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Abstract: While the training of professional sports athletes and the factors determining sports success
are based on well-established scientific research, esports training and markers of esports performance
are not yet fully recognized or explored. Knowledge of the psychophysiological responses of the
athlete’s body to esports competition is the necessary foundation for rational training management.
The aim of the present study was to evaluate physiological stress while playing Counter-Strike: Global
Offensive (CS:GO). Selected cardiovascular, hormonal, and biochemical indices were monitored
to assess differences in stress responses between winners and losers. Twenty-two male players
participated in the study (age 22.0 ± 2.0 years, CS:GO training experience 7.0 ± 2.2 years, training
load 24.6 ± 11.5 h per week). Each player played two games during the CS:GO competition. The
CS:GO tournament induced an increase in heart rate (HR), systolic blood pressure, and blood cortisol
levels (C), and a decrease in the nonlinear heart rate variability (HRV) index based on the fractal
correlation properties, called alpha1, of detrended fluctuation analysis (DFA-alpha1). In contrast, no
changes were observed in blood levels of testosterone (T) and lactate (BLa). It was found that changes
in physiological indices in players while playing CS:GO did not differentiate between winners and
losers. The changes in the physiological parameters recorded during play indicate that CS:GO
tournaments induce significant physiological arousal and can be considered a stressor.

Keywords: esports; CS:GO; physiological stress; competition

1. Introduction

Practiced both professionally and recreationally, esports is a thriving field, and sports
science is devoting more and more attention to it [1]. Currently, the viewership of major
esports tournaments is comparable to that of many traditional sports. According to Newzoo,
the number of esports viewers worldwide in 2021 exceeded 465 million people. This number
is projected to grow to nearly 580 million by 2024 [2].

While the training of professional sports athletes and the factors determining sports
success are based on well-established scientific research, esports training and markers of
esports performance are not yet in the full scope of sports science. However, they are
crucial for optimizing coaching, prescribing adequate training and predicting performance.
Moreover, knowledge of the psychophysiological responses of the athlete’s body to esports
competition is the basis of rational training management. There are reports in the literature
on the effects of playing video games and esports on behavior and brain function. Research
findings indicate that action video games enhance a wide range of perceptual–cognitive
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skills [3,4]. The associations of electronic games with, among other things, aggression [5,6],
depression [7,8] or addiction [9] have also been analyzed. However, only a few studies deal
with e-sports. Kumari et al. [10] observed no significant relationship between e-sports and
anxiety, whereas a positive relationship was found between e-sports and aggression, and a
negative relationship was found between e-sports and psychological well-being. Moreover,
to our knowledge, and according to the related scientific literature, significant gaps remain
in the physiological and performance-related aspects of participation in esports.

Esports games are complex and can be divided into specific genres, such as multi-
player online battlefield arena (MOBA), first-person shooter (FPS) and real-time strategy
(RTS) and sport simulations [11]. In every genre there are different digital games, with
different competition rules and different mechanics that have to be mastered by the players.
Furthermore, different games at different levels of competition place different demands on
the player. Therefore, in order to understand and describe the physiological responses in
players during a game as accurately as possible, the focus should be on one particular game.
In our research, we have decided to focus on Counter-Strike: Global Offensive (CS:GO), one
of the most popular e-sports games. CS:GO is a tactical FPS game based on a first-person
shooter perspective. Players use their mouse to control the character’s view, typically to aim
toward and shoot enemies [12]. The CS:GO game demands high visuomotor coordination,
fast reaction time, optimal perceptual skills, good planning behavior, high flexibility, and
appropriate inhibition [13]. Esports competitions are accompanied by strong emotions
that cause physiological responses. These include neuroendocrine responses (the release
of stress hormones such as testosterone, cortisol, and ACTH), increased blood pressure,
change in heart rate (HR) and heart rate variability (HRV), increased muscle tension and
biochemical changes in the body [14–16]. A study by Sousa et al. [17] found that, compared
to the game genre MOBAs, FPS games induce larger change in low-to-peak heart rate and
systolic blood pressure [17].

Few studies exist in the literature on the changes in hormone concentrations during
the playing of esports games. However, as the investigated populations and game genres
differ, the results of these studies remain inconclusive. Gray et al. [18] observed no changes
in testosterone, cortisol, dehydroepiandrosterone, and androstenedione levels in young
gamers playing League of Legends. Different results were obtained by Schmidt et al. [19],
who reported a significant increase in cortisol levels immediately following competition.
The authors also noted the different hormonal response patterns of the tournament partic-
ipants and stratified them into subgroups according to the observed direction of change
in cortisol levels. One of the few studies conducted in the field of esports physiology con-
cerns the relationships between a player’s skill level and the hormonal and cardiovascular
responses recorded during a match [20]. The authors did not observe differences in cortisol
levels between athletes with high and low skills. For testosterone, on the other hand, a
varied response pattern was observed, depending on skill level. In the group of low-skilled
players, a significant increase in testosterone levels was found during play, while no change
was observed in the group of high-skilled players. There were no differences in the heart
rate characteristics between the groups with different skill levels.

The analysis of HRV dynamics to assess the arousal effects during esports games
remains an understudied area. Stress influences the autonomous nervous system (ANS),
which controls a person’s ability to react to external stimuli [21]. Therefore, acute stress may
be evaluated with non-invasive measurements, which are considered reliable estimators of
the ANS status. This is the case with HRV, which is considered a reliable means to indirectly
observe ANS [22]. Recently, researchers using different measures of HRV were able to
observe a shift towards a sympathetic activation combined with a parasympathetic with-
drawal after different tasks to provoke mental stress (i.e., computer work tasks, academic
examinations, physical/mental tasks, public speech tasks, game tasks, arithmetic tasks,
the Stroop color word task) [23]. Gündoğdu et al. [24] showed that a linear and nonlinear
dynamics analysis of HRV has been a non-invasive marker in the separation of rest and
game states in playing a puzzle video game.
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Improving the performance of esports players requires training methods that take into
account the specific competence profile of the respective esports game [11]. The evaluation
of physiological arousal during CS:GO tournaments measured using selected cardiovas-
cular, hormonal, and biochemical indicators, and the differences in stress responses in
winners and losers, which is the subject of the present study, will be the first step toward
developing effective training techniques aimed at CS:GO players.

2. Materials and Methods
2.1. Participants

The study was conducted in accordance with the Declaration of Helsinki. The study
protocol was approved by the Institute of Sport—National Research Institute Ethics Com-
mittee (approval No. KEBN-23-85-DS). Participants were informed about the applied
procedures in oral and written forms. All participants gave their written informed consent
before participating voluntarily in the study. Participants were free to withdraw from the
study at any time without further consequences. The inclusion criteria were as follows:
over 18 years old, at least 5 years of esports training, at least 3 years of CS:GO training
and at least 10 h of weekly esports training during the previous 3 months. The exclusion
criteria were as follows: no chronic or acute medical condition and a lack of any ongoing
medication. The participant group consisted of 20 male players aged 22.0 ± 2.0, recruited
with convenience sampling. All the participants were physical education students majoring
in esports. The training experience of the players studied was 9.0 ± 2.2 years, whereas with
the CS:GO game, it was 7.0 ± 2.2 years. The players declared they had spent 24.6 ± 11.5 h
per week on esports training and gaming, and 6.0 ± 3.5 h per week on sports activities
and exercise. The training data were self-reported. The day before the tournament, in the
morning, basic somatic characteristics and body compositions were measured using the
bioelectrical impedance method (TANITA’s BC 418 analyzer) (Table 1).

Table 1. Basic somatic characteristics and body compositions of esports players.

Mean ± SD

Body height [cm] 184.5 ± 7.6
Body mass [kg] 81.6 ± 16.8
BMI [kg/m2] 23.9 ± 4.8
Fat mass [kg] 14.0 ± 8.2

Fat [%] 16.2 ± 5.9
Fat-free mass [kg] 67.1 ± 9.9

2.2. Testing Procedure

In this research, a CS:GO tournament was organized as an individual competition.
The CS:GO tournament conducted in the study consisted of two stages. During each stage,
the players played one match/game each. In the first stage of the competition, opponents
were randomly matched in pairs. In the second stage, matches were played between the
winners and losers from the first stage, also using random matching. All matches were
held on the same day in the afternoon and evening (3 p.m. to 9 p.m.). Matches were played
to 16 frags (kills). The duration of the game ranged from 4 to 7 min (5.2 ± 1.1 min).

Blood samples for cortisol (C), testosterone (T), and blood lactate (BLa) were obtained
from the players 10 min before the match. Subsequently, the players prepared their stance
for the game and then remained seated for about 5 min. Then, blood pressure measurements
were taken and the HR measurements started. The HR measurements continued during
the match. Immediately after the match, blood pressure was measured again, and 5 min
after the match, blood samples were obtained again to evaluate C, T, and BLa levels. The
study design timeline is presented in Figure 1.
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Figure 1. Schematic presentation of the study design timeline.

2.3. Measured Blood Markers

All the blood indices (C, T, BLa) were measured in capillary blood samples collected
from the fingertip before and after each esports match. A Super GL2 analyzer (Dr. Müller
Gerätebau GmbH, Freital, Germany) was used to measure BLa. ELISA tests (DRG Inter-
national Inc., Springfield, NJ, USA) were used to evaluate cortisol and testosterone levels.
Assays were performed according to the procedure for performing ELISA.

2.4. Cardiac Activity Indices

Heart rate (resting HR, mean HR, maximum HR) and HRV were monitored during
esports games. The lowest heart rate recorded in players during a 5 min rest before the
match was considered the resting HR.

HRV is the phenomenon of the variation in the time intervals between sequential
heartbeats. There are many techniques for the analysis of HRV [25]. Recently, the non-
linear dynamics of HRV have received increasing attention. Detrended fluctuation analysis
of HRV and its short-term scaling exponent alpha1 (DFA-alpha1) were presented as a
useful measure to detect stress conditions [21] and investigate the complex regulations
during exercise, inter alia, to monitor intensity in endurance sports or to detect intensity
thresholds [26]. In our study, HR and DFA-alpha1 were measured with a Polar H10 chest
strap (Polar Electro Oy, Kempele, Finland) and calculated with the Heart Rate Variability
Logger app set with a 2 min computation window and workout mode for R-R intervals
with a correction of 5% (A.S.M.A. B.V., Marco Altini, Version 5.1.0, downloaded from Mac
App Store on 3 February 2023).

2.5. Blood Pressure Measurements

Digital measurements of peripheral blood pressure were performed using a validated,
automatic OMRON M2 blood pressure monitor (OMRON Healthcare, Kyoto, Japan). Blood
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pressure was measured in a seated position after a 5 min rest (before the match) and
immediately after the match was over.

2.6. Statistical Analysis

All statistical analyses were carried out using Statistica 13.1 (StatSoft, Inc., Tulsa, OK,
USA). Statistical significance level was set at p ≤ 0.05. The normality of the distribution was
verified using the Shapiro–Wilk test. The distributions of all variables did not differ from
the normal distribution. Comparative analysis of the post-match cardiovascular response
between winners and losers was carried out using independent Samples t-test. To assess
the significance of differences in blood pressure, blood lactate and hormone levels recorded
before and after the match in winners and losers, a Student’s t-test for dependent samples
was used.

3. Results

A comparative analysis of the post-match cardiovascular response between winners
and losers showed that resting HR, mean HR, maximum HR and DFA-alpha 1 were not
significantly different (Table 2).

Table 2. Cardiac activity recorded in winners and losers during esports games.

Cardiac Activity Indicators Winners Losers p-Value
Mean ± SD Mean ± SD

Resting HR [beat/min] 80 ± 12 76 ± 12 ns
Maximum HR [beat/min] 131 ± 16 125 ± 23 ns

Mean HR [beat/min] 106 ± 18 104 ± 18 ns
DFA-alpha1 1.13 ± 0.22 1.15 ± 0.26 ns

HR—heart rate; DFA-alpha1—alpha1 of Detrended Fluctuation Analysis; ns—lack of statistical significance.

Table 3 shows a comparison of the blood pressure values of the endocrine indices and
BLa recorded before and after the games in winners and losers. Both winners and losers
showed a significant increase in systolic pressure, while there was no significant change in
diastolic pressure. In both groups, the tournament did not induce significant changes in
BLa. In contrast, significant changes were found for hormonal responses. The competition
induced a statistically significant increase in C levels in all the players, while there were no
significant changes in T levels in either the winners or losers.

Table 3. Mean values, standard deviations and significance of differences for blood pressure, blood lactate
and levels of the analyzed hormones recorded before and after e-sport games in winners and losers.

Winners Losers

Pre-Game
Mean ± SD

Post-Game
Mean ± SD p-Value Pre-Game

Mean ± SD
Post-Game
Mean ± SD p-Value

Systolic BP [mm Hg] 136.6 ± 12.4 144.3 ± 15.5 0.021 133.9 ± 13.2 142.0 ± 10.5 0.005
Diastolic BP [mm Hg] 79.6 ± 10.2 82.0 ± 9.7 ns 75.1 ± 10.3 76.7 ± 9.6 ns

BLa [mmol/L] 0.96 ± 0.38 1.09 ± 0.30 ns 1.06 ± 0.27 1.10 ± 0.28 ns
Testosterone [nmol/L] 11.1 ± 4.3 10.8 ± 3.7 ns 10.0 ± 3.1 10.4 ± 3.3 ns

Cortisol [nmol/L] 320.7 ± 85.9 462.0 ± 163.6 <0.001 302.5 ± 131.8 433.3 ± 170.8 <0.001

BP—blood pressure; BLa—blood lactate; ns—lack of statistical significance.

4. Discussion

It is well understood that the competition and stress inherent in both traditional sports
and esports induce various alterations in the human body [27–29]. The stress response
that occurs during esports tournaments induces physiological and hormonal changes, as
has been repeatedly observed in studies [27,30]. Several factors influence the magnitude
and scope of these changes, including the genre of video games [31], competitive or non-
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competitive playing conditions [27], tournament level [30] and player experience and
skills [30].

In this study, commonly used cardiac activity indices (resting HR, mean HR, maximum
HR), DFA-alpha1 and blood pressure measurements were used to assess the cardiovascular
response during the playing of CS:GO. Psychophysiological stress reactions involve a
complex response of the nervous and hormonal system. Relevant indices, such as HR, BP,
T and C changes are commonly included in theoretical models of human competition and
associated stress [27]. The CS:GO tournament conducted in this study induced an increase
in player HR. The mean maximum HR recorded in our study was 128 ± 20 bpm and did
not differ significantly between the groups of winners and losers. This observation confirms
previous reports that the HR of esports participants is increased during games [17,32,33].
Melillo et al. [21] demonstrated that DFA-alpha1 and other measures based on nonlin-
ear features of HRV are highly useful for stress detection. Like most features of HRV,
DFA-alpha1 is significantly reduced in a stressful situation. Mellilo et al. [21] examined
42 students under stressful conditions (during an ongoing university examination) and
after a holiday period (far away from stress induced by study routines). In non-stressed con-
ditions, the mean DFA-alpha1 values were 1.413 ± 0.16, while they dropped to 1.054 ± 0.45
in stressed conditions. The results of the statistical analyses showed that the mean values
of DFA-alpha1 < 1.2479 can be considered a reliable index of stress. In our study, the mean
DFA-alpha1 values during the competition were 1.13 ± 0.22 in the group of winners and
1.15 ± 0.26 in the group of losers, indicating that the CS:GO games were a stressful situation
for the participants.

Immediately after the games, the players’ systolic blood pressures were significantly
higher than those recorded before the competition, while there was no change in diastolic
blood pressures. Our observations are consistent with the findings of Ballard et al. [34].
The authors monitored, in three weekly sessions, the heart rate and blood pressure changes
occurring in 41 players playing a video game. The results showed that regardless of the
type of game (basketball, fighting or horror), there was an increase in HR and systolic blood
pressure during the game, but no change was found in diastolic blood pressure. In contrast,
a significant increase in diastolic blood pressure during violent video games was reported
by Siervo et al. [35]. Furthermore, Chaput et al. [36], in a study conducted on a group of
adolescents, documented both an increase in HR and systolic and diastolic blood pressures
while playing a video game in comparison to in resting conditions.

While playing CS:GO, players are permanently under threat of “being shot” by en-
emies. Even though it is only a virtual threat, this seems to be very similar to the real
anticipation of a harmful or even fatal injury [37]. The CS:GO tournament triggered an
increase in blood cortisol levels, confirming that this first-person shooter game could be
classified as a stressor. An increase in cortisol levels during play has also been noted by
other authors, including Ayhan [38] and Schmidt [19]. Similar to Schmidt et al. [19], we
found no differences in cortisol levels between the winning and losing groups. However,
the authors observed different patterns of changes in cortisol levels. While the best results
were achieved by athletes with low or moderate increases in cortisol levels, the poorest
performance was observed in the group with decreases in this hormone. Furthermore,
in studies by Kindermann et al. [37] and Gray [18], no game-induced changes were ob-
served in cortisol levels, but the examinations were conducted in non-competitive settings.
Interesting observations on changes in salivary cortisol levels, depending on the type of
game, were documented by Aliyari et al. [31]. The research findings revealed that the
concentration of salivary cortisol and α-amylase increased significantly after playing a
fear-inducing game or exciting game and decreased significantly after playing a logic-based
game (Puzzle).

In our study, we did not observe significant changes induced by the CS:GO tournament
in players’ blood testosterone levels. The level of the hormone also did not differ between
the groups of winners and losers. Furthermore, Gray et al. [18] found no significant
differences in testosterone levels during a League of Legends tournament. Interesting
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conclusions were drawn in a study by Mazur et al. [39]. The authors observed anticipatory
increases in testosterone levels before the start of a video game match, likely triggered
by the anticipation of the match. In contrast, immediately before and during the match,
the authors no longer found changes in the levels of this hormone. Perhaps the lack of
significant differences in blood testosterone levels observed in our study was due to the
fact that they were measured immediately before the match.

While playing CS:GO, players engage the muscles of both upper limbs while using
a mouse and a keyboard simultaneously. The movements made by the players must be
precise and very fast. The manual dexterity that is needed to perform the actions required
to compete has a direct impact on the athlete’s performance [40]. Research indicates
that, whereas novice players average approximately 50 action moves per minute, higher-
level athletes make 10 moves per second, or 500–600 action moves per minute [40,41].
Interestingly, our study did not show an increased accumulation of blood lactate after
playing CS:GO. We suppose that the lack of recorded changes may be due to both too few
muscle groups being activated during the game and the duration of the tournament being
too short (about 6 min). It is worth noting that, in real-world settings, esports competitions
are likely to last as long as 3 to 6 h. Only one paper in the literature evaluated BLa levels
while playing video games. The study was conducted in a group of boys aged 7 to 10 years
playing an action video game on a Sony Playstation. The authors noted an 18.2% increase
in lactate levels compared to the baseline, but this change was not statistically significant.
Increased lactate accumulation, however, has been found repeatedly during active video
games, which are considered a potential intervention tool to increase physical activity
among children and adults [42,43].

This study has some limitations that should be addressed. The CS:GO tournament
was designed specifically for this study. Consequently, playing conditions were very
different from real-world tournament settings. First of all, the playing time was much
shorter than in real tournaments, and the players played individually. Perhaps the stronger
stress and emotion and the longer playing time during real tournaments induce a stronger
psychophysiological response in the human body and greater changes in the parameters
studied here. However, given the players’ comfort, that has to be ensured during a real
match, many of the measurements taken in our study could not have been performed in
such settings. Moreover, DFA-alpha1 was calculated using the HRV Logger app, which
may present differences in comparison to the industry standard Kubios HRV Software
(Biosignal Analysis and Medical Imaging Group, Department of Physics, University of
Kuopio, Kuopio, Finland). However, good agreement between both pieces of software has
been observed [44].

5. Conclusions

The present study showed that playing the CS:GO game induces significant phys-
iological arousal, manifested by an increase in HR and systolic blood pressure, as well
as reduced DFA-alpha1 being a measure of HRV. The CS:GO tournament did not induce
changes in blood testosterone and lactate levels in the players.

Changes in physiological and hormonal indices in players while playing CS:GO did
not differentiate between winners and losers.

The changes in physiological and hormonal parameters indicate that first-person
shooter CS:GO tournaments can be considered a stressor.

Future research should aim to evaluate the elevated physiological stress during live
competitive CS:GO tournaments. Those settings may elicit a greater response once there are
external stimuli to fully engage the esports players (e.g., prize money or winning the tour-
nament) and greater stress and excitement observed during tournaments. Understanding
the physiological response to esports is critical in developing effective training techniques
and better preparing esports players for competition. This study can be considered as a
basis for future esports investigations.
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As physiological characteristics of esports performance remain an understudied area,
there is a great demand for further research from sports science and health-oriented per-
spectives. The physiological responses to esports matches may depend on game type
(MOBA vs. FPS vs. RTS) or sex. Women’s representation in esports may be described as
poor [45], which may cause difficulties in investigating this population, but it does not
attenuate the need for such research. Moreover, the application of tools and methods from
the field of clinical medicine may be particularly useful, considering esports may be an
arrhythmic trigger [46], among other health-related symptoms [47].
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