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Abstract

Background: Esport athletes remain in front of televisions or monitors for extended periods of
time. It is speculated that they might suffer alterations in sleep quality and quantity, while it is
known that poor sleep can result in decreased performance in professional athletes.

Aims: To evaluate the sleep quality of professional esport players, specifically of the game
Counter-Strike: Global Offensive (CS:GO).

Methods & Results: The study was carried out with 12 players between 17 and 25 (21.58+0.5)
years old. To analyze the sleep pattern, the following questionnaires were applied: Pittsburgh
sleep quality index (PSQI), Morningness-eveningness Questionnaire (MEQ), Epworth
sleepiness scale (EES), and a sleep diary. The results showed that most had an evening
chronotype (58%), followed by the neither chronotype. The players showed poor sleep quality
9.25+0.9, increased sleep latency (38.75+7.0), reduced sleep efficiency (83.89+6.8), and were
borderline for excessive daytime sleepiness 9.16+1.4. A positive correlation has been
demonstrated for sleep efficiency with age r= 0.82; p=0.001), with these factors being worse in
younger athletes.

Conclusion: The results suggest that CS:GO esport athletes may have poor sleep quality along
with an inadequate sleep routine, being more pronounced in younger athletes. These results
can lead to a decreased performance in both academic performance and competitive play. For
future research it is imperative to keep monitoring the sleep parameters of these players with
different sleep evaluation tools and also in different age groups.
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Highlights

e Found poor sleep patterns in esports athletes as assessed in this cohort of CS:GO
players
e Esports players that are older appear to have better subjective sleep quality
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Introduction

The term electronic sports, also known as esports, dates back to the nineties. It started in
South Korea where the preferred game type was the real-time strategy one. The rapid esports
ascension in the country was aided by government measures that ensured the fast growth of
Korean broadband infrastructure. With the global development of the internet, esports
became more prominent, bringing to light new kinds of games, some of which are still played
to this day, such as Warcraft, Starcraft, Quake, and Counter-Strike (Taylor, 2012).

There are many categories of esports. Some of the most popular are First Person Shooters
(FPS), where the player has the goal to kill or avoid being killed, from his own visual point of
view. Other categories include: games that simulate physical sports or workout games,
involving in most times the use of interactive motion controller; Real Time Strategy, which
demand quick thinking with time in between the moves; Puzzle, which are games involving
logic, matching and deductive thinking; and Action Adventure, which are oriented towards
combat and exploration, mostly using the third person orientation (Elliot, 2012).

In esports, players need to cope well with large 3D rendering scenarios. The athletes must
display highly coordinated movements and patterns to keep controlling their characters. They
also need to have a good memory and attention, two of the top qualities of a good E-athlete or
esports player (Campbell, 2018). Currently, around the world, the esports have become an
activity of high interest and practice among adolescents and young adults, just as traditional
sports. A study by Chinese researchers demonstrated that the age range of Chinese esports
athletes is between 17 to 28 years old, with the average of 19 years old, making the majority of
the athletes teenagers (Meng-Lewis et al. 2020).

Studies seeking to analyze the use of electronic equipment have identified that using
computers may alter sleep architecture. LeBourgeois et al. (2017) have examined the screen
time and how it affects the sleep parameters of teenagers and in 9o% of the cases, more screen
time was associated with delayed bedtimes and shorter total sleep time in adolescents. In
addition, adolescents tend to use the cellphone before and after lying down, which can
negatively influence their sleep. Teenagers using cellphones before bedtime were the ones that
presented with the worst sleep latency, shorter total sleep time, and had the latest sleep offset
when compared with teenagers that avoided cellphones before bedtime (Amra et al. 2017).

The average sleep recommended for the young population is between 8 - g hours each night
(Mercer, 1998), however a study in New Zealand shows that 21% of the teenagers report
inadequate sleep and the number of individuals that are engaged in high levels of leisure
activities (including computer and video gaming) are the ones reporting less sleep in
comparison with others that are not (Dorofaeff; Denny, 2006). The literature has
demonstrated that sleep has a vital role in learning and memory consolidation and it is also
when the person renews attention levels (Fullagar, 2015). If someone has poor sleep quality,
there might be prejudice in both memory and attention which increases the likelihood of
injuries and accidents (Lowe, 2017). However, there are few studies detailing the routine and
sleep profile of esports players, therefore this study seeks to identify the sleep quality of the
esports athletes that play specifically the game Counter-Strike: Global Offensive (CS:GO).

Methodology

Fifteen CS:GO players between 17 and 25 years old, were invited to participate. As an inclusion
criteria all the players needed to be professionals, part of the same team and have also reached
level 20 of the “Gamers Club” rank and global elite rank on the CS:GO platform. Both are the
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most prestigious ranked classifications for this game’s community. This study was approved by
the UNICAMP Research Ethics Committee (2.874.266) according to CNS Resolution No.
466/12, and to the 1995 Helsinki declaration. All participants completed informed consent.

Experimental model

The players were required the following sleep questionnaires (Pittsburgh Sleep Quality Index -
PSQI, Epworth Sleepiness Scale - ESS, Morningness-eveningness Questionnaire - MEQ). The
sleep diary was completed for seven consecutive days. During the period of study, the
participants lived at their gaming house (Figure 1).

HOUSE

Seven consecutive days:
Sleep diary
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Figure 1 - Experimental Design. Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness
Scale (ESS), Morningness-Eveningness Questionnaire (MEQ).

Sleep questionnaire

Morningness-eveningness Questionnaire - MEQ: The Horne and Ostberg’s morningness and
eveningness questionnaire was used to measure the circadian preference of the athletes. It is
composed of questions related to the times at which the person prefers to perform his or her
daily activities, regardless of other commitments. Chronotype classification can be defined as
extreme evening types (EE-types (16-30); evening types (E-types) (31—41); neither types (N-
types) (42-58); morning types (M-types) (59-69); and extreme morning types (EM-types) (70-
86) (Horne, 1976; Benedito-Silva, 1990).

Pittsburgh Sleep Quality Index (PSQI): The PSQI was used to quantify the subjective sleep
quality of all athletes in the previous month (30 days). This questionnaire has seven categories
scores: subjective sleep quality; sleep latency; sleep duration; habitual sleep efficiency; sleep
disturbances; use of sleeping medication; and daytime dysfunction. The sum of scores for
these seven components yields one global score overall, ranging from o-21 points. A lower
PSQI score (<5) indicates higher sleep quality. On the other hand, a higher PSQI score (>5)
may indicate severe difficulties in all eight components, reflecting poorer sleep quality
(Buysse, 1989).

Epworth Sleepiness Scale - EES: This questionnaire allows evaluation of daytime sleepiness. It
is a short and straightforward questionnaire intended to analyze sleepiness complaints
concerning excessive daytime sleepiness at various moments of the individual's day. This
questionnaire contains 8 questions, with a scale ranging from o to 3, and a global score
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ranging from o to 24 points. Scores =10 are considered to demonstrate excessive daytime
sleepiness (Johns, 1991)[14]. The Brazilian version of the EES was used in this study (ESS-BR) as
presented by Bertolazi et al. (2009).

Sleep diary: The athletes were requested to complete a sleep diary to indicate: 1) the time the
person had wanted or intended to wake up; 2) the time the person woke up; 3) whether the
person woke up spontaneously, by an alarm clock, or because of another (specified)
disturbance; 4) the time the person got out of bed; 5) the start and end times of any daytime
naps and exercises; and 6) the name, dosage, and time of any drugs used, including
medication, sleep aids, caffeine, and alcohol (Mantua, 2016).

Statistical analysis

The results were expressed as mean + standard deviation and percentage (%) for descriptive
statistics. The Shapiro-Wilk test, with a 5% significance level, was used to analyse the data.
The student t-test (independent) was used to analyse the quality sleep, ANOVA one way to
analyse the sleep routine of the e-Sports athletes during 7 days, and the Pearson’s r was used
to calculate the correlation between the age, daytime sleepiness, sleep efficiency and sleep
latency. Cohen’s effect size (d) was used to determine trivial (d < 0.2), small (0.2 < d < 0.5),
medium (0.5 < d < 0.8) and large (d > 0.8) effect sizes (Cohen, 1988). The critical level of
significance was p < 0.05. Statistical analyses were conducted using Statistica® for Windows®
(version 7.0, StatSoft Inc., Tulsa).

Results

15 esports players were initially recruited, of whom 12 completed the study as 3 decided that
they did not want to answer the questionnaires or did not complete all of the questionnaires.
At study entry, participants were 21+0.5 years old.

Sleep quality and chronotype

The E-types were predominant within the esports players (7), followed by N-types (5). For the
PSQ]I, all players demonstrated a positive score for sleep complaints (PSQI> 5). In total, 75% of
participants (9) had sleep efficiency below 85%. We observed a high prevalence of clinically
borderline excessive daytime sleepiness (9.6+1.4). In total, 33.33% of participants were
excessively sleepy during the day (ESS > 10). In addition, 58.33% had sleep latency greater than
30 minutes. All results were compared with the reference values provided for the age range
(Ohayon, 2017)[18] (Table 1).
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Variable Mean (DP)
Chronotype 39.58+7.0
Daytime Sleepiness (ESS) 9.16+1.4
Pittsburgh (PSQI)
Sleep Latency 38.757.0
Sleep Efficiency 83.89+6.8
PSQI score 9.25+0.9

Table 1 - Chronotype, daytime sleepiness (ESS) and sleep quality (PSQI) questionnaire global
scores (n = 12) (Mean + SD). PSQI: Pittsburgh Sleep Quality Index, ESS: Epworth Sleepiness
Scale. Reference values for the age range: sleep latency <30, sleep efficiency =85% [Ohayon,
2017].

Analyzing the sleep quality in conjunction with the chronotype, we noticed that the E-types
players presented more alterations in the sleep variables than the N-types. The E-types also
demonstrated higher sleep latency, lower sleep efficiency, higher PSQI score, with a tendency
for the presence of excessive daytime sleepiness, as found below (Table 2). The effect size of E-
types on daytime sleepiness was larger, with E-types reporting a higher ESS score (d=1.36), in
addition to a medium Sleep Efficiency score (d=0.70) and higher PSQI score (d=0.64).

Variables Neither Evening p Delta Cohen’s
(N=5) (N=7) (%) effect
M:SE M:SE size (d)
(ClIgs%) (ClIgs%)
Sleep Latency (min) 35.00£14.66 41.42+7.04 0.67 18 0.25
(-5.71-75.71) (24.18-58.67)
Sleep Efficiency (%) 93.55+14.11 76.99+5.87 0.25 -18 -0.70
(54.35-132.75) (62.62-91.35)
PSQI (score) 8.20+0.73 10.00%1.51 0.36 22 0.64
(6.15-10.24) (6.30-13.69)
Daytime Sleepiness 6.20+0.80 11.28+2.14 0.08 82 1.36
(3.97-8.42) (6.03-16.56)
Sleep onset (h) 2:26+00:59 2:35+1:08 0.82 1 0,14
(01:12-03:40) (01:31-03:38)
Sleep offset (h) 09:45+2:05 10:03+01:51 0.79 3 0.16

(07:09-12:20)

(08:20-11:47)

Table 2 - Sleep quality related to the chronotype. T independent test (p<0.05, mean + standard
error). CI: confidence interval. Cohen’s effect size (d): trivial (d < 0.2), small (0.2 < d <o0.5),
medium (0.5 < d <0.8), and large (d > 0.8). PSQI: Pittsburgh Sleep Quality Index.

{ESPORTS
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Sleep quality and age

The relation between age and sleep efficiency resulted in a Pearson correlation of r=0.82,
p=0.001. There was no relation between daytime sleepiness and age (r=-0.48, p=0.10) nor a
relation between sleep latency and age (r=-0.39, p=0.19). Therefore, younger athletes had
lower percentages of sleep efficiency (Figure 2)
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Figure 2 - Pearson correlation test between the age of an esport player and A) daytime
sleepiness; B) sleep efficiency; C) sleep latency.

Although no statistically significant difference was found between E-types and N-types in the
sleep routine, of the E-athletes of CS: GO according to the sleep diary answered for 7
consecutive days answered by the E-athletes during a normal week of training, Figure 3
demonstrates that they do not have a routine between onset and offset sleep.
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Figure 3. Sleep dairy answered for 7 consecutive days. The black line represents the neither
type athletes (n=5), the gray line represents the evening type athletes (n=7). Sleep onset: time
(F(6, 60)=1.080, p=0.38), group (F(, 60)=0.083, p=0.77), interaction (F, 65=0.96401, p=0.45). Sleep
offset: time (F(s, 60)= 1.9118, p=0.09), group (Fg, so)= 0.0737, p=0.79), interaction F(s 60)=1.2016,
p=0.31).

Discussion

This study described the sleep characteristics of esports players and showed this cohort to
have the E-type as the predominant chronotype, as well as a poor sleep quality. E-athletes are
required to have a great visual-motor and information process speed. During the game, the
player must create responses to different changes in the screen made by the game and by
other athletes with the use of fine motor skills and small hand muscles. This is of great
importance for the athlete’s avatar to keep pushing towards victory (Bonnar, 2019). Sleep
alterations can lead to sleep restriction, that in turn can cause a decrease in reaction time
(Goel, 2017), in processing speed (Chee, 2015) and a slower processing of visual information
(Alhola; Polo-Kantola, 2007). The reaction time can almost double if the sleep restriction
persists for 7 consecutive days (Choudhary, 2016). When one or more of these three
capabilities are decreased, the athlete is at a competitive disadvantage (Bonnar, 2019).

Rudolf et al. (2020) made an assessment of demographic and health behavior of video game
and e-Sports players in Germany and found that the majority of participants were on their
twenties and more than half were apprentice pupils or university students. Such findings
correlate with this study, demonstrating that the overall age of players are equivalent in both
countries. In this study, the mean age of the analyzed population was 21.4 years, same to other
literature studies, showing that the E-chronotype prevails in this age range. Roenneberg et al.
(2004) identified that adolescents in their early twenties have a higher tendency to the
evening chronotype, which often prevails until the early stages of adult life. College students
in most cases, have an irregular sleep routine, especially regarding their bedtime and wake
time, with a tendency to lay down and wake up late on weekends to compensate for the sleep
loss during working days (Tsai, 2004; Lund, 2010; Taylor, 2010). Without statistical difference,
the esports players in this study presented with a similar sleep profile.

We can also note that the majority of the CS-GO athletes present evening chronotype, which
makes them more susceptible to later bedtime and wake time. However, the routine imposed
to Brazilian teenagers, with university activities or work, don’t allow them to maintain those
preferred hours, making the sleep routine erratic, as seen in the sleep diary. There are a lot of
factors to directly influence sleep in adolescents, such as the delay of the melatonin secretion
(Kotagal, 2006), and also extrinsic factors such as the high exposure to electronic devices
(Higuchi, 2005). This scenario makes them a population particularly vulnerable to sleep
disturbance, in addition to sleep deprivation in most cases (Wolfson, 2003). A study made by
Lee et al. (2021) investigated the sleep and wake behaviors of esports players in different
countries (South Korea, Australia and USA) and identified that these players present delayed
sleep patterns and more than half of the participants also reported the presence of sleep
disturbances before competition. These finding are similar our own, showing that players may
well present similarly regardless of the nationality.

Erratic sleep patterns can cause different impacts on adolescents and young adults, such as
attention deficit (Pagel, 2007), sleepiness when driving (Cummings, 2001), depression
(O’Brien, 2005), difficulty to maintain a healthy and organized social life (Carney, 2006) and
also a decrease in overall health condition (Smaldone, 2007). A study made in Spain by Ortega
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et al. (2010) analyzed the sleep of adolescents and identified that Spanish teenagers tend to
have longer sleep then teenagers from South America and other parts of the world, with an
average of 8.4 hours of sleep per night. Additionally, adolescents with less tiredness were the
ones more engaged in leisure time or sporting activities. In comparison to this study, we can
see that an altered sleep schedule would be expected to result less sleeping time and less
inclined to participate in their leisure activities. The cohort was observed to have poor sleep
quality in terms of the PSQI. Also, the athletes had high sleep latency and in the case of the E-
type athletes, there was also low sleep efficiency. Studies have found that watching TV is
related to shorter total sleep time and worse sleep quality. Playing computer games is related
to a later bedtime and shorter total sleep time (Van den Bulck, 2004; Harbard, 2016). Higuchi
et al. (2005) analyzed the sleep of individuals using the computer games before sleep and
demonstrated that there was an increase in sleep latency in players at bedtime. Furthermore,
Ozerch et al. (20m) identified in their study that college students with later bedtime had the
worst grade point average (GPA). The PSQI showed that these students also had a low
subjective sleep quality. These results are similar to the ones found in this work. Araujo et al.
(2013) identified that the students with the worst sleep quality were the ones currently
coursing the early stages of college. These findings also corroborate with the correlations
found in this study, which shows that the younger athletes are the ones with the higher sleep
latency and daytime sleepiness, and lower sleep efficiency.

This study does have limitations such as the small number of participants, but the players
chosen are highly ranked in competitive play. In addition, it was not possible to analyze the
sleep-wake cycle using the actigraphy, although we believed an analysis like that would
enhance the results found in this study. For future research, it is imperative that the
population of esports players are evaluated for their sleep parameters, with different screening
for different game categories. More sophisticated evaluations are also necessary, using
different sleep evaluation tools such as the wristwatch actigraphy and polysomnography.

Conclusion

In this cohort of esports players of Counter-Strike: Global Offensive, we observed poor
subjective sleep quality and high daytime sleepiness. Additionally, inadequate routine of sleep
hygiene with fluctuant bedtime and wake time between workdays and weekends was present.
The results suggest that the profile demonstrated by esports players may be prejudicial for
their academic performance and also may negatively influence their gaming sessions.
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