l" frontiers
in Psychiatry

SYSTEMATIC REVIEW
published: 07 June 2021
doi: 10.3389/fpsyt.2021.675237

OPEN ACCESS

Edited by:
Nitya Jayaram-Lindstrom,
Karolinska Institutet (Kl), Sweden

Reviewed by:

Kristoffer Magnusson,

Karolinska Institutet, Sweden
Georgios Demetrios Kotzalidis,
Sapienza University of Rome, Italy

*Correspondence:
Joakim H. Kristensen
Jkro45@uib.no

Specialty section:

This article was submitted to
Ad(dictive Disorders,

a section of the journal
Frontiers in Psychiatry

Received: 02 March 2021
Accepted: 04 May 2021
Published: 07 June 2021

Citation:

Kristensen JH, Pallesen S, King DL,
Hysing M and Erevik EK (2021)
Problematic Gaming and Sleep: A
Systematic Review and Meta-Analysis.
Front. Psychiatry 12:675237.

doi: 10.3389/fpsyt.2021.6756237

Check for
updates

Problematic Gaming and Sleep: A
Systematic Review and
Meta-Analysis

Joakim H. Kristensen *, Stale Pallesen >%¢, Daniel L. King®, Mari Hysing' and
Eilin K. Erevik "2

! Department of Psychosocial Science, University of Bergen, Bergen, Norway, 2 Norwegian Competence Centre for Gambling
and Gaming Research, University of Bergen, Bergen, Norway, ° Optentia, Vaal Triangle Campus of the North-West University,
Vanderbijlpark, South Africa, * Norwegian Competence Center for Sleep Disorders, Haukeland University Hospital, Bergen,
Norway, ® College of Education, Psychology, & Social Work, Flinders University, Adelaide, SA, Australia

Problematic gaming has been linked to poor sleep outcomes; however, these
associations have not yet been synthesized quantitatively. This review employed
a meta-analysis to investigate the relationship between problematic gaming and
sleep-related outcomes. A search of Medline, Embase, Web of Science, PsycINFO,
and Google Scholar identified a total of 763 studies, including 34 studies (n = 51,901
participants) eligible for inclusion. Papers were included if available in any European
language, addressed problematic gaming, contained original data, and provided
sufficient data for calculation of effect sizes. Two researchers independently extracted
data using pre-defined fields including quality assessment. Sleep-related outcomes
were meta-analyzed for sleep parameters that were reported by 5 or more papers.
Significant overall effects were found for sleep duration (g = —0.238, 95% C/ = —0.364,
—0.112), poor sleep quality (OR = 2.02, 95% CI = 1.47, 2.78), daytime sleepiness
(OR=1.57,95% C/ =1.00, 2.46) and sleep problems (OR = 2.60, 95% C/ = 1.94, 3.47).
Between-study heterogeneity was detected for all meta-analyses. Subgroup analyses
showed a higher inverse effect size for adolescent samples compared to adult or non-
specific age samples in terms of sleep duration. For daytime sleepiness, a larger effect
size was found for studies based on single-item sleep measures compared to multi-item
sleep measures. For sleep problems, the subgroup analysis showed the opposite with a
higher effect size for studies based on single-item sleep measures than multi-item sleep
measures. Across all sleep parameters, problematic gamers consistently reported a more
adverse sleep status than non-problematic gamers.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERQO/; record
ID: CRD42020158955.

Keywords: gaming addiction, gaming disorder, internet gaming disorder, sleep, sleep problems, insomnia,
systematic review, meta-analysis

INTRODUCTION

Gaming is a popular leisure activity worldwide (1). While gaming can be a beneficial activity for
most individuals (2, 3), gaming becomes problematic for a minority of players who experience
negative consequences of excessive gaming (4, 5). Such negative outcomes include depression,
anxiety, loneliness, somatization, reduced quality of life, and poor academic achievement (5-10).
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Problematic gaming has largely been viewed as a behavioral
addiction and classified based on the presence of addiction
symptoms (i.e, salience, mood modification, tolerance,
withdrawal, conflict, and relapse) (11). The inclusion of Internet
Gaming Disorder (IGD) in the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) as a
condition for further study (12) resulted in increased research
on the condition. Further, problematic gaming received formal
recognition as a mental/behavioral disorder by the World Health
Organization (WHO) with the inclusion of Gaming Disorder
(GD) in the 11th edition of the International Classification
of Diseases [ICD-11; (13)]. Given the widespread definitions,
lack of standardized measuring tools, and cutoff values to
indicate problematic/pathological behavior, the prevalence
rates of problematic gaming have varied significantly across
studies ranging from 0.2 to 34% (14). Recent meta-analyses have
estimated the average prevalence rate of problematic gaming
to be 3.1-4.6% (15, 16). The empirical data have been more
consistent showing that boys and men report more problems
related to video gaming compared to girls and women and
that problematic gaming is more common among younger
than older subjects (10, 14, 17). It should be noted that the
field of problematic gaming, including the diagnoses in the
DSM-5 and ICD-11, involves several controversies, where both
the conceptualizations and the measurements of problematic
gaming have been criticized (18-20). For instance, some
researchers have asserted that the etiology of problematic gaming
is unknown and that the state of problematic gaming may reflect
underlying difficulties (e.g., depression) rather than a problem
in its own right (18). The controversies regarding problematic
gaming substantiate the need for a better understanding of the
relationship between problematic gaming and other difficulties.

As the levels of gaming have increased over the past years so
have the prevalence rates of sleep problems (21). Furthermore,
an increasing number of studies have found associations between
problematic gaming and sleep problems (22-24). However, the
strength of the relationship between problematic gaming and
sleep problems has been inconsistent across studies and the
directionality/causality remains unclear. Given the importance
of sufficient sleep duration and quality for optimal functioning,
subjective well-being, and good health, identifying potential
determinants of sleep problems (e.g., problematic gaming) are
of important scientific and practical interest. Moreover, as
the negative outcomes associated with problematic gaming are
similar to the negative outcomes observed in individuals with
sleep problems (e.g., depression, reduced quality of life, poor
academic achievement), insight into the sleep characteristics of
problematic gamers could contribute to a better understanding
of the phenomenon of problematic gaming.

There are a number of possible mechanisms by which gaming
may influence sleep (25). As proposed by the media displacement
hypothesis (26, 27), gaming could displace sleep directly as the
individual chooses to engage in games over sleep, or indirectly by
disregarding behaviors that are essential for good sleep hygiene
(e.g., physical activity). For problematic gamers, the displacement
may not be by choice but rather driven by an inability to stop
playing. Arousal is another possible mechanism both due to

social engagement, structural characteristics of the games (e.g.,
high event frequency), and the thrill related to winning or losing,
which may interfere with sleep. The artificial blue-spectrum light
emitted by screens projecting the visual gaming content may
also directly enhance alertness and arousal (28), and suppresses
nighttime melatonin secretion, important in regulating the sleep-
wake cycle (29, 30). Followingly, late-night gaming may delay
the sleep phase, making it difficult to fall asleep at needed or
wanted times. Prolonged gaming may also negatively affect sleep
by creating physical discomforts such as muscular pain and
headache (31). Lastly, sleep may also be interfered by exposure
to electromagnetic fields that are emitted by wireless gaming
devices, which may alter the total sleep time, sleep efficiency, sleep
architecture, as well as inhibit the secretion of melatonin (32-34).

Taken together, problematic gaming behavior may lead to
shorter sleep duration, poorer sleep quality, delayed sleep phase,
and problems initiating or maintaining sleep. However, the
direction of the relationship could also be reversed. It is possible
that individuals with insomnia and others experiencing sleep
difficulties may use gaming to cope with sleeplessness and as such
develop problematic gaming patterns. Also, there could be a bi-
directional (reciprocal) relationship, meaning that problematic
gaming could cause sleep problems which in turn could further
fuel further problematic gaming and the other way around.
Alternatively, it is possible that both problematic gaming and
sleep problems are caused by common third variables. For
example, both problematic gaming and insomnia have been
shown to be strongly associated with depression (5, 35).

Given the growth in empirical evidence on the topic, there is a
need for an updated review of the current knowledge on the sleep
outcomes associated with problematic gaming. Moreover, there
is to date no available meta-analysis quantifying the strength
of the potential relationship between problematic gaming and
sleep-related outcomes across studies. The following research
questions were thus addressed: (1) What characterizes the studies
conducted so far on the relationship between problematic gaming
and sleep?, (2) what is the evidence for a causal relationship
between problematic gambling and sleep? and (3) what is the
strength of the association between problematic gaming and
sleep problems? In an effort to consolidate the knowledge on the
phenomenon the current study will use problematic gaming as an
umbrella term for the wide range of related constructs used in the
literature. Hence, problematic gaming is in this paper defined as
a pattern of playing video games that could negatively influence
physical and mental health and/or interfere with daily activities.
It entails both online and offline gaming behavior and all types of
digital gaming devices.

METHODS
Search Strategy and Inclusion Criteria

A systematic literature review and meta-analysis were conducted
in accordance with the PRISMA guidelines (36, 37). The meta-
analysis was pre-registered at the PROSPERO International
prospective register of systematic reviews (https://www.crd.york.
ac.uk/PROSPERO/; record ID: CRD42020158955). A search
strategy was developed by the authors and the literature searches
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TABLE 1 | Search items.

Keywords/terms Operand Keywords/terms
Problematic gaming Sleep
“Problem* gaming” Sleep*
“Gaming addiction” Insomnia
“Game addiction” Circadian
“Gaming disorder*” “Morningness-eveningness”
“Internet gaming” “Delayed sleep”
“Internet game” “Social jet-lag”
“Online gaming” “Wake after sleep onset”
OR “Online game*” AND OR Snoring
“Video gaming” Hypersomnia
“Video game*”

“Computer gaming”
“Computer game™”
“Excessive computer use”
“Risk* gaming”
“Pathological gaming”
“Pathological internet”

*Truncation.

were completed on January 11th, 2021, conducted using relevant
keywords in Web of Science, Medline, Embase, PsycINFO, and
Google Scholar electronic databases. Search words are displayed
in Table 1. The search words were entered similarly in each
database without any limits, filters, or use of specific MeSH-
items. Additionally, the reference lists of relevant studies were
examined. The search strategy yielded a total of 1,360 results,
with the following result in each database: Web of Science
(543 results), Medline (419 results), Embase (186 results), and
PsycINFO (212 results). Due to a large number of results
provided by Google Scholar (more than 18,800 hits), only
the first 30 pages of results were reviewed; identifying five
additional manuscripts.

For inclusion in the present review, the studies had to fulfill
the following eligibility criteria: (1) The full manuscript was
available in a European language (e.g., English, German, Spanish,
French, Scandinavian languages, etc.), (2) The study addressed
problematic gaming specifically; (3) The study contained original
quantitative data on the relationship between problematic
gaming and at least one sleep variable, and (4) the study reported
estimates of, or sufficient data to calculate an effect size of, the
strength of this relationship. No further restrictions in terms
of publication time or design were implemented. In instances
where studies reported insufficient data, the corresponding
authors were contacted to provide the required data. Studies not
reporting data on gaming specifically, but rather on problematic
screen or internet behaviors were excluded.

Data Extraction and Coding Procedures

The two main outcomes of interest were measures of problematic
gaming and sleep-related outcomes assessed by self-report
questionnaires, clinical interviews, or objective measurements.
The data were extracted and coded using a coding schema

encompassing the manuscript: Author(s), manuscript type, year
published; study setting: Design, country, continent, year of data
collection, ethical approval, conflict of interest; sample: Sample
size and characteristics of participants, methodology: Collection
method, instruments, instrument reliability, sleep parameter;
and results: Type of estimate, effect size, and adjustment of
confounding. Effect sizes were either extracted directly from
the original publications or manually calculated. The extraction
procedure was conducted by JHK and EKE who independently
coded the studies. Discrepancies between the two reviewers were
resolved by discussions. In studies categorizing subgroups of
problematic involvement in games based on the endorsement of
a number of symptoms (e.g., a polythetic scoring to indicate less
severe “problematic gamer”/“at-risk” and a monothetic system to
identify those who were “addicted”/“disordered”), the effect sizes
of all/both groups were collapsed by calculating a mean effect
size using a fixed effect-model ensuring that the control/contrast
group were not counted more than once (38, 39). Also, one
study reported data separately for sibling dyads (40). In this
case, the effect sizes (and descriptive data) were collapsed for
the dyads and corrected for the number of participants before
entered into the meta-analysis. One study assessed problematic
gaming using both the DSM-5 IGD and the ICD-11 GD criteria
(41). In this instance, only the data based on the IGD criteria
were included, for comparability with other studies in the present
review. In cases where subscale data of the Pittsburgh Sleep
Quality Index (PSQI) were reported, the global score estimate was
coded as sleep quality while the subscale data were independently
coded in terms of their respective sleep parameters. It should
be noted that the associations between problematic gaming and
sleep-related outcomes in the present meta-analysis are based
on unadjusted relationships. Although some studies controlled
for potential confounders, this was not conducted consistently
across studies and the number and content of confounders
adjusted for also varied. Thus, in order to extract comparable
effect sizes for each study, we extracted unadjusted estimates and
not parameters (e.g., standardized beta regression coefficients)
correcting for confounders.

Quality Assessment

Two reviewers (JHK and EKE) independently assessed the quality
of the included studies using the Newcastle-Ottawa Quality
Assessment Scale (NOS) adapted for cross-sectional studies (42,
43). The NOS assesses study quality in three categories; (1)
the sample selection process; (2) comparability between groups;
and (3) the ascertainment of the results. To determine the level
of inter-rater reliability in the quality assessment procedure,
Cohen’s Kappa statistic was calculated and was found to be
0.667 (p < 0.001), indicating substantial agreement between the
two reviewers. In the cases of disagreement between reviewers,
consensus was sought through discussions.

Meta-Analyses

Meta-analyses were conducted to calculate overall effect sizes
for each sleep parameter separately. Based on previous reviews
of the literature we expected a considerable variance in both
terminology and the instruments used to measure problematic
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gaming as well as sleep parameters, as well as divergence in
terms of study populations (44, 45). As such, the meta-analyses
were a priori planned to use random-effects models for any sleep
parameter that yielded five or more studies. If <5 specific studies
could be identified for a given sleep parameter, the parameter
was not included for meta-analysis as the results were judged
to be too unstable and since random-effects models in such
cases could yield an inappropriate estimation of the between-
study variance. To quantify between-study variance, tests of
heterogeneity were calculated using the Q and I’-statistics.
The Q-statistic is a measure of the total observed study-to-
study variation, and a significant Q indicates the presence of
heterogeneity between the studies. The I*-statistic is a measure
of percentage which quantifies the total amount of variability in
a set of effect sizes that is a result of true differences between
the studies. An I* percentage of 25, 50, and 75 can roughly be
interpreted as low, medium, and high levels of true heterogeneity,
respectively (46).

Subgroup meta-analyses were conducted in an effort to
explain the between-study variance. The impact of participant
age was explored by creating a dichotomous moderator variable
that separated studies of adolescents vs. adults. The weighted
mean age was 15.1 and 23.6 for the two subgroups, respectively.
In addition, a second dichotomous moderator variable separating
studies that investigated sleep with a standardized multiple-
item questionnaire and studies relying on single items (or
own created) was created in order to assess the impact of
this methodical discrepancy on the overall effect size. The
subgroup analyses were based on mixed-effects models, using
a random-effects model within subgroups (pooling within-
group estimates of tau-squared) and a fixed-effect model across
subgroups (38).

Publication bias was assessed for each sleep parameter by
visual inspection of funnel plots and statistically by the Orwin’s
fail-safe N (47) and the Duval and Tweedi€e’s trim and fill
procedure (48, 49). The Orwin’s fail-safe N is an estimate of
how many missing studies with a specified effect are needed to
bring the overall effect statistically to a pre-set level. If the N is
low, there is concern that the whole overall effect is an artifact
of publication bias as it is likely that some studies are missing
due to publication bias. In the current study, g = 0.2 and OR
= 1.2 were set as criteria for “trivial” effects, and ¢ = 0.0 and
OR = 1.0 were set as the mean of the missing studies. Lastly,
Duval and Tweedie’s trim and fill procedure was used to assess
the magnitude of bias on the overall effect. It complements the
funnel plot by imputing theoretically missing studies and adjust
the overall effect size to the best estimate of an unbiased effect
size. The extrapolated overall effect sizes are reported in terms of
Hedges’ g and odds ratios (OR). The Hedges’ g is an estimation of
the standardized mean difference between groups, which has the
advantage over Cohen’s d that it corrects for bias caused by small
sample sizes. Hedges’ g is interpreted in line with Cohen’s (50)
convention of small (0.2), medium (0.5), and large (0.8) effects.
An OR 0f 2.0, 3.0, and 4.0 could be considered as small, moderate,
and strong effects, respectively (51). All statistical analyses were
conducted using Comprehensive Meta-Analysis, version 3.3.070
(Biostat, Inc., 2014).

RESULTS

Study Selection

Figure 1 presents a PRISMA flow diagram of the study screening
and selection process. After removing duplicates (n = 597), the
remaining (n = 763) titles and abstracts were independently
screened by two reviewers (JHK and a research assistant),
resulting in 101 studies for full-text eligibility evaluation. From
this evaluation, 67 records were excluded resulting in 34 studies
that met the eligibility criteria and were included in the review
(see Figure 1 for reasons). From this pool, a total of 57 estimates
(or results) on the relationship between problematic gaming
and ten different sleep parameters were identified. Twelve
studies reported sleep duration, 11 reported sleep quality, seven
reported daytime sleepiness, 15 reported sleep problems, one
reported sleep loss, one reported morningness-eveningness, one
reported delayed sleep phase disorder, two reported bedtimes
and wake-up times, and four studies reported other sleep-
related outcomes.

Descriptive Characteristics of the Included
Studies

Table 2 summarizes the study characteristics and associations. Of
all the 34 studies that met the eligibility criteria, 33 manuscripts
were peer-reviewed research papers while one manuscript
comprised an unpublished master-thesis (56). All manuscripts
were published in English, except for one which was published
in French (57). Regarding the study designs, one study used
a longitudinal design (77), while the vast majority of studies
(n = 32) were cross-sectional. Additionally, one study was
a cohort study (65), but the sleep data were only collected
at the first wave — making the data included in the present
synthesis cross-sectional. The studies were published in the time
frame of 2009-2021. The included studies yielded a summarized
pool of 51,901 participants, with sample sizes ranging from 60
to 15,168 participants. The study populations came from 26
different countries with a majority originating from Europe. The
participants’ age ranged from 10 to 74 years with a weighted
grand mean of 16.1 years. The proportion of girls/women ranged
from 0 to 70.5%, with a weighted overall sex distribution of
30.7% girls/women for all the included studies. After merging
subgroups of problematic gamers (e.g., “problematic”/“at-risk”
and “addicted”/“disordered”), the included samples yielded a
total of 5,625 individuals who were categorized as problematic
gamers. Prevalence rates of problematic gaming varied widely
in the samples ranging from 1.2 to 73.9% (weighted mean =
16.0%), while three studies had comparison groups of similar
sample size (41, 71, 76). The majority of samples (n = 18) were
recruited from primary- / high schools, while eight samples were
recruited from college/universities (41, 53-55, 66, 75, 76, 80),
three were recruited from gaming communities (24, 52, 74), one
was recruited from two pediatric lipid and obesity treatment
clinics (77), one was recruited through social media (61), one
was recruited in “non-working contexts” [e.g., pubs, sports
associations, recreational places; (59)], and two samples were
recruited using random population sampling (56, 79).
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FIGURE 1 | PRISMA 2020 flow diagram of the study screening and selection process.

Problematic Gaming Assessment

Most studies (n = 33) assessed problematic gaming using self-
report questionnaires, while one collected the data through
diagnostic interviews (41). Seventeen studies employed self-
report instruments based on the DSM-5s IGD criteria, while
seven studies used the Gaming Addiction Scale for Adolescents
[GASA; (56-58, 61, 65-67)], one study adapted the criteria of
pathological gambling (70), four studies adapted the DSM-IV-
TR or the ICD-10 substance dependence criteria (24, 52, 71,
72), whereas four studies used instruments that were based
on general addiction symptoms (62, 63, 77, 78). In addition,
one study assessed problematic gaming exclusively based on
time spent playing, with four hours or more playing per day
defined as “excessive gaming” (79). Thirteen studies employed
a continuous measure of gaming problems, while the majority
(n = 21) reported comparisons of problematic gamers and non-
problematic gamers; mostly identified using polythetic cutoff
values (see Table 2).

Sleep Assessment

The majority of studies (n = 32) investigated sleep using self-
report questionnaires, while one study objectively measured
sleep duration by employing Fitbit-actigraphy to register
rest/activity cycles (77). Regarding self-report measures, 17

studies employed standardized sleep measurements where the
most used instrument was the PSQI (n = 8), while five studies
employed assessments for insomnia (40, 56, 60, 74, 81), and two
studies assessed for daytime sleepiness (53, 70). The remaining
studies assessed sleep-related outcomes using single/own-created
items (see Table 2). In addition, one study collected sleep data
through diagnostic interviews assessing for insomnia and delayed
sleep phase (41).

Quality Assessment
The quality scores of the single included studies ranged from two
to nine stars, with a mean quality score of 5.5 and a standard
deviation of 1.5 (see Table 3).

Meta-Analyses

Of all 34 studies and sleep parameters reviewed, sleep duration,
sleep quality, daytime sleepiness, and sleep problems comprised
the parameters that reached the threshold of five different
effect sizes. A total of 33 studies were included in the
quantitative meta-analysis.

Sleep Duration
The forest plot regarding sleep duration is displayed in Figure 2.
The results from the random-effects model showed a significant
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TABLE 2 | Study characteristics and associations.

References Country  Sample Mean age Sex (% PG prevalence % PG instrument PG cutoff Sleep instrument Sleep cutoff Sleep parameter(s) NOS
size (n) (SD)/range females) (subgroups)? (o) () and result(s)
Achab et al. France 448 26.6 (7.1)/18-54 17.3 27.5 DAS (-) > 3 of 7 criteria Non-standardized ~ Continuous Sleep duration U 6
(52) questionnaire Yes/No Sleep quality N
-) Yes/No Daytime 4
Yes/No sleepiness
Sleep deprivation 4
Akgay and Turkey 935/892¢ 22.76 (2.2)/- 70.5 - GASA-SF (0.81) Continuous PSQl (-) Continuous Sleep quality J 5
Akgay (53) PSQl (-) Continuous Sleep duration 1
ESS () Continuous Daytime sleepiness A
Single item Continuous Later bedtime NS
Single item Later wake-up time 4
Al Asgah et al.  Saudi 228 21.15 (1.6)/18-25 35 28.1(19.3/8.8)  IGDS9-SF (-) >2/>5 of Single item Continuous Sleep duration 1 5
(54) Arabia 9 criteria
Al Gammal Egypt 60 21.9 (2.7)/18-26 53.3 23.3(18.3/5.0)  IGDS (-) - PSQl () Continuous Sleep quality B 4
et al. (55)
Altintas et al. France 217 24.4 (6.98)/— 19.35 - AIE-Q (0.84) Continuous PSQI (0.67) High sleep Sleep qualityd U 6
(24) quality/Low Sleep
quality (HCA) and
continuous
Arnesen (56) Norway 816 27.9 (7.36)/16-40 56.1 4.0 GASA () >4 of 7 items BIS (0.82) Continuous Insomnia 0
Bonnaire and  France 434 13.15 (0.5)/- 46.8 8.5 GASA (-) >4 of 7 items Single item Yes/No Sleep problems NS5
Phan (57)
Brunborg et al. Norway 1320 13.6 (0.32)/14-15 52.1 17.1 (12.9/4.2)  GASA (0.85) 2-3/>4 core Single items >0Once aweek  Sleep problems A 9
(58) symptoms (0.60-0.70) Daytime sleepiness 4
De Pasquale Italy 566 22.74 (4.8)/18-35  42.76 5.3 IGDS9-SF Continuous/> 5 SCL-90R (-) Continuous Sleep disorders 4 5
et al. (59) (0.921)/DSM-5 DSM-5 criteria
IGD criteria ()
Fazeli et al. Iran 1512 15.51 (2.8)/13-18 43.6 - IGDS9-SF (0.90) Continuous ISI (0.87) Continuous Insomnia A 8
(60)
Fernandes India 185 21.59 (2.6)/- 65.76 - GASA (0.89) Continuous Singe item Continuous Sleep quality 1 3
etal. (61) Indonesia
Malaysia
Mexico
Philippines
UK
Gonzalez- Spain 577 11.41 (0.5)/11-12 43.2 18.72 (17.5/1.2) CESR (0.87) >26/>39 test Single item Continuous Sleep duration J 4
Valero et al. score
(62)
Hawi et al. (23) Lebanon 524 16.1 (1.0)/15-19 52.1 44.9 (35.7/9.2)  1GD—20 (0.91) >50/> 71 test Single items Continuous Sleep duration 1 7
score Sometimes or Woke up to continue 4
more playing
Kimetal. (63) South 230 16.63 (1.0)/15-18 Males only 51.3 OGASA (0.93) > 38 test score Single item >< 6 hours of Sleep duration 1 5
Korea sleep
(Continued)
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References Country  Sample Mean age Sex (% PG prevalence % PG instrument PG cutoff Sleep instrument Sleep cutoff Sleep parameter(s) NOS
size (n) (SD)/range females) (subgroups)? (@) (@) and result(s)
King et al. (64) Australia 1287 14.9 (1.5)/12-18 50.4 - PTU (-) Continuous SAMQ () Continuous Sleep duration'VP/We | 5
Sleep onset latencyVP/WE 4
Electronic media related
sleep disruption 4
Ko et al. (41) Taiwan 207/138°  25.59 (3.8)/20-38 21.7 50* Diagnostic IGD: >5 of Diagnostic Yes/No Insomnia 4 4
interview based 9 criteria interview Yes/No Delayed 4
on DSM-IGD and ~ GD: endorsement sleep phase disorder
ICD-GD criteria of 4, 5, 6, and 9 <1,1-2, >8a.m. Falling asleep at a later 4
criteria of IGD <9a.m., 9a.m. time
-12p.m., > 12  Waking up at a later time 1
p.m.
Yes/No Turning night into day A
Less than 4h Inadequate sleep time 4
sleep 2 or more
days a week
Lin et al. (65) Iran 4,442 15.3 (1.6)/13-18 49.7 73.9 (47.9/26.0) GAS(A) (0.89) Latent class PSQl () Continuous Sleep quality N 9
analysis (LCA)
Lin et al. (40) Iran 640 16.25 (2.6)/13-24 33.8 - IGDS9-SF (-) Continuous ISI (=) Continuous Insomnia 4 5
Liu et al. (66) China 1,040 - 60.0 - GASA (0.95) Continuous PSQI (0.64) Continuous Sleep quality N 4
Mannikkd Finland 293 18.7 (3.4)/13-24 49 8.2 GAS(A) (0.79) > 4 of 7 items Single item Every week or Sleep problems t 4
et al. (67) more often
Mannikkd Finland 773 17.5 (4.4)/16-19 411 - IGDT-10 (-) Continuous Single item Continuous Sleep duration 1 5
et al. (68)
Nakayama Japan 814/549°¢  12.21 (0.4)/12-13 47.2 6.4 IGDT-10 (0.82) >3 test score Single items None-Always Daytime sleepiness A 6
et al. (69) (during classes)
<21:59, Later bedtime"/P/HP 1
22:00-22:59,
23:00-23:59,
0:00-00-59. >
1:00h
< 5:59, 6:00- Later wake-up timeV®/H0 ¢
6:59, 7:00-7:59,
8:00-8:59,
>9:00h
Nogueira Portugal 152 11.5 (-)/10-14 47 37.5(33.6/3.9) DSM-5 >4/>5 of 9 items Single item Continuous Sleep duration 4 2
etal. (70) pathological PDSS (-) Continuous Daytime sleepiness 1
gambling (-)
Peracchia Italia 300 14.76 (1.1)/— 62 50* AICA-S (-) 4-6h playing a PSQl (-) Continuous Sleep quality NS g
etal. (71) day = “Hard Daytime sleepiness N
gamers” <1h Sleep efficiency 0
playing a day =
“Casual gamers”
(Continued)
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TABLE 2 | Continued

References Country  Sample Mean age Sex (% PG prevalence % PG instrument PG cutoff Sleep instrument Sleep cutoff Sleep parameter(s) NOS
size (n) (SD)/range females) (subgroups)? (@) (@) and result(s)

Rehbeinetal.  Germany 16.168 15.3(0.7)/15-16  48.7/0° 6.7 (4.17/2.5) KFN-CSAS-II > 35/> 42 test Single items Continuous Sleep duration 6
(72) /7761° (0.92) score Always having Sleep problems

problems falling

asleep the week

before
Rehbeinetal.  Germany 11.003 14.9 (0.7)/13-18 48.9 1.2 CSAS (0.93) >5 of 9 criteria Single item Continuous Sleep problems 6
(79)
Satghare et al.  Singapore 1,085 23.7 (56.3)/13-40 44.5 - IGDQ (0.73) > 5 of 9 criteria ISI (0.90) > 10 test score  Insomnia 6
(74)
Severo et al. Brazil 555 20.3 (5.4)/- 42.5 56.4 (18.2/38.2)  IGDS9-SF (-) > 16/> 21 test PSQl (-) Normal/Altered  Sleep quality 7
(75) score
Stockdale and  USA 174 20.8 (2.2)/— 15 50* IGDS () >5 of 9 items Neuro-QOL-SD-SF  Continuous Sleep problems 7
Coyne (76) )
Turel et al. (77)  USA 125 13.02 (2.2)/10-17 33 - OVGA (0.87) Continuous Fitbit- actigraphy  Continuous Sleep duration 5
Vollmer et al. Turkey 471 12.89 (1.1)/11-16 39.7 - CGA (0.92) Continuous CSM (=) Continuous Eveningness 7
(78)
Wenzel et al. Norway 3405 —*/16-74 = 1.4 Single >4hplayingaday - - Sleep problems 5
(79) engagement item
Wong et al. Hongkong/ 300 20.89 (1.5)/- 59.33 - IGDS9-SF (0.91) Continuous PSQI (0.83) Continuous Sleep quality 6
(80) China
Yu et al. (81) China 1,066 12.67 (-)/12-13 43.5 13.6 DSM-5 IGD criteria Continuous ISI (0.84) Continuous Insomnia 7

(0.75)

|, inverse association with problematic gaming; 1, positive association with problematic gaming; -, not reported in the manuscript; *, balanced comparison groups; S, not significant; NOS, Newcastle-Ottawa quality assessment scale
score; o, Cronbach’s alpha; @, collapsed subgroups of problem gamers, subgroups in brackets (e.g., problem/disordered); , only boys were included in the analysis; ¢, included in the analysis; 9, all PSQI-subscales are reported; WP/WE,
Weekdays and weekends, "P/HP, Weekdays and holiday.
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TABLE 3 | Results from the Newcastle-Ottawa quality assessment.

Selection Comparison Outcome
References Representativeness Sample size Non- Ascertainment Comparable Assessment of Statistical test
(Max:%) (Max:%) respondents  of the exposure outcome outcome (Max:%)
(Max: %) (Max: % %) groups/Controlled (Max: % %)
for confounding
factors
(Max: %)
Achab et al. (52) - * - * *k * *
Akgay and Akgay (53) * * - * %k - * -
Al Asgah et al. (54) * * - * * - * -
Al Gammal et al. (55) - - - * * - * -
Altintas et al. (24) - - * * % * % * *
Arnesen (56) * * * * * - * -
Bonnaire and Phan (57) - * * * % - * -
Brunborg et al. (58) * * * * % * % * *
De Pasquale et al. (59) - * - ** * * -
Fazeli et al. (60) * * - * %k * & * *
Fernandes et al. (61) - - - * %k - * -
Gonzalez-Valero et al. (62) - * - * %k - * -
Hawi et al. (23) * * - * * % * -
Kim et al. (63) * * - * * - * -
King et al. (64) * * - * - * -
Ko et al. (41) - * - * % * * -
Lin et al. (65) * * * ** *k * *
Lin et al. (40) * * - * % - * -
Liu et al. (66) - * - *k - * -
Mannikko et al. (67) * - - * %k - * -
Mannikko et al. (68) * * - * %k - * -
Nakayama et al. (69) * * * * %k - * -
Nogueira et al. (70) - - - * - * -
Peracchia et al. (71) - * - * * - * -
Rehbein et al. (72) * * * * * - * -
Rehbein et al. (73) * * * * * - * -
Satghare et al. (74) * * - *k - * *
Severo et al. (75) - * - * % * % * *
Stockdale and Coyne (76) * * - ** * % * -
Turel et al. (77) - * - * % - * %k -
Volimer et al. (78) - * - * %k *k * *
Wengzel et al. (79) * * * * - * -
Wong et al. (80) - - - * * ** * *
Yu et al. (81) * * - * * ok * *

overall inverse association between problematic gaming and sleep
duration (g = —0.238, 95% CI [—0.364, —0.112]), suggesting
that problematic gamers report shorter sleep duration than non-
problematic gamers. An additional random-effects model was
performed for the studies providing data on sleep duration
in terms of hours and minutes (k = 6). This amounted to
a difference between conditions of —20.79 min (95%, CI =
[—27.31, —14.30, min.]). The Q-statistic was significant (Q =
65.7, df = 11, p < 0.001), indicating heterogeneity between
the studies. The I?~statistic showed a high percentage of true
between-study variance (I> = 83.3%). A subgroup analysis

comparing studies targeting adolescent populations (k = 8,
weighted mean age = 15.2) and studies targeting adult or non-
specific age populations (k = 4, weighted mean age = 23.7),
showed that the former subgroup had a higher overall effect
size (g = —0.323, 95% CI [—0.450, —0.195]) compared to the
latter subgroup (g = —0.037, 95% CI [—0.222, 0.148]). The
difference between the subgroups was significant (Qpey = 6.23,
df =1, p = 0.013). There was significant heterogeneity within
the adolescent (Q = 17.86, df = 7, p < 0.05, I? = 60.8%) and
adult or non-specific subgroup (Q = 21.24, df = 3, p < 0.001,
I? = 85.9%). Concerning publication bias, the funnel plot was
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error Variance limit limit Z-Value p-Value
Achab, 2011 -0,317 0,106 0,011 -0,526 -0,109 -2,989 0,003 +
Akcay, 2020 0,237 0,067 0,005 0,105 0,370 3,518 0,000 —.—
Al Asqah, 2020 -0,098 0,147 0,022 -0,386 0,190 -0,669 0,504 B
Altintas, 2019 -0,054 0,136 0,019 -0,321 0,213 -0,395 0,693 ——
Gonzalez-Valero, 2020 -0,498 0,105 0,011 -0,705 -0,292 -4,732 0,000 +
Hawi, 2018 -0,344 0,089 0,008 -0,518 -0,170 -3,871 0,000 —.—
Kim, 2016 0,315 0,134 0,018 -0,578 -0,053 -2,354 0,019 -——
King, 2014 -0,262 0,056 0,003 -0,372 -0,152 -4,658 0,000 -.-
Minnikkd, 2019 -0,193 0,072 0,005 -0,334 -0,051 -2,664 0,008 —.—
Nogueira, 2019 -0,526 0,175 0,031 -0,869 -0,183 -3,005 0,003 —_—y—
Rehbein, 2010 -0,150 0,046 0,002 -0,240 -0,059 -3,242 0,001 -.-
Turel, 2016 -0,580 0,187 0,035 -0,947 -0,212 -3,093 0,002 —_——
Overall 0,238 0,064 0,004 -0,364 -0,112 -3,697 0,000 <o
-1,00 -0,50 0,00 0,50 1,00
FIGURE 2 | Forest plot showing the association (Hedges's g) between problematic gaming and sleep duration.

somewhat asymmetric. The trim and fill procedure suggested that
two studies were missing and when imputing these the overall
effect size was adjusted to g = —0.196, 95% CI [—0.317, —0.074].

Sleep Quality

Figure 3 displays the forest plot for sleep quality. The random-
effects model showed that problematic gamers had increased
odds of reporting poorer sleep quality compared to non-
problematic gamers (OR = 2.02, 95% CI [1.47, 2.78]). The Q-
statistic was significant (Q = 149.06, df = 10, p < 0.001), and
the I*~statistic showed a high percentage of true between-study
variance (I = 93.3%). The subgroup analysis comparing studies
targeting adolescent populations (k = 3, weighted mean age =
15.2) and studies targeting adult/non-specific age populations (k
= 8, weighted mean age = 22.9) did not yield any significant
differences between subgroups (Qpey = 0.05, df = 1, p = 0.819).
A second subgroup analysis comparing studies that used a single-
item sleep assessment (k = 2) and studies using multi-item sleep
questionnaires (k = 9) was conducted. The difference between
the subgroups was not significant (Qpet = 2.56, df =1, p =0.109).
The funnel plot was slightly asymmetric, and the trim and fill
procedure suggested that one study was missing, adjusting the
overall effect to OR = 2.09, 95% CI (1.52, 2.86). The Orwin’s
fail-safe N showed that 52 missing studies with zero effect are
needed to reduce the overall effect to the trivial effect criterion
(OR=1.2).

Daytime Sleepiness

Figure 4 displays the forest plot for daytime sleepiness. The
results from the random-effects model showed a significant
overall effect size of OR = 1.57, 95% CI (1.00, 2.47), indicating
that problematic gamers had increased odds of reporting daytime

sleepiness compared to non-problematic gamers. The Q-statistic
was significant (Q = 61.75, df = 6, p < 0.001), and the I?>~ statistic
showed a high percentage of true between-study variance (I?
= 90.3%). The subgroup analysis comparing studies targeting
adolescent populations (k = 4, weighted mean age = 13.3)
and studies targeting adult/non-specific age populations (k =
3, weighted mean age = 24.1) did not yield any significant
differences between subgroups (Qpey = 0.09, df = 1, p = 0.753).
The subgroup analysis comparing studies that used a single-
item sleep assessment (k = 3) and studies using multi-item sleep
questionnaires (k = 4) showed that the former subgroup had a
significant higher overall effect size (OR = 2.74, 95% CI [1.84,
4.08]) compared to the latter subgroup (OR = 1.01, 95% CI
[0.70, 1.44]), with a Qper = 13.30, df = 1, p < 0.001. There
was still significant heterogeneity within the multi-item sleep
questionnaire group (Q = 15.12, df = 3, p < 0.01, I* = 80.1%)
while there was no significant heterogeneity within the single-
item sleep assessment group (Q = 1.42, df = 2, p = 0.491, I?
= 0.0%). The funnel plot was symmetric, and the trim and fill
suggested that there were no missing studies; resulting in no
adjustment of the overall effect size. Orwin’s fail-safe N showed
that 12 missing studies with zero effect are needed to reduce the
overall effect to the trivial effect criterion (OR = 1.2).

Sleep Problems

Figure 5 displays the forest plot for sleep problems. The results
from the random-effects model showed a significant overall effect
size of OR = 2.60, 95% CI (1.94, 3.47), indicating that problematic
gamers had increased odds of reporting sleep problems compared
to non-problematic gamers. The Q-statistic was significant (Q =
121.62, df = 14, p < 0.001), indicating significant heterogeneity
between the studies. The I>~ statistic showed a high percentage

Frontiers in Psychiatry | www.frontiersin.org

10

June 2021 | Volume 12 | Article 675237


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Kristensen et al.

Problematic Gaming and Sleep

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Achab, 2011 4313 2,633 7,064 5,804 0,000 ——
Akcay, 2020 2,521 1971 3224 7,365 0,000 g
Al Gammal, 2019 0,538 0,085 3,395  -0,660 0,510 -
Altinas, 2020 0,907 0,558 1,474  -0,395 0,693 ——
Fernandes, 2020 3,002 1,731 5,207 3,912 0,000 ——
King, 2014 1,290 1,057 1,574 2,508 0,012 B
Liu, 2020 2266 1,807 2,842 7,085 0,000 B
Lin, 2019 3471 3229 3732 33,695 0,000 B
Peracchia, 2017 1,445 0957 2,180 1,752 0,080 =
Severo, 2020 1,433 1,032 1,990 2,150 0,032 -
Wong, 2020 2,541 1,660 3,891 4,291 0,000 -
Overall 2,021 1,468 2,783 4312 0,000 <P
01 02 05 2 5 10
FIGURE 3 | Forest plot showing the association (odds ratio) between problematic gaming and sleep quality.

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Achab, 2011 3,100 1,921 5,003 4,634 0,000 ——
Akcay, 2020 1,271 1,001 1,614 1,968 0,049
Altintas, 2019 0,761 0,468 1,239 -1,097 0,273 -
Brunborg, 2013 2,337 1,718 3,178 5410 0,000 _:
Nogueira, 2019 1,921 1,055 3,496 2,136 0,033
Peracchia, 2017 0,599 0,397 0,905 -2,435 0,015 -
Nakayama, 2020 2,931 2,134 4,025 6,640 0,000 = =
Overall 1,575 1,003 2,474 1,974 0,048 >

01 02 05 1 2 5 10

FIGURE 4 | Forest plot showing the association (odds ratio) between problematic gaming and daytime sleepiness.

of true between-study variance (I

88.5%). The subgroup

analysis comparing studies targeting adolescent populations (k =
8, weighted mean age = 15.0) and studies targeting adult/non-
specific age populations (k = 7, weighted mean age = 24.6) did
not yield any significant differences between subgroups (Qper =
0.61, df = 1, p = 0.434). There was significant heterogeneity
within the adolescent subgroup (Q = 115.45, df =7, p < 0.001,
I? = 93.9%) while there was no significant heterogeneity within
the adult/non-specific group (Q = 6.13, df = 6, p = 0.409, I* =
2.1%). Finally, the subgroup analysis comparing studies that used
a single-item sleep measure (k = 6) and studies using multi-item

sleep questionnaires (k = 9) showed a significant difference
between groups (Qper = 7.20, df = 1, p < 0.01), where the multi-
item sleep questionnaire subgroup yielded a higher overall effect
size (OR = 3.47,95% CI [2.51, 4.81]) compared to the single-item
sleep measure subgroup (OR = 1.77, 95% CI [1.23, 2.65]). There
was significant heterogeneity within both the multi-item sleep
questionnaire group (Q = 62.92, df = 8, p < 0.001, I> = 87.3%)
and the single-item sleep assessment group (Q = 13.05,df =5, p
=0.02, I* = 61.7%). Concerning publication bias, the funnel plot
showed a somewhat asymmetrical distribution. The trim and fill
suggested that one study was missing, resulting in an adjustment
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Arnesen, 2010 1,808 0411 7,956 0,783 0,433 =
Altintas, 2019 3209 1,926 5347 4476 0,000 —il—
Bonnaire, 2017 0,708 0,320 1,566  -0,852 0,394 i
Brunborg, 2013 2,146 1,553 2,966 4,627 0,000 -
De Pasquale, 2020 2,541 1,865 3,463 5908 0,000 4l
Fazeli, 2020 7278 5907 8,966 18,646 0,000 B
Ko, 2019 4,632 1245 17,232 2287 0,022 »
Lin, 2021 3,129 2329 4204 7,572 0,000 -
Minnikks, 2015 1,871 1,229 2848 2,923 0,003 —-
Rehbein, 2010 2,581 1,886 3,532 5925 0,000 il
Rehbein, 2015 1,448 1,056 198 2295 0,022 -
Satghare, 2016 3,180 2273 4,448 6,757 0,000 E =
Stockdale, 2018 4,660 2,654 8,180 5360 0,000 ——
Wenzel, 2009 2,040 1,139 3,654 2399 0,016
Yu, 2020 2,452 1,959 3,069 7,825 0,000
Overall 2,600 1,945 3475 6,454 0,000

01 02 05 1 2 5 10
FIGURE 5 | Forest plot showing the association (odds ratio) between problematic gaming and sleep problems.

to OR =2.81,95% CI (2.11, 3.76). The Orwin’s fail-safe N showed
that 76 studies with zero effect are needed to bring the overall
effect down to the trivial effect criterion (OR = 1.2).

DISCUSSION

The aim of this meta-analytic review was to determine the
associations between problematic gaming and sleep. A total of
33 studies, including 51,430 participants across 26 countries
were synthesized quantitatively. Overall, the results indicated
that problematic gaming was significantly associated with shorter
sleep duration (g = —0.238/raw mean difference = —20.8 min)
and increased likelihood of reporting poorer sleep quality (OR =
2.02), daytime sleepiness (OR = 1.57) and sleep problems (OR
= 2.60). Also, the systematic review suggests that problematic
gaming is positively associated with delayed sleep phase disorder,
eveningness chronotype, sleep deprivation, later bed- and wake-
up times, and nocturnal awakenings. Most studies included in the
review and meta-analyses were cross-sectional which precludes
conclusions regarding directionality/causality.

Main Findings

All of the meta-analyzed sleep outcomes yielded significant
overall effects. Following the classifications of Cohen (50) and
Ferguson (51), the overall effects of g = —0.238 and ORs ranging
from 1.57 to 2.60 could all be considered small. The magnitude
of ORs is, however, difficult to interpret as the interpretation
is dependent on the prevalence rates of the outcome (82, 83).
Small effect sizes could still be relevant if the outcome variable
is important (theoretically or practically) and when the outcome

has high prevalence rates (84, 85). The outcome in this case
(i.e., sleep problems) could be argued to be of importance
due to the range of adverse consequences it involves and its
high and increasing prevalence rates (21). Identifying possible
determinants of sleep problems (i.e., problematic gaming) is as
such of great societal importance, even if such determinants are
rather weakly associated with sleep problems. Further, for the
finding regarding sleep duration, one could argue that an average
nightly sleep reduction of 20.8 min is clinically meaningful, as
having a chronic sleep reduction of that size may have adverse
consequences and is likely to be experienced as a problem by the
individual (86).

The current findings are comparable to the findings in
three recent meta-analyses which found significant associations
between internet addiction and sleep duration (Cohens d =
—0.24) and sleep problems (OR = 2.20) (87), problematic
smartphone use and poor sleep quality (OR = 2.60) (88), and
excessive general technology use and shorter sleep duration
(Cohen’s d = —0.25) (89). The latter study also found a positive
significant relationship between excessive general technology
use and sleep problems. This relationship yielded, however, a
smaller effect size (OR = 1.33) compared to the effect size
between problematic gaming and sleep problems observed in
the current study (OR = 2.60). As Mei et al. (89) included a
variety of different media type use in their synthesis (including
general PC use, cell phone, MP3 player, tablet, and TV),
this discrepancy in effect sizes might be explained by video
games’ inherent interactive features which may make them more
arousing compared to more “passive” media types (e.g., watching
TV) (90-92).
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Subgroup Analyses

There was significant heterogeneity in all meta-analyses.
Subgroup analyses yielded no significant group differences
regarding sleep quality. The lack of significant difference may,
however, be a result of low power in the analyses due to
the low number of studies included in each subgroup. A
significant difference was found in the overall effect between
studies targeting adult and adolescent populations on sleep
duration where problematic gaming among adolescents was
associated with shorter sleep duration than problematic gaming
among adults. Given the different mean ages in the subgroups
(weighted mean = 23.7 and 15.2 years) this finding could
reflect that younger age is associated with shorter sleep duration
among problematic gamers. This might be explained by the
literature suggesting that adolescents are more prone to have
a delayed sleep schedule compared to adults in general (93-
95). A combination of a predisposition for delayed sleep phase
together with untimely late-night gaming, which may further
delay the sleep schedule, might result in a more severe sleep
deficit for adolescents compared to adults (96). Alternatively, as
the adult samples in the current subgroup analysis comprised
college/university students and young adults, this finding might
also be related to the fact that this group typically have more
morning flexibility (e.g., freedom in choosing which classes to
attend and not) compared to primary/high school students which
typically have a more predetermined and mandatory schedule
and thus fewer opportunities to compensate for delayed bedtimes
with later wake-up times (97).

The second subgroup analysis found that for daytime
sleepiness and sleep problems, studies using standardized multi-
item sleep questionnaires (e.g., PSQI/ESS) yielded statistically
different effect sizes compared to studies using a single-
item/own-made sleep measure. These variations in effect sizes
may be attributed to the fact that standardized multiple-
item measurements have more stable and robust psychometric
properties (i.e., have less measuring error) compared to
single-item measurements (98). This has been demonstrated
empirically in a study that found that a single-item sleep
disturbance measurement yielded relatively low sensitivity (i.e.,
ability to correctly identify sleep problems) compared to a
multi-item sleep disturbance scale; suggesting that single-item
sleep measurements are less able to correctly discriminate
true from false positives (99). Followingly, the effect sizes
derived from studies implementing single-item/own-made sleep
measurements may be less valid. Thus, the overall effects on
daytime sleepiness and sleep problems should be interpreted with
this methodological issue in mind.

Publication Bias

The results show that all meta-analyses, except daytime
sleepiness, seemed to be somewhat influenced by publication
bias according to the funnel plots and trim and fill procedure.
This suggests that, for these syntheses, smaller studies with larger
effect sizes may be overrepresented (38, 100). The largest bias was
found for sleep duration, hence the finding regarding this sleep
parameter should be interpreted with some caution. For sleep
quality and sleep problems, the overall effects were only slightly

adjusted by the trim and fill, suggesting that the impact of the
publication bias on the overall effect was rather modest.

Limitations of the Included Studies

A limitation of the included studies is that most were cross-
sectional. The lack of longitudinal studies makes it impossible
to draw inferences on the directionality between problematic
gaming and sleep or to speculate about causality. Moreover,
only 13 of the 34 included studies adjusted their estimates for
confounding factors (see Table 3). Importantly, all except for
one study assessed sleep based upon participants’ self-report,
potentially introducing response bias such as socially desirable
responding and the common method bias.

No study used polysomnography, thus there is a paucity of
knowledge on the distribution of sleep stages in problematic
gamers. Most of the sleep-related instruments used in research,
like the Bergen Insomnia Scale (101), Epworth Sleepiness
Scale (102), and the PSQI (103), have been validated against
polysomnography in previous studies. In terms of instruments
used for the assessment of problematic gaming, these seem to
a very limited extent to have been validated against clinical or
neurobiological data in previous research (104, 105). Although
some of the instruments used for assessing sleep and problematic
gaming have been validated against objective or clinical data, it
is striking that only a few of the studies included in the present
meta-analysis employed such data/assessment (41, 77). Further,
most of the studies fail to provide a detailed account regarding the
nature of the gaming behavior and sleep problems. For instance,
none of the studies registered the time of day the gaming took
place. Also, few studies differentiated between sleep data from
weekdays and weekends/holidays. Further, few studies registered
data on the specific game genres that were played. Consequently,
little is known whether some game types are stronger associated
with sleep impairments than others. In addition, none of the
studies registered whether gaming before sleep was motivated
by relaxation or excitement, which would affect arousal and
consequently sleep latency. Of the 34 included studies, only
two used random population sampling (56, 79), while the
remaining used convenience sampling. Moreover, the samples
were primarily western-European adolescents. Consequently, the
findings might not be generalizable beyond these populations.
Lastly, only 10 of the 34 studies were large with more than
1,000 participants, which may put restrictions on the analytic
power and the precision of their estimates. Taken together,
the abovementioned issues suggest that the available literature
has some serious limitations which should be addressed in
future studies.

Limitations and Strengths of the Current

Review

A limitation of this review is the variability in study populations
and spread of operationalizations, measurement tools, and
cutoff values to indicate both problematic gaming and sleep
problems; suggesting that the current review may have some
limitations in terms of comparability between the included
studies. This issue can be highlighted by the high levels of
heterogeneity found in all the current meta-analyses. In an
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effort to reduce the heterogeneity, the review could have
implemented more stringent inclusion criteria such as only
including studies that conceptualized problematic gaming using
the four “core addiction” criteria [i.e., conflict, withdrawal,
relapse, and problems; cf., (5)] or only included studies adapting
the IGD/GD conceptualization. This would, however, further
reduce the somewhat restricted pool of studies on the topic and
result in insufficient analytic power. Another limitation is the
fact that the subgroups of problematic gamers were collapsed
in the meta-analyses, although it is conceivable that problematic
gamers with more severe symptoms experience more problems
with sleep than those with less severe symptoms. Thus, collapsing
subgroups may have downplayed the severity of sleep problems
among the most problematic gamers. Furthermore, there are
also some potential limitations in the present search strategy
and inclusion criteria which could cause bias to the synthesis.
While the current inclusion criteria did not exclude non-journal
manuscripts, the current search strategy makes it likely that
scientific work not published in scientific journals could have
been overlooked - resulting in possible selection bias. To reduce
the risk of bias, the search strategy could have been extended
to include gray literature databases (e.g., ProQuest Dissertations
& Theses, OpenGrey) and would further have benefited from
being validated by a librarian and/or through peer review.
Moreover, there might be language bias to the synthesis as the
current inclusion criteria excluded all manuscripts that were
not in a European language, especially considering the high
attention surrounding problematic gaming in Southeast Asian
countries (14).

Despite these abovementioned limitations, a strength of
the current review is the implementation of two independent
reviewers in the screening, data extraction, and study quality
assessment processes; reducing the risk of bias and human error
and consequently increasing the reliability, reproducibility, and
internal validity of the synthesis. Moreover, the current study
provides the most comprehensive systematic review on the topic
to date and is the first study to quantify the relationship between
problematic gaming and multiple sleep-related outcomes using a
meta-analytic approach.

Implications for Further Research

This review highlights several future research avenues. The
field is in need of more longitudinal studies in order
to assess the directionality of the gaming-sleep problems
relationship. Moreover, more knowledge is needed on the
possible causal pathways involved regarding the relationship
between problematic gaming, sleep, and associated outcomes.
For instance, the physical, psychological, and functional
impairments associated with problematic gaming may reflect
an indirect effect between problematic gaming and sleep
interference rather than there being a direct causal effect between
problematic gaming and negative outcomes. Followingly, future
research would benefit from registering more detailed data, such
as time of day of gaming, type of game played, sleep both
during weekdays and weekends, and specify the nature of the
sleep problem as this could provide a better understanding of
the mechanisms underlying the association between problematic
gaming and sleep. Furthermore, this systematic review and

meta-analysis note a potential methodical issue regarding the use
of single-item sleep measurement which could yield unprecise
estimates. Further research would benefit from assessing sleep
parameters using standardized and validated questionnaires
as these have less measurement error and would make for
better comparisons as well as providing more information on
the severity of sleep problems. Also, rather than retrospective
questionnaires, further studies would benefit from using sleep
diaries as it provides a more detailed picture on the day-to-day
relationship between gaming and sleep (e.g., mini-longitudinal
design), providing data less prone to recall bias. Moreover,
further research would benefit by measuring sleep objectively
using polysomnography or actigraphy and to employ clinical
screening tools for sleep-related disorders in order to advance
the literature. Also, the current evidence base is in need of
more nationally representative, and cross-cultural studies, as the
currently available data are encumbered with limitations in terms
of generalizability.

CONCLUSION

The current review contributes to the debate on problematic
gaming by offering the first quantitative systematic review on
problematic gaming and sleep. Overall, the current synthesis
suggests that problematic gaming is associated with sleep
impairments, confirming that problematic gaming is related to
adverse outcomes. The field is, however, currently in urgent need
of more high-quality studies and longitudinal investigations.
Insight into sleep’s role in problematic gaming behavior is
important as it could contribute to a better understanding of the
etiology of both problematic gaming and sleep problems, which
is important for effective assessments, treatments, and health
promotion strategies.
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