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Abstract

Background Esports is competitive video gaming, performed within teams or individually, across multiple genres.
Players are required to be sedentary for extended periods and require a high-level of cognitive skills for successful
competitive performance. There are conflicting findings within the physical activity research in the esports industry.
The aim of this research is to explore self-reported physical activity through accelerometer-assessed physical activity,
to gain a better insight into the physical activity behaviours of international e'athletes.

Method Participants (n=796) across multiple popular esports games, holding any in-game rank, competing at any
level, were recruited. The survey consisted of demographic details, esports experience, the International Physical
Activity Questionnaire-Long Form (IPAQ-LF), and Behavioural Regulations towards Exercise Questionnaire (BREQ-3).
Within a convenience sample, local intervarsity e‘athletes (n=18) were recruited to wear a wrist-worn accelerometer
to measure physical activity for 7-days and then complete the survey. Results from the accelerometers were
compared to the survey results to explore physical activity reporting within this population.

Results When comparing IPAQ-LF to accelerometer data, players significantly over-report moderate-to-vigorous
physical activity and weekly MET-min~" (p=.018, r=.63 and p<.001, r=.92). The BREQ-3 showed that e‘athletes
categorised as high physical activity displayed significantly higher levels of intrinsic motivation, when compared to
players categorised as low and moderate physical activity.

Conclusions Fathletes significantly over report physical activity time when measured through the IPAQ-LF,
suggesting previous surveys may overestimate physical activity and further research is needed. Given the exponential
growth of the industry and the level of physical inactivity, esports may contribute to global physical inactivity levels.

Key Points
- Despite in-game rank not influencing physical activity time or motivation, higher levels of intrinsic motivation
were associated with increased physical activity among e’athletes. This suggests the importance of fostering
intrinsic motivation to promote sustained engagement in physical activity within esports communities.
- The study reveals concerning levels of sedentary behaviour among e'athletes, with implications for their
overall health and well-being. Addressing sedentary behaviour and promoting light physical activity are crucial
for mitigating associated health risks within the esports population.
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- The study highlights significant disparities between self-reported physical activity data and accelerometer-
assessed data among e'athletes, indicating potential over-estimation of physical activity levels when

self-reported.
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Background

Esports, short for electronic sports, can be defined as
“organised competitive digital gaming, played on a spec-
trum of professionalism..” [1]. The industry is growing
exponentially year-on-year, with global viewership of
esports enthusiasts expected to grow to 318 million by
2025, and it was estimated in 2020 the net worth is USD
$24.9B [2]. Esports are now being supported by profes-
sional sporting associations [3], government or national
organisations [4], and education sectors [5, 6]. This type
of competition requires players to be seated for long peri-
ods, and success is often determined by perceptual-cog-
nitive skills and fine-motor coordination [7]. This surge
in global popularity may pose several health concerns
regarding sedentary behaviour, and the psychological and
physical well-being of those participating in esports.

The World Health Organisation (WHO) physical activ-
ity guidelines recommend that adults aged 18—64 years of
age should do at least 150—300 min of moderate-intensity
aerobic physical activity; or at least 75-100 min of vigor-
ous-intensity aerobic physical activity; or a combination
of moderate- and vigorous-intensity activity throughout
the week. For adolescents aged 5-17 years, the WHO
physical activity guidelines recommend that they should
do at least an average of 60 min per day of moderate-to-
vigorous intensity physical activity (MVPA; [8]). Emerg-
ing research into the physical activity behaviours of the
esports industry shows conflicting findings across stud-
ies. Several studies report players exceeding the WHO
physical activity guidelines [9-13], while some stud-
ies report players performing limited physical activity
or not reaching guidelines at all [14—17]. The question-
naires used to quantify physical activity within esports
populations have not been validated, which highlights the
need for research to explore the validity of self-reported
physical activity through accelerometer-assessed physical
activity within esports athletes (e’athletes; [18]).

With the development of new technologies, sitting and
reclining whilst engaging in specific sedentary activities
(e.g., screen-based behaviours) has emerged as a major
risk factor towards decreased adult and adolescent health
and well-being [19, 20]. Sedentary behaviour is defined as
any waking behaviour that is characterised by an energy
expenditure of <1.5 metabolic equivalents of task (MET),
such as sitting, reclining, or lying down [21], where a
MET represents the amount of energy expended carry-
ing out physical activity, which is 3.5 ml-O,-kg™"-min~! at
rest [22]. F’athletes and coaches believe that they need to

“grind” through countless hours of gameplay in order to
succeed, resulting in extended periods of sedentary time
[23]. Sedentary time varies across studies with reports of
up to 7.7 h a day [9, 24], while others report players sit-
ting for up to 9 to 10 h a day [14, 17].

Self-determination theory and its sub-theory of organ-
ismic integration theory describes motivation across a
continuum, differentiating between extrinsic and intrin-
sic motivation, and identify different types of motiva-
tion towards performing certain behaviours [25-27].
Intrinsic motivation pertains to engaging in an activity
due to its inherent gratification, whereas extrinsic moti-
vation involves undertaking an activity with the inten-
tion of achieving external rewards or outcomes detached
from the satisfaction of the activity itself [28]. To gain
an understanding of human motivation towards exer-
cise participation, self-determination theory provides
an understanding into the initiation and persistence of
undertaking exercise [29]. Self-determination theory
identifies when individuals are intrinsically motivated,
which is vital for long-term exercise participation [30,
31]. Whereas extrinsic motivation, such as personally
valuing specific exercise outcomes, is a crucial factor in
the initial adoption process [31]. It is important to iden-
tify behavioural regulations towards exercise to promote
internalised extrinsic motivations or enhanced intrinsic
motivations to support perceived competence in exercise.
Multiple studies have investigated e’athletes motivations
towards becoming professional players [32-34], with
some discussing motivation towards physical activity
[12]. E’athletes are met with extrinsic motivations, such
as playing for a salary or prize money, and intrinsic moti-
vations where players compete for enjoyment, leisure, or
socialisation [33]. Research has identified higher levels of
motivation being exhibited during higher frequencies of
playing time, displaying a greater prioritisation of esports
training over physical activity or exercise [12, 35]. How-
ever, no research has investigated how motivation affects
behavioural regulation towards exercise participation
within esports, which may assist with health promotion
within the industry.

This study has two aims: (1) to explore how in-game
rank influences physical activity time and motivation
towards exercise and how motivation affects physical
activity time in international e’athletes; and (2) to explore
how self-reported physical activity time compares to
accelerometer-assessed physical activity time within a
convenience sample of e’athletes. We hypothesise that
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higher ranked e’athletes will report greater physical activ-
ity levels and greater motivations towards exercise when
compared to lower-ranked players; and that accelerom-
eter-assessed physical activity will show e’athletes over-
report weekly physical activity time.

Methodology

Survey Participants and Recruitment

Participant recruitment was performed via online plat-
forms consisting of esports specific Subreddits (Red-
dit.com), social media (LinkedIn, Facebook, Instagram,
Twitter), and Discord channels, and through emails to
team support staff. The survey was designed using online
cloud survey software, Qualtrics (Prove, Utah, United
States), and distributed via an anonymous link online,
in the English language. The survey was promoted fort-
nightly on these various channels for the duration of the
live survey. All e’athletes over the age of 18 were eligible
to participate, as e’athletes comprise all individuals who
engage in esports with the goal of attaining an in-game
ranking or participating in formal competitions [18].
The survey was open for four months (August 2022 to
November 2022).

Accelerometer Participants and Recruitment

A convenience sample of participants from an intervar-
sity esports’ academy in Queensland, Australia, were
asked to wear an accelerometer (ActiGraph GT9X, Flor-
ida, USA) for 24-hours a day over seven consecutive days.
Participants had to be over the age of 18 and apparently
healthy to participate, with no prior medical history that
would affect their normal physical activity level. Partici-
pants were also asked to complete the online survey after
they had completed the 7-days of wearing the accelerom-
eter, to recall their physical activity during the period of
monitoring.

Survey Measures

The survey consisted of four parts; demographics,
esports experience, International Physical Activity Ques-
tionnaire- Long Form (IPAQ-LF), and The Behavioural
Regulations in Exercise Questionnaire 3 (BREQ-3; Addi-
tional File 1; The Survey).

Demographics

The first section of the survey collected demographic
information (location, occupation status and education
level). Responses for occupation status and education
level were categorised according to the Australian Bureau
of Statistics recommendations for reporting. Through
self-reported height (cm) and weight (kg) measurements,
a BMI (kg/m?) was calculated to report a participant
descriptive.
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Esports Experience

The survey asked participants which esports title they
were highest ranked in by in-game ranking. Every esports
game categorises players into distinct skill tiers (or in-
game ranks) based on in-game algorithms, utilising vari-
ous in-game metrics such as (but not exclusive to) the
number of victories and defeats [36]. This triggered a dis-
play logic within the survey to ask the participant what
their specific rank was for their respective game title.
Specific games titles that were listed within the survey
were League of Legends, Counter Strike: Global Offen-
sive, Overwatch, Valorant, Apex Legends, Defence of the
Ancients 2, Rainbow Six Siege, Starcraft 2, Hearthstone,
Rocket League, Player Unknown Battle Grounds, Team-
fight Tactics, and a ‘other’ free text entry box for non-
listed games. Some games were not listed, such as Call
of Duty and Fortnite, as these games do not have clear in-
game rankings, however, players can still be competing
within these titles. In-game ranks across games do not
align and are determined by specific in-game algorithms,
which uses variable in-game statistics. Previous research
has standardised players into categories based on their
skill group and the player distribution across ranks for
each given game, as follows: category 1 (99-100%), cat-
egory 2 (90-98.9%), category 3 (80-89.9%), category 4 (70-
79.9%), category 5 (60-69.9%) and category 6 (<59.9%)
[37]. These categories were determined by player distri-
bution reports online, where reported in-game rank was
transformed to a category based on the game responders
competed in- defined as esports category [38—46]. Two
esports (StarCraft2 and Hearthstone) did not have up-to-
date player distributions of rank, resulting in exclusion
from any rank analysis. Participants were asked to select
which level of esport best described their current level
of competition as defined by Hedlund and colleagues
[47]. Participants were given the choice to answer if they
played for a gaming organisation/university, and if they
had any competition winnings. These questions were
utilised to accurately represent the individual’s level of
competition, as in-game Elo rank alone may not identify
some high-level players as not all players play a competi-
tive in-game playlist.

International Physical Activity Questionnaire- Long Form
Scoring and Data Processing

Self-reported physical activity time was assessed through
the IPAQ-LF. Scoring of this questionnaire follows the
IPAQ-LF guidelines for data processing and analysis
to report physical activity as a continuous variable in
MET-min~! a week and categorical descriptors of level
of activity level [48]. The IPAQ-LF was constructed to
measure health-related physical activity young and mid-
dle-aged adults (aged 15-69 years old) [22], showing
good validity and reliability when implemented within a
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12-country reliability test, with all versions of the ques-
tionnaire producing repeatable data (Spearman’s correla-
tion coefficient=0.81, for the long form) [49].

The Behavioural Regulations in Exercise Questionnaire-3
(BREQ-3)

The level of self-determination towards exercise was
measured through the BREQ-3 [50, 51]. Multidimen-
sional scoring was performed by calculating the mean
score for each set of items within each of the six dimen-
sions, alongside calculating relative autonomy index
(RAI) [31]. The BREQ-3 holds good construct valid-
ity and test-retest reliability when assessing individuals’
behavioural regulation in exercise contexts, displayed
through intraclass correlation coefficients ranging from
0.70 to 0.88 across subscales [51].

Accelerometer Measures and Processing
Accelerometer-assessed physical activity was measured
through the ActiGraph Link GT9X (ActiGraph, Pensac-
ola, FL, USA) which is a small (3.5x3.5x100 mm), and
lightweight (14 g) device, worn on the non-dominant
wrist. Wrist worn accelerometery was chosen over hip-
worn accelerometers as wear compliance is higher and
participant burden is lower for wrist worn accelerom-
etry [52]. The accelerometer was set to 30 Hz sampling
rate, with the watch screen programmed to be left blank
to minimise physical activity -related feedback that may
influence physical activity performance. The participants
were instructed to wear the device for 7-days, including
sleep time, with removal during prolonged water sub-
mersion (i.e., swimming). Data were considered valid if
the watch was worn for at least 4-days, including at least
1-day of the weekend, and for at least 10 h each day [53].
Accelerometer-assessed physical activity, measured by
the ActiGraph Link GT9X has been shown to be a valid
and reliable measurement of free-living physical activity
within children [54] and adults [55].

The device monitors the participants movement
through 3 orthogonal axes that measures daily minutes
within different intensities. The raw accelerometer data
was downloaded from the devices through accompany-
ing software, ActiLife v6.13.4 (ActiGraph, Pensacola, FL,
USA), as a ActiGraph.gt3x file and converted to a raw
time-stamp free .csv file for data processing. The data
files were then processed within R statistical software
( v2023.03.14+446, R Core Team, Vienna, Austria) using
the GGIR code package available on GitHub, the meth-
ods of this code is presented by the creators Migueles et
al. [56]. The accelerometers were used to monitor sed-
entary time, light intensity physical activity (LPA), and
moderate-to-vigorous intensity physical activity (MVPA).
The following intensities are based on established cut-
points in milligravity (mg): ST (0-30 mg), LPA (30 mg
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- <120 mg), and MVPA (>120mg) [57]. Prior research has
shown that the cut point of 120 mg for MVPA is more
stringent [58—60]. The data was processed to produce
both 1-minute and 10-minute bouted physical activity
within each intensity. Total MET-min~' will also be cal-
culated for both 1-minute and 10-minute bouts.

Statistical Analysis

The survey was exported from Qualtrics as a .csv file and
opened in Microsoft Excel where the data was screened
for outliers and unrealistic responses. Upon assess-
ing normality of the IPAQ-LF data through histograms,
total physical activity (Total MET-min" ') showed sev-
eral extreme values and were excluded from the data-
set (n=29 excluded), following the guidelines for data
processing and analysis of the IPAQ [48]. Excluded data
points exceeded 16 h of activity a day, where the guide-
lines assume 8 h a day is spent sleeping. Data analysis was
performed within Jamovi (version 2.3.18.0). Using the
Shapiro-Wilks test of normality (p<.05), also consider-
ing skewness and Kurtosis, the physical activity data and
BREQ-3 data was non-normally distributed. Therefore,
the non-parametric one-way analysis of variance, Krus-
kal Wallis test was used to compare medians for con-
tinuous variables across subgroups, with the median and
interquartile range (IQR) used for descriptive statistics.
Correlations between accelerometer-assessed data and
BREQ-3 was assessed through a non-parametric Spear-
man’s correlation. Spearman’s correlation threshold was
determined as 0.90 to 1.00 as very high correlation, 0.70
to 0.90 as high correlation, 0.50 to 0.70 as moderate cor-
relation, 0.30 to 0.50 as low correlation, and 0.00 to 0.30
as negligible correlation [61]. Significance was deter-
mined when p<.05.

Ethics Approval

This study was conducted according to the guidelines
presented in the Declaration of Helsinki and all proce-
dures were approved by Queensland University of Tech-
nology Human Research Ethics Committee- approval
number is LR 2022-1045-10084.

Results

Self-Reported Physical Activity and BREQ-3 Data

Survey Data and Participant Characteristics

1,219 participants opened the survey. All responses were
screened for legitimacy and accuracy, resulting in 423
(34.7%) responses excluded as they contained inappro-
priate or unreliable responses. Of the included responses
(N=796), 349 (43.9%) participants partially completed
the survey and 447 (56.2%) participants provided full
responses to the survey. The data from partial responses
were reported and then excluded listwise from any anal-
ysis where full datasets were not complete. Responses
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came from 62 different countries across the sample
(Additional File 1; Table 1: Frequency table of player
country of residence for survey participants). The top
five represented countries were United States (n=244;
32.9%), Australia (n=113; 15.2%), Germany (n=53; 7.1%),
Canada (n=47; 6.2%), and United Kingdom (n=44; 5.9%).
Table 1 shows that participants predominantly com-
peted in Overwatch (n=153; 21.0%), League of Legends
(n=119; 16.3%), DOTA2 (n=84; 11.5%), and Valorant
(n=60; 8.2%).

Physical Activity Scores from the IPAQ-LF

Table 2 demonstrates that e’athletes reported a median
(IQR) 2916 (4400) MET-min ™! of physical activity. These
reports resulted in 61.4% of the population being classi-
fied as performing a ‘high’ amount of physical activity a
week, 27.8% being classified as moderate physical activ-
ity and 10.8% being classified as low physical activity. A
Kruskal-Wallis test demonstrated no significant differ-
ences across esports categories for any measurement
of physical activity- total MET-min™'y*,=5.1, p=.40;
MVPA x*=5.7, p=.33; sedentary time y’:;=2.5, p=.78;
LPA %,=4.5, p=.48; activity level y*;=3.2, p=.67.
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BREQ-3 Results within International Esports Participants

Table 3 shows the group’s median (IQR) RAI was 6 (6.50),
with the lowest scores observed within the dimension
of amotivation (Median [IQR]=1.00 [0.5]), and high-
est scores were observed within identified regulation
(Median [IQR]=4.00 [1.50]). The Kruskal-Wallis test
revealed no statistical difference between esports level,
and all dimensions measured through the BREQ-3.
Participants categorised as high physical activity dem-
onstrated significantly higher RAI (RAI=7.25 [5.63];
x’,=41.43, p=<.001) when compared to low (RAI=3.13
[4.81]) and moderate physical activity (RAI=3.50 [7.50])
participants. Scores of amotivation were significantly
lower (p=<.001) within high physical activity partici-
pants when compared to low physical activity partici-
pants. High physical activity participants demonstrated
significantly higher scores (p=<.001) within identified
regulation, integrated regulation, and intrinsic regulation,
when compared to both moderate and low physical activ-

ity groups.

Table 1 Participants esports descriptive and frequency statistics and esports experience

Total Category 1 Category 2 Category 3 Category 4 Category 5 Category 6
Age (Median IQR) 23(7) 22 (6) 22 (6) 22 (5) 25(9) 23(9) 23(7)
Gender (N=796)
Male (n %) 723 (90.8) 152 (26.2) 159 (27.4) 92 (15.9) 44.(7.6) 34.(5.9) 39(6.7)
Female (n %) 45(5.7) 8(1.2) 12 (1.8) 5(0.8) 4(0.6) 3(0.5) 12(1.8)
Other (n %) 28 (8.8) 4(0.7) 5(0.9) 6 (1) 3(0.5) 1(0.2) 3(0.6)
BMI (Median IQR) 24.2 (5.65) 23.6(5.89) 237 (5.62) 245 (4.93) 25.5(4.49) 229(342) 238 (6.64)
p-value 0.169
Esports Title (n=728) 573 (100) 152 (24.5) 174 (26.3) 104 (16) 51(7.9) 38(5.8) 54 (8.3)
Overwatch (n %) 153(21.0) 29 (5.0) 39(6.7) 43(74) 20 (34) 14 (2.4) ( 2)
League of Legends (n %) 119 (16.3) 28 (4.8) 36 (6.2) 15 (2.6) 16 (2.8) 6(1.0) 6(2.8)
DOTA 2 (n %) 84(11.5) 18 (3.1) 27 (4.7) 1(1.9) 5(0.9) 4(0.7) 729
Valorant (n %) 60 (8.2) 12(1.8) 21 (3.2) (O 8) 3(0.5) 9(14) 0(1.5)
Rainbow Six Siege (n %) 37 (5.0) 14 (2.4) 10(1.7) 9(1.6) 2(0.3) 2(0.3) ( )
Apex Legends (n %) 36 (4.9) 10(1.7) 15 (2.6) 7(1.2) 1(0.2) 1(0.2) 1(0.2)
CSGO (n %) 35 (4.8) 9(1.6) 12 (2.1) 9(1.6) 3(0.5) 2(0.3) 0(0)
Teamfight Tactics (n %) 35(4.8) 21 (3.6) 12(2.) 1(0.2) 1(0.2) 0(0) 0(0)
Rocket League (n %) 25(34) 20(34) 2(03) 1(0.2) 0(0) 0(0) 0(0)
PUBG (n %) 4(0.5) 1(0.2) 0(0) 2(0.3) 0(0) 0(0) 1(0.2)
StarCraft 2 (n %) 55 (7.5)
Hearthstone (n %) 26 (3.5)
Other (n %) 59(8.1)
Esports Level (n=680)
Professional (n %) 47 (6.9) 24 (4.8) 5(1.0) 3(0.6) 1(0.2) 0(0) 0(0)
Collegiate/ Intervarsity (n %) 107 (15.7) 43 (8.5) 29(5.8) 12(24) 1(0.2) 5(1.0) 4(0.8)
Casual (n %) 469 (69.0) 66 (13.1) 101 (20.0) 70(13.9) 39(7.7) 23 (4.6) 37(7.3)
High School (n %) 13(1.9) 1(0.2) 4(0.8) 0(0.0) 1(0.2) 0(0.0) 1(0.2)
Youth (n %) 44 (6.5) 8(1.6) 12(24) 8(1.6) 1(0.2) 2(04) 3(06)

Note Category 1=99-100%, Category 2=90-98.9%, Category 3=80-89.9%, Category 4=70-79.9%, Category 5=60-69.9%, Category 6=<59.9%. StarCraft 2 and
Hearthstone do not have player rank distributions available- excluded from rank analysis
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Table 2 IPAQ-LF scores and descriptive statistics

Total Category 1 Category 2 Category3 Category4 Category5 Category6
Physical Activity (n=518)
Physical Activity MET-min™'/wk (Median 2916 (4400) 2981.3(4123) 30495 (4361) 2613(3863) 3280(5676) 2478(3288) 2373 (4551)
IQR)
p-value 041
MVPA mins/week (Median IQR) 120 (161) 90 (126) 120 (146) 110 (160) 120 (146) 118 (180) 135 (191)
p-value 0.33
LPA mins/week (Median IQR) 60 (90) 50 (65) 60 (100) 57.5(86.3) 60 (81.3) 84.5 (87.5) 60 (78.8)
p-value 048
Level of Activity (n=518)
High Activity (n %) 318 (61.4) 81(14.3) 93 (16.4) 48 (8.5) 32(5.6) 12(2.1) 19 (3.4)
Moderate Activity (n %) 144 (27.8) 36 (6.3) 37 (6 20 (3.5) 11(1.9) 8(14) 11(1.9
Low Activity (n %) 56 (10.8) 39(6.9) 41(7.2) 33(5.8) 7(1.2) 18(3.2) 21(3.7)
Sedentary Time (n=470)
Sedentary Time mins/days- Median (IQR) 600 (418) 629 (403) 609 (454) 617 (394) 600 (480) 531(326) 549 (291)
p-value 0.78

Note IQR, Interquartile Range; n %, number and percentage of total participants; MVPA, Moderate-to-Vigorous Physical Activity; LPA, Light Physical Activity

Table 3 BREQ-3 scores: a comparison across esports level and physical activity level

RAI Amotivation External Introjected Identified Integrated Intrinsic
Median (IQR) Median (IQR) Regulation Regulation Regulation Regulation Regulation
Median (IQR) Median (IQR) Maedian (IQR) Median (IQR) Median
(IQR)
All Eathletes (n=447) 6.00 (6.50) 1.00(0.5) 1.50 (1.25) 3.00 (2.00) 4.00 (1.50) 2.75 (2.00) 3.50 (2.00)
Esports Category (n=447)
Category 1 (n=96) 563 (6.63) 1.00(0.75) 1.50 (1.00) 3.00 (2.25) 3.50 (1.00) 2.50 (1.75) 3.25(1.81)
Category 2 (n=100) 5.88 (6.00) 1.00 (0.50) 1.50 (1.25) 3.00 (2.25) 3.75 (1.50) 2.75(1.75) 3.25(1.81)
Category 3 (n=55) 5.25(7.38) 1.00 (0.50) 125(1.13) 3.25(1.63) 400 (1.63) 2.50(1.63) 3.00 (2.00)
Category 4 (n=25) 7.25 (7.25) 1.00 (0.50) 1.50 (1.25) 3.00 (1.75) 400 (1.25) 2.75 (1.50) 3.50 (1.75)
Category 5 (n=19) 5.75(9.63) 1.00 (0.25) 1.75 (1.63) 3,50 (1.63) 3.75(1.88) 2,50 (2.75) 400 (2.88)
Category 6 (1=27) 425 (7.88) 1.00 (0.50) 1.75 (1.50) 3.00 (1.50) 3.75 (1.50) 2.50(1.63) 350(3.13)
p-value 0.89 0.92 0.53 0.69 0.52 0.75 0.68
Physical Activity Category
(n=364)
High (n=255) 7.25(563) "% 1.00(0.25)" 1.25(1.00) 3.00 (1.75) 400(1.25) " 3.00(1.75) “* 3.75 (1.50)
*#

Moderate (n=109) 350(7.50)"  1.25(1.00) 1.50 (1.25) 3.00 (2.00) 325(150)" 2.25(150)" 250 (2.25)"
Low (n=30) 313481 % 125(0.75)" 1.25 (1.00) 3.13(2.19) 325(0.75)* 200 (1.44)* 263(1.88)*
p-value <0.001 <0.001 0.08 0.09 <0.001 <0.001 <0.001

Note IQR=Interquartile Range, “" and *” denotes groups that are significantly different in columns (p=<0.05). RAl=Relative Autonomy Index, Category 1=99 — 100%,
Category 2=90 - 98.9%, Category 3=80 - 89.9%, Category 4=70 - 79.9%, Category 5=60 - 69.9%, Category 6=<59.9%

Accelerometer-Assessed Physical Activity Data
Accelerometer-Assessed Participant Characteristics

The survey results of the participants who agreed to wear
the accelerometers appear in Table 4. One was excluded
due to a corrupt accelerometer file (n=18).

Accelerometer-Assessed vs. IPAQ-LF Physical Activity

When comparing self-reported data with the 10-minute
bout accelerometer-assessed physical activity data (AT10;
Table 5), the Wilcoxon paired t-test revealed significant
differences between for MVPA (p=.01) and MET-min""
per week (p<.001). Effect sizes were moderate, ranging
from r=-.12 for LPA to r=.92 for MET-min~! per week.

Resulting in significant over-reporting of median MVPA
time by 26.3 min and median weekly MET-min~ ' by 3128
MET-min~! per week.

When comparing self-reported physical activity data to
1-minute bout accelerometer-assessed physical activity
data (AT1; Table 5), the Wilcoxon paired t-test showed
highly significant differences for LPA (p<.001) and MET
minutes per week (p=.02). Resulting in an over-reporting
of 15 min per day of MVPA and 1647 MET-min™" per
week, and an under reporting of LPA by 49.7 min per day
when compared to AT1 data. Effect sizes varied, with a
large effect size of r = -.95 for LPA and a moderate effect
size of r=.48 for MVPA.
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Table 4 Accelerometer-assessed participant characteristics

Total (n=18) Category 1 Category 2 Category 3 Category 4 Category 6
Age (Median IQR) 20 (3.50) 20 (2.0) 19(1.0) 25(0.0) 20 (0.0) 23.5(5.50)
Gender
Male (n %) 13(72.2) 7(38.9) 5(27.8) - 1(5.6) -
Female (n %) 5(27.8) - - 1(5.6) - 4(22.2)
BMI (Median IQR) 234 (5.76) 26.1 (9.40) 20.5(1.39) 25.2(0.0) 24.6 (0.0) 239 (5.21)
p-value 048
Esports Title
League of Legends (n %) 13 (66.7) 5(27.8) 2(16.7) 1(5.6) - 3(16.7)
Overwatch (n %) 3(16.7) 1(5.6) - - - 1(5.6)
Valorant (n %) 2011 1(5.6) - -
Rocket League (n %) 1(5.6) - - - -
Esports Level
Professional 1(5.6) 1(5.6) - - -
Collegiate/ Intervarsity 14 (72.2) 5(27.8) 4(22.2) 1(5.6) - 3(16.7)
Casual 4(222) 1(5.6) 1(5.6) - 1(5.6) 1(5.6)
BREQ-3
RAI 5.25(6.13) 5.50(7.25) 4.00 (3.25) -2.25 (0.00) 5.50(0.00) 6.75 (4.44)
Intrinsic Regulation 3.50(1.31) 3.50(1.63) 3.75 (1.00) 2.75(0.00) 3.00 (0.00) 3.25(1.13)
Integrated Regulation 2.50(2.38) 2.50(1.88) 3.25(2.25) 2.00 (0.00) 2.00 (0.00) 3.50(1.50)
Identified Regulation 3.50 (1.44) 3.50 (1.00) 3.50 (2.00) 2.25(0.00) 250 (0.00) 3.88(0.44)
Introjected Regulation 2.75 (1.44) 2.75 (1.00) 2.75 (2.25) 2.50 (0.00) 1.00 (0.00) 2.63(1.56)
External Regulation 1.75 (2.00) 1.50(1.38) 2.00 (1.25) 3.75(0.00) 2.00 (0.00) 1.00 (0.87)
Amotivation 1.38(0.75) 1.50(0.62) 1.75 (1.00) 1.75 (0.00) 1.00 (0.00) 1.00 (0.06)

Note No participants had an in-game rank categorised within category 5.’-' no participants within that group. RAI = Relative Autonomy Index; BREQ-3 = Behavioural

Regulations in Exercise Questionnaire-3

Table 5 Descriptive statistics and statistical differences of Accelerometer 10-min (AT10) and 1-min bout (AT1) data to IPAQ-LF for LPA,

MVPA, MET-min', and Sedentary Time

Components IPAQ-LF AT10 Inference Statistics AT1 Inference Statistics

Median (IQR) ~ Median(IQR)  p-value EffectSize () W Median (IQR)  p-value  EffectSize(r) W
LPA (mins/day) ~ 12.9 (25.4) * 140 (23.4) 067 -0.12 67.0 626 (70.5) * <0001*  -095 40
MVPA (mins/day) 332 (57.9)" 6.90(10.9) " 002" 063 1390  182(11.9) 0.07 048 1270
MET-min~"/wk 3879 (4792) “* 751 (686)" <0001" 092 1640  2232(1246)* 002 0.62 1390
Sedentary Time 617 (193) 522 (322) 0.19 0.36 1160 573 (200) 0.93 0.03 88.0
(mins/ day)

Note *, #: denote values that are significantly different from each other. AT10=Accelerometer 10-min bout data; AT1=Accelerometer 1-min bout Data;
MVPA=Moderate-to-Vigorous Physical Activity; LPA=Light Physical Activity; IQR=Interquartile Range

Accelerometer-Assessed Physical Activity Data vs. BREQ-3
Table 6 shows a significantly high positive correlation
between MET-min~! and LPA (r,=0.88). It also showed a
significantly high negative correlation for sedentary time
between MET-min™* (ry=-0.72) and moderate negative
correlation for LPA (r,= -0.66). In terms of motivation,
there was a significant moderate positive correlation
between MET-min~! and RAI (ry=0.52), which was sup-
ported by a significant low positive correlation between
integrated regulation and MET-min™" (r, = 0.48). Amo-
tivation had a significant moderate negative correlation
with LPA (r,=-0.53). Intrinsic regulation had a significant
moderate positive correlation with MVPA (r,=0.61).

Discussion

The current study aimed to explore how in-game rank
influences physical activity time and motivation towards
exercise, and how motivation affects physical activity
time in international e’athletes. The results reject the
hypothesis and in-game rank does not influence physi-
cal activity time or motivation towards exercise. How-
ever, e’athletes who reported higher levels of intrinsic
motivation performed more physical activity. The study
also aimed to explore how self-reported physical activity
time compares to accelerometer-assessed physical activ-
ity time within a convenience sample of e’athletes. The
results accept our hypothesis as accelerometer-assessed
physical activity identified that e’athletes are signifi-
cantly over-reporting physical activity time through the
IPAQ-LE.
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Table 6 Spearman’s Correlation Matrix investigating the relationship between AT1 data and BREQ-3 Dimensions
MET-min~" LPA MVPA ST RAI Intrinsic Integrated Identified Introjected  External Amoti-
Regulation Regulation Regulation Regulation Regulation  vation
MET-min~!  —
LPA 0.88*** —
MVPA 0.38 0.07 —
ST -0.72%* -0.66**  -043 —
RAI 0.52** 0.46 017 -0.10%  —
Intrinsic 042 0.20 061** -0.16"* 0.58* —
Regulation
Integrated  0.48* 0.37 032 -0.17*%  0.49% 0.69%* —
Regulation
|dentified 023 0.00 0.18 -0.12*%  049* 0.57* 0.75%** —
Regulation
Introjected  0.31 0.16 0.21 -0.15%* 0.25 049* 0.62%* 0.78*** —
Regulation
External -0.37 -0.36 0.08 -0.05  -0.79* -0.22 0.02 -0.16 0.04 —
Regulation
Amotiva- -0.42 -0.53*  0.04 0.08 -0.56%  -0.04 -0.15 -0.09 -0.13 0.41 —
tion

Note * p<.05, ** p<.01, *** p<.001. LPA=Light physical activity; MVPA=Moderate-to-Vigorous Physical Activity; ST=Sedentary Time; RAl=Relative Autonomy Index

Comparison between IPAQ-LF and Accelerometer-Assessed
Data

In terms of in-game player rank, the results from this
survey showed that in-game rank did not affect level of
physical activity level or sedentary time. The median sed-
entary time from our findings are consistent with other
surveys [9, 14, 17]. This is the first study to use accel-
erometer-assessed physical activity within an esports
population, whilst simultaneously comparing the results
to self-reported physical activity data. When compar-
ing self-reported physical activity results to accelerom-
eter-assessed data, findings show e’athletes significantly
over report MVPA and weekly MET-min~!, supported
by moderate to large effects sizes. Our findings suggest
that caution may be needed when interpreting previous
self-reported findings. Over-reporting is a common issue
with self-reported physical activity, as participants fol-
low social desirability biases in recalling information [62,
63]. The IPAQ-LF is also known to over-report physical
activity, which underestimates the level of physical inac-
tivity [64—66]. The results from the 1-minute bout accel-
erometer-assessed physical activity also add that players
are sedentary for a median 573 min per day. Increases in
screen time, such as an average of 570 min or more a day,
have been linked to a significantly higher risk of adverse
health outcomes, including mortality [67]. Our findings
are similar to that of another study within university stu-
dents, showing that students had an average sedentary
time of 600172 min per day [68]. However, this sample
of university students also averaged 66+30 min per day
of MVPA and 201+42 min per day of LPA. This suggests
that intervarsity e’athletes are performing significantly
less physical activity a day when compared to university

students of similar demographic characteristics. This
is supported by DiFrancisco-Donoghue et al. [15] who
highlighted that collegiate level e’athletes perform sig-
nificantly less physical activity per day when compared to
age-matched controls.

Failing to meet the international physical activity rec-
ommendations and participating in excessive levels of
sedentary time is concerning as these are major modi-
fiable risk factors that contribute to the development
of multiple non-communicable diseases [69-71]. The
1-minute bout accelerometer-assessed physical activity
data correlations showed different findings, highlighting
that sedentary time had significant high and moderate
negative correlation between MET-min™! and LPA. This
implies that as e’athletes become more sedentary, they
are becoming more physically inactive, predominantly
through a decrease in LPA, and they are not performing
enough physical activity to mitigate extensive sedentary
times. There is now extensive literature that demonstrates
higher levels of physical activity at any intensity, with
decreases in sedentary time, are associated with lower
risks of premature mortality [72]. Additionally, Ekelund
et al. [67] has shown the importance of participating in
leisure time physical activity by demonstrating that high
levels of moderate intensity exercise (60—75 min per day)
seem to eliminate the risk of death associated with high
sitting time.

The 1-minute bout accelerometer-assessed physical
activity data is substantially higher than previous esports
surveys reporting self-reported sedentary time [9, 10, 17,
24], with weekly MET-min~* being lower than what has
been reported through previous IPAQ’s in esports pop-
ulations [10, 12, 73]. These findings raise concerns that
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previous international esports surveys using any version
of the IPAQ may be under reporting the level of physi-
cal inactivity within esports [10, 12, 24, 73]. Concerns of
under reporting of physical inactivity through the IPAQ-
LF have been raised within global surveillance studies
[64]. For example, the IPAQ showed 90.4% of a Cana-
dian adult sample reached physical activity guidelines,
whereas, ATs showed only 28.7% of that sample met the
guidelines [74]. In contrast, a study comparing IPAQ
short-form physical activity to accelerometer-assessed
physical activity within college students showed they
over reported physical activity time by 46.24 min per day
higher than what was measured by an accelerometer [75].
Within undergraduate university students, the IPAQ-LF
showed to over-report MVPA by 25.6 min per day, under-
report sedentary time by 134 min per day and overclassi-
fied 25% of sample as meeting physical activity guidelines
[76]. This is similar to the findings of the present study,
where e’athletes over-reported MVPA time on the IPAQ
when compared to 10-minute and 1-minute bout acceler-
ometer-assessed physical activity data respectively.

Our findings suggest that the IPAQ significantly
over-reports physical activity time in e’athletes. Pre-
vious health survey’s using the IPAQ within esports
have shown similar physical activity levels suggesting
that the majority of e’athletes are exceeding the inter-
national PA guidelines [10, 12, 24, 73]. When using a
different questionnaire, 66.9% of a German esports’ pop-
ulation reported they perform more than 2.5 h a week
of MVPA, although the validity of this questionnaire is
also unknown. Conversely, Trotter et al. [16] displayed
that 80.3% of e’athletes are not meeting the WHO physi-
cal activity guidelines. Disparities amongst survey results
are a result of using different questionnaires to quantify
physical activity, as all but two of the survey’s that show
e’athletes reaching the international physical activity
guidelines used either the IPAQ long or short form. The
IPAQ regularly over-reports physical activity, leading
to an underestimation of the prevalence of insufficient
activity within populations [65, 66, 77, 78]. However,
future research is needed to explore under reporting in
esports to better understand physical activity levels.

Physical Activity and Dimensions of Motivation

Our results show no significant differences between
esports category or any dimension of motivation towards
exercise. Results from the BREQ-3 highlighted that this
sample of international e’athletes reported having an RAI
of 6.00 (6.50) towards exercise, which was made up of
predominantly intrinsic regulatory dimensions. Players
who have higher levels of internalised motivations, per-
form higher levels of exercise, when compared to play-
ers with externalised motivations or amotivation. Also,
individuals who were highly physically active reported
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significantly higher scores (p<.001) within identified
regulation, integrated regulation, and intrinsic regula-
tion, when compared to moderate and low physical activ-
ity groups. This is consistent within university students
demonstrating that weekly MET.mins have a significant
positive correlation with intrinsic motivation, integrate
regulation and identified regulation, but a significant
negative correlation with amotivation [79]. These find-
ings were also supported within health care university
students, where scores for identified and intrinsic regu-
lations incrementally increased with increasing levels
of physical activity [80]. This aligns with internalised
extrinsic regulations, where an individual values a cer-
tain outcome of exercise, which is important in the initial
adoption of the behaviour [31]. Whereas the predomi-
nance of intrinsic motivation (i.e., valuing the experience
of exercise), is important in the long-term adoption of
exercise participation [31]. Interventions targeting self-
determination theory, aiming to enhance autonomy and
intrinsic motivation towards exercise, have been success-
ful in multiple population [31, 81-83].

A major finding from this study is that intrinsic moti-
vations towards exercise is a major factor towards physi-
cal activity performance and programs developing these
motivations could be beneficial within esports. In line
with self-determination theory, every individual pos-
sesses an inherent requirement to experience a sense of
efficacy (competence), to establish meaningful connec-
tions with others (relatedness), and to have autonomy
and personal endorsement in the activities they engage
in, which supports intrinsic motivation [26]. Recent
research has developed a classification system of moti-
vational behaviours that support these three psycho-
logical needs of autonomy, competence, and relatedness
within teaching [84]. This framework could be used for
future self-determination theory-based interventions
or research that aims to enhance intrinsic motivation
towards exercise within esports. Also, future research
needs to identify the potential facilitators and barriers
towards physical activity performance as the interna-
tional sample of e’athletes reported predominantly inter-
nalised regulatory dimensions.

Limitations

A limitation of the study is that the sample did not evenly
represent each category of esports experience, each game
title, each region, and females were underrepresented
across both self-reported physical activity and acceler-
ometer-assessed physical activity. Future research should
make every effort to encourage female e’athlete partici-
pation. It is a common issue within esports performance
and health literature that female e’athletes are under-
represented [85], with 93.7% of participants being males
[86]. Other limitations include not assessing barriers or
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limitations to physical activity performance, which could
be a major limiting factor for some individuals wishing to
participate in more physical activity. It is recommended
that future research identifies specific facilitators and bar-
riers (which can be individual, social, and environmental
[87]) across levels of esport to enhance physical activity
participation. This is especially relevant to female popu-
lations, who are less physically active than males [64] and
report different facilitators and barriers towards physi-
cal activity [88]. Additionally, the inclusion and exclu-
sion criteria of the survey did not assess health status of
participants, which could have resulted in the inclusion
of participants with underlying conditions preventing
them from participating in physical activity. A strength
of this study is the that it is the first to use accelerom-
eters to explore self-report measures of physical activity
within esports. Other strengths include a large sample
size, with participants providing responses to numerous
pieces of information relating to physical activity. This
study provides valuable insight into the physical activity
behaviours and behavioural regulation towards physical
activity participation which can assist the development of
interventions within practical and research settings.

Practical Implications

The findings from this study presents multiple practical
implications for promoting physical activity within the
esports industry. There is clear need to utilise accurate
physical activity assessment methods, such as acceler-
ometers, to obtain valid and reliable data on physical
activity levels among e’athletes. Consistently employing
valid and reliable methods will enable ongoing monitor-
ing of physical activity rates within e’athletes over time.
Future interventions may consider focusing on enhanc-
ing intrinsic motivation towards exercise, as our findings
highlight that individuals with higher levels of intrinsic
motivation demonstrate greater levels of physical activ-
ity. Additionally, it is recommended that the sedentary
behaviour among e’athletes is addressed, as high levels of
sedentary time were observed in this study. Practitioners
within the industry are encouraged to educate players
and stakeholders on the importance of physical activity
and provide strategies to incorporate regular physical
activity and exercise in e’athlete routines. Future research
investigating the role of physical activity and exercise on
supporting esports performance to help promote exercise
in esports would be beneficial. Collaboration with health
professionals to develop comprehensive health promo-
tion strategies tailored to the unique needs of e’athletes
are also encouraged. Overall, implementing these prac-
tical implications will promote physical activity with the
goal of improving overall health and wellbeing outcomes
for e’athletes.
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Conclusion

In conclusion, the results of this study highlighted that
e’athletes over report weekly physical activity time when
measured through the IPAQ-LF, with lower physical
activity estimates when assessed through accelerom-
etry. Esports rank did not affect any measure of physi-
cal activity or dimension of motivation towards exercise,
which is conflicting to previous results. These findings
are concerning given the risk factors associated to physi-
cal inactivity and sedentary behaviour throughout aging.
Future research needs to use valid and reliable measure-
ments of physical activity to allow for direct comparison
of results and monitoring of physical activity levels over
time. A major finding from this study was that e’athletes
who exhibited more internalised motivations towards
exercise, performed more weekly physical activity, when
compared to players who had more externalised moti-
vations or amotivation towards exercise. This highlights
that interventions based on self-determination theory
may be beneficial in enhancing intrinsic motivation
within e’athletes to promote habitual physical activity
and exercise behaviours. The identification of facilitators
and barriers towards physical activity and exercise, will
likely also further inform health promotion within the
industry. Considering the rapid expansion of the esports
industry and its link to increased sedentary behaviour,
acknowledging the potential impact on physical activity
levels is crucial.
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