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Abstract

Esports are now part of our contemporary society. The demands of
competitive esports and the emerging risks of esports participation, exposure,
and professionalisation could influence players' health. Therefore, the present
thesis builds upon the more recent findings about health-related parameters
1n esports players.

Six studies following a mixed-methods approach were conducted to
characterise health-related parameters in esports players (Chapters II to VII
of the current thesis). Chapter I comprised a viewpoint that analysed the role
of sports and exercise professionals in esports players' health support. The
scoping review in Chapter III mapped the themes studied about health and
well-being and esports participation and debates on the gaps that need
further investigation. Then, Chapter IV qualitatively evaluated the
perceptions of elite esports players and staff members of a national eFootball
team about the esports players' health. This was followed by three cross-
sectional studies conducted with Portuguese eFootball players (a sports-
related esports modality). Chapter V evaluated their physical activity levels
and motivations to perform physical activity. Chapter VI studied the
prevalence of symptoms of common mental health problems in eFootball
players and their association with esports participation. Finally, Chapter VII
developed a model to explore the association between symptoms of common
mental problems and esports players' coping mechanisms using a two-step
robust maximum likelihood method of the Structural Equation Modelling
approach.

The most studied and perceived health-related parameters in esports players
were related to mental health (e.g., symptoms of common mental health
problems, cognitive function) and physical health (e.g., physical activity, eye
or musculoskeletal problems). Some factors associated with esports
participation might lead to health problems in esports players requiring
healthcare support, especially for health prevention; physical activity has

been discussed to have a crucial role, even with players reporting high levels

X



of physical activity. Symptoms of common mental health problems were
prevalent but not associated with esports participation in eFootball players.
Indeed, health outcomes related to mental health problems were associated
with players' adaptative or maladaptive coping strategies.

Several health-related parameters still need to be addressed to ensure
adequate healthcare provision for esports players. Given the role of physical
activity and mental health for esports participation and the current
development of esports within traditional sports organisations, those involved
with sports and exercise medicine should be part of the discussion on the

health effects of esports participation.
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Resumo

Os esports sdo ja parte da sociedade contemporanea. A exigéncia das
competicoes de esports e os riscos que podem advir da participacgao, treino e
profissionalizacao em atividades relacionadas com esports podem influenciar
a saude dos praticantes de esports. Assim, a presente tese aprofunda o
conhecimento mais recente sobre parametros de saude nos praticantes de
esports.

Foram realizados seis estudos aplicando uma metodologia mista, para
caracterizar os parametros relacionados com a saude dos praticantes de
esports (Capitulos II a VII da presente tese). O Capitulo I inclui um viewpoint
que analisou o papel dos profissionais do desporto e exercicio no apoio clinico
prestado aos praticantes de esports. A scoping review no Capitulo III mapeou
os temas que tém sido estudados sobre a saude e bem-estar dos praticantes
de esports e, ao mesmo tempo, identificou as lacunas do conhecimento
cientifico ainda existentes e que requerem investigacao no futuro. Depois, no
Capitulo IV é apresentado um estudo qualitativo que analisou as percepgoes
que praticantes e membros do staff de uma selecdo nacional de eFootball téem
sobre a saude dos praticantes de esports. Foram depois realizados trés
estudos transversais considerando uma amostra de praticantes de eFootball
(uma das diferentes modalidades de esports). Assim, no Capitulo V foram
avaliados os niveis de atividade fisica e motivacgoes para a pratica de atividade
fisica. No Capitulo VII foi estuda a prevaléncia de sintomas de doenca mental
e a sua associacao com a participacao em esports. Por fim, no Capitulo VII foi
desenvolvido um modelo tedrico, usando a metodologia de analise de equagoes
estruturais por maxima verossimilhanca, para explorar a associagdo entre
sintomas de doenca mental e os mecanismos de coping.

Os parametros mais estudados, e percecionados pelos praticantes de esports
foram relacionados com a satide mental (ex., sintomas associados a problemas
de saude mental, funcdo cognitiva) e a saude fisica (ex., atividade fisica,
problemas de visao, problemas musculoesqueléticos) dos praticantes. Alguns

fatores relativos a participacido nos esports podem predispor a problemas de
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saude que necessitam de cuidados de saude, especialmente para prevencao
em saude. Para a prevencdo em saude, a realizagao de atividade fisica por
parte dos praticantes de esports tem sido discutida como tendo um papel
crucial, mesmo que os praticantes reportem elevados niveis de atividade
fisica. Os sintomas associados a problemas de satide mental sao prevalentes,
mas, em jogadores de eFootball, ndo foram associados a participacao em
esports. De facto, as consequéncias para a saude relacionadas com problemas
de saude mental foram associadas as estratégias de coping, adaptativas ou
mal adaptativas, dos praticantes de esports.

O estudo de varios parametros relacionados com a satude dos jogadores de
esports deve ainda ser aprofundado para garantir que sejam prestados
cuidados de saude adequados aos praticantes de esports. Considerando o
papel essencial da atividade fisica e da saude mental nos praticantes de
esports e a crescente inclusdo dos esports nas organizacoes desportivas
tradicionais, os profissionais do exercicio e saude devem participar na

discussao das consequéncias para a saude da participacdo em esports.

XIII



CHAPTER L.

Introduction and rationale




GENERAL INTRODUCTION

Technology has been revolutionised our societies, changing our experiences,
behaviours and life. With new occupational activities, new challenges arise,
and so does the need for further investigation [1]. Esports are one such
example.

Esports are a contemporaneous socio-cultural phenomenon, comprising
sports, media, entertainment, and culture in a digitized environment that
have been described as “the next big thing in media and entertainment” and
“the most gigantic industry that nobody’s ever heard of’ [2]. Generally,
esports has been described as an organized and competitive form of gaming!
with a specific goal (e.g., winning a prize) [4] where players need training and
expertise to thrive, besides particular mental (e.g., sporting intelligence;
problem-solving or spatial skills) and physical skills (e.g., dexterity) [3, 5, 6,
7, 8,9, 10, 11]. Similar to traditional sports, there are different esports
categories or genres (1.e., strategy, battle arena, sports) and modalities (e.g.,
League of Legends®, Fortnite® and FIFA EA Sports®) [12] that can be
played individually or collectively, varying in terms of complexity, hardware
needs (e.g., keyboard, mouse) and physical engagement that require
differentiated motor skill proficiency [3, 7, 13]. Notably, the competitive
nature with a competition calendar and league structures, as well as the
involvement and training, resemble competitive sports rather than leisure
activities [7, 12, 14].

Esports popularity has increased worldwide [15], with the esports audience
currently exceeding 532 million people and the online population exceeding
5.115 million [10]. Besides, the number of players and followers who see

esports as a professional career is also growing [14, 16].

! Gaming — Gaming refers to playing mobile, PC or console games in a single or multiplayer game mode
for leisure or entertainment purposes ASOIF. IF Gaming and esports strategy. Lausanne -
Switzerland 2021



Different entities, including those related to sports, are starting to manifest
interest in esports and acknowledging its potential global effect. Recently,
some esports modalities (e.g., Tic Tac Bow®, Tennis Clash®, WBSC
eBASEBALL™) were included in competitions held by the International
Olympic Committee (IOC), being part of the new Olympic Esports Series 2023
(a global virtual and simulated sports competition) [17]. Additionally, several
sports organizations have now incorporated esports as one of their modalities,
with players sharing the same clinical staff and healthcare services [4, 18].
Given gaming mechanics, competition atmosphere and specific lifestyle,
esports players might be susceptible to unique health problems and injuries,
which could need differentiated healthcare support [19]. While there are
differences between recreational and esports players being noted [20],
previous studies have reported unhealthy lifestyle behaviours [e.g., decreased
levels of physical activity and sedentary behaviour, increased body mass
index (BMI), poor nutrition habits, sleep-related outcomes], next to esports’
exposure impact on mental health (e.g., anxiety, depression, addiction) and
physical health (e.g., eye strain, musculoskeletal pain) [21, 22]. Indeed, while
esports participation becomes performance-oriented [23] and a remunerated
activity, there might be a shift from extrinsic to intrinsic motivations to play,
with social, psychological, cultural and economic factors interacting and
impacting esports players’ health [24].

Therefore, sports and exercise medicine professionals are called to lead
scientific research on health-related parameters in esports players so that
they can promote and deliver adequate healthcare to esports players, and be
equipped to participate in the conversation about including esports in
traditional sports events. Likewise, sports and exercise medicine
professionals might be essential to clarify the connection between esports and
health by applying their knowledge on athletes from traditional sports to
prevent and manage potential detrimental health consequences of

competitive and professional esports participation.



Still, scientific literature on esports players is limited, especially regarding
the participants’ health [25, 26]. In the first steps to understand esports
player’s health, including players and staff members of esports organizations
in the development of scientific research on esports and health will potentially
help direct the research and support given to esports considering their needs.
On the other hand, improving the recognition and inclusion of esports in the
scientific agenda could also enhance the perception that esports players, staff
members (e.g., coaches, medical team) and even the general population have
on the impact of esports on health and performance.

Indeed, improving health literacy and knowledge about the constraints of
esports participants could help prevent esports-related physical injuries,
reduce burnout and other mental health problems, and prolong the average
career length of esports players.

For all the above, towards adequate medical care, there is a need to
understand how esports participation interacts with participants’ health.
This would guide the next steps for health support to esports players and the
reasoning about what could be the future implications of esports participation
on health. With scientific bases, this thesis will aim to give a baseline
description of the current health problems in esports players to help develop
adequate health promotion and prevention strategies so that proper

healthcare support could be given to those participating in esports.

PRIMARY THESIS OBJECTIVES

The present thesis aims to build an evidence-based description of esports
players’ health, being a starting point for the progress of adequate healthcare
delivery in the esports context.

This initial approach to the esports players’ health will start to answer three
core questions about the health of esports players: “Why study the health of
esports players”?, “What is already known about esports and health?” and

“What esports players and staff members perceived about the health of



esports players?”, for which a viewpoint, a scoping review and a qualitative
study following the principles of thematic analysis will be used.

First, this thesis will give a broad panorama of esports player’s health by
reflecting on the potential role of sports and exercise medicine professionals
in esports (Chapter II), summarizing the current knowledge and gaps in the
literature regarding esports players' health (Chapter III) and by proving the
perspectives that esports players and staff members have on esports players’
health (Chapter IV). Second, based on the main topics that emerged from the
initial broad studies, this thesis will describe levels of physical activity
(Chapter V) and symptoms of mental health problems and their association
with esports exposure (Chapter VI) in a sample comprising players from the
same esports genre (i.e., sports). Finally, a pathway model is proposed to
study the association of symptoms of mental health problems and coping
strategies (Chapter VII). Using an exploratory design, the last three chapters
will complement the results found in the initial broad evaluation of the
current knowledge about the health of esports players.

Therefore, the discussion about the inclusion (or not) of esports as a sports

activity will not be part of the scope of the present thesis.

METHODOLOGY AND THESIS OUTLINE

In this thesis, quantitative and qualitative studies that intend to provide
answers to the mentioned overarching objective are presented.

Chapters II to IV introduce contemporary views and current scientific
evidence on the relationship between esports and health.

Specifically, Chapter II is a viewpoint where it is argued that the health of
esports players is a topic that deserves scientific and clinical attention. It is
proposed that sports and exercise medicine professionals lead this discussion
and reflect on the potential positive and detrimental health effects of esports
participation, providing scientifically-based arguments to answer better the
current esports professionalism and its integration in traditional sports

organizations. This viewpoint elaborates and exposes the initial arguments



behind the development of the present thesis before a more exhaustive
evaluation of the current literature about esports and health.

This is followed by Chapter 111, which contains a scoping review summarising
the current scientific understanding of the relationship between esports
participation and players' health and well-being. Because of the exploratory
nature of scoping reviews, this chapter supports the initial rationale for
improving the recognition of health problems in esports players that would
require adequate health support, mapping the recent findings about health
and esports players in the literature.

The qualitative study in Chapter IV gives the esports players and staff
members a voice by which they are allowed to share their experiences and
thoughts on the relationship between esports and health, and suggested
strategies to manage their health. Hence, to complete a broad panorama of
what would be the health-related parameters in esports players, a qualitative
study adds the insight of players and staff members of the real-life impact of
esports on health.

Thereafter, Chapters V to VII provide new insights into esports players’
health through original studies carried out in a sample of electronic football
(eFootball) players playing FIFA EA Sports®. FIFA EA Sports® is a specific
esports modality from the sports genre, which gameplay core is based on
traditional sports [3], being the most successful example of a sport-centric
simulation game and the first to get an official license from the world
governing [13]. Considering that the most recurrent topics in the initial broad
evaluation of esports health were physical activity and mental health, three
exploratory studies were developed to better characterize those themes in
players from the same esports modality.

Chapter V presents a preliminary cross-sectional survey that characterizes
and describes the physical activity levels and physical training habits, besides
motivations to perform physical activity, of eFootball players. Considering
that most reports on esports players contradicted the idea of “sedentary

athletes”, arisen in the viewpoint, and that physical activity was discussed as



part of the main strategies to manage the factors of esports affecting the
mental and physical health of esports players, a preliminary cross-sectional
evaluation strengthens the understanding esports players physical activity
habits.

This is followed in Chapter VI, a study that describes the prevalence of
symptoms of mental health problems and their relationship with exposure to
eFootball participation. For the study in this Chapter, data collection tools
that have already been applied in a traditional sports context were applied.
Finally, Chapter VII explores the association between distress and
anxiety/depression symptoms, sleep disturbance, adverse alcohol
consumption and poor eating habits based on adaptive or maladaptive
symptoms. Indeed, as the need for a better understanding of the physical
activity of esports players, a better characterization of the prevalence of
mental health problems was required, considering the previous broad
evaluation that identified mental health as being crucial for the health of
esports players. Chapter VI describes the prevalence of mental health
symptoms in esports players and their (no) association with esports exposure.
Since those problems were prevalent, a model was tested to understand where
health professionals (e.g., doctors, psychologists, physiologists) supporting
esports players could interfere to minimize the risk of adverse health
behaviours.

Chapter VIII is a general discussion that brings all the thesis Chapters
together. In this discussion, there is a reflection on the obtained results and
their incorporation into the broader context of the current thesis. Practical
and future applications based on the main findings of Chapters II to VII
studies are addressed.

Considering that esports is an evolving topic, submitted to constant
actualization and reformulation, the terminology used to identify “esports”
changed between sources and even during the chapter’s progress (e.g., e-
sports, virtual sports, eSports)[10]. Since the terms are typically used

interchangeably, and the meaning remains the same, to maintain the



coherence between chapters, it was decided to uniform the presentation,
using “esports” as the sole term in all chapters. In the same way, when
referring to participation in football-related esports (e.g., electronic Football,
eFootball), we follow the current term used by the FPF esports department
and uniformed the term to “eFootball”’. Hence, the terms used differ from the

published version of the articles presented in Chapters II to VII.
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ABSTRACT

In recent years, virtual sports or “esports” have grown exponentially both
recreationally and at the professional level. Esports comprise several
regulated videogames played competitively, using electronic platforms. Some
esports competitions present a structure comparable to traditional sports,
and esports players, even with major skills and mental focus, need
preparation and training to thrive. However, little is known about the
demands of esports competitions and continuous training. As the popularity
and stakes raise, concerns about the health and emerging risks of esports
participation might arise. Indeed, in the absence of proper descriptive data
about the specific characteristics of esports population (including factors such
as screen time, physical activity, overuse injuries or training environment),
effective prevention and care cannot be developed nor provided. Therefore,
quality healthcare and prevention strategies are needed. In the current
viewpoint, we argue that those involved with sports science and medicine
should lead the discussion and reflect on the health effects of esports
participation, providing scientifically based arguments to better answer to

the current esports professionalism.
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In our contemporary society, there is an increasing concern about screentime
and the potential adverse effects this has on short- and long-term health [1].
The World Health Organization (WHO) has already released guidelines on
physical activity, acknowledging the risk associated with sedentary
behaviour. However, guidelines that mention screen-based sedentary
activities are available for children only. Have you ever considered that
screentime might be synonymous to time spent on sports?

Sports can be defined as a game, competition, or activity needing physical
effort and skill that is played or done according to rules, for enjoyment and/or
as a job [2]. The Australian Bureau of Statistics adds that sports are activities
“involving physical exertion, skill and/or hand-eye coordination as the
primary focus of the activity, with elements of competition where rules and
patterns of behaviour governing the activity exist formally through
organisations” [3]. Therefore, sports practice might include almost any kind
of physical activity or exercise, and it is influenced by different contexts and
individual disposition. On the other hand, there is still no consensual
definition for esports. Generally, esports comprise a number of different
videogame modalities, played competitively on controlled environments, with
structure and regulations similar to traditional sports (e.g., leagues, ladders
and tournaments) [4-7]. There are different esports categories, like Sports
(e.g., FIFA EA Sports®), Firs-Person-Shooter (e.g., Call of Duty®), Battle
Royal (e.g., Fortnite®), Strategy (e.g., Starcraft®), Multiplayer Online Battle
Arena (e.g., League of Legends®).

Over the past decade, esports have grown exponentially and now also reaches
competitively into the realm of traditional sports. Several professional esports
competitions have emerged to a similar structure (Figure 1), popularity
(Figure 2) and revenue (Figure 3) as professional sports. For instance, FIFA
recently introduced the FIFA eNations Cup, that took place in England,
where 16 national teams representing all of FIFA’s confederations competed
against each other. The nations themselves hosted national eFootball

championships to find their national team and selected 2 players who
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represented their country at the FIFA eNations Cup. The French team — with

the players “Maestro” and “DaXe” —

tournament.

Open Division #1 Open Division #2 Open Division #3

were the inaugural winner of this

Figure 1 Set-up of the eFootball (EA SPORTS FIFA19) 2018-19 season for clubs, as organised by the
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A legitimate sport?

This 1s a question under contemporary academic deliberation, and without a
definite answer so far [5, 8]. The International Olympic Committee also held
a debate to discuss precisely this question [9]. The outcome was that
competitive esports, although not in line with the rules and regulations of the
Olympic movement, could be considered a sporting activity while the players
involved prepare and train with an intensity that could be comparable to
athletes in traditional sports. This statement recognised the high skill,
dexterity and mental focus required to compete in esports at a professional
level. However, the literature is still scarce and conflicting results on the
physiological impact (i.e., heart rate, blood pressure and perceived stress) of
esports practice have been reported (Leis O. Stress in Esports: A Systematic
Literature Review — Halle, Germany 2019).

Rudolf and colleagues, (personal communication: Stress im esports — Ein
Einblick n Training und Wettkampf. esports Konferenz
“Professionalisierung einer Subkultur?” - Bayreuth, Germany 2016) in a very
small study involving 5 male Counter Strike® players found that the acute
stress measured through cortisol levels and heart rate were comparable with
those found in elite athletes from other sports. As such, without answering
the question of whether we are dealing with a legitimate sport, future studies
on elite esports participants should focus on training effort and competition
stress experienced by the athletes [3]. Undeniably, esports is part of our
contemporary culture. Likely, we have only witnessed the start of this
movement to date. With the increasing popularity and high stakes (Figure 2
and 3), the professionalism of esports will continue to rise. This begs the
rhetorical question, with competition already at a high level, whether sports
and exercise medicine could provide quality care and health protection for
esports professional players. The available evidence to do so is ‘thin’, and a
big push is required to get up to speed [10]. Therefore, in this viewpoint, we
propose some topics that should be addressed initially to provide a baseline

for quality sports medical care in esports.
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A sedentary athlete?

It has been scientifically underpinned that sedentary time, albeit attenuated
by physical activity levels, is associated with negative long-term health [11].
It is an ecological fallacy to believe the esports athlete is similar to the general
inactive youth population as described in public health research. For
example, exergames, combine videogaming and exercise, since they use
movement as an interface with the game itself, promote maintenance and
improvement of physical status [12]. Also, a recent cross-sectional survey
amongst 928 eFootball players (mean age of 24 + 6 years-old, 99% men)
registered with the Portuguese Football Federation showed that 79% of the
721 valid responders performed regular physical training [13]. Interestingly,
73% reported having high levels of physical activity and performed vigorous-
intensity activity at least 3 days a week achieving a minimum of 1500 MET-
min.week! or performing any combination of exercise on 7 or more days a
week, that takes at least 3000 MET-min.week-! (Figure 4), which is above the
recommended levels by the WHO Guidelines for Physical Activity [14].

100%

80% A

60% A

40% A

20% 4

Percentage of FPF virtual football players

Low Moderate High

Levels of physical activity
Figure 4 Levels of physical activity based on IPAQ survey data of eFootball players registered with
the Portuguese Football Federation and participating in official esports competitions (n = 721; x2 =

499.52; p < 0.01) [13].

Similar conclusions were drawn in a study conducted in Finland on elite
esports players (mean age 29 + 4 years-old, 97% men), with the participants
reporting physical activity exceeding three times those recommendations.

Overall, this implies we are dealing with a specific demographic, and we
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require a better understanding of who these individuals are, and how short-
and long-term health is affected by sedentary time in the esports population.
In addition, general adverse health effects of a high amount of screen-time
may be prevalent in esports players [15]. Increased screen-time is associated
with detrimental effects on sleep, psychological state, petulance, and
cognitive and socio-emotional development. Also, there i1s a risk of
musculoskeletal complaints due to repetitive fine motor strain through
computer use. In the absence of proper descriptive data on such general
symptoms in the specific esports population, effective prevention and care

cannot be developed nor provided.

The demands of esports competitions

Finally, we know little to nothing about the psychological and physiological
demands of the various esports competitions, nor how the psychological and
physical health of these athletes are affected on the short- and long-term.
Although only cross-sectional in nature, a recent study on 65 collegiate
esports players from 9 universities across the USA and Canada reported that
esports players are susceptible to overuse injuries, with asthenopia (eye
fatigue), neck pain, and back pain being the most prevalent injuries [15].
These injuries are arguably logical; esports practice could mimic some
negative features of other occupations that require long periods using
computers and consoles (e.g., administrative professionals, technology jobs,
transportation careers, blue-collar workers, etc.), repetitive or forceful
movements, awkward and static postures, poor lighting environments and
prolonged sitting in the same position. All of which are physical causes and

risk factors associated with described poor work-related health outcomes [16].

Competition pressure on the rise
With an increase in competitive stakes, the influence of competition on
professional esports is likely to increase in the near future, and with our

current lack of knowledge, we are ill prepared for this looming development.
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First, with the increased social and media impact of esports and the rise of
competition rewards or sponsorship, the pressure for a better performance
probably will rise. Even with extended research related to supplements use
on high-performance athletes, such as adverse effects, safety and composition
[17], there 1s no scientific information base on substances used by esports
players at high levels nor the health consequences of their use. Secondly, this
pressure could predispose esports players to experience anxiety or other
mental problems. Recently, the International Classification of Diseases (ICD-
11) included for the first time the “gaming disorder” in the group of “disorders
due to addictive behaviours” [18], esports practice might be associated to this
disorder, but, as stated by the WHO, “studies suggest that gaming disorder
affects only a small proportion of people who engage in digital- or video-
gaming activities” [19]. This severely hampers our ability to know better and
1mprove preparation strategies for esports players before competition, and to
protect their health through a competitive season.

Still, it should be noted that despite some esports clubs are already paying
salaries to esports players, the prize money of esports tournaments is the
primary method for acquiring financial security for the participants
themselves. Professional esports players might be just a small number of the
thousands of participants regularly engaged with esports [20], but with the
expected growth of professional esports players, also grows the necessity to
better understand their ‘work’ environment and potential emerging risks, to

better anticipate and prevent negative health outcomes.

The role of sports and exercise medicine in esports

Esports is booming and there is an increase in competitiveness and
professionalization, yet little is known about how to train and prepare best
for esports. Just as any other professional athlete, an esports athlete deserves
our best care. For that, it 1s us — those involved with sports and exercise
medicine — who should lead the discussion and reflect on the health of esports

players. After all, without a doubt, esports have entered our realm, so we need
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to be pro-active in gaining an understanding on this contemporary
phenomenon and we must face this new reality with scientifically-based

arguments to be prepared for the professionalism of esports.
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ABSTRACT

Esports are a contemporary phenomenon, with millions of people involved.
Still, scientific literature on the topic is scarce. Anecdotal reports, mostly
based on what is known from videogames practice, have associated esports
with unhealthy lifestyles and health-related problems. The present scoping
review aimed to provide an overview of findings from studies regarding the
health and well-being in adult esports players, while identifying the most
studied topics in the field and those still lacking scientific research.

The search was conducted in MEDLINE, Scopus, Web of Science, B-on, and
ESCBO databases. Studies regarding health consequences of esports practice
conducted with adult esports players were included. No exclusion criteria
concerning age, sex, esports modality or esports level were applied, but
articles related to other forms of video gaming or gambling were excluded.
The search was limited to peer-reviewed articles. Opinion and review articles
were excluded.

There were 1416 articles retrieved from which 33 met the inclusion criteria.
Lifestyle habits, sleep, exercise and physical health (including
musculoskeletal health), esports practice, physiological demands, and mental
health were the main topics of investigation. Several gaps in the literature
were identified, namely studies on cardiovascular, respiratory or metabolic
health, or consuming-related risks. Also, the lack of homogeneous
methodologies and definitions used in esports-related studies was identified.
Esports practice has been associated with different health-related symptoms,
but more studies using robust methodologies and appropriate research
designs are needed. Topics such as cardiovascular health or the use of

performance-enhancing drugs are lacking.
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BACKGROUND

Esports are a contemporary phenomenon. Players use their physical and
mental abilities to participate in organized and regulated competitions of
different esports modalities [e.g., sports, first-person shooter (FPS),
Multiplayer Online Battle Arena (MOBA), etc.]. Esports are run in an
electronic environment [1, 2], but differ from just playing videogames, which
1s a recreational activity [3].

To attain the highest levels in esports competitions and tournaments, esports
players need to excel in both mental and physical abilities [4, 5]. For this
purpose, esports players spend long hours training [6], in a process similar to
that of professional athletes in any traditional sport [7]. With increased
professionalization, pressure to perform, and the media impact of esports, it
1s expected that players, just like traditional athletes, may also experience
several health-related problems [2, 8, 9, 10]. As esports popularity and stakes
rise, it 1s essential, in order to develop and provide effective prevention and
adequate medical care, to understand specific characteristics of the esports
population, such as sedentary behaviour, levels of physical activity, health-
related problems (e.g., mental health problems, overuse injuries), or training
[10].

Recent systematic reviews on both esports and videogame players have
evaluated mental and physical consequences of gameplay. For example,
mixed results have been found as regards the relationship between playing
esports competitively and psychophysiological stress [11]. Moreover, a
systematic review that used restrictive inclusion criteria, covering empirical
studies published only in English between 2017 and 2020, concluded that in
esports and videogame players aged between 14 and 25 years, excessive
esports play caused social, emotional, addiction, and psychological problems
such as depression and aggression [12]. As for lifestyle behaviors, in youth
involved with both esports and online video gaming (i.e., players, spectators,
and live streams audiences [13]), the authors affirmed an association between

gaming and increased body mass index (BMI), a poor diet and problems
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related with videogame addiction associated with a specific esports modality
(i.e., Massive Multiplayer Online Role Player Game - MMORPG).
Additionally, interest in the topic has also been illustrated in numerous
narrative reviews and opinion articles on several health-related issues, such
as sleep and musculoskeletal problems related to esports practice [14, 15, 16,
17].

Notably, the discussion about the differences between esports and playing
videogames recreationally has arisen in recent years [18]. Also, the lifespan
of esports players has increased [19]. Therefore, studies are needed on adult
individuals regularly engaged in esports. Besides, mental health is a common
major concern when referring to esports and videogame practice, but esports
players might be prone to other health problems. To our knowledge, there is
no current review aiming to evaluate health-related problems exclusively in
adult esports players (thus excluding individuals who just play videogames).
Nevertheless, given the relative novelty and heterogeneity of the topic, the
development of a scoping review would, at this stage, be sound and
comprehensive.

Scoping reviews are a relatively new approach that follows a structured,
rigorous, and transparent process in order to examine emerging topics,
particularly when a specific topic has not been comprehensively reviewed or
exhibits a complex or heterogeneous nature, and identify potential gaps in
the knowledge [20, 21]. Thus, scoping reviews are designed to provide an
overview of the existing evidence, regardless of the quality of the included
articles, and a formal assessment of methodological quality is not commonly
performed [20]. Given the relative novelty of research in esports, scoping
reviews might help to clarify the scientific knowledge concerning the relation
between esports and health. In the present scoping review, therefore, we place
in perspective the current body of literature on esports participation and
health, identifying relevant studies that have been conducted exclusively
with adult esports players, as well as potential gaps in the literature that

might currently exist [22, 23]. We thus aimed to identify the current state of
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research regarding health and well-being related to esports practice.
Secondly, we aimed to identify possible gaps in the literature related to
general health problems in people engaged in esports, so as to promote key
topics for future research. Overall, we aimed to answer the following
questions: (1) is the practice of esports related to health problems in people
engaged in them?; (i1) which health-related consequences of esports practice
have been studied in adults?; and (iii)) what are the gaps in the scientific

literature regarding esports and health?

METHODS

Protocol and registration

The present scoping review followed the Joanna Briggs Institute (JBI)
Guidelines on Scoping Reviews [20, 24] and the PRISMA Extension for
Scoping Reviews (PRISMA-ScR) [22]. As suggested by the JBI guidelines,
before starting this scoping review, the protocol was developed and registered

on https://osf.io/rt9xm/ (on 2020-12-28).

Eligibility criteria

This scoping review included studies conducted exclusively with esports
players. All esports modalities and levels of play were applied. Articles related
to other forms of video gaming (e.g., videogames for health interventions,
recreational practice of video games) or gambling were excluded. No exclusion
criteria related to age and sex of the participants, or to cultural/sub-cultural
factors, geographic location or race were applied. Based on the languages
fluently spoken by the members of the research team, studies published in
English, German, Dutch, Spanish, Italian, French, and Portuguese were
included. No date frame was applied. Overall, analytical observational
studies (including prospective and retrospective cohort studies), case-control
studies, and analytical cross-sectional studies were considered. Moreover,
descriptive observational study designs (i.e., case series, case reports, and

descriptive cross-sectional studies) and qualitative studies were considered
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for the analysis. There was no exclusion based on publication form (e.g.,
conference proceedings, journal publications). Nevertheless, review articles
(e.g., narrative reviews, scoping reviews, systematic reviews), consensus
papers, and opinion articles (e.g., letters to the editor, viewpoints, comments)

were excluded, in order to avoid duplication of results.

Information sources and search strategy

First, an initial limited search of MEDLINE and Web of Science was
undertaken to identify articles on the topic, and to better adjust keywords
and index terms. In the preliminary search, no current or underway
systematic reviews or scoping reviews with only esports players were
identified. Second, a full search strategy on MEDLINE, Scopus, Web of
Science, B-on, and EBSCO was adopted for text words in the titles and
abstracts of relevant articles, and the index terms employed to describe the
articles were used to develop the final query. The search strategy was adapted
for each included database. This resulted in the following search query:
(esport* OR “virtual sport*” OR “competitive video games” OR “electronic
sports” OR “e-sport*” OR “professional video game*”) AND (health OR illness
OR injury OR fitness OR mortality OR morbidity OR lifestyle OR "well-being"
OR wellbeing OR “physical activity” OR sedentar* OR nutrition OR eating OR
sleep) NOT (exergam® OR esporte* OR esporti* OR gamma* OR gambl*). The
search query was first used on MEDLINE and then converted for each
subsequent database.

Finally, the Esports Research Network (https://esportsresearch.net/

literature/items/search) and the reference list of all included sources of
evidence were screened for additional studies that might have been missed
with the initial search strategy. All databases were screened on 5 February
2021, and updated on 14 April 2021. The updated search noted seven more
eligible articles that met the inclusion criteria, and these were added to the

present scoping review.
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Data charting process

All retrieved articles were indexed in EndNote X8®, and duplicated articles
were excluded. Two independent reviewers (AMP and JC) screened titles and
abstracts for assessment against the inclusion criteria. Potentially relevant
sources were retrieved in full. Then, the full text of the selected articles was
independently screened for eligibility against the inclusion criteria by two
independent reviewers. During the screening process for eligibility, a data
chart was used to report all excluded articles. The main reasons for exclusion
at each step of the process (based on the title, abstract, or full-text reading)
were “not being related to esports” (e.g., internet addiction) and “articles
related to other forms of videogames” (e.g., videogames for health
interventions). When a consensus was not met at each stage of the selection
process, discussion was resorted to, and there was no need for an additional

reviewer.

Synthesis of results

AMP and JC were responsible for data extraction from included papers, using
a data extraction chart developed by the authors which included specific
details about the participants, concept, context, study methods, and key
relevant findings, according to each of the main topics. Additionally, a
thematic analysis of key findings was performed considering esports
modalities (e.g., Sports, MOBA, FPS), healthy lifestyle habits (e.g., sleep,
nutrition, well-being), and function (i.e.,, physical, physiological,
musculoskeletal, mental), as developed during article reading. Additionally,
the draft data extraction tool was modified and revised as necessary while
extracting data from each included evidence source (e.g., two previous topics
“acute injuries” and “overuse injuries” — were combined to form a broader
topic called “musculoskeletal health”). Any disagreements between reviewers
were resolved through discussion, resulting in the selection of 2 articles and
the exclusion of 9 articles by agreement, after full re-reading and careful

confrontation of the inclusion and exclusion criteria.
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RESULTS

Numerical analysis

All included articles were submitted to a thorough selection according to the
inclusion and exclusion criteria. The search results and the study inclusion
process are fully reported in a PRISMA-ScR (Preferred Reporting Items for

Systematic Reviews and Meta-Analysis Extension For Scoping Reviews) flow

diagram (Figure 1).

Records identified through
database searching
(n=1,416)

F

Records after duplicates removed
(n = 845)

Records screened
(n=852)

Additional records identified through
other sources
(n=15)

Additional records identified on
April 14th
(n=7)

L 4

Full-text articles assessed for
eligibility
(n =48)

v

Records excluded (n = 804):
Based on title (n = 740)
Based on abstract (n = 64)

Articles included
(n=33)

Full text excluded (n = 15):
Research design (n=4)
Different esports topic (n = 7)
Non-related to esports (n = 1)
Other forms of videogames (n = 3)

Figura .1 PRISMA-ScR flow diagram




There were 1,416 articles retrieved from 5 databases used in the present
scoping review. Overall, 740 articles were excluded based on the title, 583
articles were not related to the topic, 123 referred to other forms of
videogames (e.g., videogames for health monitoring, recreational gaming), 28
were not related to health topics in esports, and 1 was a review. Several
articles were excluded for more than one reason. Reading the abstracts led to
the exclusion of a further 64. Of these, 33 articles did not meet the inclusion
criteria for research design, 12 were related to other forms of videogames, and
12 did not refer to health topics in esports. There were 19 review articles
about esports or videogames, and these, together with 11 opinion articles,
were excluded. Therefore, after full reading, a total of 33 articles were
selected; these were published between 2012 and 2021 (6 in 2019, 15 in 2020,
and 7 in 2021). Most of the articles were published in peer-reviewed journals
(n=28), 4 were conference abstracts, and 1 was published in a book. All
articles were published in English. In terms of research design, most of the

included articles had a cross-sectional design (n=25; 76%) (Table 1).

Table 1 Articles included in the current scoping review by research design

Research design n (%)

Transversal/cross-sectional 25 (76)

Qualitative study 3(9)
Cohort study 2 (6)
Randomized control trial 1(3)
Case-control 1(3)
Case-report 1(3)

Twenty-two journals have published articles related to health and well-being
in esports. The top 3 journals with more articles published were: the
International Journal of Environmental Research and Public Health (n=5,
15%), the International Journal of Gaming and Computer-Mediated
Simulations (n=3, 9%), and Frontiers in Psychology (n=3, 9%).
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The definition used for esports players differed between studies. Almost half
of the articles included players from more than one esports modality, with 4

articles covering only League of Legends® players (Table 2).

Table 2 Esports modalities studied in selected articles.

Esports modality n (%)
>1 esports modalities 16 (49)
League of Legends® 4 (12)
StarCraft® 2 (6)
Counter-Strike: Global Offensive® 2 (6)
Fortnite® 1(3)
Overwatch® 1(3)
FIFA® 1(3)
Non-defined First-Person Shooter 1 (3)
Non-defined 5 (15)

Sample sizes varied between 1 and 4,284 participants (median 65
participants; Q1=20, Q3=188). Most participants were men (median 98%;
Q1=90%, Q3=100%). Four articles did not specify the sample size, and 14
articles did not characterize the participants by genre. All articles included
participants between aged 16 and 27 years. Table 3 describes the selected
articles according to study aims, research design, and description of the

participants.
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Table 3 Articles included in the current scoping review according to study aims, research design, and characteristics of the participants included

in the study.

Title Date Study aims Design Population Samp Espo Genre Age
le size rt (% men) (years)

Himmelstein 2017 To gain insight into the mental skills Thematic analysis > the rank of Platinum 5 (lowest of 5 LoL. 100 From
et al. [25] that competitive gamers already the platinum sub-levels) 19 to 23

possess and utilize, the mental

obstacles or Dbarriers competitive

gamers encounter, and the role

performance psychology may play in

esports.
Kari et al. 2019 To explore training routines of Mixed methods (survey) 31 professional esports 115/7 DM ND 20.8
[26] professional and high-level esports (quantitative and a players and 84 high-level athletes +4.4

players with added focus on their qualitative interview) (interview) 7 professional esports

physical exercise players
Kang et al. 2020 To qualify esports players as Case-control Korean Esports Association 172 DM ND ND
[27] professional sports players in terms of professional esports players (n =

their psychological and cognitive 55), pro-baseball (n=57) and age-

characteristics by comparing them to and sex-matched healthy

the most popular professional sports comparison subjects (n = 60)

players (i.e., professional baseball

players).
Rudolf et al. 2020 To examine demographics and health Cross-sectional Germen esports players: 14 1066 DM 91.9 22.945.
[28] behaviour of video game and eSports current and 33 former professional 9
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players and the associations between

players, 355 amateurs, 577

video game playtime and health regular players and 87 occasional

behaviour. players
Han et al. 2012 1) To study patterns of brain volumes Case-control.Use of 18 healthy controls + 17 pro- 55 Star ND 20.8+1.
[29] between patients with online game magnetic resonance gamers (competition winner Craft 5

addiction (POGA) and pro-gamers; 2) to imaging (MRI) and between every 30000 aspirants) +

evaluate vulnerability and resistance voxel-wise comparisons 20 Patients (P50 and impaired

to gaming addiction in POGA and of grey matter volume behaviors or distress due to a

healthy controls maladaptive pattern of internet

video gameplay)

Kari et al. 2016 To examine at a descriptive level Cross-sectional, based 31 Professional players (based on 115 DM ND 20.8+4.
[30] training, physical exercise, and players’ on an online survey team contracts or achievements in 4

perceptions international tournaments),

84 high-level players

Valladao et 2020 1) To compare the HR response during Cross-sectional College  student from  the 23 Fortni 100 21.041.
al. [31] a 3-hour seated session of the esport evaluation of mean and University of Mississippl and the te 8

Fortnite with resting HR; peak resting HR Ole Miss Esports Club team

2) to analyze possible relationships collected during two HR

among demographics, gaming measurements 1In a

performance, and physiological data. controlled laboratory

setting.

DiFrancisco- 2020 To investigate activity levels, BMI, and Cohort. 13 collegiate men esports players 24 Over- ND 20.2+1.
Donoghue et body composition in collegiate esports Daily activity monitored members of the American watch 7

al. [32]

for 24 h for 14
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players as compared to age-matched consecutive days by a Collegiate East Coast Esports
controls. Fitbit Charge and self- League
reported questionnaire 11 non-esports players
for number of days
performing intentional
exercise and the
duration of exercise
Fiskaali et 2020 To explore whether students enrolled Cross-sectional survey College students 104 ND ND ND
al. [33] in sports programs differ from regular
students (gamers and non-gamers) on
psychological measures of mental well-
being, social and academic self-efficacy
as well as loneliness and gaming
addiction
Smith et al. 2019 To examine the various stressors faced Semi-structured high-level competitive esports 7 CS:G 100 20.6+2.
[34] and the associated coping strategies interview players, who had recently o 1
employed by seven esports competitors participated in a competitive event
CSGO competition
Zhao et al. 2019 To evaluate the situation of Chinese A  qualitative study 24 top Chinese eSports players 35 DM ND
[35] esports players about Chinese cultural based on ethnographic /professional players,

norms and related cognitive and

evaluative beliefs, and how and to what

interviews

4 coaches

7 CEOs/managers/directors
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extent do esports players transform
themselves as athletes through mental

changes within a professional eSports

career.
Hyun et al. 2013 To study how cognitive flexibility and Cross-sectional Members of the Korea eSports 23 Star- 100 19.8+1.
[36] the volume of the brain cortex would be evaluation. Association Craft 7
correlated with the career length of Use of high-resolution
online pro-gamers. magnetic resonance
scans to measure
cortical thickness
Zwibel et al. 2019 To understand lifestyle behaviors, Cross-sectional survey Collegiate varsity eSport players 63 DM 94 From
[37] exercise lifestyle habits, and common from 9 colleges and universities 18 to 22
injuries of eSports players in the
collegiate setting.
DiFrancisco- 2019 To study lifestyle habits of collegiate Cross-sectional Esport players from 8 different 65 DM From
Donoghue et esports players and a proposed evaluation bases on an universities in the USA 18 to 22
al. [38] healthcare model for eSport athletes anonymous, self-
reported electronic
questionnaire
Sanders et 2020 To confirm the relationships and Cross-sectional, based 16 recreational gamers (>6hours 16 ND 22.042.
al. [39] explore the mechanism underlying on 3 inventories per week) 7
these relationships in  esports. administered via
Hypotheses: Qualtrics: Mental

Toughness Index, Self-
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1) mental toughness will correlate

Compassion Scale, and

positively with mental health; Mental Health
2) self-compassion will correlate Continuum —  Short
positively with mental health; Form.
3) mental toughness will correlate
positively with self-compassion;
4) self-compassion will mediate the
mental  toughness-mental  health
relationship
Lindberg et 2020 To investigate the prevalence of MSK Cross-sectional, based 146 Danish esports players 154/ DM 97.9 17.1+2.
al. [40] pain, the association between MSK on online 154 athletes were used to assess 188 3
pain and esports-related training questionnaires. the association between the
volume, and the association between primary outcome and physical
MSK pain and physical activity levels activity
188 athletes were used to assess
the association between the
primary outcome and the amount
of time spent on esports-related
training
Pluss et al. 2020 To investigate the perceptual-motor Cross-sectional. Use a 25 professional esports players at 75 DM 85.3 24.2+4,
[41] abilities of esports players using an testing battery to the highest level of competition (15 2
expert/non-expert paradigm evaluate manual MOBA - Lol + 10 FPS
dexterity, speed- Overwatch);

accuracy trade-off, and
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response times. Fine
motor skills and hand-
eye coordination were
assessed using a grooved
pegboard.  Minimizing
movement errors were
assessed using an

adapted computer-based

clicking task. Simple
two-choice and four-
choice response times

along with a go/no-go
assessment that wused
congruent and
incongruent precues in a
four-choice response
time task were assessed
using a customized, four-

button controller.

25 recreational players that
participated in esports on a casual
basis;

25 control healthy participants
with no experience in esports.
Oceania

From the region

(Australasia, Melanesia,

Micronesia and Polynesia)

Sousa et al.

[42]

2020

To examine physiological and cognitive
changes after a session of esports
gameplay for two types of games: first-
person shooter and multiplayer online

battle arena games.

Prospective cohort.

Sessions of 151 min+ 49
min). Evaluation of BP,
HR, RR, visual acuity,
and FTT) In addition,

Members of the NYIT esports

team

17

DM

100

20.0+1.
82
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participants were
administered a series of
online executive
function tests. Subjects
were then fitted into a
Hexoskin R shirt, which
HR

monitored their

throughout gameplay.

Andre et al. 2020 To describe the physiological and Cross-sectional. Members of the University of 14 DM 100 19.8+1.
[43] perceptual responses in a live collegiate Three measurements Mississippi Esports team 0
esports tournament. periods of HR and HR
variability (i.e., pre-
competition, in-
competition, and post-
competition)
Tham et al. 2020 To address whether in-game social Cross-sectional Student pool at Michigan State 361 ND 59 Median
[44] support can replace real-world social University; A second, =21
support 1in protecting problematic simultaneous sample (n = 41)
gamers from symptoms of depression Esports association at the same
and anxiety. university
Lee et al. [45] 2021 To investigate the sleep and mood of Cross-sectional. Professional esports athletes from 17 FPS 100 20.0+3.
professional esports athletes. Use of a wrist-activity South Korea (N = 8), Australia (N 5

for 7
(Australian and South

monitor

= 4), and the USA (N = 5)
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Korean teams) —14 (US

team) days and
completed subjective
sleep and mood
questionnaires
Behnke et al. 2020 To examine how social challenge and Case-control. Measures 72 (88%) recreational gamers; 82 CS:GO 88 10.5+2.
[46] threat influence gaming outcomes, and of HR, PEP, CO, TPR 7 (8%) mnon-professional esports 5
whether psychophysiological factors gamers (competing in local or
may explain these effect online tournaments);
3 (4%) gamers did not report their
status
Poulus et al. 2020 To explore stress and coping in esports Cross-sectional. Esports athletes ranked in the top 316 DM 89.6 22.6+3.
[47] athletes and the influence of mental Use of the MTI, MTQ6, 40% of one of five major esports 4
toughness. Stress Appraisal
Measure, and Brief
COPE Inventory
Gray et al. 2018 To investigate the effects of playing a Cross-sectional. Esports players from  the 26 LoL 100 20.5+1.
[48] coalitionary-based esports on young Use of saliva samples University of Nevada, Las Vegas 4
men's steroid hormone levels. before and after (average of ranked player games =
competitions lasting 15 301.28+437.60; average composite
and 27 min in duration. experience and skill = 2.73+1.40)
Trotter et al. 2020 1) To investigate the relationships Cross-sectional online Participants from 65 countries 1772 DM 87.2 ND

[49]

between obesity and self-reported

physical activity levels, drinking and

survey
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smoking frequency, and general health
perceptions in esports players;

2) to investigate the cross-sectional
association between obesity, physical
activity, general health, smoking and
drinking frequency and player in-game
ranking;

3) to compare esports players’ obesity
and smoking and drinking frequency to

international reference data.

Thomas et 2019 To examine markers of cognitive Randomized control Elite LoL esports players 9 LoL 21.0+£2.
al. [50] function and mental and physiological trial. Use of cognitive 0
fatigue in a convenience sample of elite and physical measures
eSport players ingesting an ergogenic four times per testing
supplement or placebo during a day: before and after
simulated competition three consecutive LoL
games. Each game was
separated by 15 min for
testing procedures and

strategic debriefing of

gameplay.
Banyai et al. 2019 1) To compare recreational and esports Case-control, using an 205 Hungarian speaking esports 4284 ND 89.89 23.1£6.
[561] gamers via demographics, gaming- online survey. gamers (gamers who attended 6
related characteristics, the severity of online or LAN esports
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gaming problems, gaming motives, and
psychiatric symptoms;

2) to examine the mediation effect of
gaming motives between psychiatric

distress and gaming disorder.

competitions at least 6-11 times or

more in the past year);

4079 recreational gamers.

Gomes et al. 2021 To evaluate the characteristics of the Cross-sectional, based 20 LoL 100 20.5+0.
[62] sleep-wake cycle of LoL athletes in pre- on questionnaires 8
training, training, pre-competition, (PSQI, ESS, Mornin-
and competition routines. gness—Eveningness
Questionnaire), and
data from 7-day monito-
rization using
actigraphy. The esports
players lived in the
Gaming House and
adhered to the same
routine in both the
training and competition
conditions.
Pereira et al. 2021 To evaluate the levels of physical Cross-sectional EFootball players registered on 433 / FIFA 98 Median
[53] activity, sedentarism, and lifestyle structured online survey the Portuguese Football 565 = 22
habits of physical training of adults wusing the International Federation Esports online IQR
engaged with eFootball in Physical Activity =8)
Portugal. Questionnaire and a set
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of questions

Haupt et al.

1) To show the effects of esports on the
cardiovascular system and energy
expenditure;

2) to compare esports with dynamic

exercise.

regarding lifestyle
habits of physical
training

Case-report.
Determination of HR

and oxygen consumption
during 30-minute video

game

1 male amateur esports player (84

cm, 60 kg)

Toth et al.

1) To differentiate the sensorimotor
performance of a key game-play skill
among esports players of different skill
levels;

2) to quantify training effect on
performance;

3) to investigate the effect of tDCS on

performance improvements.

Case-control. Baseline,
post and retention 10-
tests using a
CS:GO Flick

Test Software Controls:

min

bespoke

played Tetris for 10 min

5-day consecutive
training sessions  (1st
training session

immediately after the
Baseline test and the
last training
immediately before the

Post-test). Controlled

17 Non-Gamer Expertise < 10
h/week to action video games, no
rank);

32 Low Skill Gamer Expertise > 5
h/week playing CS:GO Silver 1 to
Gold Nova 3 rank;

39 high skill gamer > 5h/week

playing CS:GO Gold Nova Master
to Global Elite.




environment  (Esports

Science Research Lab

Banyai et al. 2021 To explore the moderating effect of Cross-sectional. 161 (4.63%) esports gamers that 3476 DM 90.13 23.2+6.
[56] different coping strategies and types of Web-based participated n esports 5

video game usage (professional [e- questionnaire tournaments > 6-11 times in the

sport] or recreational) on the previous year.

relationship  between  psychiatric

symptoms and GD
Mendoza et 2021 To analyze the neuroendocrine stress Case-control. 45 volunteer men gamers; 45 DM ND From
al. [57] response, psychological Use of questionnaires 20 control individuals; 18 to 27

anxiety response, and perceived match
importance between expert and non-

expert control gamers in an official

and saliva samples were
taken 10 min before and

10 min after the games

25 expert gamers who competed in

official  esports  tournaments

(Platinum ranking)

competitive context were concluded

Legend: BP - blood pressure, CO - cardiac output, DM — different esports modalities, ESS - Epworth Sleepiness Scale, FTT - finger-tapping test,
HR - heart rate, Lol — League of Legends, MTI - Mental Toughness Inventory, MTQ6 - Mental Toughness Questionnaire 6, PEP - pre-ejection
period, ND — non defined, PSQI - Pittsburgh Sleep Quality Index, RR - respiratory rate, TPR - total peripheral resistance.
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Thematic analysis

The most relevant results from the selected articles were grouped according
to lifestyle habits, exercise, and physical health, body composition,
musculoskeletal health and function, physiological demands, and mental

health (Table 4).

Table 4 Critical appraisal within sources of evidence

Health-related topic n References
Lifestyle habits 10 [28, 29, 32, 37, 40, 45, 49, 50, 52, 55]
Exercise and Physical Health 19 [26,28-32, 35, 37, 38, 40, 43, 45, 46, 49-52, 56, 57]

[
[
Body composition 7 [31, 32, 40, 43, 45, 49, 50]
Musculoskeletal Health 8 [25, 26, 35, 37, 38, 40, 41, 55]
Physiological demands 11  [31, 36, 41-43, 46, 48, 50, 54, 55, 57]
Mental Health 15 [25, 27, 29, 34-36, 39, 42, 43, 45, 47, 51, 55-57]

Lifestyle habits
Smoking habits, alcohol and caffeine consumption, nutrition and sleep
characteristics were assessed in 10 different articles. Overall, esports players

appeared to have good lifestyle habits.

Smoking habits

According to a cross-sectional study conducted with 1772 Danish esports
players from different esports modalities, 92% reported no smoking lifestyle
habits, with only 4% smoking daily, and 8% smoking at least once a week, no
association having been found between smoking lifestyle habits and in-game
ranking [49]. Similar conclusions have been found regarding lower smoking

frequency, especially when compared with the general population [29, 40].

Alcohol consumption

In a large-scale study [49] of smoking lifestyle habits, most esports players
reported not drinking alcoholic beverages (65.1%, n=1150). Of those who
reported drinking alcoholic beverages, 0.5% (n=9) reported drinking daily,
while 34.9% (n = 616) reported drinking alcohol at least once a week. In these
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studies, in-game player rank was not associated with drinking consumption.
In another study that evaluated alcohol consumption and its effects on brain
function, there were no differences between esports players and other healthy

subjects [29].

Caffeine consumption

As for caffeine consumption, a daily caffeine dose of 114.7+118.3 mg was
reported [45]. Another study referred to an average daily consumption of
1+0.8 cups of caffeine beverage a day [37]. Also, in a randomized, double-
blind, placebo-controlled cross-over trial that evaluated the consumption of
an energy drink in a convenience sample of 9 elite League of Legends®
players, no significant improvement in performance parameters was found

apart from average reaction time and handgrip strength on the left hand [50].

Nutrition habits

Even though esports players seem to be conscientious about diet [37], in an
open-ended self-assessment of diet quality, 4 out of 9 of the participants felt
they consumed a healthy diet [50], with reports of a mean fruit and vegetable

consumption of 2.7+1.8 portions/day [28].

Sleep characteristics

Different articles suggested that esports players sleep between 7.1+1.3 to
8.1+1.2 hours per night [28, 40, 50], with no differences in sleep time between
esports and aged-matched controls [32]. However, in a cross-sectional
observational study with 17 professional FPS players using wrist-activity
monitors for 7-14 days, the median total sleep time was lower than 7 hours
per night [45]. It has also been suggested that esports players have
significantly delayed sleep time [45, 52], and most individuals were
considered to have “moderately evening” and “definitely evening”
chronotypes. Moreover, it has been found that esports players mentioned good

sleep quality [28], while several sleep problems were described, including
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excessive daytime sleepiness [45, 52], insomnia [45], trouble falling asleep
[40, 45] and daytime dysfunction [55]. Additionally, those problems seemed
to be exacerbated during competitions [45, 52, 55].

Exercise and physical health

Physical activity and exercise

According to various studies examining physical activity and exercise, 65%
[37] to 88.7% [26] of esports players exercise regularly. However, 11.3% [26,
30] to 40.0% [38] mentioned that they did not undertake in any type of
physical activity.

Maintaining or improving overall physical health was the main reason for
doing physical exercise for 45.2% of professional esports players [26, 30],
47.6% of high-level athletes [26, 30], and 66.7% of eFootball players [52]. In a
structured interview with professional esports players, all considered
physical exercise helpful, resulting in better general health and a more active
lifestyle [26]. Other motivations for doing physical activity which were
highlighted were improving overall physical capacity, exercising for fun or
enjoyment, and improving physical appearance [26, 30, 52]. Notably, the
proportion of esports players who reported doing physical exercise to be more
successful in esports ranged between 6.1% [52] and 8.7% [26]. Good physical
health was said to “increase concentration, mood, and energy levels, thus
helping to focus through daily training and tournaments”, and esports players
considered physical activity and exercise as having potential benefits for
esports performance, in opposition to coaches and teams that put relatively
little emphasis on it [26]. However, following interviews and a survey, Kari
and colleagues [26] concluded that physical exercise seemed to be largely
unstructured and unsystematic, though esports players usually plan their
physical exercise, with some even relying on an exercise professional (e.g.,
personal trainer, team’s physical coach/physiotherapist) or an outside service
[26, 30, 52]. Overall, esports players reported doing physical exercise for more

than 1 hour per day and more than 3 days per week (Table 5).
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Table 5 Reported time spent with physical activity and/or exercise.

Hours per day (h/day) Hours per week (h/week) Days per week (days/week)

1.1+ 0.8 [30] 18 (Q1, Q3 =12, 28) [52] 4.2+ 1.7 [50]
1.0 [26] 3.9+2.4 [43] 3.5+ 2.2 [43]
1.1+0.8 [26] >2.5 (moderate to vigorous 3 +1.7 [37]
2.6 [52] physical activity) [28]

>0.5 [37]

In a study conducted exclusively with eFootball players, the participants
reported expending 2,880 (1,920—4,800) MET-min-week! with vigorous
activities, 1,080 (600-2,160) MET-min-week-! with moderate activities, and
1,155 (462-2,376) MET-min-week-! walking, and 84.6% (n = 366) of the
participants reported high levels of physical activity [52]. Based on the IPAQ
scoring protocol, the total energy expenditure with physical activities was
5,625 (3,675-8,586) MET-min-week! [52]. Different questionnaire-based
studies found that a relevant proportion of esports players met the guidelines
of the World Health Organization for physical activity [26, 30, 31, 52], ranging
from 19.7% [49] to 87.1% [52]. Likewise, physical exercise was twice as high
as the minimum recommended in the guidelines of the American College of
Sports Medicine (i.e., 150 min/week) [31]. Yet, when non-questionnaire tools
(e.g., accelerometers) were used, esports players exercised significantly less

than age-matched controls, with significantly lower weekly steps [32].

Sitting time and esports practice

Esports players, independently of physical activity levels, spent considerable
time in sedentary activities, ranging from 5.3 (3.5-8.0) hours/day [52] to
7.7+£3.6 hours/day [28], and frequently spent more than 3 hours without a
standing break [37, 38].

According to a 17-year-old professional player, esports practice is said to be
“like any full-time sports profession and [...] they [players] train in a manner
like other sports” [35]. Consistently, in a typical week, esports players
reported spending 15.7+8.5 [28, 46] to 18.2+9.2 hours training their esports

[66], ranging from 15 to 40 hours/week [57] (Table 6).
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Table 6 Time spent with esports practice.

Hours per day (h/day) Hours per week (h/week) During competition
(h/day)

5.28+2.57 [26] 24.2 (21.7-26.7) (unstructured) [40] 5.5-10! [38]

3—6 ([69%] vs 16% >7 [37] 6.9 (6.3—7.5) (structured) [40]

9.21+4.36 [45] 17.3 (15.0-19.5) (total) [40]

10.3+2.1 [50] 18.9+11.6 [43]

2.5 (IQR: 2.0, 3.7) [52]
2.6+1.31 [56]

Note: ! before competitions. Legend: IQR — Interquartile Range

When comparing the time spent in structured and unstructured esports
practice, less time spent in structured esports practice [Median= 6.9 (6.3 to
7.5) (95% CI) hours/week] was reported, compared to unstructured esports
practice [Median =17.3 (15.0 to 19.5) hours/week] [40]. Furthermore, the time
spent in esports training on a normal day varied between studies, from nearly
3 hours/day [37, 52, 56] to approximately 10 hours/day [45, 50]. Besides
esports practice, esports players also reported playing other videogames (e.g.,
1.84+2.8 hours/day) [50] and spending a considerable time using the internet
[29]. Player in-game rank was moderately and positively associated with
esports practice frequency and the number of days spent playing esports [49].
Additionally, the time spent practicing before competition tended to increase

[38, 52].

Body composition

Esports players showed higher body fat percentage, lower lean body mass,
and lower bone mineral density, despite no BMI differences between esports
and non-esports players [32]. Different articles used BMI to characterize body
composition of esports players, mostly as a secondary outcome. Esports
players appeared to be more likely to have a BMI categorized as normal, pre-
obese, and obese classes 2 and 3 [49]. But most studies on esports players
were based on self-reports, and on-site evaluations estimated BMI from 22.3+

4.8 to 25.7 £ 3.9 [31, 40, 43, 45, 50] (Table 7).

50



Table 7 Body mass index of esports players

Body mass index (Kg/m?2)
22.3 +4.8 [40]

24.1+ 5.5 [43]

24.7 + 16.8 [45]

25.6 + 3.4 [50]

25.7+ 3.9 [31]

A weak positive association between BMI and video game-play time was
found [28], while one study showed no positive correlations between BMI and
electronic gaming time [31]. Moreover, BMI was negatively associated with
esports practice hours per week [31], and esports practice at higher levels was

inversely correlated with BMI, better players showing a lower BMI [29, 49].

Musculoskeletal health and function

According to an esports coach who was interviewed, esports players “have
remarkable motor skills and are quick with their hand-eye coordination” and
“should have the ‘perfect’ dynamic and static vision to capture and process
the message in an instant from any moving images” [35]. Other additional
skills and reflexes include the speed of hand movement and speed-accuracy
trade-off [25, 55]. However, when investigating the perceptual-motor abilities
of esports players using an expert/nmon-expert paradigm, professional and
recreational esports players could not be distinguished in terms of skills [41].
In a cross-sectional evaluation with 188 esports players, 42.6% reported
musculoskeletal pain within the previous week, with the back (31.3%), neck
(11.3%), and shoulders (11.3%) as the most common body complaint sites [40].
The median number of pain sites was 2 (range 1-13), and the mean pain
intensity was 4 (range 0 —19). Interestingly, 6.25% had pain which limited
their participation in esports-related activities [40]. The other common
complaints described in esports players were eye fatigue, wrist pain, and
hand pain [37, 38].

Again, following the results from a qualitative study with esports players [26],

some of them stated that actively stretching wrists and “moving around”
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between games could help minimize some of those problems. Still, the players
appeared to be more concerned about “passive preventive measures like
having proper preparation”. Also, rehabilitation or preventive exercises were
performed occasionally — or commonly, when esports players were already

feeling some pain or stiffness.

Physiological demands

Heart Rate

In a study conducted only during a Fortnite® session [31], esports players
experienced a stressful physiological response to esports practice by
significantly increasing their mean heart rate (HR) compared to mean resting
HR (76 = 10 vs 70 + 11 bpm) and peak esports HR compared to peak resting
HR (120 + 16 vs 81 + 11 bpm). Another study conducted with FPS esports
gamers [42] suggested that this game type resulted in a larger change in low
to peak HR and in systolic blood pressure increase when compared with
MOBA games, thus showing that FPS games may elicit a greater sympathetic
nervous system response [42], since blood pressure and respiration rate
increased significantly after and during game-play, respectively.

In a live collegiate esports tournament, mean HR during the competition was
elevated compared to mean HR pre- and post-competition (131.4 + 19.0 vs
97.1 +19.9 bpm; and 101.9 + 17.4 bpm), peak HR during the competition was
elevated compared to peak pre- and post-competition (188.1 £ 32.9 vs 119.6 +
20.1 bpm; and 119.9 + 16.3 bpm; p < 0.001), and in-competition R-R intervals
were lower (465.7 £ 69.0) compared to pre- (643.6 + 138.5) or post-competition
(616.1 = 110.0) [43]. No significant differences were found in HR variability.
Regarding perceived exertion, players reported a mean score of 3.7 out of a
maximum of 10 arbitrary units, and a mean mental fatigue rating of 3.7 on a

scale of 1 — 7 [43].
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Hormonal response

Salivary testosterone, cortisol, dehydroepiandrosterone, and androstenedione
levels did not change from before esports practice and within 10 min after
play; also, hormonal levels were not affected by playing against people vs. the
computer, or by winning or losing [48]. Playing duration was, however,
positively related to changes 1n testosterone (r=0.410, p=0.037),
dehydroepiandrosterone (r=0.461, p=0.018) and androstenedione (r=0.421,
p=0.032) during play against people [48]. Aldosterone levels decreased
overall, and cortisol decreased more according to the number of ranked games
played (r=0.563, p=0.003) [48]. Nevertheless, during an official esports
competition, the expert esports players presented higher cortisol levels in pre-
competition situations [57]. A study conducted with a single male amateur
esports player (32 years, 184 cm, 60 kg) compared a 30-min videogame and a
cycling test [54]. HR increased from 85 to 137 bpm and was almost identical
in both trials, but oxygen consumption and energy expenditure were about
three times higher during cycling. In contrast, blood glucose increased
slightly during esports (+0.7 mmol/L) and decreased during cycling (-2.2
mmol/L) [54].

Performance

Expert esports players showed better average reaction time [50, 55], less
susceptibility to speed-accuracy trade-off [41, 42, 55], faster response times
[42, 55], and were better at using or ignoring information. Still, esports
players might be susceptible to cognitive fatigue [42]. When evaluating
cortical thickness, increased cortical thickness in the prefrontal and parietal

cortices was correlated with winning rates and higher performance [36].

Confounders
Factors such as study setting (e.g., live vs. online, home vs. laboratory, real
competition vs. study scenario), study duration, the time when the evaluation

took place, nutritional status, and previous physiological arousal could be
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possible confounders for the results obtained regarding the physiological
demands of esports practice and competitions [31, 43, 46, 48, 57]. Also,
different physiological responses could occur, depending on the time of the

day when the game took place and on the game itself [42].

Mental health

Neurological function

In a prospective observational cohort study with 17 esports players, aiming
to examine physiological and cognitive changes after a session of FPS and
MOBA games, mental flexibility was significantly improved after game play.
At the same time, the number of errors was not affected [42]. Also, problem-
solving ability, impulsivity, and response inhibition increased, and reaction
time decreased, after game play; the same time, esports players tended to
make a significantly higher number of errors and be less accurate [27, 29].
Esports players did however display improved cognitive function (i.e.,
executive function, spatiotemporal abilities) and working memory, and faster
reaction times, even when compared with athletes from traditional sports
(i.e., pro-baseball players) [27].

Pro-gamers showed increased grey matter volume in the left cingulate gyrus
[29]. Moreover, there was a decreased grey matter volume in the left middle
occipital gyrus and right inferior temporal gyrus. Furthermore, another study
found that career length was positively correlated with cortical thickness in
three brain regions (i.e., right superior frontal gyrus, right superior parietal
gyrus, and right precentral gyrus) [36]. Also, the right medial superior frontal
cortex was thicker in the pro-gamers with longer career length and higher

winning rate [36].

Mental health problems
As regards mental health problems, problematic gaming (i.e., when playing
videogames interferes with daily functioning) was significantly associated

with decreased real-world social support and increased in-game social
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support, probably due to depression and anxiety [44]. Notably, the results in
a qualitative study showed that, in terms of gaming motivations, esports and
recreational gamers play videogames differently (i.e., esports gamers scored
significantly and considerably higher on specific motives such as competition,
social and skill-development) [51]. However, psychiatric symptoms were both
directly and indirectly associated with gaming disorder via gaming
motivations, with a significant effect, mediated through escapism (i.e.,
gaming excessively to avoid real-life problems) between the higher levels of
psychiatric distress and gaming [51]. Additionally, pro-gamers appeared to
have normal to mild levels of internet addiction, and mild levels of impulsivity

[36].

Stress

In a qualitative study based on interviews aiming to examine different
stressors faced by 7 esports players [34], various internal stressors were
identified by the participants. Communication problems between teammates
and coaches, lack of shared team goals or confidence in teammates,
consequences of losing (e.g., getting emotional, making mistakes), intra-team
criticism (e.g., negative comments, being dropped), life balance, and difficulty
in lifestyle management were examples of internal stressors identified by
esports players. On the other hand, the opponents, social media, interviews,
and logistics (e.g., unfamiliar environment, immediate audience reaction)
were identified as external stressors [25, 34]. The players reported that
perceived stress on a “big stage”, or while performing in front of audiences,
was greater than the pressure perceived when playing in a comfortable
environment, such as the players’ own home,