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N G e W

Abstract: Background: The purpose of our study was to compare the physiological effects of extreme
physical and psychological stress tests in male soccer players, since these two types of stress apply to
athletes with high performance requirements. Methods: A total of 63 healthy male soccer players
participated in this study, all of whom underwent both of the tests. A physical stress test was carried
out in an exercise physiology laboratory, where subjects completed an incremental treadmill running
test to full exhaustion, and a psychological test was performed in a military tactical room, where
subjects met a street offence situation. Heart rate variability (HRV) and blood pressure (BP) were
recorded directly before, immediately after, and 30 min after the stress tests. Results: The majority
of HRV indices changed significantly in both stress protocols. Inverse, significant changes (positive
for the physical test, negative for the psychological test, p < 0.001) were found when comparing
the alterations of HRV indices between the tests. Significant differences were found in the changes
in systolic (p = 0.003) and diastolic (p < 0.001) BP between the test protocols, and also between
the baseline and post-test measurements (p < 0.001). Conclusion: Both HRV and BP are sensitive
physiological parameters to measure the impact of extreme physical and/or psychological stress

Keywords: heart rate variability; blood pressure; physical stress; psychological stress

1. Introduction

Stress is the human body’s process of coping with acute or prolonged stressors in
general or specific situations. Different stressors may trigger various responses that lead to
changes in the physiological and psychological state of the human body [1]. Since stress
is managed by the autonomic nervous system (ANS), in the field of sports this coping
process can be motivating (enhances sport performance) or demotivating (reduces sport
performance), depending on the relevant earlier experiences. Stress affects athletes both
physically and mentally at the same time, and their combined impact can be measured
using heart rate variability (HRV) monitoring. HRV is a physiological phenomenon that
analyzes the variation in time between consecutive heart cycles; it is a very sensitive
indicator of ANS activity, and also a reliable reflection of the physiological factors that
control the normal rhythm of heartbeats [2]. HRV can be easily measured using laboratory
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equipment (e.g., electrocardiogram (ECG)), or even wearable devices (several heart rate
monitors), both providing valid data in case of a normal sinus rhythm. This method is
non-invasive and has a good reproducibility if used under standardized conditions.

Modern life is becoming increasingly stressful, so understanding how to deal with
environmental stressors is essential in order to create effective coping methods [3]. The
physiological changes in the human body induced by a physical or psychological stress
differ in many ways. There are both acute and long-lasting responses in the neuroendocrine,
cardiovascular, and respiratory systems, and also in the muscles [4]. Out of many different
known stressors, the psychosocial stressors have the most profound effect on the cardio-
vascular system [5]. The human body’s immediate reaction to a stressful situation is the
fight-or-flight response (increased level of the hormone epinephrine, elevation of heart rate,
blood pressure, rate of breathing, etc.), whereby the sympathetic nervous system (SNS)
prepares the body for different reactions [6,7]. The changes in HRV caused by physical and
psychological stress are not a deeply discussed area of the effects of stress, although they
do represent a sensitive physiological variable. The responses of the cardiovascular system
to different stress types are distinct, and it remains unclear how HRV indices change in
response to these extreme interventions.

Many researchers have analyzed the relationship between psychological stress and
HRYV, mostly using the validated job stress questionnaire, along with basic cardiac measure-
ments (e.g., ECG). The most frequently reported factor is low parasympathetic activity and,
consequently, increased sympathetic activity, resulting in a decrease in the high-frequency
(HF) band and an increase in the low-frequency (LF) band [8]. These findings have been
confirmed by numerous studies [9-11], although the LF and the LF/HF ratio parameters
are still controversial—sympathovagal balance cannot be accurately measured via the
ratio of LF to HEF. In the field of sport science, psychological stress can also be measured
as pre-competitive anxiety, which has also been examined through HRV measurements
in numerous studies [12-14]. In addition to HRV, the most frequently reported objective
evaluation of stress levels is the measurement of the hormone cortisol. According to the
literature, the level of cortisol increases after physical stress [15].

HRYV has also been analyzed in special situations. Urban combat is a situation that
creates high-level psychological stress, regardless of the setting being real or simulated.
Despite the low physical intensity (slow movements), psychological stress can increase the
heart rate (HR) [16]—a finding that was confirmed by Tornero-Aguilera et al. [17], and also
by Kellerova [18]. A lower vagal HRV component was associated with pre and post-combat
development of post-traumatic stress disorder (PTSD) symptoms. Many studies have
shown that patients with PTSD have lower HRV indices than healthy adults [19-22].

Mancia and Grassi [23] state that it is possible that the increased sympathetic drive
interacts with blood pressure (BP). Lee et al. [24] found that HRV indices were associated
with an increase in systolic blood pressure. Systolic BP increases in a curvilinear manner
as the load of treadmill running or cycling exercise increases; after the exercise, it takes
10-20 min to return to resting levels. Unlike systolic blood pressure, diastolic blood pressure
remains constant, or even decreases by a few mmHg [25-27].

The aim of our study was to analyze and compare the cardiovascular effects of an
extreme psychological and physical stress test, and to define possible relationships between
the changes in BP and several HRV indices during any of the stress protocols.

2. Materials and Methods
2.1. Participants and Design

A cross-sectional design was employed for this study. The population was a convenient
sample of healthy, male, second-division soccer players (n = 63; age: 25.14 £ 5.81 y).
Participants were intentionally chosen from team sports, since they also experience several
interpersonal issues that create extra stress beyond the pressure of competition. Subjects
underwent an extreme physical and psychological stress test. It was necessary to choose
athletes, because the length of the different tests was planned to be roughly analogous, so
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that the physiological changes were more comparable. We created two groups based on
subjects’ mean relative VO,peak (52.14 mL/kg/min; above average n = 29, below average
n = 34), and also four groups based on the 25th (48.3 mL/kg/min), 50th (53.1 mL/kg/min)
and 75th (57.9 mL/kg/min) percentiles of the relative VO,peak of the participants (Group 1:
below the 25th percentile, n = 16; Group 2: between the 25th and 50th percentiles, n = 16;
Group 3: between the 50th and 75th percentiles, n = 16; Group 4: above the 75th percentile,
n = 15). Grouping was also performed based on the findings of Perna et al. [28] for the
psychological stress protocol. Subjects who increased both their rMSSD (root mean square
of successive differences) and HF values between the pre- and post-test measurements
were assigned to group A (n = 32); the rest of the subjects were assigned to group B (n = 31).

2.2. Ethics

The subjects were treated in accordance with the principles of the Declaration of
Helsinki. The Hungarian Research Ethics Committee approved the study protocol. Each
individual was informed of the benefits and risks of the investigation prior to signing
an informed consent document. Participants were informed that their participation was
voluntary, and were given the option to terminate the test and their participation at any
time during the test protocols.

2.3. Testing Protocols

The physical stress test was carried out in an exercise physiology laboratory, where
participants performed a maximal incremental treadmill running test with a modified
Bruce protocol (2 min of warm-up at 8 km/h speed, which was increased to 10 km/h
and then remained constant. Elevation was 0% in the first 3 min, and was increased 1.5%
after each minute). A PowerCube gas analyzer unit supplied by Ganshorn (Niederlauer,
Germany) was used in order to measure peak VO, values (VO,peak, highest 10-s average);
the gas analyzer was calibrated before each measurement. Tests were terminated if a subject
achieved maximal oxygen uptake criteria and was unable to continue (volitional fatigue).
The basic criteria used to evaluate relative VO, peak were reaching the plateau in oxygen
uptake, respiratory exchange ratio higher than 1.1, and heart rate equal to or higher than
90% of the age-predicted HRmax [29].

The extreme psychological stress test was carried out couple of days later. The psy-
chological stress protocol was designed and published by a clinical psychologist [30,31].
A less complex, modified version of the protocol was used, and was implemented in a
special military tactical room. Subjects received protective equipment and a dummy gun,
along with usage instructions, 20 min before entering the room. The subjects had to enter
the room, where a street view was installed, and had to walk through the room. Partici-
pants were told that an unexpected situation might take place during the test (e.g., people
showing up), in which case subjects had to assess whether or not the situation represented
a possible threat. After a while, a specialist entered suddenly from a different door, and
fired his gun twice towards the subject, targeting beside the subject with dummy bullets
in order to avoid injury, but creating the required stress effect. Other stress-enhancing
factors included the appearance of a homeless-looking person, and the appearance of the
shooter as a journalist in the same clothing. After a while, a whistle was blown, at which
point participants had to put their guns down. The psychological stress test was carried
out under the control of a well-trained military psychologist, because the maintenance of
considerable sympathetic modulation for a long time may cause reductions in memory
operability, special abilities, performance, or safety; this may lead to PTSD, which alters
autonomic modulation, sleep quality, and resting heart rate, and can make the subjects
feel unsafe.

2.4. Data Dollection

HRYV data were recorded using a 12-lead ECG directly before (pre) and 30 min after
the test (R30), whereas BP was measured before (pre), immediately after (post), and 30 min
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after the test (R30). The measurement of HRV was not carried out immediately after the
test, because it was not possible to perform it in a standardized manner (supine position).
The pre-test HRV and blood pressure measurements were used as the baseline parameters.
Frequency- and time-domain HRV parameters were measured in a supine position, defined
by 265 heart cycles measured by the 12-lead ECG, excluding the ectopic beats. Removal of
artifacts was executed both by using the artifact correction option of Kubios HRV Standard
software (Kubios Oy, Finland), and by manually selecting the ectopic-free RR intervals
from the raw ECG data. Sampling frequency was 500 Hz. Frequency-domain analysis
was performed using a fast Fourier transform. Subjects were asked to breathe normally
during the measurement; breathing was not paced. For comparison of the physical and the
psychological tests, we took into account the changes between before and after the tests
(A values). Measured HRV indices were as follows: NNmax (longest difference in time of
normal-to-normal beats, in ms), NNmin (shortest difference in time of normal-to-normal
beats, in ms), NNmean (mean difference in time of normal-to-normal beats, in ms), SDNN
(standard deviation of normal-to-normal heart cycle in time), pNNG50 (ratio of consecutive
RR interval pairs with at least 50 ms difference in time within the whole sample), rMSSD
(root mean square of successive differences), TP (total power), VLF (very low frequency),
LF (low frequency), HF (high frequency), and LF/HF ratio. Before the tests, blood pressure
was measured in a sitting position; measurement was executed three times. The means of
both the systolic and the diastolic values were used in the research.

2.5. Statistical Analysis

Statistical analysis was carried out using SPSS 22 software (IBM, Chicago, IL, USA). To
analyze differences between pre- and post-test data, and between the trends of physiological
and psychological stress, a dependent t-test was performed. After grouping the participants
based on their relative VO,peak value, we performed one-way ANOVA to examine the
differences between the groups. Pearson’s correlation test was also performed in order to
examine the linear correlation between the HRV parameters. All variables were assessed by
Shapiro-Wilk test for normality of distribution. Calculation of effect size was also carried
out (Cohen’s d and effect size r). A p-value < 0.05 was considered to indicate statistical
significance (*: p < 0.05; **: p < 0.01; ***: p < 0.001).

3. Results

All of the HRV parameters of the physical stress test increased significantly after the
test, compared with the resting data. The difference was also significant for the majority of
parameters of the psychological stress protocol—most values decreased in this test (Table 1).
The NNmax, NNmean, pNN50, rMSSD, HF, and LF/HF ratio changed significantly in both
the physical and psychological stress protocols.

Comparison of the differences in the pre-test and R30 stress HRV measurements
between the physical and psychological stress tests can be seen in Figure 1. Pre-test data are
considered to be 100%, represented on the X-axis. The measurement of changes is expressed
in percentages for both test protocols. Except for LF, all HRV components changed inversely.
The differences in change of NNmax (ms), NNmean (ms), SDNN (ms), pNN50 (%), rMSSD
(ms), VLF (%), HF (%), and LE/HF ratio between the stress protocols reached a high
significance (p < 0.001).

After grouping participants based on their average relative VO,peak, we found signifi-
cant differences in the changes in LF/HF ratio for the physical stress test, and in the changes
in the VLF component for the psychological stress test, between the groups (Table 2). After
creating four groups based on the percentiles of relative VO, peak, one-way ANOVA re-
vealed significant differences between the four groups in the change in the VLF component
for the psychological stress test (p = 0.033).
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Table 1. Dependent ¢-test results of comparison of pre- and post-test HRV parameters (Bold p-values
indicate significant differences).

Pre- vs. Post-Test Differences

Test Protocol HRV 95% Confidence Interval
est Protoco Parameter Mean =+ Standard of the Difference Cohen’s d Effect p
Deviation Size r
Lower Upper

NNmax 320.51 + 180.19 275.13 365.89 1.85 0.68 <0.001

NNmin 44.86 + 144.19 8.54 81.17 0.38 0.19 0.016
NNmean 185.22 + 96.22 160.99 209.45 1.63 0.63 <0.001
SDNN 50.41 + 29.32 43.03 57.80 1.99 0.71 <0.001
pNN50 26.11 + 16.85 21.87 30.35 2.04 0.71 <0.001

Physical test rMSSD 47.17 + 30.90 39.39 54.96 1.94 0.69 <0.001
TP 331,051 + 3221.81 2499.11 412191 1.39 0.57 <0.001

VLF —6.10 + 23.46 ~12.00 ~0.19 —0.34 017 0.043

LF —8.11+19.84 ~13.11 ~311 —054 ~026 0.002

HF 13.14 + 14.25 9.56 16.73 1.20 051 <0.001

LF/HF —4.63 + 5.60 —6.04 322 ~1.14 ~0.49 <0.001

NNmax ~90.60 + 198.53 ~140.60 —40.60 —041 ~0.19 <0.001

NNmin —38.79 -+ 168.84 ~81.32 373 ~029 ~0.15 0.073

NNmean —66.41 + 84.58 —87.72 4511 —043 021 <0.001

SDNN _7.46 + 46.99 ~19.29 437 ~0.19 ~0.09 0.212

, pNN50 —6.46 + 13.59 —9.88 ~3.04 ~0.33 ~0.16 <0.001
Psychological  \1oqp —17.83 + 4731 —29.74 —591 —0.42 ~021 0.004
test TP 9497 + 6212.51 ~1659.57 1469.63 —0.02 ~0.01 0.904
VLF 6.51 + 20.72 1.29 11.73 0.41 0.20 0.015

LF ~0.52 4+ 13.95 —4.04 2.99 —0.04 ~0.02 0.767

HF —5.59 + 14.24 ~9.17 ~2.00 ~039 ~0.19 0.003

LF/HF 0.40 + 1.15 0.11 0.69 0.27 0.13 0.007

Abbreviations—NNmax: longest normal heart cycle during the measured period (ms); NNmin: shortest normal
heart cycle during the measured period (ms); NNmean: average length of normal heart cycles during the
measured period (ms); SDNN: standard deviation of normal heart cycles during the measured period (ms);
PNN50: ratio of consecutive NN interval pairs with a greater difference than 50 ms (%); rMSSD: root mean square
of successive differences (ms); TP: total power (ms?); VLF: very-low-frequency band; LF: low-frequency-band;
HEF: high-frequency-band; LF/HF: ratio of low- and high-frequency bands.

900%

800%

700%

NN NN NN
max min  mean
(ms) (ms) (ms)

SDNN pNN50 rMSSD TP VLF (%) LF (%) HF (%) LF/HF
(%)  (ms)

W PHY
aPsy

Figure 1. The different trends of HRV parameters between the physical (PHY) and psychological

(PSY) stress tests (mean =+ standard error of mean; ***: p < 0.001). The measurement of changes is

expressed in percentages on the vertical axis. Abbreviations: see Table 1.
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Table 2. Comparison of the changes in LF/HF ratio for the physical test and the changes in the VLF

component for the psychological test between the two groups, based on the mean relative VO,peak

(abbreviations: see Table 1; Bold p-values indicate significant differences).

95% Confidence

Stress Test Grouping Based Mean Effect Interval of the
Protocol and HRV on Mean Relative = Mean £+ SD p . Cohen’s d . Difference
Difference Sizer
Parameter VOspeak Lower Upper
Physical stress Under 333E319 4037 —3.25 —0.55 027 —6.29 —0.21
LE/HF A Above 6.58 + 7.64
Psychological stress Under 0.79 +0.38 0.021 —-0.29 —0.63 —0.30 —0.54 —0.046
VLF A Above 1.09 £+ 0.56

Pearson’s correlation test showed strong relationships between the delta values of
many HRV indices; some of those relationships were found for both stress protocols. These
correlations are given in Table 3.

Table 3. Correlations between the delta values of the HRV indicies. The results of the physical stress

test can be seen in the upper right part of the table, whereas the buttom left part contents the results of

the psychological stress protocol. Statistical significance is indicated by stars (** p < 0.01, *** p < 0.001).

Abbreviations: see Table 1.

NNmax SDNN pNN50 | rMSSD TP LF HF
0.735* | 0.367 " | 0.784* | 0.638 =~ 0.11 0.364 ** | NNmax
NNmax
0.428 *= | 0.748 = | 0.765 ™ | -0.086 0.186 SDNN
SDNN | 0.736
0.69 *** 0.179 0222 | 0.488* | pNN50
pNN50 | 0.704 = | 0.898 =
0.617* | 0.337* | 0.642 " | tMSSD
tMSSD | 0.752 % | 0.95* | 0.958 ***
5 -0.078 0.103 TP
TP 0.696 = | 0.961 ** | 0,935 7 | 0.967 =~
0.831 =** LF
LF 0.366 % | 0.3517* | 0.481 = [ 0.453 7 | 0.455*
HF
HF 0.027 -0.024 0.059 0.126 -0.006 0.137
NNmax SDNN pNN50 | tMSS5D TP LF HF
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After performing the grouping based on the findings of Perna et al. (2019), we found
significant differences in NNmax (p < 0.001), NNmean (p = 0.002), pNN50 (p = 0.048), VLF
(p = 0.001), LE/HEF ratio (p < 0.001), and VO;max (p = 0.041) between the groups.

A significant difference was found in the systolic blood pressure between pre- and
post-test measurements (34.4 + 15.3 mmHg, p < 0.001) in the physical stress protocol.
In the psychological stress test, both the systolic and the diastolic blood pressure values
increased significantly (22.4 £ 14.6 mmHg, p < 0.001; and 14.1 £ 8.9 mmHg, p < 0.001,
respectively) between the pre and the post-test measurements. We also analyzed the
differences in changes in systolic and diastolic values between the pre- and post-test
measurements. Significant differences were found in the changes in systolic (p = 0.003)
and diastolic (p < 0.001) blood pressure between the test protocols (Figure 2). R30 blood
pressure returned to the resting values. We could not detect any correlation between the
changes in HRV parameters and blood pressure values.

140% @ X ®

135% ® olob ®

130%

125%

120%

O Systolic

115%

M Diastolic
110%

105%

100%

95%
Physical stress Psychological stress

Figure 2. Average changes in blood pressure values between pre- and post-test. Pre-test data are
considered to be 100%, represented by the X-axis. The measurement of change is expressed in
percentages (vertical axis) for both test protocols. The differences in change in both systolic and
diastolic BP results differed significantly between the test protocols (mean & standard deviation;
**: p <0.01; **: p <0.001).

4. Discussion

The purpose of our study was to compare the physiological effects of extreme physical
and psychological stress tests in male soccer players, since these two types of stress apply
to athletes with high performance requirements.

Strong correlations of certain HRV indices were predictable because of the correlations
of their mathematical roots (e.g. SDNN - TP, or ASDNN - ATP). The SDNN parameter is the
standard deviation of the N-N intervals—namely, the square root of variance—whereas TP
is the total power of spectral analysis, which is mathematically equal to the variance. This
relationship might explain why all HRV components that have correlation with ASDNN
also showed a strong relationship with ATP. The European Heart Journal’s heart rate
variability task force [32] also found a strong correlation between rMSSD and pNN50—a
relationship that was confirmed by this study for both the physical (r = 0.69, p < 0.001) and
psychological (r = 0.958, p < 0.001) stress tests. The aforementioned task force also revealed
the approximate correspondence of HF with pNN50 and rMSSD in 24-hour recordings.
Despite the short-term recording used, we found moderate correlation between these HRV
indices for the physical stress protocol; however, no correlation was found for the psycho-
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logical stress test. We could not confirm the findings of Hedelin et al. [33]—in our sample,
higher relative VO,peak did not correlate with higher HF component. The appearance of
this correlation was expected in our sample as well, because HF is an indicator of parasym-
pathetic activity. Higher endurance performance (i.e., a higher VO,peak value) leads to
a higher resting parasympathetic tone; however, our sample group was homogeneous in
terms of VO, peak value.

The vast majority of studies analyzing chronic stress [9-11] have reported a decrease
in RR interval and significantly lower pNN50 and HF results in situations of psychological
stress. According to Perna et al. [28], subjects with higher HF and rMSSD indices are
able to deploy more neuropsychological resources that help them to overcome stressful
situations. In our study subjects, who increased both their HF and rMSSD values between
the pre-test and R30 measurements for the psychological stress test had decreased LF/HF
ratios (0.68 £ 0.39) compared to the rest of the subjects (1.22 £ 0.63), i.e., the group that
was supposed to be better at coping with psychological stress reached parasympathetic
dominance. Since the effects of acute and prolonged stress are usually different, this
finding conflicts with the aforementioned results. The decrease in RR interval and the
lower pNN50 and HF components described by studies analyzing chronic stress indicate
sympathetic superiority.

Clemente-Suarez and Robles-Perez [16] found that, in an urban combat situation,
participants’ sympathetic dominance was increased, as could be seen from the decreasing
mean RR and SDNN, showing the activation of the fight-or-flight defense system. Our
study cannot confirm these findings, as we measured increasing NNmean and SDNN
parameters; the opposing results may be explained by the differences in study design. The
main difference is the sampling method, because the aforementioned author measured
experienced soldiers, whereas our subjects were regular second-division soccer players,
who experienced additional mental stress even before the protocol started. The timing and
the device used for HRV measurement may also explain the different results, because the
former authors obtained RR recording data before and immediately after the test, using
wearable devices; their study design was specialized for soldiers, and subjects had to solve
a complex mental task during the stress protocol, whereas in our study we demanded
only an easy task (walking through the room) in order to avoid generating long-lasting
psychological symptoms for our subjects. Based on our results of the psychological stress
test, we cannot confirm the findings of studies analyzing pre-competitive anxiety [12,13]
among cyclists, where an increase was found in sympathetic nervous system activity
(decreased SDNN and rMSSD). Similarly to the above-mentioned study concerning an
urban combat situation carried out with soldiers, athletes also increased their sympathetic
dominance, unlike our participants during the psychological stress protocol. Presumably,
our subjects were faced with a situation that they had never experienced before, whereas
participants of the aforementioned studies were highly trained in the situations that the
research protocol created. According to Thayer et al. [4], HRV reflects the flexibility of the
cardiovascular system for coping with sudden stressors, meaning that HRV might be the
index of the human body’s global capacity to regulate psychophysiological responses in an
adaptive manner.

Our data suggest that experiencing an unknown, dangerous situation for the first time
has a higher effect on HRV than any other factor. Previously mentioned studies examined
stress levels using questionnaires, and during conditions participants encountered regularly.
Our study subjects experienced extreme psychological stress in a military tactical room,
leading to significant changes in the majority of HRV parameters. The different methods
of measurement—in particular, the different levels of psychological stress reached in the
aforementioned studies—explain the different results we obtained. An unknown situation
in itself causes real stress in the human body, especially if there are some stress-enhancing
circumstances generated, as in the case of our study (e.g., the paintball gun given to
subjects). The lack of previous experience might also explain why our results contradict the
findings of Perna et al. [28]. Adaptation to a situation influences the human body’s reaction;
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getting more experience in a certain situation changes the physiological response from the
values of our study towards the values found in the previously mentioned references.

The changes in heart rate variability and blood pressure are two of the many cardio-
vascular responses of the human body to acute stress. The presence of a cardiovascular
response does not require extreme stress [18]. The results of blood pressure data concur
with the findings of Holland et al. [25], Instebg et al. [26], and Schultz and Sharman [27],
since for the physical stress test only the systolic blood pressure increased, whereas for
the psychological stress test both the systolic and diastolic values increased significantly.
Lee at al. [24] found that all HRV parameters were associated with the changes in systolic
blood pressure. We did not find any correlation between blood pressure and HRV values
for either the physical or the psychological stress tests—neither among resting nor delta
values. Wang et al. [34] analyzed the effect of a mental arithmetic task on blood pressure.
The elevation of blood pressure that regularly occurs as a response to stress is most likely
due to the increased sympathetic-adrenal-medullary activities; along with this, there is
always an increased state of anxiety and tension. The observed changes in systolic and
diastolic blood pressure between the pre- and post-test measurements are considered nor-
mal, and were expected to change accordingly. During physical stress, the aim of blood
flow redistribution is to serve the increasing demands of working muscles. Higher flow
velocity is necessary in order to increase cardiac output, which requires higher systolic
blood pressure. Peripheral vascular resistance decreases because the capillary bed dilates
to help the circulation redistribution, which results in decreasing diastolic blood pressure.
Under psychological stress, adrenaline and noradrenaline cause vasoconstriction through
the al-adrenergic receptor, which increases both the systolic and diastolic blood pressure.
Despite the different methods of psychological stress employed, our results confirm the
findings of Wang et al. [34].

Although the analysis and the interpretation of HRV results are still controversial in
science, our data show distinct trends. In our study, HRV parameters changed contrariwise
between the test protocols, which can be explained by the presence or absence of the
necessary experience in a given situation, based on the findings of international literature.
This must be considered in a sporting environment, when athletes face the final of a
major international tournament for the first time in their career, because their autonomic
nervous system manages the stress differently. The most recent long-term stressor of athlete
preparation was the consequences of the COVID-19 pandemic, which have been analyzed
by several studies [35]. Further research is necessary in order to find other markers that
signify the different regulation of the human body.

5. Strengths and Limitations

This study has both strengths and limitations. It is unique in terms of comparing the
acute cardiovascular effects of extreme psychological and physical stress. The sample for the
intervention contained only male soccer players. Analyzing HRV data as an objective and
individually different response to acute psychological stress is a new aspect of observation
of an athlete’s performance. Unfortunately, it was not possible to measure HRV immediately
after the stress test; this third measurement could raise the level of novelty of the manuscript.
The psychological stress protocol is not a commonly used method among soccer players,
and was based on the original military testing protocol, although the subjects” lack of
experience in this kind of situation helped to create a more objective environment for the
study. The comparison of the acute and prolonged effects is not accurate; as such, the
defined consequences must be treated carefully. The findings of this research can be used in
training situations. The number of participants was high enough to reveal the differences
between the two types of stress, while the sample was homogeneous. Our results cannot
be treated as general findings, due to the limitations of sampling (e.g., gender, age, sport).
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6. Conclusions

In our study of soccer players, we compared the effects of physical and psychologi-
cal stress tests on HRV and BP, measured before and after the tests. The results showed
that both HRV and BP are sensitive physiological parameters to measure the impact of
extreme physical or psychological stress. The increased or decreased HRV values remained
unchanged for a longer period of time, whereas BP returned to the resting values ear-
lier. In addition to the physical factors, many psychological impacts may affect athletes
during competitions. The results suggest that psychological preparation is invaluable to
athletes, in case they encounter an unknown, unexpected situation, because their ANS
process the unknown stimuli differently. Usually, psychological preparation is imple-
mented by sport psychologists; however, their methods should not be limited to theoretical
preparation—athletes should be trained with practical psychological methods as well.
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Abbreviations

ANS Autonomic nervous system
BP Blood pressure

ECG Electrocardiogram

HF High-frequency band

HRV Heart rate variability

LF Low-frequency band

LF/HF Ratio of low- and high-frequency bands
NNmax  Longest normal heart cycle during the measured period
NNmean Average length of normal heart cycles during the measured period

NNmin Shortest normal heart cycle during the measured period

PHY Physical stress test

PNN50 Ratio of consecutive NN interval pairs with a greater difference than 50 ms
PSY Psychological stress test

PTSD Post-traumatic stress disorder

rMSSD Root mean square of successive differences

SDNN Standard deviation of normal heart cycles during the measured period

P Total power

VLF Very-low-frequency band

VOspeak  Peak oxygen uptake
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