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Abstract: The present study focused on the effects of a physical training program on physical- and
psychological-related variables in professional esports players. Five professional League of Legends
(LOL) players belonging to the highest national category participated in this study. Data were
obtained before and after a 5 h virtual training session (acute), as well as before and after an 8-week
intervention period, focused on decreasing the impact of fatigue on players” health and performance.
The results showed that a complete virtual training session influences their performance, decreasing
jump height and joint mobility (p < 0.01), as well as increasing perceived physical and cognitive
exertion by 76.9% (p < 0.01) and 166.67% on the “Rating of Fatigue” scale (p = 0.002). Moreover, the
intervention was able to reduce the impact of fatigue (30.8% and 43.3% reduction in cognitive and
overall fatigue, respectively, p < 0.05), improving, at the same time, the amount of muscle mass by 2%,
jumping ability by 9.8% to 21%, and strength levels in various exercises by 63% to 173% (p < 0.01). The
implementation of a physical training program is capable of reducing the players’ fatigue perception,
improving their physical conditioning and health status, and decreasing the injury risk.

Keywords: esports; pro-players; performance; health; physical training

1. Introduction

Based on data from Activate Consulting in 2023 [1], the video games industry sup-
ports over 220,000 jobs in the United States alone. Moreover, the global investment and
spending on video games increase by 8% every four years, with expenditures reaching
USD 184 billion in 2022 [2]. These figures signify a growth of more than 40% within
two years and forecast a consistent annual increase of 20% to 40% [2].

As the video games sector expands, certain games have evolved beyond mere en-
tertainment to become competitive esports. These games are organized by institutions,
operate within regulated leagues and competitions, and promote the formation of competi-
tive teams akin to those in traditional sports [3].

The phenomenon of esports has burgeoned into a significant economic and social phe-
nomenon, drawing audiences on par with traditional sports [4,5]. For instance, popular es-
ports, such as League of Legends and Valorant, attract between 400,000 and 500,000 viewers
on average in both Asian and European leagues [6]. Cranmer et al. [4] highlighted that
esports garnered over 60 million new viewers in 2017, outpacing the NBA, which attracted
20.4 million new followers. This underscores the growing appeal of esports, capable of
drawing larger audiences than traditional sports.

Particularly, League of Legends (LOL) stands out as a pivotal competitive E-sport [7],
being the most watched game globally and highly esteemed in the competitive realm. It
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boasted an audience of 200 million viewers at its World Cup, surpassing the Super Bowl’s
viewership of 103 million [8].

The rise of LOL has paved the way for players’ professionalization, enabling them to
achieve economic standings comparable to those of traditional sports stars [5,8,9]. This pro-
fessional commitment demands daily training sessions lasting 6 to 10 h [10]. Consequently,
Difrancisco-Donoghue et al. [11] argue for the recognition of health and injury prevention
in these athletes, advocating for a balanced lifestyle and incorporating specific physical
conditioning into their regimen. Similarly, Pourmand et al. [12] identified injuries in esports,
primarily related to fatigue and overtraining, affecting the shoulder, wrist, and back areas.
Furthermore, the sedentary nature of esports poses risks of obesity, heart disease, and
diabetes, threatening the health of both professional and amateur players [8].

Acknowledging the prevalent issues faced by esports players, incorporating physical
exercise into their routines could offer a distinctive advantage. Physical training aids in
managing muscular stress without reaching pain thresholds, enhancing effort perception
and muscular fitness [13]. This approach could delay fatigue onset, potentially improving
in-game performance [13,14].

Moreover, physical exercise’s role extends to enhancing cognitive abilities [15]. With
esports players facing psychological challenges and the necessity for high cognitive per-
formance, it is crucial to implement intervention strategies that address both physical
and psychological aspects [16,17]. These strategies could enhance decision-making and
information processing [3], and reduce stress and anxiety [18,19]. Therefore, the inclusion
of physical activity as part of the esports player’s routine is key to enhance their health, as
well as the competitive performance, both physically and psychologically [8].

Nonetheless, to effectively apply physical training programs targeting fatigue re-
duction, it is essential to measure this variable accurately [20]. Considering the specific
conditions and regulations of competition venues, employing expensive laboratory tests
is impractical [21]. Thus, assessments should rely on methods that are accessible and
straightforward for team staff.

De las Heras et al. [8] conducted a study with occasional esports players, demon-
strating significant performance improvements through physical exercise participation.
However, research focusing on fatigue’s impact on players during actual training sessions,
particularly for professional teams, remains scarce [9,22]. Despite the growing profes-
sionalization of esports players and the increasing relevance of research tailored to this
demographic, obtaining a representative sample to study is challenging. Most research
has concentrated on the acute effects of neural and nutritional stimuli [18], with a lack of
comprehensive studies examining long-term intervention program effects.

Actually, it is considered that the virtual training sessions undergone by professional
esports players cause fatigue capable of affecting the players’ performance and health. Such
fatigue would be reduced following the implementation of an intervention program based
on physical exercise, being capable of improving the players” health and influencing their
competitive performance.

Based on this, there is a demand to know the effects of prevention and/or training
programs in professional players, providing data of interest for coaches, clubs, as well as
the players themselves, in order to implement such programs in their daily work routine.

Therefore, the aim of this study was based on analyzing the fatigue generated by
a virtual training session in a sample of professional esports players and, subsequently,
designing, implementing, and studying the effects of an 8-week physical training program
on body composition, in-session heart rate, physical and cognitive perceived fatigue, as
well as physical fitness- and psychological-related variables, affecting the players” health
and performance.
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2. Materials and Methods
2.1. Design and Participants

A descriptive, cross-sectional study design with non-probability sampling was used.
The sample was selected by convenience or accidental sampling. A total of five professional
E-sport players participated in the study (age = 19.6 &= 1.84; height = 176 & 4.95 cm; league
points = 752 & 206; number of daily games =7 & 2; years of practice = 7 & 2). These players
belonged to a professional club of the first national esports division of the LOL modality
(SuperLiga Orange, Professional Video Game League, Barcelona, Spain).

The inclusion and exclusion criteria for the sample were based on: (a) being actively
part of a professional club, involved in the specific routine associated with competition;
(b) reaching the top category in the game’s internal ranking; (c) being in the competi-
tive period during the implementation of the intervention program; (d) being free from
physical or cognitive pathologies that would affect the relevant data collection during
the research period, and (e) completing all measurement and training sessions during the
intervention period.

Every player reached the highest category within the video game, which was identified
as “Challenger”. This category is usually associated with the most competitively skilled
players, belonging to the best international teams, and who make up only 0.006% of all
LOL players (Rank Distribution LOL). Similarly, it was noted that all players followed the
same structure of virtual training throughout the process and successfully completed all
the physical training sessions.

2.2. Sample Size

Sample size calculations were performed with the software G*Power 3.1.9.4. For this
purpose, a protocol of the t-test family identified with the statistical test means: difference
from constant (one sample case), was used [23]. The significance level was set at « = 0.05.
As a consequence, the sample size (power analysis) revealed that five participants were
sufficient to obtain a power of 95%. This could be a representative sample from the entire
population, given that there are only 10 professional teams in this Spanish “SuperLiga”
category, with five players each.

2.3. Measurements and Material
Virtual Training Sessions

All pre- and post-intervention data collection sessions were conducted in the same
time slot and room. In addition, esports players were monitored to ensure that they did not
engage in any strenuous activity for 48 h prior to any measurement session.

The data collection sessions focused on the analysis of a common virtual training
session of a professional esports team, in this case LOL. These training sessions were
composed of 5 or 6 games or scrims (5 h length, approximately), where competitive
simulations were carried out. These simulated contexts were conditioned by the strategies
outlined by the coach and focused on training new skills or playing “champions vs. random
opponents” or other pre-selected professional teams. These games always involved a level
of competitiveness equal to or higher than the player’s, implying a maximum standardized
demand during all the games. The training demand and standardization were agreed
with the team’s staff members, managing to modify as little as possible the dynamics of
a professional team, and bringing the data collected as close as possible to the reality of
the demand experienced by professional players. The player’s equipment was identical in
both sessions, guaranteeing the setup used during competition and official club training
sessions (Figure 1).
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Figure 1. Gaming setup used by players during the virtual training sessions. The setup used was

identical in both data collection sessions and is the official competition setup. It includes a desk,

chair, monitor, camera with a direct connection to the competition, PC, keyboard, mouse, competitive

mouse pad, and headphones. The selection of the components for training and competition was

unique to each player and was not modified during the research period (self-created).

The test selection, focused on the measurement of each of the variables, was based
on their reliability and validity for obtaining accurate data and their applicability in the
esports club environment [21]. An explanatory diagram is provided below (Figure 2).
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Figure 2. Design of data collection, selected tests, and timing of measurements carried out be-
fore and after the virtual training session and before and after the intervention period. Note:
PMCSQ-2 = Perceived Motivational Climate in Sport Questionnaire; TEOSQ = Task and Ego Orien-
tation in Sport Questionnaire; SMS-II = Sport Motivation Scale-II; PSS-14 = Perceived Stress Scale;
ROM = Range of Movement.
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2.4. Project Variables Measured during the Program Implementation
2.4.1. Body Composition

Changes in body composition (BC) are a good indicator of the player’s health status.
BC is even related to resilience and stress tolerance, which is very common in esports
players [24]. Therefore, it could provide relevant information concerning the usefulness of
the intervention program.

Body weight (kg), body mass index, as well as the other parameters that determine the
body composition of the esports players were measured using a bioelectrical bio-impedance
analysis device (Tanita BC 545-N, Tanita Europe B.V., Amsterdam, The Netherlands) with
an accuracy of 0.1 kg. On the other hand, height (cm) was measured using a stadiometer
(Tanita HROO1 Leicester portable height rod, Tanita Europe B.V., Amsterdam, The Nether-
lands) with an accuracy of 0.1 cm. All these measurements were collected at the beginning
and at the end of the intervention period. Anthropometric measurements followed the
standards established by the International Society for the Advancement of Kinanthropom-
etry (ISAK) [25]. Data collection was performed in the same time slot and not allowing
the intake of liquids and diuretics in the previous two hours in order to avoid possible
interferences. Likewise, prior to the measurements, the clothing requirements were es-
tablished, and all this information was recorded in the information dossier provided to
athletes, coaches, and/or parents. More specifically, it was established that esports players
should wear comfortable sports clothing (T-shirt and short trousers), and height and weight
were collected barefoot.

2.4.2. Heart Rate

In addition to the changes in body composition, data were collected regarding the
players” heart rate (HR) during the virtual training. This variable provides data on the
external load borne by the players, which is closely related to their perceived fatigue and
their ability to withstand physical and cognitive effort [26].

Player’s HR was recorded during the entire training session. For this purpose, a chest
band with the Polar H10 device was used [27]. In this regard, the consumption of stimulant
or relaxing substances was avoided at any time during the 48 h prior to the training session.

2.4.3. Muscle Fatigue

Concerning the analysis of muscle fatigue, several non-invasive tests were used,
oriented to the possibility of being carried out by different professional clubs in their own
facilities [28].

2.4.4. Jump Height Loss

The jump height loss test has a high correlation with lactate and cortisol indexes, so
it is recommended for workload testing [29,30]. The jumping modality selected was the
countermovement jump without arm assistance (CM]J). This jump is performed starting
from an upright vertical position, placing the hands on the hips. From this position, a
knee flexion-extension must be performed until a 90° angle is reached, and then, without
any pause in the movement, a maximum vertical jump must be performed [31]. An iPad
Mini 4 with a high-speed camera (120 fps) and the My Jump 2 app were used for the
measurement [32,33]. The CM] jump test was performed on four occasions: before and
after the training session carried out prior to the intervention protocol and, subsequently,
8 weeks after the intervention, the jump tests were repeated both before and after the
second training session analyzed.

2.4.5. Muscle Stiffness

In order to detect localized fatigue in regions exposed to higher demand in esports
players, muscle stiffness detection tests were selected to detect the loss of joint range of
motion at the shoulder and wrist [12]. This methodology has been used to diagnose fatigue
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after long-duration precision exercises, such as surgery, showing a high degree of validity
as a detector of localized fatigue, as well as a predictor of imbalance [34-36].

The stiffness tests were applied at two different time points. More specifically, the first
time was before starting the first training session and after its completion. The second time
was after the 8-week training period (before and after the training session). Data collection
was carried out using a smartphone with the Goniometer Pro application [37].

To perform these tests, the protocol established by Norking and White in [38] was
conducted. More specifically, to detect a joint range loss in the shoulder, the esports player
was placed lying supine, with the dominant arm extended along the body. The research
team took the initial 0° position as the moment when the arm and trunk were parallel,
fixing the measuring device to the lateral side of the arm from the humerus major tuberosity.
Then, the player performed a maximum flexion to the overhead point of pain or limitation,
accompanying the movement with the measuring device and ending the gesture at the
maximum range of motion. Likewise, for the measurement and detection of the loss of
articular range in the wrist, the subject was seated, with 0° of shoulder flexion and 90° of
elbow flexion, completely supporting the entire forearm and hand on a table. From this
position, considered to be 0°, an extension of the wrist was performed, ensuring that the
forearm remained in contact with the table, taking the limitation or pain point as the end of
the movement.

2.4.6. Perceived Exertion

Perceived exertion is a valid and reliable tool for load control at any age and applied
to any fatiguing activity [39-41]. In the present study, data were collected on the player’s
perceived exertion after each of the 6 games, both before and after the intervention protocol.
To measure and evaluate this variable, the 6-20 scale designed by Borg [42] was used twice.
The first use referred to the player’s cognitive fatigue after each training game. Secondly,
and in parallel, the scale was applied in the same way to the player’s perception of physical
fatigue throughout the training [12,43]. Finally, at the end of the whole training session, the
player was asked to assess the general perceived fatigue. In order to improve the quality
of these results, the players carried out a familiarization period using the scale during the
two weeks prior to data collection.

In addition to the numerical perceived exertion, the Rating of Fatigue (ROF) scale
was selected to obtain data on the player’s general perceived fatigue after each game,
complementing the previous data [44].

Finally, data on the player’s performance perception were obtained by recording their
subjective rating at the end of the training session (0-10 scale).

2.4.7. Motivational Scale

Using standardized questionnaires, the motivational climate of the team, as well as
the player’s ego or task orientation, were analyzed. The selected tests were the Perceived
Motivational Climate in Sport Questionnaire (PMCSQ-2), the Task and Ego Orientation in
Sport Questionnaire (TEOSQ), and the Sport Motivation Scale-II (SMS-II).

Firstly, the PMCSQ-2 questionnaire is composed by 33 items rated on a Likert scale,
where each item is valued between 1 (total disagreement) and 5 (total agreement). This
questionnaire is oriented toward the player’s assessment of the perceived motivation while
playing and the affinity with the rest of the teammates. The internal consistency level was
considered acceptable (Cronbach’s alpha coefficient value: 0.86—task; 0.85—ego) [45].

Secondly, the TEOSQ questionnaire analyzes the player’s ego or task orientation by
showing their level of agreement on a 13-item Likert scale from 1 (completely disagree) to
5 (completely agree). This instrument starts with the initial sentence: “I feel most successful
in a sport when ...”, then showing the different items to be assessed, divided into ego-
oriented items (1, 3, 4, 6,9, and 11) and task-oriented items (2, 5, 7, 8, 10, 12, and 13), with a
Cronbach’s alpha coefficient of 0.89 and 0.82, respectively [46].
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Finally, the SMS-II questionnaire, referring to players’ motivation to play, was applied,
obtained by answering 18 items with a score between 1 (completely false) and 7 (completely
true) on a Likert scale. This questionnaire yields specific data on the players’ motivational
orientation toward different areas, such as: intrinsic (items 2, 7, and 13), integrated (items 4,
5, and 15), identified (items 9, 11, and 17), introjected (items 3, 13, and 14), external (items
1, 6, and 16), and a-motivated (items 8, 10, and 18). It also offers a global value called the
“Relative Autonomy Index” (RAI), showing the player’s self-determination feeling. This
value is calculated by adding the results of each category, taking into consideration that
the values of introjected, external, and a-motivated will yield a negative value, so they will
be subtracted. The internal consistency values for all categories varied between 0.74 and
0.80 [47].

2.4.8. Perception of Stress

The stress perceived by players is of great interest to coaches and clubs, being capable
of influencing the player’s performance during the competition [48]. Therefore, the 14-item
Perceived Stress Scale (PSS-14) was selected as a validated method for the analysis of
perceived stress (frequency during the last month) before and after the intervention protocol,
revealing a Cronbach’s alpha value above 0.70 [49,50]. This questionnaire is rated on a
Likert scale from 0 (never) to 4 (very often). To obtain the final value, the value for each
item must be added, considering the necessary inversion (0 =4, 1 = 3, and 2 = 2) of items 4,
5,6,7,9,10, and 13.

2.4.9. Muscular Strength

Finally, in order to check the players’ evolution during the training period, the loads
performed in every exercise during the 8-week intervention program were recorded, guar-
anteeing in all cases to leave 4 repetitions in reserve (RIR 4) in a set of 10 repetitions [51]. To
ensure measurement accuracy, players performed a two-week familiarization period with
the RIR-based load quantification methodology, as well as a standardized warm-up before
each session. The RIR is a methodology for quantifying the intensity of each set, based on
the individual’s perception of the number of reps that could be performed to exhaustion
with a given load [52]. This methodology has proven its validity as a monitoring and
individualization method for strength training, increasing efficiency and motivation in a
young population [53].

2.5. Procedure

Before starting the study, all players and managers were informed of the characteristics
of this research, as well as its potential benefits and risks. Subsequently, all participants
proceeded to complete and sign the informed consent form. The study was conducted in
accordance with the ethical principles of the Helsinki declaration for research involving
human subjects (World Medical Association) and was approved by the institutional review
board of the Catholic University of Murcia (code: CE052209).

This study was conducted over 8 weeks from January to March 2021. All esports
players completed a total of three training sessions per week throughout the intervention
period. Prior to the start of the intervention and data collection, the players were invited to
avoid any physical activity outside the established plan and to maintain their daily routines
of eating, resting, and virtual training.

All sessions were held in the morning, lasting less than 70 min. Each session included
a specific initial warm-up aimed at the mobility of the joint regions most demanded by
the players. The warm-up included specific flexion—extension movements of the shoulder,
wrist, back, and neck, together with the exercises performed during the subsequent session,
focusing on postural correction and gains in full joint range in each gesture. In addition,
resisted gestures were included with elastic bands for shoulder external rotation and
anti-rotational abdominal activation.
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Among the total number of weekly sessions, two of them were oriented to strength
training. This work focused on the development of upper and lower body strength,
following the indications of the American College of Sports Medicine [54,55]. On the
other hand, the third weekly session focused on cardiovascular work, aiming to produce
adaptations that would improve the subject’s ability to tolerate prolonged efforts associated
with training and competitions lasting more than 5 h [17].

This intervention protocol, in addition to specifically targeting the player’s muscular
and cardiovascular capacities, also aims to have a positive impact on psychological ele-
ments, such as anxiety, stress, and group cohesion. These psychological variables affect
the performance and well-being of the team, and may also be conditioned by physical
training [56].

2.5.1. Strength Training Sessions

More specifically, the aim of this strength training program was to increase the players’
muscle tolerance to effort, as well as their functionality. These types of strength training
protocols are very common in studies aimed at the prevention of certain occupational risks
in office workers but have not been applied to esports players. Considering the similar
physical performance of both in front of a computer, this type of training could be more than
adequate for this population [13,57,58]. These trainings focus on improving the tolerance
of the structures most demanded by workers, which can be extrapolated to esports players,
aiming to generate adaptations that allow for an optimal performance state to be prolonged
over time.

The volume of each session was then standardized (3 sets x 10 repetitions, 4 exercises
per session, assuming a total of 8 strength exercises per week) (American College of Sports
Medicine). The load was determined individually for each player on the basis of the
repetitions in reserve (RIR) by using 46 repetitions as the optimal range in the fatigue-
adaptation comparison [59]. This methodology ensured an optimal intensity to provoke
strength adaptations in the players’ muscles.

Finally, 4 basic exercises were performed during each training session (2 dedicated to
upper limb and 2 to lower limb strength work). These exercises were interspersed with
each other in order to prevent fatigue influencing the players’ performance [55].

The selected exercises were the bench press, squat, shoulder press, leg press, lat
pulldown, deadlift, Pendlay row, and hip thrust. The selection of exercises was based on the
guidelines of the American College of Sports Medicine, choosing movements that involved
all the muscle groups of the body in their overall actions of both pulling and pushing. In
order to ensure the correct execution of the exercises, as well as the understanding of the
RIR-based training methodology, a two-week familiarization period was conducted with
all players.

2.5.2. Cardiovascular Capacity Training Session

For the development of cardiovascular capacity, the 10-20-30 method was selected,
implemented by Gunnarsson and Bangsbo [60], which is specifically designed for early-
stage athletes. This methodology has proven to be valid both for the improvement of
maximum oxygen consumption (VO2Max), as well as the decrease of heart rate at rest,
involving a total training volume of less than 20 min, thus increasing the work efficiency
and motivation toward it.

The application of training methods aimed at improving the VO2Max of players is
based on the relationship between the players’ cardiovascular capacity and their endurance
for long-duration activities, such as their virtual training sessions [9,60]. An improvement
in their cardiovascular endurance can reduce the perceived fatigue, thereby enhancing their
performance and reducing their injury incidence [5,8].
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2.6. Data Analysis

Data analysis was performed using SPSS statistics ver. 25 (IBM Corp., Armonk, NY,
USA). Descriptive data for the different variables under study are presented by mean
(M) and standard deviation (SD) values. The Shapiro-Wilks test was used to check the
data normality. Therefore, a t-test for related samples was applied to analyze the possible
differences between the variables before and after the 8-week intervention period. Finally,
to study the load progression of each exercise proposed during the intervention, as well
as to verify the changes in perceived fatigue after every match within the virtual training
session, the Friedman post hoc statistical test was applied using the Wilcoxon test. Effect
size was calculated via Rosenthal’s r or Cohen’s d statistics, as appropriate [61] (0.1 to
0.3 (small), 0.3 to 0.5 (medium), and >0.5 (large) effect). A significance level of p < 0.05 was
accepted for statistical comparisons.

3. Results
3.1. Acute Effects of Virtual Training Sessions

Firstly, the data showed a reduction in the players’ acute muscle capacity associated
with fatigue in both virtual training sessions. The height of the third jump performed before
and after virtual training (M_Session_1 pre = 32.85 + 3.8 vs. M_Session_1_post = 28.85 + 3.73;
p <0.01; M_Session_2_pre = 37.00 & 5.98 vs. M_Session_2 post = 34.90 + 5.65; p < 0.01) and
the average total jump (M_Session_1_pre = 31.98 & 3.13 vs. M_Session_1_post = 29.29 £ 4.24;
p < 0.05; M_Session_2 pre =35.99 + 5.56 vs. M_Session_2 post = 34.16 + 5.53; p < 0.01) showed
significant differences in both training sessions, before and after the intervention program.
Similarly, significant differences were found in the players’ muscle stiffness, decreasing
the range of motion of the shoulder in virtual training session 1 (Mpre = 170 + 12.51 vs.
Mpost = 161.26 & 10.47; p < 0.05), as well as concerning the wrist and shoulder in virtual
training session 2 (shoulder: Mpye = 182.00 & 7.87 vs. Mpost = 177.60 + 7.27; p < 0.01; wrist:
Mpre = 54.60 4= 13.05 vs. Mpost = 50.00 + 13.58; p < 0.01) (Table 1).

Table 1. Countermovement jump height and joint range loss pre- and post-in-game training session.

Characteristics M Pre SD M Post SD t 14 ES
CMJ_S1_1 30.91 1.95 29.21 4.54 1.356 0.246 -
CMJ_S1_2 32.18 3.87 29.82 4.66 2.499 0.067 -
CMJ_S1_3 32.85 3.81 28.85 3.73 12.727 0.000 ** -
CMJ_S1_M 31.98 3.13 29.29 4.24 3.937 0.017 * 1.761
CMJ_S2_1 35.63 5.61 34.09 6.50 2.403 0.074 -
CM]J_S2_2 35.34 5.19 33.48 4.51 3.277 0.031 * -
CMJ_S2 3 37.00 5.98 34.90 5.65 9.288 0.001 ** -
CMJ_S2_ M 35.99 5.56 34.16 5.53 5.438 0.006 ** 2.432

JR_S1_Shoulder 170.00 12.51 161.26 10.47 3.270 0.031* 1.463

JR_S1_Wrist 46.40 13.67 44.60 16.24 0.745 0.498 0.333

JR_S2_Shoulder 182.00 7.87 177.60 7.27 6.487 0.003 ** 2.901

JR_S2_Wrist 54.60 13.05 50.00 13.58 6.782 0.002 ** 3.033

Note: CM] = counter movement jump test; JR = joint range; S1 = pre-intervention program; S2 = post-intervention
program; M = mean; SD = standard deviation. ** = p-value < 0.01; * = p-value < 0.05.

Secondly, when analyzing the variations in players’ perceived fatigue between the
first and the last game within each virtual or in-game training day, significant differences
(p < 0.03) were observed, except in the physical fatigue perception in the second virtual
training session. More specifically, an increase in the effort perception tests was observed,
revealing a progressively increased fatigue as the training session progressed, with sig-
nificant changes in both sessions, but showing lower values in the second one (Table 2).
According to the data on the perceived exertion during in-game training session 1, an
increase of 76.9% was observed in the physical perception (p = 0.026; ES = 0.568), an in-
crease of 76.92% in the cognitive one (p = 0.002; ES = 0.693), and an increase of 166.67% on



Appl. Sci. 2024, 14, 2845

10 of 22

the ROF scale (p = 0.002; ES = 0.829). In the same line, changes could be observed in the
data referring to the second in-game training session, with increases of 47.22% (p = 0.004;
ES = 0.641) and 36.96% (p = 0.004; ES = 0.800) for physical and cognitive perception, as well
as an increase of 166.67% on the ROF scale (p = 0.004; ES = 0.824).

Table 2. Changes in RPE values after each game.

E . Game 1 Game 4 Game 6 X2 p ES
xercise M SD M SD M SD Games 1 and 6
RPE Phy. S1 9.60 2.07 13.00 5.29 14.00 4.30 19.266 0.026 * 0.568
RPE Cog. S1 10.40 2.51 15.80 3.27 18.40 2.07 21.948 0.002 ** 0.693
ROF scale S1 3.00 0.71 6.40 2.51 8.00 1.58 23.179 0.002 ** 0.829
RPE Phy. 52 7.20 1.79 8.80 2.28 10.60 2.88 17.360 0.004 0.641
RPE Cog. S2 9.20 3.03 11.20 2.59 12.60 3.36 22.233 0.004 ** 0.800
ROF scale 52 1.80 1.48 3.80 1.64 4.80 217 21.899 0.004 ** 0.824
Note: RPE = rating of perceived exertion; Phy. = physical; Cog. = cognitive; ROF = rating of fatigue; S1 = pre-
intervention program; S2 = post-intervention program; M = mean; SD = standard deviation. ** = p-value < 0.01;
* = p-value < 0.05.
3.2. Effects of the Intervention Program on Players’ Health and Physical Fitness
Table 3 shows the mean values obtained for the assessment of body composition in the
esports players. Significant differences were reported when comparing the mean values
for muscle mass (Mpre = 51.56 & 7.27 vs. Mpost = 52.54 & 7.78; p < 0.05), basal metabolism
(Mpre = 1628.20 + 220.00 vs. Mpost = 1652.40 + 231.00; p < 0.05), and body water percentage
(Mpre = 64.50 &= 4.70 vs. Mpost = 63.06 £ 4.70; p < 0.05) before and after the intervention
program. In addition, a reduction in the players’ mean heart rate was reported during
in-game training sessions, although with no significant differences.
Table 3. Players’ body composition changes and average heart rate pre- and post-intervention program.
Characteristics M Pre SD M Post SD t p ES
Weight (kg) 63.22 10.82 63.46 10.65 —0.806 0.465 0.361
Body fat percentage 13.78 4.99 12.42 5.44 1.726 0.159 0.772
Muscle mass (kg 51.56 727 52.54 7.78 —2.897 0.044 * 1.296
Bone mass (kg) 2.76 0.38 2.80 0.34 —1.633 0.178 0.730
Body mass index 20.40 2.62 20.44 2.54 —0.459 0.670 0.205
Basal metabolic rate (Kcal/day) 1628.20 220.00 1652.40 231.00 —3.570 0.023 * 1.597
Metabolic age (Y) 16.20 6.02 15.60 5.13 1.500 0.208 0.671
Body water percentage 62.50 4.70 63.06 4.70 —3.311 0.030 * 1.481
Visceral fat index 1.70 1.09 1.60 0.89 1.000 0.374 0.447
Average heart rate during training 90.00 2.34 84.40 4.72 2.514 0.066 1.125

Note: kg = kilograms; Kcal/day = kilocalories per day; Y = years; M = mean; SD = standard deviation.
* = p-value < 0.05.

On the contrary, no significant differences were revealed before and after the ap-
plication of the intervention program concerning the variables of motivation and stress
perception (p > 0.05) (Table 4).

Regarding the muscular capacity of esports players, the results showed significant
differences when comparing the data before and after the application of the intervention
program (p < 0.05). More specifically, pre- and post-eight-week training program variations
were observed between the jump height achieved by the players in all jumps before and after
the in-game training sessions (before in-game: M = +12.54% after intervention program,
p < 0.05; after in-game: +16.63% after intervention program, p < 0.01). The same results
were found for data of the pre- and post-eight-week training period concerning players’
mobility in the shoulder (before in-game = +7.06%, p < 0.05; after in-game = +10.17%,
p <0.01) and wrist (before in-game = +17.67%, p < 0.05; after in-game = +12.11, p > 0.05)
(see Table 5).
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Table 4. Comparison of players’ perception of motivation and stress pre- and post-intervention program.

Characteristics M Pre SD M Post SD t 14 ES
SMS Intrinsic Scale 46.20 13.01 48.00 16.43 —-0.739 0.501 0.330
SMS Integrated Scale 27.00 10.90 25.60 11.08 1.581 0.189 0.707
SMS Identified Scale 14.60 2.61 14.40 3.05 0.250 0.815 0.112
SMS Introjected Scale 15.80 3.70 15.60 3.97 0.408 0.704 0.183
SMS External Scale 16.00 8.60 12.40 6.69 1.857 0.137 0.830
SMS A-motivated Scale 18.60 493 17.40 3.91 0.590 0.587 0.264
SMS RAI 38.00 35.23 42.60 34.73 —1.197 0.297 0.536
PMCSQ2T 2.02 0.34 2.43 0.58 —2.362 0.077 1.056
PMCSQ2E 4.37 0.23 3.70 0.93 1.621 0.180 0.725
TEOSQT 4.37 0.43 4.32 0.57 0.423 0.694 0.189
TEOSQE 3.23 0.54 3.27 0.64 —0.145 0.892 0.065
Perceived Stress Scale 21.20 497 28.60 498 —2.607 0.060 1.166

Note: SMS = Sport Motivation Scale-II; RAI = Relative Autonomy Index; PMCSQ 2 = Perceived Motivational
Climate in Sport Questionnaire; TEOSQ = Task and Ego Orientation in Sport Questionnaire; T = task-oriented;
E = ego-oriented; M = mean; SD = standard deviation.

Table 5. Changes in players’ jumping ability and joint range before and after in-game training pre- and

post-intervention programs.

Characteristics PMre 1nterventlosnD Post mterventl%rll) ¢ p ES
CM]J_PrelGT_1 30.90 1.95 35.63 5.61 —2.662 0.056 --
CM]J_PrelGT_2 32.18 3.87 35.34 5.19 —4.708 0.009 ** --
CM]J_PrelGT_3 32.85 3.81 37.00 5.98 —2.962 0.041* --
CM]_PrelGT_M 31.98 3.13 35.99 5.56 —3.257 0.031* 1.457
CM]_PostIGT_1 29.21 4.54 34.09 6.50 —4.701 0.009 ** --
CM]_PostIGT_2 29.82 4.66 33.48 451 —7.482 0.002 ** --
CM]J_PostIGT_3 28.85 3.73 34.90 5.65 —5.865 0.004 ** --
CM]_PostIGT_M 29.29 4.24 34.16 5.53 —7.292 0.002 ** 3.261
JR_PrelGT_Shoulder 170.00 12.51 182.00 7.87 —4.000 0.016 * 1.789
JR_PrelGT_Wrist 46.40 13.67 54.60 13.05 —4.487 0.011* 2.001
JR_PostIGT_Shoulder 161.20 10.47 177.60 7.27 —5.304 0.006 ** 2.372
JR_PostIGT_Wrist 44.60 16.24 50.00 13.58 —2.502 0.067 1.119

Note: CM] = counter movement jump test; JR = joint range; PrelGT = pre-in-game training session; PostIGT = post-
in-game training session; M = mean; SD = standard deviation. ** = p-value < 0.01; * = p-value < 0.05.

Finally, Table 6 shows the results concerning the players’ muscle strength, where a
clear increase in the player’s strength capacity was observed (p < 0.05). The lifted load
experienced an increase of 83.56% (p = 0.000; ES = 0.949) for the bench press exercise,
105.61% (p = 000; ES = 0.940) for deadlift, 133.34% (p = 0.002; ES = 0.846) for hip thrust,
82.61% (p = 0.001; ES = 0.930) for lat pull down, 97.3% (p = 0.001; ES = 0.909) for leg press,
91.67% (p = 0.001; ES = 0.906) for overhead press, 173.44% (p = 0.000; ES = 0.924) for Pendlay
row, and finally, 62.96% (p = 0.000; ES = 0.914) for squat.

Table 6. Progression of players’ loads during the intervention program.

. Load Week 1 Load Week 4 Load Week 8 X2 p ES

Exercise M SD M SD M SD Weeks 1 and 8
Bench press 22.50 7.16 31.60 7.64 41.30 743 34.266 0.000 ** 0.949
Deadlift 21.40 6.07 28.00 7.58 44.00 7.42 34.035 0.000 ** 0.940
Hip thrust 12.00 2.74 19.00 2.24 28.00 2.74 33.101 0.002 ** 0.846
Lat pull down 23.00 4.47 32.00 6.71 42.00 6.71 33.764 0.001 ** 0.930
Leg press 37.00 13.96 54.00 19.49 73.00 21.09 33.781 0.001 ** 0.909
Overhead press 4.80 1.10 6.50 1.22 9.20 1.10 33.515 0.001 ** 0.906
Pendlay row 12.80 6.57 24.00 5.48 35.00 6.12 33.891 0.000 ** 0.924
Squat 27.00 2.74 36.00 6.52 44.00 6.75 34.064 0.000 ** 0.914

Note: M = mean; SD = standard deviation. ** = p-value < 0.01.
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3.3. Effects of the Intervention Program on Performance and Perceived Fatigue during Training

To conclude, the results showed a significant difference between the perception of phys-
ical fatigue after the third game before and after the training program (Mpre 11.40 + 3.29 vs.
Mpost 7.60 £ 1.14; p < 0.05). On the other hand, no more significant differences were found
concerning the perception of physical fatigue pre- and post-training program, despite an
evident decrease in the data recorded (Table 7). At the cognitive level, the results showed
significant differences after game 2 (Mpre 13.60 4 1.67 vs. Mpost 9.80 £ 3.11; p < 0.05), game
3 (Mpre 14.00 =+ 2.55 vs. Mpost 10.40 £ 3.05; p < 0.05), and game 6 (Mpre 18.40 + 2.07 vs.
Mpost 12.60 + 3.36; p < 0.05). These data coincide with the comparison on the ROF scale,
also showing significant differences after games 2, 3, and 6 (see Table 7).

Table 7. Comparison of players’ perceived exertion, fatigue, and performance (physical, cognitive,
and overall) after each game pre- and post-intervention program.

Characteristics M Pre SD M Post SD t 14 ES
RPE Phy. G1 9.60 2.07 7.20 1.79 2.138 0.099 0.956
RPE Phy. G2 10.60 2.79 7.60 2.07 2.739 0.052 1.225
RPE Phy. G3 11.40 3.29 7.60 1.14 3.283 0.030 * 1.468
RPE Phy. G4 13.00 5.29 8.80 2.28 2.040 0.111 0.912
RPE Phy. G5 13.80 3.90 9.60 2.07 2.064 0.108 0.923
RPE Phy. G6 14.00 4.30 10.60 2.88 1.731 0.159 0.774
RPE Cog. G1 10.40 2.51 9.20 3.03 1.238 0.284 0.554
RPE Cog. G2 13.60 1.67 9.80 3.11 3.919 0.017 * 1.753
RPE Cog. G3 14.00 2.55 10.40 3.05 3.882 0.018 * 1.736
RPE Cog. G4 15.80 3.27 11.20 2.59 2.438 0.071 1.090
RPE Cog. G5 16.40 2.30 12.00 3.08 2.240 0.089 1.002
RPE Cog. G6 18.40 2.07 12.60 3.36 3.127 0.035 * 1.399
ROF Scale G1 3.00 0.71 1.80 1.48 1.809 0.145 0.809
ROF Scale G2 4.60 1.34 2.60 1.82 3.162 0.034 * 1.414
ROF Scale G3 4.40 1.52 2.80 1.64 4.000 0.016 * 1.789
ROF Scale G4 6.40 2.51 3.80 1.64 2.229 0.090 0.997
ROF Scale G5 7.00 1.87 4.40 1.95 2.152 0.098 0.962
ROF Scale G6 8.00 1.58 4.80 2.17 3.301 0.030 * 1.476
RPE general Phy. 12.60 3.85 8.40 2.07 2.298 0.083 1.028
RPE general Cog. 15.60 2.41 10.80 2.77 3.446 0.026 * 1.541
ROF Scale general 6.00 141 3.40 1.67 2.804 0.049 * 1.254
Per. Performance Scale 6.20 2.68 7.80 1.09 —1.725 0.160 0.772

Note: RPE = rating of perceived exertion; Phy. = physical; Cog. = cognitive; ROF = rating of fatigue; G = game;
M = mean; SD = standard deviation. * = p-value < 0.05.

When referring to the overall assessment of the training session, no significant dif-
ferences were found in the performance perception before and after the intervention
program. Similarly, there were also no differences in the players’ general physical per-
ceived exertion, despite the improvement reported by the players. However, there were
significant differences in players’ general cognitive perceived exertion (Mpre 15.60 + 2.41
vS. Mpost 10.80 + 2.77; p < 0.05) and rate of fatigue, combining physical and cognitive (Mpre
6.00 &= 1.41 vs. Mpost 3.40 &= 1.67; p < 0.05) (see Table 7).

4. Discussion

After the analysis of the results, the existence of both physical and mental fatigue in
esports players was demonstrated. This demand resulted in a decrease in their muscular
capacity, having an impact on their fatigue perception in general terms, as has been pre-
viously demonstrated in other studies with other populations [29,62]. On the other hand,
when studying the loss of muscle function applied to joint range and jumping ability, it
was possible to observe, in both sessions, a decrease in the players’ neuromuscular capacity.
These losses align with those observed in previous studies applied to samples with similar
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ergonomic circumstances, such as office workers and surgeons [63,64]. In both cases, these
occupations require a large number of hours sitting down to perform physically and men-
tally demanding tasks in front of a computer, leading to problems associated with muscle
decompensation or pathologies located in regions similar to those of esports players.

These localized imbalances in regions most demanded by players, such as the shoulder
and wrist areas [12], can eventually lead to more significant pathologies, which could ham-
per the players’ careers, even leading to their retirement [11,14]. Based on this, the present
study highlights the importance of healthcare professionals intervening in prevention pro-
tocols and the enhancement of pathologies, generally focused on players and, specifically,
on the most demanded regions [3]. Additionally, these pathologies and imbalances can
result in possible chronic muscular and joint pain, a finding demonstrated when applied to
other samples, such as athletes or workers [34,36]. The progression from overuse-related
ailments to chronic pathologies is common in populations that do not perform specific
prevention protocols and spend long hours in front of the computer [13,14,35]. Based on
this, not only is the attention to localized fatigue in esports players shown to be relevant,
but also its potential danger of generating chronic pathologies in a young population is
very high, considering its parallels with other sectors, such as office workers, requiring
specialists to address this issue before it leads to lifelong alterations.

Based on this loss of muscle function after the virtual training session, and apart
from the observed improvements in the players” muscle capacity across the eight-week
intervention, the results demonstrated that the demands of a professional club training
day are capable of having an obvious impact on the players’ musculature. However, the
data extracted in this research concerning players’ fatigue contradict those observed in
the study by Thomas et al. [65]. These authors found that after playing three consecutive
games of LOL, no changes in fatigue tests were shown in professional players. The possible
explanation for these discrepancies could be based on the type of intervention, sessions,
and sample selected for the development of this study. Thomas et al. [65] developed their
intervention with real players, but in simulated competitive situations. This fact may
lead to a lack of change in the players, since within real training sessions, such as those
studied in the present study, professional players are affected by different elements, such
as competitive stress with high-level opponents, pressure from staff members, and a real
and professional club environment that forces the player to perform at the highest level.
These factors clearly contribute to an increase in physical and cognitive fatigue [9,17].

On the other hand, when studying the results found for the jumping and joint mobility
tests, before and after the application of our intervention program, there was evidence of a
reduction in the muscle fatigue affection in the most stressed regions, but without being
able to eliminate it completely. Perhaps after this evidence, it would be advisable to increase
the duration of the intervention program, or to introduce the addition of muscle unloading
programs, as in both cases it would be possible to provoke and/or contribute to the
reduction of localized muscle fatigue in repetitive actions in front of the computer [38,66].

As stated by Pourmand et al. [12], the targeting of the gamer’s muscle demands on
specific regions inevitably leads to an overloading, as well as to an increase in physical and
psychological fatigue associated with sitting at the computer for many hours [67]. In this
regard, physical exercise might be able to increase the tolerance of the musculature [68],
but it seems not to be capable of completely eliminating a loss of muscular capacity when
facing such high-incidence fatiguing situations, only achieving a reduction of their impact
and a possible modification of the players’ perceived exertion that would benefit them
during their training sessions [69,70]. These same results have been previously verified in
office workers, who have certain parallel professional demands of their work performance
as professional video game players, and where the practice of physical exercise causes an
increase and improvement in their performance and well-being at work [57,69].

As indicated in these studies, strength exercise protocols, similar to those shown in
this research, are effective for improving workers” well-being, which has a direct influence
on their job performance, enhancing not only their health but also their productivity [57,69].
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Therefore, despite the non-disappearance of the impact of fatigue, the reduction found in
this study can similarly cause modifications in the players’ perception of well-being that
have a specific impact on their perceived health status and their specific performance.

Along the same lines, recent studies have corroborated how physical fatigue directly
affects the cognitive level, greatly worsening the subjects’” problem-solving capacity [71,72].
In relation to this, when referring to the increase in cognitive fatigue, an associated increase
in physical tiredness in office workers can also be observed [73,74]. This evidence of
a psycho—physical relationship increases the importance of observing the perception of
cognitive fatigue in esports players. An increase in cognitive fatigue could have an effect
on the physical state, and vice versa, giving rise to fatigue at a general level that would
affect the players’ decision-making capacity and well-being perception.

Based on this, the results found in this research allowed us to demonstrate that our
intervention program was effective as a method to reduce the players’ perception of fatigue,
as the data showed a decrease in these values on a cognitive and general level. As a
consequence, it could be affirmed that through this type of intervention, it is possible to
significantly modify the subjective esports players” perception of general and cognitive
fatigue, influencing their physical and psychological state, well-being, and performance. As
previous research has shown, the execution of repetitive actions during long working days
requires a high level of attention, which causes cognitive fatigue that decreases performance
in the activity [71,72,75]. Concerning the esports players, their professional performance
requires a high level of concentration in repetitive situations, so the appearance of fatigue
at a cognitive level is justified, and the loss of performance associated with this cognitive
fatigue is evident.

Furthermore, continuing with the analysis of the players’ perceived fatigue, cognitive
and general fatigue perception tests decreased significantly after the eight-week interven-
tion program, while those specific to the players’ physical perceived fatigue experienced a
clear decrease, although not achieving significance. In addition, it should be noted that the
differentiation of perceived fatigue into two different scales (physical and psychological)
is of great interest, allowing coaches to better understand the workload. In fact, this may
allow physical or psychological modifications to be made on an individual basis, leading
to more specific and accurate adaptations [76-78]. This specific differentiation of fatigue
perception at general, cognitive, and physical levels can be a highly useful tool for the es-
ports environment and its application in professional competitive structures. Through this
differentiation, and after the demonstrated connection between the influence of physical
and cognitive fatigue [73,74], the accuracy of data collection regarding the daily load on
players can be increased.

In this sense, observing high levels of cognitive fatigue and low levels of physical
fatigue can lead to modifications that refer to the mental demands of the players, such as
their screen time or the complexity of the trainings, without altering the physical aspects.
On the other hand, if the highest levels are of physical fatigue and not cognitive, it could
imply a modification of the physical training sessions or the posture and furniture used
by the player, which can condition their overall performance despite not having a specific
cognitive influence.

This information is of great interest for clubs and players, demonstrating that physical
exercise is capable of improving the player’s perception of well-being, prolonging their
physical and cognitive capacity over time and, in this way, preventing possible physical
and performance problems. These data are consistent with studies applied to workers,
where the ability to maintain their physical and mental well-being determines their work
performance and health status [64,69,79]. These studies revealed that physical exercise is a
reliable and useful tool for maintaining and developing cognitive capacity, mental health,
and muscular function [80]. These assertions have been demonstrated in similar samples
to esports players, with high cognitive demands during long periods [15,81]. Furthermore,
at the same time, it has been shown to have an indirect effect on the players’ feeling of
well-being, making them feel better and reporting a lower level of demand [69].
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These modifications, found in samples such as office workers, lead to reductions in
their risk of pathology and an increase in their well-being that is not limited to a mere
temporary improvement. These studies show how the application of training programs
based on cardiovascular and strength training, very similar to the one carried out in the
present study, have chronic effects on workers, increasing the importance of physical exer-
cise as a fundamental part of the routine of people who work in front of a computer [70,79].
Considering that the benefits found in office workers show a clear parallelism with those
discovered in this study applied to esports players, and the intervention protocols are based
on the same principles, the possible long-term improvements of physical exercise applied
to esports players can imply chronic modifications in the well-being of the players and
their most frequent pathologies.

As indicated in various studies from highly relevant publications [11,22], esports
players should have specialized medical attention. Similarly, it is noted that interventions
should focus on modifying the well-being of the player not only during training or competi-
tions, but also in the long term, extending their professional careers and reducing an injury
incidence that, with various pathologies, affects nearly half of the esports players [11,12].

Along the same lines, and pointing to these psychological benefits, it is worth noting
that players’ perceived fatigue influences their performance and health status in an equiva-
lent or superior way to physical complaints, considering the key importance of cognitive
elements in esports performance [3,9]. This statement is consistent with the findings of the
present study, where it was shown that the highest values of fatigue were experienced at
the cognitive level, compared to the physical, concluding that professional esports is an
activity involving high demands on the psycho-cognitive level for players. Therefore, a tool
allowing the control of these variables will be a step forward toward achieving sustained
performance over time during training sessions, where, as stated in different studies, it can
reach between 6 and 10 h a day [10].

The present physical exercise program proved to be effective in reducing the players’
perceived fatigue, showing a higher level of well-being during the virtual training sessions
(significant differences in game 6 and overall) and maintaining their cognitive level over
time. This implies a greater chance of achieving high performance under prolonged situa-
tions of high general or cognitive fatigue. An improvement of the subject’s performance
capacity in the final moments, especially in games 5 and 6, could mean victory in most
championships, since the decisive matches in the selected esports modality (LOL) are
played to the best of 5 games, being necessary to maintain a high performance during
all of them in order to achieve victory [21]. These data are consistent with the study by
de Las Heras et al. [8], where the effectiveness of physical exercise as a performance and
accuracy enhancer was demonstrated. The relationship between cognitive fatigue and
mental performance and problem-solving ability in demanding computer-based activities
has been proven as well [74], so its application to esports is justified.

On the other hand, aside from the benefits of improving player well-being at key
moments in competition, modifications focused on reducing the impact of fatigue on
esports players during training hold specific high relevance in the players’ careers. Physical
training is capable of modifying performance and precision in the long term not only in
office workers, but also in jobs that require a high level of precision, such as surgeons [81].
In this group, improvements from physical exercise result in greater abilities of specialists
in long-duration surgical interventions, thereby increasing their capacity to perform and,
consequently, to successfully meet the operation’s objective.

These improvements are based on preventing fatigue, both physical and mental, from
diminishing surgeons’ abilities and prolonging a better general state that influences their
performance. These adaptations are very similar to those achieved by esports players.
The decrease in the impact of fatigue at the final moments of training sessions, as found
in this study, not only has an impact on best-of-five competitions but also prolongs an
optimal performance state, giving the player the ability to perform at the highest level for
longer. These modifications could dramatically increase the quality of the training sessions,
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providing the player with improvements they would not achieve if, affected by fatigue,
their physical and mental capacities diminish as the session progresses.

However, despite experiencing changes in physical and cognitive well-being, our study
showed no significant differences in the players’ perception of performance, even though
there was an increase in their scale of perception. This element is directly conditioned by
the demands of the games performed in both training sessions. The present study ensured
maximum demand in both data collection sessions, ensuring matches with opponents
on similar levels, being facilitated by the LOL algorithms. These algorithms consistently
match the player with opponents and teammates of the same level as the player, implying
a linearity in the demands of each game [82].

By constantly maintaining a maximum level of demand on the opponents, the players’
overall perception of performance is not conditioned by external agents, so the improve-
ment of well-being will probably not influence this performance and competitive demand.
The advantage of maintaining an optimal physical and psychological well-being through-
out the training is the ability to extend the possibility of performing optimally for more
games. This may ensure that the opponents faced can also maintain an equivalent high
level for a longer period, increasing the potential improvements of programed training by
delaying the presence of higher-ranked opponents over time, without losing the match
quality due to the fatigue influence.

This may be the direct reason for the absence of significant changes in motivation
and perceived stress data. Therefore, collecting data during a long competitive period and
always guaranteeing maximum-intensity opponents may contribute to the maintenance
of a constant motivational and stress state in the players. Thus, it may not be modified
by the implementation of training programs, such as in this study. In addition, the study
by Lopes Angelo et al. [83] stated that the main determinants of the motivational climate
in LOL players are the coaches and the competitive level. On this basis, the inclusion of
a physical training program, despite its positive and beneficial influence on the health
and performance of professional players, may not sufficiently modify parameters such as
motivation and stress.

Furthermore, in addition to all the improvements discussed previously the current
study also focused on the subjects” physical condition improvement. Thus, it has been
demonstrated that an increase in the players’ physical capacities contributes to improving
their health status and preventing possible pathologies [84].

Therefore, the intervention program proved to have an impact on the players’ muscle
mass, increasing their lean mass values, basal metabolism, and body water percentage.
Additionally, improvements were shown in the players’ jumping ability, linked to lower
limb strength [85], and a considerable increase in strength capacity in all the exercises
used during the intervention. Similarly, improvements were achieved in the joint mobility
development. These data demonstrate the efficacy of the intervention protocol as a health-
enhancing element for the players, considering that an increase in their muscle mass and
strength contributes to their tolerance to daily physical exertion and increases their sense of
well-being [52]. It also increases the metabolic rate, being of great interest in contributing
to the reduction of obesity associated with video game players [86,87].

Along with the physical benefits, the improved movement ability is associated with
an obvious decrease in the risk of injury [34,88], something that is exponentially increasing
in association with extended keyboard and mouse use [89]. This reduction is associated
with an improvement in the player’s immediate state of well-being, but also with a change
in their potential risk of pathology, reducing the incidence of injuries among players and
potentially extending their sporting careers, as highlighted in previous paragraphs.

In parallel to the players’ physical improvements, changes in the body composition
also influence the psychological well-being, increasing their self-esteem and decreasing
their propensity to suffer psychological pathologies [90], being very common in esports
players [91]. In fact, related to self-esteem, we found another factor: the perception of sup-
port. Various studies indicate that society views playing video games as a harmful activity
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for people, generating unhealthy life habits [86]. Based on this, esports players perceive
a low level of general societal support, finding support only among their teammates and
other players [92]. These perceived support issues are compounded by insecurities associ-
ated with the high public exposure they face during competitions, which have audiences in
the millions and expose players in live competitions [93]. The combination of perceived
lack of social support and media exposure makes pathologies associated with insecurities
very common in the esports environment [91].

Regarding the approach to these issues, these pathologies can be treated from a
psychological perspective, but sports sciences have also proven to be an effective agent in
improving players’ perceptions [90]. Physical exercise has the capacity to directly mediate
the psychological elements very common in esports, such as stress and anxiety [94]. This
improvement could also influence their subjective perception and improve their mental
well-being [90].

Finally, despite the validity demonstrated in this study of physical training for improv-
ing players’ health and reducing perceived fatigue, the findings should be extrapolated
with caution. The possibility of applying intervention programs longitudinally in pro-
fessional teams is very limited, even more difficult considering the existing number of
professional teams. However, precisely for this reason, studies applied to this special
sample are crucial [22], since to achieve any result, even by using a very small sample,
implies a major breakthrough.

The emergence of studies demonstrating that the application of physical exercise
programs can modify the health and performance of esports players represents a significant
advancement for the sector, which is undergoing rapid professionalization [5,9]. The
esports environment aims to evolve by learning from other competitive methodologies,
such as traditional sports, attempting to adopt their positive aspects, such as their structure
and exploitation resources, without falling into the issues associated with overexposure
and exploitation of players to unhealthy extents [3].

Accordingly, studies showing that the application of physical exercise should be
a fundamental part of the routine of a professional esports club represent a significant
step forward for the sector. It is beginning to be understood that the keys to players’
performance are not solely in the hours spent gaming, but also in other factors, such
as rest, physical exercise, and psychological therapy [9]. Similarly, demonstrating with
data that physical exercise is a determinant of the health and performance of professional
players allows health professionals to have a justification for the application of programs in
professional teams. Clubs can often be reluctant to understand the importance of physical
activity in esports players and may need objective data to be persuaded and flexible in their
implementation. Thus, this study provides a basis for justifying the need to implement
these programs in professional structures, which must increase in number and quality to
generate knowledge so extensive that it leaves no doubt among esports clubs.

Lastly, it should be noted that this study was applied to a sample of professional LOL
players, and not to a sample of players from different disciplines. However, considering
the similarities in the characteristics of training in the professional esports environment, the
data regarding fatigue indices recorded in virtual training sessions could be extrapolated
to other major references in the competitive esports scene, such as Counter-Strike and
Valorant [2].

These video games, despite having evident differences in the specific requirements of
the players, are played with the same equipment (a computer and peripherals identical to
those used in LOL) and have typical structures in their virtual training sessions very similar
to those studied in this investigation [4]. Therefore, considering the existing similarities,
the application of the intervention program proposed in this study could be transferred
to these video games with a potential positive effect on players. However, it is noted that
the application of intervention programs in professional esports samples must evolve,
covering not only LOL players, as in the study by de las Heras et al. [8] or this study, but
also encompassing other modalities that provide greater breadth to the conclusions drawn.
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Video games, such as those mentioned previously, have variations in competitive rhythms
and different demands, such as higher requirements for attention and precision compared
to other skills unique to LOL, such as specific mechanics [95]. These characteristics cause
modifications in their particularities that can affect the application of the strategies and
require specific studies for these samples.

5. Conclusions

To our knowledge, this is the first study to develop an intervention program focused on
fatigue management, performance improvement, and health-related variables” maintenance
in professional esports players.

The findings of this ground-breaking study provide new and relevant information on
the role of fatigue in professional esports players’ performance and well-being. The evident
loss of muscle function and the increased perception of fatigue caused by virtual training
pointed out the demands placed on esports players. These demands require the application
of intervention programs capable of reducing the fatigue impact, mainly to increase the
players’ optimal performance state and the injury/pathologies prevention.

Through the inclusion of an intervention program, such as the one described in this
study, it has been demonstrated that physical exercise is capable of reducing the general and
cognitive fatigue perceived during a virtual training session in professional esports players,
increasing their ability to perform at the highest level until the last game, thus increasing
their potential competitive performance. Similarly, it has been shown that a program of
these characteristics is capable of influencing the players” health status, increasing their
muscular capacity, and thus reducing their risk of suffering from various physical and
psychological pathologies.

This contribution could be highly relevant, pointing positively to the implementation
of physical training intervention programs in professional esports players, adapted to the
needs and particularities of this activity. Based on the conclusions reached in this study,
clubs will be empowered to implement physical exercise as part of the training routine
of a professional esports team, obtaining the improvements described in the results and
contributing to both the players’ performance and life quality.

6. Limitations

This study presents limitations that must be taken into consideration by the authors.
Firstly, the small sample size of players participating in the research is noted. However,
despite being a sample of only 5 players, only 10 professional teams are enrolled in the
national first division of LOL, which implies a total of 50 players at this level of demand.
Based on this, a sample of five players from such a limited pool of players can be considered
representative of the population. Similarly, the difficulty in accessing professional samples
for conducting intervention methodologies is very high, being almost non-existent in
current publications. Therefore, any study applied to professional samples represents a
significant advance in the science applied to the esports sector.

It is also noted that the intervention methodology was based on a LOL team, finding
specific benefits in this type of sample, which may not be successfully extrapolated to any
professional competitive video game.

Consequently, it would be very interesting to continue the study of professional esports
players, applying methodologies oriented toward their health and performance. Future
research is essential to build upon the findings of this study, enhancing our understanding
of this field. This entails not only prolonging the duration of the intervention programs to
better assess their long-term effects, but also applying these programs across various teams
and players in different competitive video games.
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