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Aim: To investigate the energy expenditure of amateur eSport athletes between sitting and an eSport
gaming session. Materials & methods: Eleven amateur male eSport athletes (age: 21.73 + 3.50 years,
weight: 76.00 £ 12.51 kg, height: 1.81 & 0.06 m) were included. After recording the resting values,
eSports playing values were recorded using an open circulation oxygen consumption analyzer (QuarkCPET,
COSMED, Albano Laziale, Italy). Also, action per min (APM) scores were recorded. Results: When
comparing the respiratory frequency, metabolic equivalent of task values and energy expenditure values
of the participants, a significant increase was observed in all three values (p < 0.05 for each). Conclusion:
eSports players, who are considered to be physically inactive by sitting, spend approximately 40%
more energy than sitting, even at the amateur level. According to APM, more energy can be spent in
tournaments and at the elite level.

Tweetable abstract: eSports players, who are considered to be physically inactive by sitting, spend
approximately 40% more energy than sitting with eSport participation, even at amateur level. According
to APM, more energy can be spent in tournaments and at the elite level.
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The concept of ‘eSports’ relates to playing competitive video games in an electronic environment, which has become
popular in recent years and increasingly widespread as time goes by [1]. Although the number of players playing
eSports is measured in the hundreds of millions, it is estimated that it will soon reach billions [2]. Audience numbers
are also at a level that can compete with other sports, and even exceeds many types of sports, so the momentum of
eSport development is high (3.

The gameplay style requires sitting in front of any computer or game console, visual tracking, faster thinking
skills and faster response times against competitors [4]. Nagorsky and Wiemeyer created six-factor model for eSport
performance [5]. Among the factors they describe in detail are coordination/skills, condition, cognitive-tactical
skills, psychic abilities, social abilities, and disposition/constitution/age/gender/genes, each of which is important.
By combining these skills and attributes and taking action quickly and accurately in the computer environment,
athletes try to outdo their opponents [5]. Novice players make an average of 50-100 actions per min (APMs), and
the top athletes make 10 actions per second or 500-600 APMs [2]. The number of moves and activity levels can
also vary depending on the type of eSport. There are many types of eSports, such as first-person shooter (FPS),
fighting, sports games, multiplayer online battle arena (MOBA), massively multiplayer online role-playing games
(MMORPG) and Battle Royale games, with different games in each branch [g].

Because this type of play involves sitting, the acceptance of eSports as a form of athletics is highly controversial
both in the literature and more generally. The average eSport player participates in competitions between 5.5 and
10 h a day. Fifteen percent of the athletes reported sitting and playing for 3 h or more without getting up to take a
break [21. There is growing concern about increased screen time and its potentially negative effects on health [7,8].
Since 2014, the WHO has organized a series of annual expert meetings that address the public health impact of
overuse of gaming platforms. These activities were carried out in response to concerns raised by professional groups,
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WHO collaborating centers, academics and clinicians, particularly regarding adverse health outcomes associated
with excessive play [6]. In addition, in all these studies related to eSports, playing eSports is defined as just sitting.

The literature on the physiological effect of eSports is poor, and conflicting results have been reported [1,9].
There is no study in the literature on the energy expenditure metabolism of eSports on athletes, and research on
this subject has been recommended [9]. The aim of this study was to investigate the energy expenditure of amateur
eSport athletes between sitting and sitting while participating in an eSport gaming session.

Materials & methods

Participants

Eleven amateur male eSport athletes aged 18-35 (age: 21.73 £ 3.50 years, weight: 76.00 £ 12.51 kg, height:
1.81 £ 0.06 m), who played amateur MOBA-style games for at least 2 years and 1000 h, were included in the study.
MOBA-style games are often played in university eSport clubs and around the world. Twenty-six participants who
were playing in university eSport clubs were invited to participate in this study. However, due to the COVID-19,
14 students refused to participate. One participant was excluded from the study because he could not adapt to
the mask. Although athletes of all genders were invited to the study through the university eSports club, only
male participants volunteered. Participants were fully informed about the study, and written and verbal consent
was obtained from each participant. Ethics committee approval of the study was approved by Izmir Katip Celebi
University ethics committee (2020-GOKAE-0050). The study was conducted in adherence with the standards of
the Declaration of Helsinki. Participants were asked not to exercise or consume alcohol for 24 h before the test and
not to eat within 2 h before the test.

Study design

The repeated measurement method was used to compare the effects of eSports on metabolic energy expenditure and
oxygen consumption. After recording the resting values, eSports playing values were recorded. The measurements of
the study were made between February 2020 and September 2020 in Izmir Katip Celebi University Physiotherapy
and Rehabilitation Research Laboratory. All participants were individually taken to the laboratory for measurement.
Before the measurement, all sterilization process were applied to the masks and devices because of Covid-19. Also
they were asked for any symptoms of Covid-19 before coming to laboratory.

Procedures

This study was done with the MOBA-style games and athletes for its ability to keep players constantly
challenged/stimulated during a session. The demographic information of the participants and the questions
such as which MOBA game they played and how many hours a day they played on average, were also questioned
and recorded.

Metabolic energy expenditure and oxygen consumption measurements were measured using an open circulation
oxygen consumption analyzer (Quark CPET, COSMED, Albano Laziale, Italy). The equipment has a built-in
paramagnetic gas analyzer to evaluate the volume of oxygen consumed (VO,) and the volume of carbon dioxide
eliminated (VCO,). Before use, the instrument was calibrated for temperature, humidity, barometric pressure, flow
rate and gas analysis. Two measurements were made for each participant. First, the participants were positioned
in a game-playing position, with the arms supported, by wearing the conventional QUARK CPET mask. After
5 min of getting used to the mask, a 15-min breathe-by-breathe measurement was recorded for each participant.
Later, the games played by the participants in the same position were opened, and the computers were placed
in front of them. Participants were asked to play a ‘ranked” match and play the ‘hero’ they played the most. Gas
analysis started as soon as they entered the game, and the recording ended when the match was over. Among
these measurements, values such as energy expenditure/kilogram (EE/kg), metabolic equivalent of task (MET)
and respiratory frequency (RF) as the minute average were used in the analysis.

The average APM values of the players during the game were recorded with the command counting program
(Desktop APM 1.17, South Australia, Australia) installed on the computer where the games were played. The APM
value was determined by the count of each keystroke made by the mouse or keyboard during the game.

Statistical analyses
Descriptive statistics were analyzed using the Statistical Package for Social Sciences, version 25.0 (SPSS, Inc., IL,
USA). The values were presented in median, percent and frequencies. In comparison of the resting and playing
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Table 1. Demographic data and information.
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Participants, n = 11 (mean + SD)

Age (years) 21.73 £ 3.50
Height (m) 1.81 + 0.06
Weight (kg) 76.00 + 12.51
BMI (kg/m?) 23.11 £3.67
Average daily playing time (h) 4.09 + 1.04
Game playing time (min) 41.36 &+ 13.65
Defence of the Ancient 2 (n = 4) 53.00 + 18.17
League of Legends (n =7) 3471+ 1.89

SD: Standard deviation.

Table 2. The comparison of the respiratory frequency, VO,, VCO,, MET values and energy expenditure values.

n=11 Before playing, median (IQR 25-75) While playing, median (IQR 25-75) p-value
Rf (n/min) 14.3 (10.8-17.1) 18.9 (14.9-23.3) 0.008F
VO, (ml/min) 362.35 (318.19-432.08) 495.02 (427.52-533.20) 0.003"
VCO; (ml/min) 301.90 (282.48-391.27) 441.21 (338.41-477.07) 0.0037
MET (MET) 1.34 (1.25-1.58) 1.90 (1.51-2.17) 0.0037:#
EE/kg (kcal/kg/day) 33.12(30.14-38.77) 46.18 (37.21-53.67) 0.003f

T Significance (Wilcoxon test).
17=-2.934.

EE: Energy expenditure; IQR: Interquartile range; MET: Metabolic equivalent of task; Rf: Respiratory frequency; VCO,: Volume of carbon dioxide eliminated; VO,: Volume of oxygen

consumed.

Table 3. The correlation of difference of METs values with action per minute, average daily playing time, and game

playing time.
Action per minute Average daily playing time (h) Game playing time (min)
Median (IQR 25-75) 121 (108-135) 4 (3-5) 35 (34-50)
Difference of METs values:
0.34 (0.27-0.67) rho=0.818 rho =0.748 rho =-0.862
p = 0.002F p = 0.008" p=0.001"

TSignificance (Spearman correlation test).
IQR: Interquartile range; MET: Metabolic equivalent of task.

values, we used the Wilcoxon test for the data. The Spearman correlation test was used for relations between APMs,
average daily playing time and difference of METs values. Results were considered statistically significant when
p-value was <0.05. G*Power 3.1.9.2 (software, concept and design of the free Windows software made by Franz
at Kiel University, Germany) was used to calculate power of the study. A post hoc power analysis was conducted by
calculating effect size (Z/+/N = 0.88) of the study and using 5% type 1 error. The analysis revealed that the present
study had a power of 84% to demonstrate differences between parameters.

Results
The demographic data and informations about the 11 participants’ playing are presented in Table 1.

The information comparing the respiratory frequency, VO2, VCO2, MET values and energy expenditure values
of the participants recorded before (mean values 14.3, 362.35, 301.90, 1.34 and 33.12, respectively) and during the
game (mean values respectively, 18.9, 495.02, 441.21, 1.90, 46.18) are given in Table 2. According to the results,
a significant increase was observed in all five values (p = 0.008, 0.003, 0.003, 0.003 and 0.003, respectively).

Table 3 shows the correlation of difference of METs values with action per minute, average daily playing time and
game playing time. In this study, significant positive correlation between APMs and average daily playing time
with difference of METs values and a significant negative correlation of game playing time with difference of METs
values was found.

Figure 1 shows the scatter plot of difference of METs values and APMs. An example of MET value changes
while playing eSports is shown in the Figure 2.
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Figure 1. The scatter plot of difference of metabolic equivalent of task values and actions per min.
APM: Actions per min; MET: Metabolic equivalent of task.
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Figure 2. An example of metabolic equivalent of task value changes while playing eSports.
MET: Metabolic equivalent of task.

Discussion

The main result of this study was that compared with sitting and not participating in eSports, eSports players spent
significantly more energy while playing games. eSports players, who are considered to be physically inactive because
they are typically sitting, spend approximately 40% more energy than sitting without gaming, even at the amateur
level. In addition, respiratory frequencies increase significantly while playing eSports (nearly 32%).
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This study is one of the pioneering studies investigating the energy expenditure of eSports players during the game.
Yin et al. recommended that the energy expenditure of eSports players should be investigated [9). There are studies
in which energy expenditure increases during eSports games played with physical activity during exergaming [10,11].
Also, one study showed that although energy expenditure increased when playing active games, no changes occurred
when playing inactive games [12]. In our study, energy expenditure increased in eSports games played while sitting.
The fact that the increase in energy expenditure is correlated with APMs suggests that the increase in energy may
be caused by deciding on more actions in the game and applying more actions physically. In contrast, Haupt ez /.
stated that the change in energy expenditure may be due to mental stress [13]. Considering the six-factor model
created for eSport performance in the study by Nagorsky and Wiemeyer, all physical and mental factors can jointly
explain the change in energy expenditure [5].

In the study of Ainsworth ez al., physical activity below 3 METs is considered light [14]. In this study, because the
average MET value of amateur eSport players was found to be 1.9, it can be considered light physical activity.
However, it was observed that it causes approximately 2 times more energy expenditure than activities such as
sitting, listening to music or watching movies while sitting, which was also noted by Ainsworth ez 4/. In addition,
it shows similar energy expenditure as walking slower than 2 mph or doing garden work with light effort [14].
According to the MET value calculation with the data obtained in this study, an athlete who plays eSports for
4 h/day every day of the week will have performed 3192 MET /w physical activity by playing eSports only from
his or her seat (1.9 METs x 240 min X 7 days = 3192 MET min/week).

The high correlation between the energy expenditure of the athletes and the average daily playing time and APM
values can be interpreted as that the athletes will spend more energy in prize money tournaments or if they are
elite-level athletes. Considering that every movement involved in APMs is a thought action in the brain allowing
for the transmission and activations that enable the body to act, we suggest that many mental and physical activities
performed within a minute are the reason for the increase in energy expenditure. In this study, there is an average
of 120 APM athlete activations during a game. Some sources report that professional eSports players reach up to
600 APM [1,15]. The high degree of correlation between APMs and the increase in energy expenditure shown in our
study suggest that professional players playing with high APMs levels may have much higher energy expenditure.

The negative correlation of the difference of MET value with the average game playing time shows that the
athletes decrease their energy expenditure as the playing time without standing up increases. Considering the
studies on the negative health effects of excessive time spent in front of the screen, athletes taking short breaks
between games and getting up and doing physical activities including large muscle groups can also increase energy
expenditure during play (2,15]. It should not be forgotten that even if there is an increase in energy expenditure
while playing eSports, regular exercise programs involving large muscle groups of eSports athletes can both protect
their health and improve their game performance.

This study has some limitations. The fact that the physical activity levels were not questioned while evaluating
the participants caused the interpretation of the energy expenditure results to be limited. In addition, the fact that
only athletes playing MOBA-style eSports or only male athletes participated in the study can be shown among the
limitations of the study.

Future studies can be based on energy expenditure studies in elite or professional tournament players with more
participants or comparing the energy expenditure of eSports players competing in Olympic sports with low MET
activity.

Conclusion

In conclusion, this study is one of the pioneering studies investigating the energy expenditure of eSports players
during the game. eSports players, who are considered to be physically inactive because they are sitting, spend
approximately 40% more energy than sitting without participating in gaming, even at the amateur level. In
addition, respiratory frequencies increase significantly while playing eSports. The correlations between the energy
expenditure of the athletes and the average daily playing time and APM values can be interpreted as that the athletes
spending more energy in tournaments or if they are elite-level athletes. It should be noted that this study was
conducted only on amateur male athletes playing MOBA-style games. More comprehensive studies are needed in
different types of eSports.
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Future perspective

Considering the momentum of eSport participation, is it possible for it to receive titles such as the most watched
sport in the world, the largest sports industry or the most played sport in the coming years? eSports and eSport
players need and deserve a more professional approach and scientific research in terms of their physiology and
health. It seems that scientific resources about eSports will grow rapidly, just as eSports have.

Summary points

e Studies on eSports are limited in the literature and are needed.

e This is a pioneering study showing the physiological effects of eSports.

e eSports players, who are considered to be physically inactive because they are sitting while participating, spend
approximately 40% more energy, even at the amateur level, than sitting without eSport participation.

e The high correlation between the energy expenditure of the athletes and the average daily playing time and
action per minute values can be interpreted as indicating that eSport athletes will spend more energy in prize
money tournaments or if they are elite-level athletes.

e Future studies can be based on energy expenditure studies in elite or professional tournament players with more
participants or comparing the energy expenditure of eSports players competing in Olympic sports with low MET
activity.
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