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Abstract: This study evaluated a brief sleep intervention designed to improve the sleep, mood, and
cognitive performance of professional electronic sports (esports) athletes from three major esports
regions (i.e., Asia, North America, and Oceania). Fifty-six esports athletes from South Korea (N = 34),
the United States (N = 7), and Australia (N = 15) completed the study. Participants completed an
initial 2-week pre-intervention phase to establish a baseline, followed by a 2-week intervention
phase that involved a group sleep education class, 1:1 session with a trained clinical psychologist,
and daily biofeedback. A wrist activity monitor and daily sleep diary were used to monitor sleep
during both phases, while at pre- and post-intervention, participants completed a battery of sleep
and mood questionnaires and underwent cognitive performance testing. Sleep knowledge increased
from pre- to post-intervention (d = 0.83 [95% CI −1.21, −0.43], p =< 0.001), while there were modest
improvements in sleep diary estimates (i.e., sleep onset latency (Mdiff = −2.9 min, p = 0.02), sleep
onset time (Mdiff = −12 min, p = 0.03), and sleep efficiency (Mdiff = 1.1%, p = 0.004)) and wrist
activity monitor estimates (i.e., sleep onset time (Mdiff = −18 min, p = 0.01)). Insomnia severity scores
decreased significantly (d = 0.47 [95% CI 0.08, 0.84], p = 0.001), while sleepiness scores increased but
not meaningfully (d = 0.23 [95% CI −0.61, 0.14], p = 0.025). However, there was no significant change
in mood (i.e., depression and anxiety) or cognitive performance scores (i.e., mean reaction time or
lapses). Sleep interventions for esports athletes require further investigation. Future research should
examine whether a stepped-care model, whereby increasing therapeutic input is provided as needed,
can optimize sleep, mood, and cognitive performance outcomes.

Keywords: esports; sleep; performance; intervention; mood; cognitive

1. Introduction

Electronic sports (esports) are a form of organized video game competition that
have become increasingly popular and professionalized over the last decade [1]. The
global esports industry is predicted to generate USD 1.084 billion in revenue and reach a
worldwide audience of 474 million in 2021 [2]. In response to this growth, researchers have
begun to investigate factors that influence the performance and well-being of professional
competitors—known as esports athletes. Within this budding field of academic enquiry,
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the function of sleep has emerged as a particular area of interest, due to its central role
in supporting human health (physical and mental) and performance [3,4]. However, the
unique characteristics and conditions experienced by esports athletes, including, but not
limited to, long training hours (mean = 9.2 h per day) [5], performance stress [6], and a
tendency toward a late chronotype (i.e., a delayed sleep pattern) [5], may increase the risk
of sub-optimal sleep outcomes.

A small but growing body of evidence on the sleep patterns of esports athletes has been
documented. Studies [5–7] comprising participants from South Korea, Australia, Brazil,
and the United States (US) have found that esports athletes have significantly delayed sleep
timing (e.g., median = 3:43–11:24 a.m. [5]). Their total sleep time (TST) is low, ranging from
6.5 to 7.2 h per night, with sleep diary estimates being greater than actigraphy estimates.
Sleep onset latency (SOL) is typically adequate (i.e., <30 min [8]) when measured with
sleep diary and wrist actigraphy. However, while sleep diary estimates of wake after
sleep onset (WASO) are within normal limits (i.e., <20 min [8]), actigraphy estimates are
excessive, which may reflect the discrepancy between these measures observed in the
sleep literature [9]. Collectively, these findings suggest that some esports athletes have
delayed sleep timing and are sleep-restricted, which aligns with subjective estimates of
high daytime sleepiness [5,6].

There are two important implications for esports athletes who obtain poor sleep. First,
sleep restriction has a well-known deleterious effect on cognitive performance, including
slower reaction times, increased memory lapses, decreased vigilance and attention, and
impaired executive functioning [10–12]. Importantly, these aforementioned cognitive
abilities (amongst others) have been proposed to play a role in esports, in which games
are often fast-paced, require complex decision making and adaptation, and can be played
for varying periods of time (i.e., 5–45 min) over successive matches during multi-day
tournaments [1]. Second, some research has shown a relationship between esports and
poor mental health outcomes [13]. Sleep restriction contributes to disturbed mood states
(e.g., depression and anxiety) [14,15], with preliminary evidence showing a possible link
between sleep and depressive symptoms in esports athletes [5,6]. Thus, esports athletes’
performance and mental health could be compromised due to poor sleep.

Sub-optimal sleep experienced by esports athletes and the potential consequences for
performance and mood suggest that sleep interventions are warranted. We have previously
proposed that cognitive behavior therapy for insomnia (CBT-I), a multi-component treat-
ment package, could be adapted to meet the needs of esports athletes [16]. CBT-I treatment
components include education to improve sleep knowledge, cognitive techniques to reduce
nocturnal arousal levels, behavioral strategies to establish consistent sleep scheduling,
and motivational tasks to enhance treatment compliance [16], which are usually delivered
over 4–8 weekly sessions. However, the demands of training and the competition sched-
ules to which esports athletes are required to adhere [5] suggest that a brief low-intensity
(i.e., small-dose) sleep intervention, which has shown to be effective in traditional athlete
populations [3], may be more feasible and realistic for teams to accommodate.

Moreover, since esports athletes are young (e.g., mean = 20 yrs [5]) and therefore in-
clined to be high technology users, biofeedback may be an engaging adjunctive intervention
component. In a sleep context, biofeedback typically refers to a wrist-worn activity monitor
being paired with a smartphone application to relay sleep (and sometimes subsequent cog-
nitive performance) data back to an individual following a period of sleep [3]. Biofeedback
has shown mixed results in the treatment of sleep disorders such as insomnia [17]. How-
ever, it has been recommended, using an appropriately validated wrist activity monitor,
for traditional athletes as a non-intrusive means of increasing sleep awareness [3]. The
benefit of increased sleep awareness for esports athletes participating in a sleep intervention
is that it would enable the active monitoring of progress while simultaneously making
sleep-related behavioral changes.

The present study aimed to evaluate a brief low-intensity sleep intervention designed
to improve the sleep, mood, and cognitive performance of esports athletes from three major
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esports regions (i.e., Asia, North America, and Oceania), using a single-arm open-label
multi-center interventional study design. To the best of the authors’ knowledge, this is the
first time a sleep intervention has ever been trialed with esports athletes in any context.
We predicted that participants would obtain short-term improvements in sleep (e.g., TST),
mood (i.e., depression and anxiety symptoms), and performance (i.e., mean reaction time
and lapses) at post-intervention relative to pre-intervention.

2. Materials and Methods
2.1. Participants

Participants were South Korean, US, and Australian esports athletes. Top esports
organizations (i.e., organizations that had teams in tier 1 and 2 leagues) in each country
were contacted via email regarding the study. When an organization indicated interest by
responding, potential participants were debriefed on what would be involved in the study,
after which they provided informed written consent. Participant enrollment and study
participation were completed in cohorts (i.e., team-based). The countries were selected
because they are part of official esports regions (i.e., Asia, North America, and Oceania),
and these are where the authors resided. Thirty-Four South Korean esports athletes have
previously had their pre-intervention subjective sleep estimates reported [6], while a total
of seventeen esports athletes from Australia, South Korea, and the US have previously had
their pre-intervention objective sleep estimates reported [5]. Ethics approval was obtained
in all three countries from relevant ethics boards, including the Flinders University Social
and Behavioral Research Ethics Committee (project number: 8408), the Sungshin Women’s
University Review Board (project number: SSWUIRB-2019-030), and the North Texas
Regional Institutional Review Board (project number: 2019-165). Participants were eligible
for inclusion in the study if they competed on a professional team as part of an official
esports league. No exclusion criteria (e.g., sleep medication use) were used to increase the
generalizability of the sample.

2.2. Measures
2.2.1. Demographic/General Information

A self-report questionnaire was used to measure demographic and general informa-
tion, including self-reported anthropometric data (i.e., height (cm) and weight (kgs)) used
to calculate BMI values, esports background (i.e., career length and training hours (i.e., total
number of hours, initial start and final stop times for the day)), sleep history (i.e., sleep
medication use), self-reported caffeine use in milligrams (mg) per day, and self-reported
sleep disturbance the night before a competition (in the last year).

2.2.2. Sleep Measures
Wrist Activity Monitor

Wrist activity monitors (i.e., Readiband V5 Fatigue Science Inc., Vancouver, BC,
Canada) were used to obtain an objective measure of esports athletes’ sleep. Analyses
of the wrist activity monitor yield raw acceleration signals with a proprietary algorithm
to generate sleep/wake data. Evidence suggests that it adequately compares to both
gold-standard in-laboratory polysomnography and several other popular wrist activity
monitors [18]. Sleep data derived from the wrist activity monitor included SOL, sleep
onset time, WASO, sleep efficiency (i.e., TST/time in bed × 100; time in bed was calculated
from the time participants’ attempted sleep to their wake-up time), TST, time in bed, and
wake-up time. Accelerometer data were also used to establish sleep timing (i.e., sleep onset
time, wake-up time [19]).

Sleep Diary

The American Academy of Sleep Medicine recommends that sleep diaries be used
in conjunction with wrist activity monitors [20]. Hence, a daily online sleep diary based
on the Consensus Sleep Diary developed by Carney et al. [21] was administered upon
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waking at the end of each major sleep period. The questions were related to bedtime,
lights-out time, sleep onset time, WASO, and wake-up time. These data were also used to
calculate additional sleep variables, including SOL, TST, sleep efficiency (i.e., TST/time in
bed × 100; time in bed was calculated from the time participants attempted sleep to their
wake-up time), and sleep timing (i.e., sleep onset time, wake-up time).

Insomnia Severity Index (ISI)

The ISI [22] is a 7-item self-report instrument used to assess the presence and severity
of insomnia in participants. Items (e.g., “How worried/distressed are you about your current
sleep problem”) are rated on a 5-point Likert scale from 0 (e.g., “not at all”) to 4 (e.g., “very
much”) and summed to generate a total score. Higher total scores (range 0–28) indicate
greater insomnia severity. The ISI has sound internal consistency (in the present study,
α = 0.75 across time), test–retest reliability, and construct validity, while a cut-off score of
10 had 86.1% sensitivity and 87.7% specificity for detecting insomnia cases in community
samples [23]. A Korean version of the ISI was used [24].

Pediatric Daytime Sleepiness Scale (PDSS)

The PDSS [25] is an 8-item self-report instrument used to assess levels of daytime
sleepiness in participants. Wording of items 1 and 2 were altered to increase relevance
for esports athletes, as the original items were school-related, and no participants were
attending school. Items (e.g., “How often do you fall back to sleep after being woken in the
morning?”) are rated on a 5-point Likert scale from 0 (“never”) to 4 (“always”). Item 3 is
reverse-scored. Item scores are summed to generate a total score (range 0–32,) with higher
total scores indicating greater daytime sleepiness. The PDSS has good internal consistency
(in the present study, α = 0.78 across time) and is correlated with reduced sleep duration [25].
The PDSS was chosen over other popular sleepiness scales (e.g., Epworth Sleepiness Scale
(ESS)) due to its items showing greater face validity (i.e., questions aimed at morning
sleepiness vs. situations in the ESS such as being in a car stopped in traffic). It has been
used in samples with participants up to age 24 years [26] and with esports athletes [5]. A
Korean version of the PDSS was used [27].

Sleep Knowledge

Sleep and performance knowledge was measured using a quiz adapted from Bonnar
et al. [28] (see Supplementary Material). Participants answered “true”, “false”, or “don’t
know” to 16 items relating to information about sleep and performance (e.g., “Most young
adults need between 7–9 h sleep per night”). Correct answers were scored 1 and incorrect
and “don’t know” responses as 0. Individual item scores were summed to generate a total
score out of 16, with higher total scores indicating greater knowledge. In the present study,
the Kuder–Richardson Formula 20 coefficient was adequate (α = 0.69 across time). This
measure was translated into Korean and back-translated by a bi-lingual member of the
research team.

2.2.3. Mood Measures
Centre for Epidemiological Studies Depression (CES-D)

The CES-D [29] is a 20-item self-report instrument used to assess depressive symptoma-
tology. Items (e.g., “I was happy”) are rated on a 4-point Likert scale from 0 (“rarely or none
of the time”) to 3 (“most or all of the time”). Individual item scores were summed to generate
a total score ranging 0–60, with higher total scores indicating greater levels of depressive
symptoms. A cut-off score of ≥16 was used as an indicator of depression. The CES-D
has adequate internal consistency (in the present study, α = 0.76 across time), test–retest
reliability, and construct validity [29,30]. A Korean version of the CES-D was used [31].
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State-Trait Anxiety Inventory (STAI-Y)

The STAI-Y [32] consists of 2 anxiety scales (i.e., trait and state), with the 20-item self-
report state scale used to assess state anxiety in the current study. Items (e.g., “I am tense”)
are rated on a 4-point Likert scale from 1 (“not at all”) to 4 (“very much so”). Individual
item scores were summed to generate a total score ranging 20–80, with higher total scores
indicating greater levels of state anxiety. The STAI-Y has adequate psychometric properties,
with sound internal consistency (in the present study, α = 0.92 across time), test–retest
reliability, and construct validity [33,34]. A Korean version of the STAI-Y was used [35].

2.2.4. Cognitive Performance Measure
Psychomotor Vigilance Task (PVT-5)

The PVT-5 is a measure of vigilant attention [36] that was delivered on an iPad
using Joggle Research software V2.7 (Seattle, WA, USA). Participants were presented
with a screen with a red rectangle in the center, in which a visual stimulus (i.e., yellow
counter) appeared randomly every 2–10 s over a 5 min trial period (participants completed
49–51 responses depending on their reaction time). The participant was required to respond
to the appearance of the on-screen counter by touching the screen as quickly as possible.
Once the screen had been touched, the counter was stopped, and the reaction time (in ms)
displayed for 1 s. False starts or a reaction time <100 ms were labeled “errors”. Based on
previous research (e.g., [37]), lapses were defined as a reaction time ≥500 ms. The primary
outcomes of interest from the PVT-5 were mean reaction time and number of lapses per
5 min trial period. The PVT-5 is considered an acceptable substitute for the gold-standard
PVT-10 based on evidence showing similar performance between the two tests [38], which
has also been established using Joggle Research software [37].

2.3. Procedure

The study protocol took place during a regular competitive season in each team’s
respective league. Hence, participants were actively training and competing at the time of
the study, thereby maximizing ecological validity. Data were collected between July 2019
and March 2020 (prior to COVID-19 impacting each country). Participants were assigned an
anonymized study ID for all data collection points. Figure 1 outlines the study procedure.

Figure 1. Study procedure flow from the pre-intervention to intervention period.

2.3.1. Pre-Intervention Period

Participants completed 14 days of pre-intervention data collection, except for one US
team (5 participants) that completed 7 days due to a conflict with a major tournament.
Participants were instructed to maintain their typical sleep–wake behavior during this time.
They continuously wore the wrist activity monitor on their non-dominant wrist (unless
impractical to do so, such as when showering) and completed an online daily sleep diary
via a weblink. Sleep diary entries were monitored by a member of the research team, and if
participants had not completed their sleep diary by late afternoon (afternoon was selected
due to some participants having very delayed circadian timing), they were contacted
and reminded to do so. Participants also completed a battery of questionnaires (i.e., ISI,
PDSS, CES-D, STAI-Y, and sleep knowledge quiz, via paper or online with Qualtrics) and
underwent cognitive testing individually with a member of the research team within the
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first week (testing for each team occurred within a 12–9 p.m. window) to establish baseline
scores for the pre-intervention period.

2.3.2. Intervention Period

Following the pre-intervention period, participants completed a 14-day intervention
period. On Day 1 of the intervention period, participants completed a group sleep education
class. The class included a presentation that outlined information on the importance of
sleep for health and performance in esports, sleep physiology, sleep hygiene, sleep myths
(e.g., waking during the night is abnormal), characterization of adequate sleep, and a brief
introduction to brief behavioral therapy for insomnia. The class was 40 min long and
conducted by a clinical psychologist specializing in behavioral sleep medicine (i.e., authors
D.B., S.S., S.L., B.R., or D.J.B.; experience ranged 5–15 years).

At the end of the group presentation, participants downloaded a phone application
(Fatigue Science) and paired it with their wrist activity monitor. The app enabled partic-
ipants to access biofeedback on their phone (i.e., their sleep data). The Readiband has
an additional function that allows captured sleep data to be analyzed to produce a daily
cognitive performance score ranging 0–100, which is also relayed to the user via the app [39].
Higher scores indicate faster and more accurate reaction times [39]. For further information
about the cognitive performance function’s use and validation, see Hursh et al. [39], Hursh
et al. [40], and Van Dongen [41]. Participants were encouraged to check the app daily to
track their progress. Use of the app was not monitored.

Between days 1–3 of the intervention period, each participant completed a 30 min
1:1 session with the same clinical psychologist who conducted the group education. Sessions
occurred over 3 days to accommodate busy team training schedules. During the 1:1 session,
participants were provided with a brief report that outlined a summary of their sleep and
cognitive performance data from the wrist monitor obtained during the baseline period.
Data included sleep variables (e.g., sleep onset time, SOL, WASO, TST, wake-up time) and
average cognitive performance score for each day. The clinical psychologist described
four recommendations adapted from brief behavioral therapy for insomnia [42]. These
included the following: (1) reduce time in bed if sleep quality is poor; (2) keep a consistent
wake-up time; (3) do not go to bed unless sleepy; and (4) do not stay in bed unless you
are sleeping [42]. A relaxation exercise (i.e., diaphragmatic breathing for 2–3 min) was
practiced to help esports athletes reduce pre-sleep arousal levels if needed [43]. At the
end of the session, three motivational interviewing questions based on the themes of
desire, ability, and commitment (e.g., “how confident are you about improving your sleep?”)
were used to enhance motivation and treatment compliance [44]. Finally, a sleep and
performance manual that summarized the content covered in the group education and
individual 1:1 session was provided as a reference. Participants were encouraged to read
the manual, and use the information gained in the group education and 1:1 session to try
to improve their sleep until the conclusion of the intervention period.

On the last day of the intervention period, participants returned their wrist activity
monitor, completed a battery of questionnaires (i.e., ISI, PDSS, CES-D, STAI-Y, and sleep
knowledge quiz, via paper or online with Qualtrics) and underwent cognitive testing.
Cognitive testing for each team occurred within 2 h of their pre-intervention testing time.

2.4. Data Analysis

Descriptive statistics, including frequencies, means, and standard deviations, were
used to summarize sample characteristics. Data for all variables were inspected for missing
values and outliers prior to commencing data analysis. Missing data for sleep diary
variables ranged 2.7–2.8%, while missing data for wrist activity monitor variables ranged
13.9–14.5%. Unreliable data due to technical issues were removed. Linear mixed-model
regressions were used to test the main effect of time on all primary outcome measures,
with SPSS v.26.0 (Armonk, NY, USA) used for questionnaires and PVT, and R v3.6.3 (R
Foundation for Statistical Computing, Vienna, Austria) and RStudio v1.2.5033 (Boston, MA,
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USA) used for sleep diary and wrist activity monitor data, due to their nested structure
(multiple nights per assessment period). Linear mixed-model regressions accounted for
missing data using maximum likelihood estimation. All linear mixed-model regressions
adjusted for participant age, gender, body mass index (BMI), training hours, and country.
A significance level of p ≤ 0.05 was used. Effect sizes (i.e., Cohen’s d for questionnaire
scores and PVT number of lapses per trial, and mean difference (Mdiff) for sleep variables
and PVT mean reaction time) were calculated for primary outcome measures.

3. Results
3.1. Sample Characteristics

Participants were South Korean (N = 34), US (N = 7), and Australian (N = 15) esports
athletes (for sample characteristics, see Table 1). The response rate was 95% (56/59). A
total of 57 participants initially commenced the study. One participant from Australia was
excluded (i.e., left their team during the pre-intervention period). Thus, a total of 56 partici-
pants were included in the final analysis. Most participants were male (N = 54, 96.4%), with
mean age of 20.9 years ± 2.4 (range = 14–27), and the mean BMI was 23.8 ± 5.3 (range =
16.1–37). There was no significant difference in age or BMI between countries. Participants’
mean career as a professional esports athlete was 2.6 years ± 1.6 (range = 0–9). Participants
competed in either first-person shooter games (N = 24), massive online battle arena games
(N = 22), battle arena games (N = 6), sport games (N = 3), or fighting games (N = 1). Korean
participants had significantly longer training hours than Australian (Mdiff = 6.91, standard
error (SE) = 0.63, p < 0.001) and US participants (Mdiff = 5.78, SE = 0.84, p < 0.001). The
difference between Australian and US training hours was non-significant (Mdiff = 1.13,
SE = 0.93, p = 0.23).

Table 1. Characteristics of study participants by country of origin.

Measure South Korea
N = 34

United States
N = 7

Australia
N = 15

Total Sample
N = 56 F (p)

Age (years) 21.0 (2.42) 21.9 (3.16) 20.0 (1.94) 20.9 (2.43) 1.64 (0.20)
BMI (kg/m2) 24.2 (5.39) 25.0 (5.88) 22.4 (4.69) 23.8 (5.26) 0.82 (0.44)

Training hours per day 12.71 (2.04) 6.93 (1.79) 5.80 (2.10) 10.13 (3.81) 70.27 (0.001)
Career length in yrs 2.9 (1.6) 2.9 (1.5) 1.8 (1.2) 2.6 (1.6) 2.74 (0.074)

Chi-square (p)

Female sex, n (%) 0 (0%) 2 (29%) 0 (0%) 2 (4%) 14.52 (0.001)
Sleep disturbance

pre-competition, n (%) 14 (42%) 3 (43%) 10 (67%) 27 (49%) 2.55 (0.28)

Sleep medication use n (%) 0 (0%) 0 (0%) 1 (7%) 1 (2%) 2.78 (0.24)
Kruskal-Wallis

Caffeine intake (mg per day), n (%) 3.94 (0.14)
<100 14 (44%) 4 (57%) 8 (67%) 26 (51%)

100–200 7 (22%) 2 (29%) 4 (33%) 13 (25%)
300–400 7 (22%) 1 (14%) 0 (0.0%) 8 (16%)

>400 4 (12%) 0 (0%) 0 (0%) 4 (8%)

Please note: To test for differences between countries of origin on age, BMI, training hours, and career length,
we used ANOVA (F = Fisher–Snedecor). Least-significant difference post hoc testing was conducted to interpret
significant effects. Chi-square was used to establish the frequency for sex and sleep disturbances pre-competition.
Differences in caffeine intake were examined with Kruskal–Wallis test.

With respect to training timing, on average, Korean participants trained between 1 p.m.
and 2 a.m., Australian participants trained between 4 and 11 p.m., and US participants
trained between 12 and 6 p.m. Regarding sleep aids, only one participant from Australia
used melatonin.

3.2. Sleep Knowledge

There was a significant main effect of time for the sleep knowledge quiz (d = 0.83 95%
CI [−1.21, −0.43], p ≤ 0.001). From pre- to post-intervention, participants’ sleep knowledge
improved by 14.3%.

3.3. Sleep Diary

Daily sleep diary estimates are presented in Table 2. There was a significant main
effect of time for SOL, sleep onset time, and sleep efficiency. From pre- to post-intervention,
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participants initiated sleep 2.9 min quicker on average, fell asleep 12 min earlier, and slept
1.1% more efficiently. There was no significant main effect for TST, WASO, or wake-up time.

Table 2. Sleep diary estimates of sleep parameters pre- and post-intervention.

Sleep Parameter Main
Effect—Time

Pre-Intervention
M(SE)

Post-Intervention
M(SE) Mdiff

t p

TST (hrs) 1.67 0.09 7.4 (0.38) 7.5 (0.38) 0.1
SOL (mins) −2.31 0.02 * 28.3 (9.12) 25.4 (9.12) −2.9

WASO (mins) −1.12 0.26 9.6 (8.67) 8.2 (8.68) −1.4
SOT (hh:mm) −2.28 0.03 * 03:42 (00:38) 03:30 (00:37) −00:12
WUT (hh:mm) −1.45 0.15 11:06 (00:30) 10:54 (00:33) −00:12

SE (%) 2.88 0.004 * 91.5 (0.03) 92.6 (0.03) 1.1
Abbreviations: TST = total sleep time; SOL = sleep onset latency; WASO = wake after sleep onset; SOT = sleep
onset time; WUT = wake-up time; SE = sleep efficiency. * indicates significant p value (p ≤ 0.05).

3.4. Wrist Activity Monitor

Wrist activity monitor estimates are presented in Table 3. There was a significant main
effect of time for sleep onset time, whereby participants fell asleep 18 min earlier on average
at post-intervention compared to baseline. The main effects for time were non-significant
for TST, SOL, WASO, wake-up time, and sleep efficiency.

Table 3. Wrist activity monitor estimates of sleep parameters pre- and post-intervention.

Sleep Parameter Main
Effect—Time

Pre-Intervention
M(SE)

Post-Intervention
M(SE) Mdiff

t p

TST (hrs) 1.87 0.06 6.9 (0.31) 7.05 (0.32) 0.15
SOL (mins) −0.77 0.44 31.6 (4.09) 30.3 (4.11) −1.3

WASO (mins) −1.13 0.26 44.7 (11.4) 42.5 (11.4) −2.2
SOT (hh:mm) −2.53 0.01 * 04:00 (00:26) 03:42 (00:26) −00:18
WUT (hh:mm) −1.17 0.24 11:36 (00:23) 11:24 (00:23) −00:12

SE (%) 1.18 0.24 80.3 (2.84) 80.8 (2.84) 0.5
Abbreviations: TST = total sleep time; SOL = sleep onset latency; WASO = wake after sleep onset; SOT = sleep
onset time; WUT = wake-up time; SE = sleep efficiency. * indicates significant p value (p ≤ 0.05).

3.5. Sleep, Mood, and PVT Scores

Sleep (i.e., ISI, PDSS), mood (i.e., STAI-Y, CES-D), and PVT (i.e., mean reaction time,
lapses) scores are presented in Table 4. There was a significant main effect of time for
the ISI and PDSS. From pre- to post-intervention, participants’ ISI scores decreased by
2.0 (i.e., participants reported fewer insomnia symptoms), and PDSS scores increased by
1.3 (i.e., participants reported higher sleepiness levels). There was no main effect of time
for mood or PVT scores.



Int. J. Environ. Res. Public Health 2022, 19, 4146 9 of 15

Table 4. Sleep, mood, and PVT scores pre- and post-intervention.

Measure Main
Effect—Time

Pre-Intervention
M (SE)

Post-Intervention
M (SE)

Effect Size
(95% CI)/Mdiff

F p

ISI 12.79 0.001 * 10.50 (1.52) 8.47 (1.47) 0.47 (0.08, 0.84) **
PDSS 5.32 0.02 * 14.75 (1.81) 16.07 (1.82) −0.23 (−0.61, 0.14)

STAI-Y 1.03 0.31 44.96 (3.30) 43.78 (3.39) 0.12 (−0.26, 0.49)
CES-D 0.01 0.94 27.33 (1.85) 27.40 (1.99) −0.009 (−0.38, 0.36)

Mean reaction
time (msecs) 0.26 0.61 251.3 (10.90) 249.6 (11.11) −1.7

Lapses(≥500 ms) 2.04 0.16 3.0 (1.03) 2.5 (1.02) 0.2 (−0.18, 0.58)
Abbreviations: ISI = Insomnia Severity Index; PDSS = Pediatric Daytime Sleepiness Scale; STAI-Y = State-Trait
Anxiety Inventory; CES-D = Centre for Epidemiological Studies Depression. Please note that Cohen’s d is used
to express effect size for all variables apart from mean reaction time, which is expressed with Mdiff. * indicates
significant p values. ** indicates meaningful Cohen’s d.

4. Discussion

An accumulating body of evidence suggests that esports athletes experience sub-
optimal sleep, characterized by delayed sleep timing and restricted TSTs, with direct
implications for mood and performance [5]. To the best of our knowledge, this study is
the first to trial a brief low-intensity sleep intervention specifically designed to improve
the sleep, mood, and performance of esports athletes over a short-term period. Overall,
mixed results were observed. Based on self-report questionnaires, participants improved
their sleep knowledge, reduced the severity of their insomnia symptoms, yet might have
experienced greater sleepiness. In terms of sleep measures, sleep diary estimates showed
improvements in SOL, an earlier sleep onset time, and improved sleep efficiency, while
wrist activity monitor estimates corroborated the earlier sleep onset time. However, these
modest improvements in sleep did not confer any mood (i.e., depression and anxiety) or
cognitive performance (i.e., PVT) benefits. We now examine these findings in more detail
and discuss considerations for future interventions.

4.1. Sleep Outcomes

Although there are no other sleep interventions in esports with which to compare our
findings, similar brief low-intensity sleep interventions trialed in professional athlete sam-
ples (who are also sleep-restricted) offer a useful contrast. For example, Ryswyk et al. [45]
provided an education session that outlined sleep hygiene information and strategies to
increase TST and sleep quality, in addition to weekly sleep parameter feedback (e.g., SOL,
WASO, TST, etc.) and a mid-intervention feedback session. Despite results showing subjec-
tive benefits for TST and sleep efficiency, there were no objective sleep benefits or change
in PVT [45]. In another study, Driller et al. [46] provided a group education session and
a 30 min 1:1 session that outlined personalized sleep hygiene recommendations. Results
indicated improvements in subjective sleepiness and sleep quality and objective estimates
of sleep efficiency, SOL, and sleep onset variance [46]. The findings from our study are
more aligned with Ryswyk et al., in that there were mostly modest subjective short-term
sleep benefits. Importantly, findings from Driller et al. combined with other recent evidence
suggests that individualizing sleep interventions may produce more robust sleep benefits
than a one-size-fits-all approach [3], and should thus also be investigated in esports.

Notably, there was a small non-significant change (6–9 min) in TST at post-intervention.
As part of the brief behavioral therapy for insomnia recommendations [42], esports athletes
were encouraged to keep a consistent wake-up time, which our findings suggest they did.
Hence, a further increase in TST was likely constrained by esports athletes’ difficulty in
advancing sleep onset time more significantly than the 12–18 min (subjective and objective
estimates) observed over the short timeframe. Given that there was a negligible change in
SOL, this suggests that esports athletes did not dramatically shift the time they attempted
sleep despite being mildly sleep-restricted. A previous qualitative study comprising Korean
esports athletes found that late training times may increase arousal levels post-training,
leading to bedtime procrastination characterized by technology use [6]. Recent evidence
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indicates that bedtime procrastination is related to delayed sleep timing, poor mood
(anxiety and depression), and insomnia symptoms [47]. Hence, bedtime procrastination
might have prevented esports athletes in our study from attempting sleep earlier when
feeling sufficiently sleepy (as recommended in brief behavioral therapy for insomnia).
Future research should quantify the level of bedtime procrastination in esports athletes
(e.g., using the bedtime procrastination scale [48]) and investigate whether this does indeed
interfere with their readiness to attempt sleep.

Consistent with the modest improvement in some subjective sleep estimates, there
was a decrease in insomnia severity scores (i.e., ISI) to below the cut-off score of 10 at post-
intervention. This decrease indicates that esports athletes perceived less sleep disturbance
from pre- to post-intervention. In contrast, these improvements for subjective sleep were
not reflected on our daytime sleepiness measure (i.e., PDSS), with participants experiencing
possible increased sleepiness levels at post-intervention (i.e., results were significant but not
meaningful). However, similar findings have been reported in previous research, whereby
sleepiness scores initially increase at post-intervention, but then decrease at the 2-month
follow-up [49]. Hence, future research should include a follow-up to monitor for lagged
improvements in sleepiness levels.

Although not a primary focus of the present study, it should be noted that pre-
intervention objective sleep estimates of participants are largely consistent with previously
reported findings from our group involving a sub-set of esports athletes from Australia,
South Korea, and the US [5] also involved in the present study. In both studies, partici-
pants from all countries were found to have significantly delayed sleep patterns and long
WASO, leading to reduced TSTs of <7 h per night. There were some small discrepancies
compared to our previous study, with SOL being slightly longer and sleep efficiency lower
in the present study. However, the generally congruent findings between the initial smaller
sub-set and our expanded sample increases confidence in the objective evidence obtained
thus far regarding the sleep patterns of esports athletes in these countries.

4.2. Mood and Cognitive Performance Outcomes

Despite participants obtaining modest short-term sleep benefits, there was no subse-
quent change in mood or performance. Regarding mood, meta-analytic evidence indicates
that non-pharmacological sleep interventions (e.g., individualized CBT-I) are effective in
reducing symptoms of anxiety and depression [50,51]. Hence, in our study, either the
benefits in sleep were too small to affect mood, or other factors (e.g., pressure to perform)
unrelated to sleep might have been negatively impacting mood. Regardless, using sleep
interventions to target mood in esports athletes remains a plausible mechanism to be tested
further. Additionally, previous research investigating sleep interventions in adolescents
with delayed sleep timing has demonstrated that an improvement in depression symptoms
can lag [52]. In one study, despite improvements across multiple sleep parameters, there
was no change in depression scores post-intervention, but there was at the 6-month follow-
up [52]. Hence, future research could include a longer follow-up to monitor for delayed
change in mood.

With respect to cognitive performance (i.e., PVT), the level of sleep restriction in our
sample should first be highlighted. Esports athletes slept 6.9 (objective) and 7.4 (subjective)
hrs per night on average. Van Dongen et al. found that <8 h per night led to cumulative,
dose-dependent degradation in cognitive performance [11]. Thus, our study’s finding adds
further weight to the existing evidence base [5–7] that some esports athletes are most likely
competing while cognitively impaired.

In terms of the lack of PVT improvement, findings from the present study are consistent
with previous sleep extension research showing that a large increase in TST (e.g., 1.3–1.7 h)
can generate PVT improvement [53,54], while a smaller increase (e.g., 0.4 h) may not [55].
Although it is difficult to determine the exact TST change threshold at which PVT im-
proves, the additional 6–9 min per night found in the present study appears insufficient.
Furthermore, cognitive performance was limited to the PVT (i.e., mean reaction time and
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lapses) in the present study. There are a range of cognitive abilities that contribute to overall
performance in esports that are also sleep-sensitive [1]. Thus, future sleep interventions
should aim to include additional cognitive performance measures and possibly perceptual
measures related to performance (e.g., motivation to perform).

4.3. Considerations for Future Sleep Interventions in Esports

The sleep intervention trialed in the present study was designed to be brief and low-
intensity, so that it could be accommodated within the demanding training and competition
schedule of esports athletes. Accordingly, the sleep education component was limited to a
40-min group education session, and the 1:1 session was 30 min long, while biofeedback
allowed participants to maintain a passive awareness of their sleep. As mentioned earlier,
similar brief low-intensity sleep interventions trialed in traditional athletes and consisting
of group education and a 1:1 session have produced improvements in both subjective and
objective sleep outcomes [45,46]. However, there may be a limit to what a brief low-intensity
sleep intervention can achieve in an esports population. That is, although some esports
athletes may experience benefits, others requiring greater therapeutic input may not.

A stepped-care model may be more effective in meeting the idiosyncratic sleep needs
of esports athletes. In stepped-care models, an individual’s needs are assessed and matched
against a hierarchy of interventions. This approach has become increasingly popular
within the sleep health field in recent years [56] and has also been proposed for traditional
athletes [3,57]. In esports, for example, all esports athletes could receive sleep education
and then undergo assessment to determine which players require further therapeutic input
and to what degree. Esports athletes identified as being “at risk” could participate in a brief
low-intensity sleep intervention, while those found to be at “high risk” (e.g., diagnosed with
insomnia) could receive more specialized therapy (e.g., individualized CBT-I). Importantly,
a stepped-care model could feasibly fit within the busy lives of esports athletes.

There are several other additions that could be included to improve the effectiveness
of an esports sleep intervention. For example, existing organizational personnel, such
as coaches and support staff (e.g., health and well-being officer, team psychologist, etc.),
could be leveraged. Previous research has found that coaches and support staff in tradi-
tional sporting teams play a pivotal role in providing health- and performance-related
advice to players, including sleep [58]. Hence, with appropriate training and guidance,
esports coaches and support staff could participate in the delivery of a sleep intervention.
Participation could include taking an active role in maintaining player engagement and
accountability (e.g., checking in, encouragement, etc.), in a similar way to other aspects of
training and team management.

Another potential means of improving a sleep intervention’s effectiveness is to “gam-
ify” educational and clinical content. Gamification could promote contextual learning,
which refers to the concept that people learn best when new information being taught
aligns with their existing frames of reference [59], as it enables the construction of meaning
based on prior experience. Gamification has been used to increase physical activity [60]
and could likewise be used to promote healthy sleep habits in a sleep intervention set-
ting. For example, this could include modifying language to reflect esports nomenclature
(e.g., suggesting players could obtain a sleep “buff”, which is a gaming term for a power
increase), while using esports and gaming culture to shape intervention tools/resources
(e.g., sleep variable leader boards) and the environment/delivery medium (e.g., esports
discourse platforms).

The finding of improved sleep knowledge (14.5%) but only modest sleep benefits is
consistent with several studies investigating group sleep interventions for young people.
In these studies, increased sleep knowledge (ranging 8–13%) has not always translated
into behavioral change, due to low motivation [61,62]. In the present study, motivational
interviewing questions based on the themes of desire, ability, and commitment were
included to enhance treatment compliance [44]. However, actual motivation levels were not
measured. Hence, these motivational interviewing questions might have been insufficient
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to motivate participants to make greater changes to their sleep behavior. More relatable and
engaging motivational tasks (e.g., playing a video game that simulates the impact of sleep
restriction on performance) could enhance the intrinsic motivation to make sleep-related
behavioral change.

Finally, because sleep research in esports is in its infancy, there is still much to learn
about the sleep experiences of esports athletes. As researchers gain a better understanding
of the specific risk factors for sub-optimal sleep in esports, other more evidence-based
intervention add-ons will become evident. For example, like traditional sports, it has
been proposed that esports athletes who compete in different games may have varying
risk profiles and associated sleep challenges [16]. Although available evidence is limited,
preliminary findings suggest that training length and timing differs between games (and
potentially region), which therefore displaces sleep patterns differentially [5]. Hence, a
stronger focus on chronobiological strategies (e.g., light therapy, endogenous melatonin,
etc.) could be more important for some esports athletes than others.

4.4. Limitations

Although we have already discussed several limitations (e.g., the present study ex-
amined short-term effects with no long-term follow-up data) throughout the Discussion
section, there are additional limitations worth noting. First, there was no control group.
Thus, caution should be used when interpreting and generalizing our findings, with further
research using more robust study designs being required before stronger conclusions can
be drawn. Esports athletes are difficult to recruit given their demanding training and
competition schedules. We found that esports organizations were strongly opposed to
“burdening” players by having them participate as part of a control group that had no
potential immediate benefit. Second, our sample primarily comprised males. Despite our
best efforts, the pool of female esports athletes (i.e., professional players) is much smaller
than their male counterparts, due to a significant under-representation in esports compared
to casual gaming. Although our study is the first to present sleep data on female esports
athletes, further efforts must be made to recruit and better understand the sleep of female
esports athletes. Third, we cannot rule out a time-of-day influence on reaction-time testing,
due to the testing time window of 9 h between teams. Although this window of time
was a function of the busy schedules of teams, future research should aim to reduce the
potential influence of time-of-day. Finally, the study was not pre-registered with the World
Health Organization, which was an oversight due to the speed in which the study had to
be deployed.

5. Conclusions

The present study was the first to trial a brief sleep intervention in an esports popula-
tion and sets a benchmark to compare future interventions. Sleep knowledge increased,
and there were modest short-term sleep benefits (subjective and objective), but this did not
translate into improved mood (i.e., depression and anxiety) and cognitive performance
(i.e., PVT). Further research is required to enhance the sleep, mood, and performance
outcomes of sleep interventions in esports. More specifically, a stepped-care model that
addresses the individual sleep needs of esports athletes (i.e., which provides an increased
therapeutic dose of sleep knowledge and skills to those who need it) should be investigated
next. Importantly, this type of intervention framework may not only be effective, but
also feasible, by being able to fit within the constraints of esports athletes’ training and
competition schedules.
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.3390/ijerph19074146/s1, File S1: Sleep Quiz.

https://www.mdpi.com/article/10.3390/ijerph19074146/s1
https://www.mdpi.com/article/10.3390/ijerph19074146/s1


Int. J. Environ. Res. Public Health 2022, 19, 4146 13 of 15

Author Contributions: Conceptualization, D.B., S.L., S.S., M.G. and I.C.D.; Methodology, D.B., S.L.,
S.S. and M.G.; Formal analysis, M.K. and D.B.; Investigation, D.B., S.L., S.S., D.J.B., E.J. and B.M.R.;
Resources, D.B., S.L., S.S., I.C.D., B.M.R. and E.J.; Data curation, D.B. and S.L.; Writing—original draft
preparation, D.B. and S.L.; Writing—review and editing, S.S., M.G., I.C.D., M.K., D.B. and D.J.B.;
Supervision, S.S. and M.G.; Project administration, D.B., S.L., I.C.D., S.S. and E.J. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Sungshin Women’s University Institutional Re-
view Board (SSWUIRB-2019-030, 18 September 2019), the Flinders University Social and Behavioral
Research Ethics Committee (Project 8401, 14 August 2019), and the University of North Texas’ Institu-
tional Review Board (2019-16, 21 April 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to participants’ privacy protection.

Acknowledgments: We would like to thank all the esports organizations, esports athletes, coaches,
and management staff for their participation and help facilitating this study. We would also like to
thank the research assistants—Yujin Hong and Soyeong Park—in South Korea who contributed to
study preparation and data collection, and Fatigue Science for supplying some of the Readibands
used in the study.

Conflicts of Interest: I.C.D is part of the Scientific Advisory Board for Fatigue Science. However,
he did not receive any payment, funding, or incentives for this study. The authors declare no other
conflict of interest.

References
1. Bonnar, D.; Castine, B.; Kakoschke, N.; Sharp, G. Sleep and performance in eathletes: For the win! Sleep Health 2019, 5, 647–650.

[CrossRef] [PubMed]
2. Newzoo. 2021 Global Esports and Live Streaming Market Report. Available online: https://newzoo.com/insights/trend-reports/

newzoos-global-esports-live-streaming-market-report-2021-free-version/ (accessed on 30 June 2021).
3. Walsh, N.P.; Halson, S.L.; Sargent, C.; Roach, G.D.; Nédélec, M.; Gupta, L.; Leeder, J.; Fullagar, H.H.; Coutts, A.J.; Edwards, B.J.;

et al. Sleep and the athlete: Narrative review and 2021 expert consensus recommendations. Br. J. Sports Med. 2021, 55, 356–368.
[CrossRef] [PubMed]

4. Firth, J.; Solmi, M.; Wootton, R.E.; Vancampfort, D.; Schuch, F.B.; Hoare, E.; Gilbody, S.; Torous, J.; Teasdale, S.B.; Jackson, S.E.;
et al. A meta-review of “lifestyle psychiatry”: The role of exercise, smoking, diet and sleep in the prevention and treatment of
mental disorders. World Psychiatry 2020, 19, 360–380. [CrossRef] [PubMed]

5. Lee, S.; Bonnar, D.; Roane, B.; Gradisar, M.; Dunican, I.; Lastella, M.; Maisey, G.; Suh, S. Sleep characteristics and mood of
professional Esports athletes: A multi-national study. Int. J. Environ. Res. Public Health 2021, 18, 664. [CrossRef]

6. Lee, S.; Bonnar, D.; Kim, Y.; Lee, Y.; Lee, S.; Gradisar, M.; Suh, S. Sleep characteristics and risk factors of Korean esports athletes:
An exploratory study. Sleep Med. Res. 2020, 11, 77–87. [CrossRef]

7. Gomes, M.A.; Narciso, F.V.; de Mello, M.T.; Esteves, A.M. Identifying electronic-sport athletes’ sleep-wake cycle characteristics.
Chronobiol. Int. 2021, 38, 1002–1009. [CrossRef]

8. Ohayon, M.; Wickwire, E.M.; Hirshkowitz, M.; Albert, S.; Avidan, A.; Daly, F.J.; Dauvilliers, Y.; Ferri, R.; Fung, C.; Gozal, D.; et al.
National Sleep Foundation’s sleep quality recommendations: First report. Sleep Health 2017, 3, 6–19. [CrossRef]

9. Short, M.A.; Gradisar, M.; Lack, L.C.; Wright, H.; Carskadon, M.A. The discrepancy between actigraphic and sleep diary measures
of sleep in adolescents. Sleep Med. 2012, 13, 378–384. [CrossRef]

10. Fullagar, H.H.K.; Skorski, S.; Duffield, R.; Hammes, D.; Coutts, A.J.; Meyer, T. Sleep and athletic performance: The effects of sleep
loss on exercise performance, and physiological and cognitive responses to exercise. Sports Med. 2015, 45, 161–186. [CrossRef]

11. Van Dongen, H.P.; Maislin, G.; Mullington, J.M.; Dinges, D.F. The cumulative cost of additional wakefulness: Dose-response
effects on neurobehavioral functions and sleep physiology from chronic sleep restriction and total sleep deprivation. Sleep 2003,
26, 117–126. [CrossRef]

12. Lowe, C.J.; Safati, A.; Hall, P. The neurocognitive consequences of sleep restriction: A meta-analytic review. Neurosci. Biobehav.
Rev. 2017, 80, 586–604. [CrossRef] [PubMed]

13. Sharma, M.K.; Palanichamy, T.; Sahu, M.; Kanchana, D. Influence of esports on stress: A systematic review. Ind. Psychiatry J. 2020,
29, 191–199. [CrossRef] [PubMed]

14. Ferrara, M.; De Gennaro, L. How much sleep do we need? Sleep Med. Rev. 2001, 5, 155–179. [CrossRef] [PubMed]

http://doi.org/10.1016/j.sleh.2019.06.007
http://www.ncbi.nlm.nih.gov/pubmed/31320292
https://newzoo.com/insights/trend-reports/newzoos-global-esports-live-streaming-market-report-2021-free-version/
https://newzoo.com/insights/trend-reports/newzoos-global-esports-live-streaming-market-report-2021-free-version/
http://doi.org/10.1136/bjsports-2020-102025
http://www.ncbi.nlm.nih.gov/pubmed/33144349
http://doi.org/10.1002/wps.20773
http://www.ncbi.nlm.nih.gov/pubmed/32931092
http://doi.org/10.3390/ijerph18020664
http://doi.org/10.17241/smr.2020.00773
http://doi.org/10.1080/07420528.2021.1903480
http://doi.org/10.1016/j.sleh.2016.11.006
http://doi.org/10.1016/j.sleep.2011.11.005
http://doi.org/10.1007/s40279-014-0260-0
http://doi.org/10.1093/sleep/26.2.117
http://doi.org/10.1016/j.neubiorev.2017.07.010
http://www.ncbi.nlm.nih.gov/pubmed/28757454
http://doi.org/10.4103/ipj.ipj_195_20
http://www.ncbi.nlm.nih.gov/pubmed/34158701
http://doi.org/10.1053/smrv.2000.0138
http://www.ncbi.nlm.nih.gov/pubmed/12531052


Int. J. Environ. Res. Public Health 2022, 19, 4146 14 of 15

15. Dinges, D.F.; Pack, F.; Williams, K.; Gillen, K.A.; Powell, J.W.; Ott, G.E.; Aptowicz, C.; Pack, A.I. Cumulative sleepiness, mood
disturbance, and psychomotor vigilance performance decrements during a week of sleep restricted to 4–5 h per night. Sleep 1997,
20, 267–277. [CrossRef]

16. Bonnar, D.; Lee, S.; Gradisar, M.; Suh, S. Risk factors and sleep intervention considerations in esports: A review and practical
guide. Sleep Med. Res. 2019, 10, 59–66. [CrossRef]

17. Melo, D.L.M.; Carvalho, L.B.C.; Prado, L.B.F.; Prado, G.F. Biofeedback therapies for chronic insomnia: A systematic review. Appl.
Psychophysiol. Biofeedback 2019, 44, 259–269. [CrossRef]

18. Chinoy, E.D.; Cuellar, J.A.; Huwa, K.E.; Jameson, J.T.; Watson, C.H.; Bessman, S.C.; Hirsch, D.A.; Cooper, A.D.; Drummond, S.P.A.;
Markwald, R.R. Performance of seven consumer sleep-tracking devices compared with polysomnography. Sleep 2021, 44, 291.
[CrossRef]

19. Ancoli-Israel, S.; Cole, R.; Alessi, C.; Chambers, M.; Moorcroft, W.; Pollak, C.P. The role of actigraphy in the study of sleep and
circadian rhythms. Sleep 2003, 26, 342–392. [CrossRef]

20. Morgenthaler, T.; Alessi, C.; Friedman, L.; Owens, J.; Kapur, V.; Boehlecke, B.; Brown, T.; Chesson, A.; Coleman, J.; Lee-Chiong, T.;
et al. Practice parameters for the use of actigraphy in the assessment of sleep and sleep disorders: An update for 2007. Sleep 2007,
30, 519–529. [CrossRef]

21. Carney, C.E.; Buysse, D.J.; Ancoli-Israel, S.; Edinger, J.D.; Krystal, A.D.; Lichstein, K.L.; Morin, C.M. The consensus sleep diary:
Standardizing prospective sleep self-monitoring. Sleep 2012, 35, 287–302. [CrossRef]

22. Morin, C.M.; Belleville, G.; Bélanger, L.; Ivers, H. The insomnia severity index: Psychometric indicators to detect insomnia cases
and evaluate treatment response. Sleep 2011, 34, 601–608. [CrossRef] [PubMed]

23. Manzar, D.; Jahrami, H.A.; Bahammam, A.S. Structural validity of the insomnia severity index: A systematic review and
meta-analysis. Sleep Med. Rev. 2021, 60, 101531. [CrossRef] [PubMed]

24. Cho, Y.W.; Song, M.L.; Morinc, C.M. Validation of a Korean version of the insomnia severity index. J. Clin. Neurol. 2014, 10,
210–215. [CrossRef] [PubMed]

25. Drake, C.; Nickel, C.; Burduvali, E.; Roth, T.; Jefferson, C.; Badia, P. The pediatric daytime sleepiness scale (PDSS): Sleep habits
and school outcomes in middle-school children. Sleep 2003, 26, 455–458. [CrossRef]

26. Richardson, C.; Cain, N.; Bartel, K.; Micic, G.; Maddock, B.; Gradisar, M. A randomised controlled trial of bright light therapy
and morning activity for adolescents and young adults with delayed sleep-wake phase disorder. Sleep Med. 2018, 45, 114–123.
[CrossRef]

27. Rhie, S.; Lee, S.; Chae, K.Y. Sleep patterns and school performance of Korean adolescents assessed using a Korean version of the
pediatric daytime sleepiness scale. Korean J. Pediatr. 2011, 54, 29–35. [CrossRef]

28. Bonnar, D.; Gradisar, M.; Moseley, L.; Coughlin, A.-M.; Cain, N.; Short, M.A. Evaluation of novel school-based interventions for
adolescent sleep problems: Does parental involvement and bright light improve outcomes? Sleep Health 2015, 1, 66–74. [CrossRef]

29. Radloff, L.S. The CES-D scale: A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1977, 1,
385–401. [CrossRef]

30. Cosco, T.; Prina, M.; Stubbs, B.; Wu, Y.-T. Reliability and validity of the center for epidemiologic studies depression scale in a
population-based cohort of middle-aged U.S. adults. J. Nurs. Meas. 2017, 25, 476–485. [CrossRef]

31. Chon, K.K.; Choi, S.C.; Yang, B.C. Integrated adaptation of CES-D in Korea. Korean J. Health Psychol. 2001, 1, 59–76.
32. Spielberger, C.D.; Gorsuch, R.L.; Lushene, R.; Vagg, P.R.; Jacobs, G.A. Manual for the State-Trait Anxiety Inventory; Consulting

Psychologists Press: Palo Alto, CA, USA, 1983.
33. Spielberger, C.D. State-Trait Anxiety Inventory: Bibliography, 2nd ed.; Consulting Psychologists Press: Palo Alto, CA, USA, 1989.
34. Ortuno-Sierra, J.; Garcia-Velasco, L.; Inchausti, F.; Debbane, M.; Fonseca-Pedrero, E. New approaches on the study of the

psychometric properties of the STAI. Actas Esp. De Psiquiatr. 2016, 44, 83–92.
35. Hahn, D.W. Korean adaptation of Spielberger’s STAI (K-STAI). Korean J. Health Psychol. 1996, 1, 1–4.
36. Loh, S.; Lamond, N.; Dorrian, J.; Roach, G.; Dawson, D. The validity of psychomotor vigilance tasks of less than 10-minute

duration. Behav. Res. Methods Instrum. Comput. 2004, 36, 339–346. [CrossRef] [PubMed]
37. Jones, M.J.; Dunican, I.C.; Murray, K.; Peeling, P.; Dawson, B.; Halson, S.; Miller, J.; Eastwood, P.R. The psychomotor vigilance test:

A comparison of different test durations in elite athletes. J. Sports Sci. 2018, 36, 2033–2037. [CrossRef] [PubMed]
38. Roach, G.D.; Dawson, D.; Lamond, N. Can a shorter psychomotor vigilance task be used as a reasonable substitute for the

ten-minute psychomotor vigilance task? Chronobiol. Int. 2006, 23, 1379–1387. [CrossRef]
39. Hursh, S.R.; Redmond, D.P.; Johnson, M.L.; Thorne, D.R.; Belenky, G.; Balkin, T.J.; Storm, W.F.; Miller, J.C.; Eddy, D.R. Fatigue

models for applied research in war-fighting. Aviat. Space Environ. Med. 2004, 75, 44–53.
40. Hursh, S.R.; Raslear, T.G.; Kaye, A.S.; Franzone, J.F. Validation and Calibration of a Fatigue Assessment Tool for Railroad Work Schedules,

Summary Report; U.S. Department of Transportation: Washington, DC, USA, 2006.
41. Van Dongen, H.P. Comparison of mathematical model predictions to experimental data of fatigue and performance. Aviat. Space

Environ. Med. 2004, 75, A15–A36.
42. Troxel, W.M.; Germain, A.; Buysse, D.J. Clinical management of insomnia with brief behavioral treatment (BBTI). Behav. Sleep

Med. 2012, 10, 266–279. [CrossRef]
43. Friedrich, A.; Schlarb, A.A. Let’s talk about sleep: A systematic review of psychological interventions to improve sleep in college

students. J. Sleep Res. 2017, 27, 4–22. [CrossRef]

http://doi.org/10.1093/sleep/20.4.267
http://doi.org/10.17241/smr.2019.00479
http://doi.org/10.1007/s10484-019-09442-2
http://doi.org/10.1093/sleep/zsaa291
http://doi.org/10.1093/sleep/26.3.342
http://doi.org/10.1093/sleep/30.4.519
http://doi.org/10.5665/sleep.1642
http://doi.org/10.1093/sleep/34.5.601
http://www.ncbi.nlm.nih.gov/pubmed/21532953
http://doi.org/10.1016/j.smrv.2021.101531
http://www.ncbi.nlm.nih.gov/pubmed/34428679
http://doi.org/10.3988/jcn.2014.10.3.210
http://www.ncbi.nlm.nih.gov/pubmed/25045373
http://doi.org/10.1093/sleep/26.4.455
http://doi.org/10.1016/j.sleep.2018.02.001
http://doi.org/10.3345/kjp.2011.54.1.29
http://doi.org/10.1016/j.sleh.2014.11.002
http://doi.org/10.1177/014662167700100306
http://doi.org/10.1891/1061-3749.25.3.476
http://doi.org/10.3758/BF03195580
http://www.ncbi.nlm.nih.gov/pubmed/15354700
http://doi.org/10.1080/02640414.2018.1433443
http://www.ncbi.nlm.nih.gov/pubmed/29384434
http://doi.org/10.1080/07420520601067931
http://doi.org/10.1080/15402002.2011.607200
http://doi.org/10.1111/jsr.12568


Int. J. Environ. Res. Public Health 2022, 19, 4146 15 of 15

44. Micic, G.; Richardson, C.; Cain, N.; Reynolds, C.; Bartel, K.; Maddock, B.; Gradisar, M. Readiness to change and commitment as
predictors of therapy compliance in adolescents with delayed sleep-wake phase disorder. Sleep Med. 2019, 1, 48–55. [CrossRef]

45. Van Ryswyk, E.; Weeks, R.; Bandick, L.; O’Keefe, M.; Vakulin, A.; Catcheside, P.; Barger, L.; Potter, A.; Poulos, N.; Wallace, J.; et al.
Harvard Medic. A novel sleep optimisation programme to improve athletes’ well-being and performance. Eur. J. Sport Sci. 2017,
17, 144–151. [CrossRef] [PubMed]

46. Driller, M.W.; Lastella, M.; Sharp, A.P. Individualized sleep education improves subjective and objective sleep indices in elite
cricket athletes: A pilot study. J. Sports Sci. 2019, 37, 2021–2025. [CrossRef] [PubMed]

47. Chung, S.J.; An, H.; Suh, S. What do people do before going to bed? a study of bedtime procrastination using time use surveys.
Sleep 2020, 43, 267. [CrossRef] [PubMed]

48. Kroese, F.M.; De Ridder, D.T.D.; Eevers, C.; Adriaanse, M.A. Bedtime procrastination: Introducing a new area of procrastination.
Front. Psychol. 2014, 5, 611. [CrossRef] [PubMed]

49. Gradisar, M.; Lack, L.; Richards, H.; Harris, J.; Gallasch, J.; Boundy, M.; Johnston, A. The Flinders fatigue scale: Preliminary
psychometric properties and clinical sensitivity of a new scale for measuring daytime fatigue associated with insomnia. J. Clin.
Sleep Med. 2007, 3, 722–728. [CrossRef]

50. Gee, B.; Orchard, F.; Clarke, E.; Joy, A.; Clarke, T.; Reynolds, S. The effect of non-pharmacol ogical sleep interventions on
depression symptoms: A meta-analysis of randomised control ed trials. Sleep Med. Rev. 2019, 43, 118–128. [CrossRef]

51. Belleville, G.; Cousineau, H.; Levrier, K.; St-Pierre-Delorme, M.-È. Meta-analytic review of the impact of cognitive-behavior
therapy for insomnia on concomitant anxiety. Clin. Psychol. Rev. 2011, 31, 638–652. [CrossRef]

52. Gradisar, M.; Dohnt, H.; Gardner, G.; Paine, S.; Starkey, K.; Menne, A.; Slater, A.; Wright, H.; Hudson, J.; Weaver, E.; et al.
A randomized controlled trial of cognitive-behavior therapy plus bright light therapy for adolescent delayed sleep phase disorder.
Sleep 2011, 34, 1671–1680. [CrossRef]

53. Ritland, B.M.; Simonelli, G.; Gentili, R.J.; Smith, J.C.; He, X.; Mantua, J.; Balkin, T.J.; Hatfield, B.D. Effects of sleep extension on
cognitive/motor performance and motivation in military tactical athletes. Sleep Med. 2019, 58, 48–55. [CrossRef]

54. Mah, C.D.; Mah, K.E.; Kezirian, E.J.; Dement, W.C. The effects of sleep extension on the athletic performance of collegiate
basketball players. Sleep 2011, 34, 943–950. [CrossRef]

55. Famodu, O.; Montgomery-Downs, H.; Thomas, J.; Gilleland, D.L.; Bryner, R.W.; Olfert, M.D. Impact of a single week of sleep
extension on performance, mood, and nutrition among female college track athletes. Sleep 2017, 40, A32. [CrossRef]

56. Cheung, J.M.; Jarrin, D.C.; Ballot, O.; Bharwani, A.A.; Morin, C.M. A systematic review of cognitive behavioral therapy for
insomnia implemented in primary care and community settings. Sleep Med. Rev. 2019, 44, 23–36. [CrossRef] [PubMed]

57. Bonnar, D.; Bartel, K.; Kakoschke, N.; Lang, C. Sleep interventions designed to improve athletic performance and recovery:
A systematic review of current approaches. Sports Med. 2018, 48, 683–703. [CrossRef] [PubMed]

58. Miles, K.H.; Clark, B.; Fowler, P.M.; Miller, J.; Pumpa, K.L. Sleep practices implemented by team sport coaches and sports science
support staff: A potential avenue to improve athlete sleep? J. Sci. Med. Sport 2019, 22, 748–752. [CrossRef] [PubMed]

59. Järvinen, A.; Poikela, E. Modelling reflective and contextual learning at work. J. Work. Learn. 2001, 13, 282–290. [CrossRef]
60. González, C.S.G.; del Río, N.G.; Adelantado, V.N. Exploring the benefits of using gamification and videogames for physical

exercise: A review of state of art, international journal of interactive multimedia and artificial intelligence. Int. J. Interact.
Multimedia Artif. Intell. 2018, 5, 46–52. [CrossRef]

61. Cain, N.; Gradisar, M.; Moseley, L. A motivational school-based intervention for adolescent sleep problems. Sleep Med. 2011, 12,
246–251. [CrossRef]

62. Moseley, L.; Gradisar, M. Evaluation of a school-based intervention for adolescent sleep problems. Sleep 2009, 32, 334–341.
[CrossRef]

http://doi.org/10.1016/j.sleep.2018.12.002
http://doi.org/10.1080/17461391.2016.1221470
http://www.ncbi.nlm.nih.gov/pubmed/27574901
http://doi.org/10.1080/02640414.2019.1616900
http://www.ncbi.nlm.nih.gov/pubmed/31076021
http://doi.org/10.1093/sleep/zsz267
http://www.ncbi.nlm.nih.gov/pubmed/31680171
http://doi.org/10.3389/fpsyg.2014.00611
http://www.ncbi.nlm.nih.gov/pubmed/24994989
http://doi.org/10.5664/jcsm.27030
http://doi.org/10.1016/j.smrv.2018.09.004
http://doi.org/10.1016/j.cpr.2011.02.004
http://doi.org/10.5665/sleep.1432
http://doi.org/10.1016/j.sleep.2019.03.013
http://doi.org/10.5665/SLEEP.1132
http://doi.org/10.1093/sleepj/zsx050.082
http://doi.org/10.1016/j.smrv.2018.11.001
http://www.ncbi.nlm.nih.gov/pubmed/30612061
http://doi.org/10.1007/s40279-017-0832-x
http://www.ncbi.nlm.nih.gov/pubmed/29352373
http://doi.org/10.1016/j.jsams.2019.01.008
http://www.ncbi.nlm.nih.gov/pubmed/30685228
http://doi.org/10.1108/13665620110411067
http://doi.org/10.9781/ijimai.2018.03.005
http://doi.org/10.1016/j.sleep.2010.06.008
http://doi.org/10.1093/sleep/32.3.334

	Introduction 
	Materials and Methods 
	Participants 
	Measures 
	Demographic/General Information 
	Sleep Measures 
	Mood Measures 
	Cognitive Performance Measure 

	Procedure 
	Pre-Intervention Period 
	Intervention Period 

	Data Analysis 

	Results 
	Sample Characteristics 
	Sleep Knowledge 
	Sleep Diary 
	Wrist Activity Monitor 
	Sleep, Mood, and PVT Scores 

	Discussion 
	Sleep Outcomes 
	Mood and Cognitive Performance Outcomes 
	Considerations for Future Sleep Interventions in Esports 
	Limitations 

	Conclusions 
	References

