR test were assessed
using Pearson’s correlation coefficient, calculated with the Origin 2018 software pack-
age. The chi-squared test (x? test) was used to compare the frequency distribution of
different types of autonomic status among the study groups.

RESULTS AND DISCUSSION

Significant differences in HR, SDNN, SD,, RMSSD, and pNN,, were observed
between the two groups under resting conditions (see Table). The trained group (T) exhibi-
ted 11.8—-43.0 % higher values across all HRV indices compared to the untrained group
(UT), except for heart rate (HR), which was 7.4 % lower in the trained group (p <0.05).

The HRV indices of trained (n = 22) and untrained (n = 26) persons (M0c)

HRV indices Group Rest VMCR,, VMCR, VMCR,,, F (';cm)?
T  76.0£100 81.8+11.4 78697  79.0+8.83 1'(2) %g);
HR, bpm ; 2' o
UT  82.1%10.8* 87.8+12.0* 83.2+10.1* 85.4+11.3* 5 é2'7)'
T  87.3t+255 5364128 505¢8.9  51.3+11.2 21'01 E)z(j?;
SDNN, ms 73'27_
UT  73.9#26.1* 52.4+16.3 53.6:232 455+17.4% 3 (2.7);
<0.001
12.1(2.7);
T 425#13.0 27.8410.0 272482  26.0+10.1 0,001
SD;, ms 43 (2.7);
UT  355%16.0° 24.8+10.0 26.8+13.1  24.4+11.1 p ((30'7)'
T  118.0#34.0 67.3+17.5 655+13.2 65.6+16.8 31&?(()2(5?;
5D, ms 106 2.7);
UT  105.5#38.3 67.5+21.5 69.7+30.8  63.3+28.8 6 (2.7);
<0.001
T  543#19.0 39.2+13.8 38.1+11.4  36.6+14.1 6;%(5671);
RMSSD, ms e '2 =
UT  42.0#21.7* 34.6+141 37.8+18.6  34.3+15.7 '0 é6'7)'
T 12.5 6.6 7.3 5.9 3.1 (2.7);
NN % (8.3;16.3) (3.7;9.6) (3.4;14.1)  (3.39.7) 0.03
P s0r 70 Ut 6.0 5.6 7.8 4.9 0.5 (2.7);
(38;13.0) 3.1;99) (2.7125) (2.1;11.7) 0.653

Note: significance level of differences between groups: * — p <0.05; # — p <0.10

We evaluated the participants’ autonomic status based on individual SDNN values
measured during rest (Vovkanych & Kachmar, 2013; Sammito et al., 2024). The majo-
rity in both groups were classified as vagotonic (T — 54.5 %, NT — 36 %) or normotonic
(T —45.5 %, NT — 40 %) (Fig. 1). A key difference between groups was the presence
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of sympathicotonic (20 %) and hypersympathicotonic (4 %) individuals exclusively in
the NT group. According to the chi-squared criterion, the difference between the groups
approached the level of statistical significance (x> = 6.19, x?,, = 6.25 at p = 0.1).

60 -

mT
50 4 W UT
40 +
X 30 A
20 A
Fig. 1. Autonomic status of trained and untrained individu-
10 A als at rest. The horizontal axis shows the percentage
of hypersympathicotonic (HST), sympathicotonic
0 - (ST), normotonic (NT), and vagotonic (VT) individu-
HST ST NT VT als based on SDNN values

During the complex visual-motor choice reaction tasks (VMCR), both groups exhibi-
ted similar relative changes in HR (Fig. 2A). However, ANOVA showed that the effect
of CVR tasks on HR was not statistically significant (p = 0.298 for group T, p = 0.327 for
group UT). The difference in mean HR between the groups observed at rest was also
evident during both the RV, and RV,,, tests (see Table).

A 110 mT B 90 _
W uT
108 80 T
_. 106 o 70+ T
3 <
~ P4
% 104 %
%) 60
102 50
100 40
VMCRgq VMCRg VMCR 59 VMCRgy VMCRgg VMCRjgq

Fig. 2. Relative changes in heart rate (HR) and SDNN during a feedback-based VMCR task. Panel A shows
HR, and panel B shows SDNN percentage shifts in trained (T) vs. untrained (UT) groups across task
stages. Resting values were baseline (100 %). * — indicates statistical significance (p <0.05)

The SDNN values declined during VMCR testing in both groups (Fig. 2B), as con-
firmed by ANOVA (p <0.001). The relative reduction in SDNN was significantly greater in
the trained group (T) compared to the untrained group (UT) (p <0.05), indicating a more
rapid and pronounced shift in autonomic balance toward sympathetic dominance. Corre-
lation analysis revealed a strong negative correlation between SDNN and the number of
stimuli in the UT group, showing a trend toward significance (r = -0.99, p = 0.10), whereas
no significant association was observed in the T group (r = 0.299, p = 0.81).

During the CVR tests, group T exhibited a significant reduction in RMSSD (Fig. 3A),
decreasing by 25-30 %, as confirmed by ANOVA (p <0.001). In contrast, ANOVA did not
confirm significant changes in RMSSD in group UT group (p = 0.367). These findings
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indicate that performing VMCR tasks in group T led to a pronounced reduction in para-
sympathetic activity, which was absent in group NT, suggesting a possible imbalance in
regulatory mechanisms.

A 120 mT B 200 7 mT
W ut W ur
110
150
—= 100 [ =
X X
o 3
8 90 * % 100
= aQ *
x *
80 T
*
T 50
70
60 0-
VMCRgq VMCRgy  VMCRjy VMCRg, VMCRgy, VMCR 5

Fig. 3. Relative changes in RMSSD and pNN,, during a feedback-based VMCR task. Panel A shows
RMSSD, and Panel B shows pNN, percentage shifts in trained (T) vs. untrained (UT) groups across
task stages. Resting values were baseline (100 %). * — marks significant group differences (p <0.05)

During VMCR testing (see Table, Fig. 3B), a significant decrease in pNN,, was
observed in group T (p = 0.03), while no significant changes were noted in group UT
(p = 0.653). A strong negative correlation between pNN,, and the number of stimuli was
observed in the UT group, showing a trend toward statistical significance (r = —0.99,
p = 0.08), whereas no significant association was found in the T group (r = 0.455, p = 0.69).

Statistical analysis of SD, (see Table, Fig. 4A) showed a reduction during VMCR
tasks in both group T (p <0.001) and group UT (p <0.01). This indicates a decrease in
parasympathetic tone in both groups. The impact of CVR on SD, was more substantial
in group T, showing a nearly significant correlation between SD, changes and the num-
ber of stimuli in group T (r =-0.995, p = 0.06) and in group NT (r =-0.992, p = 0.07).

A reduction in SD, was also observed during VMCR testing in both groups (see
Table, p <0.001). The changes were more pronounced in group T (Fig. 4B). Correlation
analysis in group T did not reveal a significant association between SD, changes and the
number of stimuli (r = -0.597, p = 0.59). In the untrained group (UT), a strong negative
correlation was observed (r = -0.943), though it was not statistically significant (p = 0.22).

Our findings suggest that individuals who regularly engage in speed-strength trai-
ning, such as karate athletes, exhibit distinct heart rate variability (HRV) profiles at rest
compared to the control group. Specifically, the trained group (T) demonstrated higher
values of RMSSD, pNN,,, and SD,, indicating enhanced parasympathetic tone under
resting conditions. These results align with previous studies (Dong, 2016; Laborde
et al., 2017; Chakraborty et al., 2023; Liashenko & Stetsenko, 2024) showing that
adaptation to endurance-oriented physical training is associated with increased para-
sympathetic activity of the ANS at rest. Similar patterns have been observed in other
athletic populations, including team sports. For instance, S. Chakraborty et al. reported
that basketball players, like swimmers, exhibited elevated RMSSD and reduced res-
ting heart rate compared to sedentary individuals (Chakraborty et al., 2023), reflecting

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriuHi Ctygii / Studia Biologica ¢ 2025 e Tom 19/ Ne 4 ¢ C. 75-88



82 Mariia Fedkiv, Lyubomyr Vovkanych, Bogdan Kindzer

A 90 1 mT B &0 -
W ut W ut
85
75
80
70
—~ 75 —_
X X
a 707 4 65
(2] n *
#
65 60 4 *
] |
60
55
55
50 50 -
VMCRgg VMCRgy  VMCRyy VMCRg VMCRgg VMCR15

Fig. 4. Relative changes in SD, and SD, during a feedback-based VMCR task. Panel A displays SD, and Panel
B displays SD, percentage shifts in trained (T) vs. untrained (UT) groups across task stages. Resting
values were the 100 % baseline. * — indicates significance (p <0.05); # — indicates a trend (p <0.10)

greater parasympathetic modulation. Evidence from combat sports also supports this
trend. P. Bhattacharya et al., in a study involving school-aged participants, found that
young karate athletes had significantly higher high-frequency (HF) power and lower HF/
LF ratios (vagal index) than their non-athlete peers (Bhattacharya et al., 2023), further
indicating a shift toward parasympathetic dominance. It is well established that indi-
viduals with a vagotonic pattern of autonomic regulation exhibit more energy-efficient
physiological functioning and greater resilience to extreme stressors (Shushkovska
et al., 2023). Our study confirms notable differences in resting cardiac function between
trained and untrained males, aligning with existing research. |. Hornby-Foster et al.
(2025) showed that both endurance and resistance training lower the resting heart rate,
largely due to an increased stroke volume and arterial compliance. These adaptations
enhance cardiac efficiency by reducing workload. P. Grépel et al. (2018) found lower
resting HR and reduced stress reactivity in active individuals, linked to stronger para-
sympathetic tone and weaker sympathetic activation. A. T. Corkery et al. (2021) noted
that aerobic training induces greater cardiovascular benefits than resistance training,
evidenced by lower baseline HR and more stable responses to homeostatic challenges.

Autonomic nervous system (ANS) adaptation to exercise occurs across three regula-
tory levels: central (cerebral cortex, hypothalamus, brainstem), intermediate (integrative
brainstem centers), and peripheral (receptors, effector organs). At the central level, trai-
ning enhances neuroplasticity in autonomic nuclei, notably by increasing BDNF and TrkB
expression in the paraventricular nucleus (PVN) and reducing phosphorylated CaMKII3
in the rostral ventrolateral medulla (RVLM), thereby modulating sympathetic outflow (Lee
et al., 2020). Physical activity also preserves vagal preganglionic neurons in the nucleus
ambiguus and dorsal motor nucleus of the vagus (DMV), reinforcing parasympathetic
control of heart rate (Korsak et al., 2023; Fisher et al., 2016). Intermediate regulation
involves central command from the motor cortex and reticular formation, coordinating
parasympathetic inhibition and sympathetic activation, with modulation via baroreflex
and chemoreflex pathways (Wan et al., 2023; Mee et al., 2023). Peripherally, regular
exercise enhances baroreflex sensitivity by increasing vascular compliance (Hornby-
Foster et al., 2025). Our findings of heightened parasympathetic tone in speed—strength

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2025 ¢ Tom 19/ Ne 4 e C. 75-88



HEART RATE VARIABILITY FOR EVALUATING COGNITIVE STRESS IN HEALTHY STUDENTS: THE INFLUENCE OF PHYSICAL... 83

athletes support the notion that ANS adaptations to physical activity may be broadly
consistent across diverse sports disciplines.

There is a broad consensus that cognitive and emotional stressors elicit changes
in HRV indicative of a shift in autonomic balance toward sympathetic dominance
(Kochyna et al., 2020; Shushkovska et al., 2023). However, the extent to which physical
training influences the speed and magnitude of these autonomic responses has been
addressed in only a limited number of studies (Chakraborty et al., 2023; Luque-Casado
et al., 2013; Hansen et al., 2004). The findings to date remain inconclusive, highlighting
the need for further investigation. Particularly, A. Luque-Casado et al. (2013) reported
that individuals with lower fitness levels exhibited a significant progressive decrease in
HRYV indices, particularly RRi and RMSSD, during a series of cognitive tasks. In contrast,
individuals with higher fitness levels maintained much more stable HRV values throu-
ghout testing. Their data also suggest a tendency for higher RRi, SDNN, and RMSSD
values in fitter individuals during cognitive tasks, though these differences did not reach
statistical significance. Similarly, A. L. Hansen et al. (2004) found no significant diffe-
rences in HRV parameters between groups with different fitness levels. However, after
cognitive testing, the HF power, reflecting parasympathetic activity, was higher in the
trained group (Hansen et al., 2004). Conversely, some studies contradict these findings.
For example, although Chakraborty et al. observed differences in HR, RMSSD, and
HF power at rest between athletes (basketball players and swimmers) and untrained
individuals, they found no significant HRV differences between groups during cognitive
testing (Chakraborty et al., 2023).

A comparison of our findings with those of previous studies investigating HRV
responses to cognitive stress reveals both consistent patterns and noteworthy distinc-
tions. Firstly, we confirmed the observations of many authors regarding the increase
in sympathetic tone of the ANS under psycho-emotional and cognitive loads (Kochyna
et al., 2020; Shushkovska et al., 2023; Shvets, 2020). The overall direction of these
changes was similar in individuals regardless of their training status. Consistent with the
findings of Luque-Casado et al. and Chakraborty et al., we observed only a trend toward
differences in mean HRV values between groups with different fitness levels during the
complex visual-motor choice reaction tests (Luque-Casado et al., 2013; Chakraborty
et al., 2023). However, previous studies did not analyze relative changes in HRV parame-
ters compared to baseline levels. Such an approach can reduce the impact of individual
HRV variability on assessing the effects of experimental factors. When averaging the
relative changes in HRV parameters, we observed a greater degree of sympathetic acti-
vation during testing in trained individuals compared to the untrained group. Our data
confirm the progressive changes in HRV parameters in the untrained group across the
series of tests and the lack of significant changes in the athlete group, a pattern also
reported by A. Luque-Casado et al. (2013). Therefore, it can be hypothesized that one
manifestation of adaptation to physical training is a faster and more pronounced shift in
ANS activity toward sympathetic dominance in response to cognitive stress.

CONCLUSION

The obtained results indicate a higher parasympathetic activity in individuals adapted
to speed-strength training during resting conditions. During the performance of complex
visual-motor choice reaction tasks, trained individuals demonstrated more pronounced
and faster changes in HRV parameters (SDNN, RMSSD, pNN,,, SD,, SD,), reflecting
a more effective activation of the sympathetic division of the autonomic nervous system.
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In untrained individuals, HRV changes were less pronounced but gradually increased
throughout the series of tests. These observed differences point to a higher adaptability
of the higher regulatory centers of the ANS to cognitive stressors in individuals who
regularly engage in speed-strength physical training.
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BAPIABENbHICTb CEPLIEBOIO PUTMY AAK KPUTEPIA KOTHITUBHOIO
CTPECY 3[J0POBUX CTYAEHTIB: BIMJ/INB PIBHA ®I3U4YHOI MNIArOTOBKU
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aganTtauii o (Pi3NYHMX HaBaHTaXeHb HaABHI fvLe NOOAUHOKI AochnimkeHHA. MeToro
HaLLMX gocnigkeHb Oyro BUBYMTU 3MiHM nokasHmkiB BCP ocib i3 pisHum piBHeM aganTa-
LiT 4O WBMOKICHO-CUITOBUX (Pi3UYHUX HaBaHTaXKeHb Nif Yac BUKOHAHHA HUMMW CKNagHUX
30POBO-MOTOPHUX PeaKLUiit.

Matepianu Ta meTogu. [NopiBHIOBaNM NOKas3HUKM TPEHOBAHUX OCIO (22 kapaTucTu,
rpyna T) i HeTpeHoBaHuMX ocib (26 cTyaeHTiB, rpyna HT). Mpynu cyTTEBO He BigpisHANUCS
3a BIKOM i aHTpPOMNOMeTpuYHMMK napameTpamn. BCP peecTpyBanu y cTaHi BigHOCHOIO
CMOKOH0 Ta MNiJ Yyac BUKOHAHHSA TPbOX TECTIB CKNagHOI 30pOBO-MOTOPHOI peakLii Bubopy
(BMPB) 3i 36inbLUeHHsAM KinbkocTi ctumynis — PBg,, PBy, Ta PB,,,. Byrno pospaxosaHo
Taki nokasHukmn BCP: yactoTa cepueBux ckopoyeHb (HR); cTaHgapTHe BigXuneHHs Hop-
ManbHux iHTepBanieB RR (SDNN); kBagpaTHMIA KOPiHb 3i CymMuW KBaapaTiB pisHWLi Benu-
4nH nocrnigoBHMx nap iHTepeanie NN (RMSSD); BigcoTok nocrnigoBHMX nap iHTepBa-
nis, WO BiApi3HAOTLCA Binbl Hixx Ha 50 mc (PNN,,); AOBXMHaA KOPOTKOi OCi Aiarpamu
MyaHkape (SD,) Ta goBxunHa Aosroi oci aiarpamu lNMyaHkape (SD,).

PesynbsraTtun. Y ctani cnokoto B rpyni T 3HaveHHs SDNN, SD,, RMSSD Tta pNN;,
Oynu Ha 11,80-43,01 % Buwmmn, Hix y rpyni HT (p <0,05), Toai sk YCC 6yna Ha 7,40 %
Hwk4oto B rpyni T (p <0,05). Y rpyni HT cnocTepiranu 6inbLuy KinbkicTb OCi6 i3 4OMiHY-
BaHHAM cuMMMaTU4YHOro ToHycy. [Mig yac BuMkoHaHHsS 3aBgaHb 3MPB napametpu BCP
3MmiHOBanumcs B obox rpynax. 3okpema, SDNN 3meHwwuBcs Ha 38-42 % (p <0,01),
3 BiNbLL BUP@XEHUM 3HXKEHHAM Yy rpyni T. My BUSIBUNU TEHOEHLiK0 40 CUIBbHOT HeraTuB-
HOi Kopensauii M 3HmkeHHAM SDNN Ta kinbkicTio ctumynis y tectax 3MPB (r = -0,99,
p =0,10) y rpyni HT. Mig 4ac BukoHaHHs 3aBgaHb 3MPB rpyna T nokasana 3HauHe 3Hu-
»eHHa RMSSD (p <0,01) Ta pNN, (p = 0,03), Toai sk y rpyni HT cyTTeBmx 3miH He cno-
ctepiranv. byna TeHaeHuia o cunbHoi HeratueHoI kopensuii Mk pNN,, Ta KinbkicTio
ctumynis y rpyni HT (r = -0,99, p = 0,08), Ha BigmiHy Big rpynu T. SD, 3Ha4HO 3HM3MBCA
nig yac 3aeaaHb 3MPB B 060x rpynax (p <0,01), 3 TeHAeHLUi€e A0 Kopensauii MK LuMm
3MiHaMK Ta KinbkicTio ctumyni y rpyni T (r = -0,995, p = 0,06) Ta rpyni HT (r = -0,992,
p = 0,07). Bnnus VMCR Ha SD, 6yB 6inbLu BupaxeHum y rpyni T. Kpim Toro, SD, 3Ha-
YHO 3HM3mBcA nig Yac 3MPB B 060x rpynax (p <0,01), npuyomy GinbLue 3HWKEHHSI Cro-
ctepiranu B rpyni T. AHania BCP y cTaHi cnokoto cBig4MTb Npo Te, WO aganTtauis Ao
LUBUAKICHO-CUITOBMX TPEHYBaHb MOB’SA3aHa 3 MOCUIIEHHAM MapacuMnaTtu4yHOro TOHYCY.
IMig KOTHITUBHMM HaBaHTaXXEHHAM crnocTepirany 3cyB y GiK NiABULLEHOI CMMMIATUYHOI
akTuBHOCTI. Lli 3mMiHM Ginblu BupaxkeHi Ta BiabyBalTbCA WBMUALLIE Y TPEHOBAHMX OCIO,
npo Lo cBig4YaTb NPOrpecuBHi 3aMiHM cneundidyHnx napameTpis HRV y HeTpeHoBaHiIn
rpyni nig Yyac nNocnigoBHUX Cepin TeCTiB.

BucHoBkK. Ocobu, aganTtoBaHi 40 LWBUAKICHO-CUITOBUX TPEHYBaHb, OEMOHCTPY-
Banu BULLYY NapacumMnaTUyHy akTMBHICTb Yy CTaHi CMOKOK Ta Oinbll edpekTUBHI cumna-
TUYHI peakuil Ha KOTHITMBHE HaBaHTaXEHHSs, L0 CBigYMTb MPO Kpally aganTuMBHICTb
aBTOHOMHOI perynsiuii, NOpiBHAHO 3 HETPEHOBaHMMK ocobamu.

Knroyoei cnnoea: BapiabenbHiCTb CepueBOro putmy, agantauis A0 isnyHux
HaBaHTaXeHb, CKnagHi 30pPOBO-MOTOpPHI peakLil, LWBUAKICHO-
CWMOBI HABAHTaXEHHS!, CTYOEHTU
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