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ABSTRACT

The public opinion is ever more interested and worried about possible effects of  exposure to 
VGs (video games) on human life and well-being. Scientific literature shows several evidences 
highlighting negative outcomes on behavioural, emotive, cognitive and physical health spheres. All 
these aspects are intrinsically linked to sleep quality and quantity and to date very few studies 
directly investigated the effects of  videogame (VG) exposure on sleep and post-sleep cognitive 
status. The aim of  the present systematic review is to examine the impact that the exposure to VGs 
can produce on sleep pattern and the consequent post-sleep cognitive abilities. To this extent, only 
studies directly investigating the effects of  VGs on sleep features and post-sleep cognitive abilities 
have been selected and discussed. Data currently present in literature show the alteration of  sleep 
pattern after exposure to VGs. The analysis indicated a reduction of  Total Sleep Time (TST) and 
an increase of  Sleep Onset Latency (SOL), modifications of  the REM sleep and Slow Wave Sleep 
(SWS), and increased sleepiness and self-perceived fatigue. Moreover, post-sleep sustained attention 
and verbal memory also appear to be impaired. It can be concluded that playing VGs for long 
periods, particularly in the evening, is a significant, common and probable cause of  sleep problems: 
evening exposure to VGs, in fact, can bring to insufficient and low quality sleep, with possible 
effects on cognition in the subsequent waking days. Potential methodological flaws and limitations 
of  these studies have also been described and discussed. Because of  the very limited number of  
available study on this topic further research is strongly needed.
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INTRODUCTION
In the recent decades, video games (VGs) industry has 

expanded to the point of  becoming one of  the largest multi-
media economic activities in the world. Thanks to their great 
availability and accessibility, VGs have become immediately and 
extremely popular among children, adolescents and adults. They 
appeared for the first time in the 1962 at M.I.T., when Steve 
Russell created Spacewar!, the very first VG of  the history, with 
essential graphics and luminous dots moving on the display1. 
Then, mainly thanks to technological evolution, games ever 
more immersive and rich in details have been developed, con-
tributing to the creation of  new genres and types of  VGs.

Such a great success of  videogaming industry, together 
with the fact that it became one of  the most popular recreational 
activities practiced by children and adolescents, fostered a strong 
public debate about the possible effects of  VGs exposure on 
human well-being. Recent studies showed that in western indus-
trialized countries many children and adolescents play VGs for 
a very long time during the day2,3. Several recent investigation 
have shown that children and adolescents live media-saturated 
lives: a percentage ranging from 83 to 97% has a home console 
for VG with which interact for several hours per day4,5. And this 
incidence is not limited to youngest: it has been reported that 
more than half  of  U.S. adults are interested in playing VGs5 and 
it is believed that such percentages will reasonably increase over 
the years6.

These data have conducted the researchers to question 
which are the effects of  prolonged and continuous exposure. In 
1983, U.S. Surgeon General hypothesized that VGs were one of  
the principal causes of  family violence7. In the subsequent years, 
the debate moved and continued in the scientific community8-10 
showing often contrasting points of  view.

Under the behavioral point of  view, a good number of  
studies demonstrate that VG exposure can induce development 
of  aggressive behaviors11-13, associated with anger14,15 and im-
pulsivity16. Contrarily to these studies, some other authors re-
futed these results indicating the absence of  a clear relationship 
between playing VG and addiction, and violent or aggressive 
behavior17,18. Some studies focused their attention to cognitive 
aspects, suggesting that prolonged exposure to VGs may have 
a detrimental impact on the attentional sphere16,19,20, with pos-
sibility to evolve to a clinically relevant attentional deficit21, with 
worsened scholastic performance22,23 and memory deficiency24. 
In addition to these effects, a negative correlation between ex-
posure to VGs and cognitive proactive control has also been 
reported25. On the other hand, several other studies highlighted 
a possible increase in cognitive performances as a consequence 
of  exposure to VGs, reporting improvements in several brain 
abilities such as visuo-motor skills, when exposure is not exces-
sive26, information processing27, executive functions28-30, learn-
ing31. These studies have also been recently deeply reviewed and 
discussed in a theoretical framework of  brain plasticity and on 
the opportunity to use this technology as a potential brain en-
hancer32,33.

Additionally, some studies suggested an increase in de-
pression and anxiety34,35, a reduction of  empathy36 and an im-
pairment of  socially oriented behavior37 as a consequence of  
VG playing. However recent studies have refuted such data 
showing no effect on social behaviour38 and improvements in 
empathy39. Indeed Chen et al.40 shown that interactive video 
games had a direct, positive impact on empathy and may be use-
ful as part of  innovative curricula to improve empathy among 
students. Another relevant aspect of  prolonged videogaming 
(and, more in general, of  media utilization) is related to physi-
cal activity and different kind of  VG: people that play to classic 
VGs tend to show significant behavioural consequences as erro-
neous eating habits, BMI increase and increased risk of  obesity 
in both males and females and independently by age41,42; on the 
contrary, people who play exergames tend to show some health 
benefits as the improvement of  physical fitness, a significative 
weight loss, and an enhanced enjoyment43,44. In general, it would 
be taken into consideration that all these observations are rel-
evant caveats when a systematic analysis of  literature is done with 
respect to psychological, behavioral and physiological eggects 
of  videogaming.

To all these considerations, some conflicting with each 
other, it should be added the one related to the fact that play-
ing VGs is usually a nighttime activity45: due to work, study or 
social commitments, people tend to play during the first hours 
of  night, sacrifying time to sleep45,46 and exposing themselves to 
several negative cognitive consequences47. In spite of  all these 
studies on behavioral, cognitive and emotional aspects, only a 
few investigations directly explored the effects of  VG exposure 
on sleep in general and on behavioral aspects of  sleep as qual-
ity, quantity, latency of  sleep onset, nocturnal awakenings and 
so on.

To this aim, here we will review studies on the effects of  
exposure to VG on sleep, with particular attention to quantita-
tive and qualitative self-reported aspects of  sleep, physiological 
aspects of  sleep after exposure to VG and related consequences 
on cognitive skills upon awakening. Limitations and future di-
rections for research in this field will also be discussed.

METHODS
Systematic review strategies

A systematic review has been carried out, in order to 
summarize the available results of  experimental studies. To 
identify eligible papers we performed a systematic literature 
search on PubMED, PsychINFO and PsychArticles databases. 
The research has been limited to papers written in English. We 
used the following search terms and logic: “videogames OR video 
games OR video-games OR videogame OR video game OR video-game 
OR video-gaming OR video gaming OR videogaming AND sleep OR 
sleepiness”, “videogames OR video games OR video-games OR videogame 
OR video game OR video-game OR video-gaming OR video gaming OR 
videogaming AND sleep and “videogames OR video games OR video-
games OR videogame OR video game OR video-game OR video-gaming 
OR video gaming OR videogaming AND sleep AND cognitive process”. 
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In particular on PubMed was searched using term “Video 
Games/adverse effects” [Mesh] OR “Video Games/classification”[Mesh] 
OR “Video Games/psychology”[Mesh]) AND “Sleep”[Mesh], “Video 
Games/adverse effects”[Mesh] OR “Video Games/classification”[Mesh] 
OR “Video Games/psychology”[Mesh]) AND “Sleep”[Mesh] AND 
“Attention”[Mesh], “Video Games/adverse effects”[Mesh] OR “Video 
Games/classification”[Mesh] OR “Video Games/psychology”[Mesh])” 
AND “Sleep”[Mesh] AND “Memory”[Mesh] finally “Video Games/
adverse effects”[Mesh] OR “Video Games/classification”[Mesh] OR 
“Video Games/psychology”[Mesh]) AND “Sleep”[Mesh] AND 
“Cognition”[Mesh].

No limit about year of  publication has been set, and the 
final search is updated to July 2018.

All articles were recovered and selected on the basis of  
presence/absence of  the search criteria (see below). To iden-
tify any articles that may have been missed during the literature 
search, also reference lists of  candidate articles have been care-
fully checked. Following this procedure, we found 1824 publica-
tions and, after applying the selection criteria, the total number 
of  relevant publications was reduced to 12 (see Results section). 
To document the literature search process, we used the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA): 
Figure 1 shows the process diagram followed to select the in-
cluded studies.

Study Selection Criteria
To select only the relevant studies, both titles and ab-

stracts of  all citations identified by the literature search have 
been examined. To this extent, we included all studies that in-
vestigated the specific theme of  exposition to VGs (console or 
computer game) and aspects of  sleep in terms of  quality and 
quantity, sleep onset latency (SOL), total sleep time (TST), 
subjective evaluation of  daytime sleepiness, sleep components 
(NREM-REM cycles, sleep stages), slow-wave sleep (SWS) and 
other results regarding the level of  fatigue and insomnia. More-
over, studies and investigations assessing cognitive skills (such as 
verbal and visuospatial memory, working memory, sustained at-
tention) in people tested at the awakening after have played VG 
were also included. Furthermore, the literature review covered 
both experimental-provocative studies and qualitative-observa-
tional surveys.

All relevant studies have been divided on the basis of  
quantitative and qualitative self-reported aspects of  sleep, of  
quantitative and qualitative physiological aspects of  sleep, and 
on the basis of  cognitive performance tested on the morning 
after the exposure to VG.

RESULTS
Studies selection

Following PRISMA procedure, a research on databases 
PubMED[Mesh], PsychINFO and PsychArticles was conduct-
ed and identified a total of  1824 articles. After having deleted all 
duplicate articles, we got a total number of  200 articles; 55 of  
these were rejected because they did not meet the evaluation cri-
teria described above. The remaining 25 studies were analyzed 

integrally and only 12 were included in the systematic conclusive 
review as they fully satisfied inclusion criteria; of  these 3 were 
literature reviews, dealing with effects of  exposure to VGs on 
sleep and cognitive post-sleep abilities.

In the following sections, the selected studies will be re-
ported and analyzed, grouping them on the basis of  quantita-
tive and qualitative aspects of  self-reported sleep, quantitative 
and qualitative aspects of  physiologically assessed sleep and of  
type of  cognitive performance assessed upon awakening (after 
exposure to VG).

Qualitative and quantitative aspects of  self-reported 
sleep

It is well known that the exposure to external stimuli 
before sleep can significantly influence consequent sleep: seven 
studies just analyzed self-perceived sleepiness after pre-sleep ex-
posure to VG in teenagers.

In the first46, thirteen male adolescent “evening types” 
participated in a counterbalanced, within-subjects design with 
experimental (active video-gaming to Call of  Duty 4) and con-
trol (passive DVD watching of  March of  the Penguins) conditions. 
Their exposure to both experimental and control stimuli was 
limited to 50 minutes before the attempt to go to sleep; record-
ing of  two conditions were done in the laboratory at a distance 
of  one week. Within the several outcomes recorded (see also the 
next section) daytime sleepiness was also assessed by means of  
Stanford Sleepiness Scale. Results (see Table 1) showed a slight 
but significant reduction in sleepiness assessment in VG condi-
tion with respect to control: this slightly significant effect was 
mainly due to the variability of  data since the fact that after 
VG exposure, 7 participants reported a decrease in sleepiness, 2 
reported an increase and 4 indicated no change with respect to 
DVD-control condition.

These results have been challenged by the study of  Ivars-
son et al.48. Here, the authors focused their attention mainly on 
the effects of  different genres of  VG (violent and non violent) 
on teenage boys that were selected on their previous history of  
exposure to VG. Also in this case, besides sleepiness/alertness 
and sleep quality indices, different outcomes were recorded 
(see following sections). Thirty participants (aged 13-16 years, 
SD=0.9), half  of  them low exposed (≤1 hours per day) and 
half  high-exposed (≥3 hours per day) to violent games, played 
in a counterbalanced order to a violent VG and to a non violent 
VG for 2 hours (from 8 to 10 p.m.). The whole experiment took 
place at participants’ home in two different weekdays. Results, 
summarized in Table 1, indicated a significantly increased level 
of  alertness at bedtime within the low-exposed group between 
the two gaming conditions and within the nonviolent condi-
tion between the groups. Moreover a significant reduction of  
the quality of  sleep among low-exposed gamers after having 
played the violent game compared with the nonviolent game, 
and an opposite pattern among the high-exposed gamers has 
been reported. Authors thus concluded that both sleep qual-
ity and alertness were more negatively influenced after the vio-
lent game in low-exposed compared with high-exposed gamers, 
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Figure 1. PRISMA flowchart of  literature search.

hypothesizing that such different reaction patterns could be de-
pendent by desensitizing effects in expert players48.

A survey conducted in Belgium studied bedtime at-
titudes and entertainments media in the bedroom49. This sur-
vey was conducted on a sample of  2546 students of  second-
ary school who have filled in a standardized self-administered 
questionnaire made “ad hoc” for this study. The questionnaire 
contained questions about media presence in bedrooms, volume 
of  television viewing, computer game playing and Internet use, 
time to bed and time up on average weekdays and average week-
end days, and questions regarding the level of  tiredness in the 

morning, at school, after a day at school, and after the weekend. 
The results highlighted that the subjects with a gaming com-
puter in their rooms went to bed significantly later on weekdays, 
spending significantly less time in bed. Also, teens who spent 
more time playing computer games went to bed later on week-
days and weekend days and got up later on weekend days: they 
spent less time in bed on weekdays and reported higher levels 
of  tiredness.

Only one study, instead, did evaluate how the amount of  
time spent playing VG may influence sleep in adults50. A sam-
ple of  844 participants (56.2% women, aged 46.0±17.76 years) 
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Table 1. Outcomes and main results of  reviewed studies. Peracchia S, Curcio G.

STUDY SOL TST TIB REM nREM SWS SSt SS ST SQ VLF HR Temp VM

Higuchi et al.57 + - = - - + +

Dworak et al.51 + = = - +* -

Ivarsson et al.69 + +

Weaver et al.46 + = = = - =

Brunetti et al.53 -

Van den Bulck49 -*** +

King et al.52 + - - -

Ivarsson et al.48 - +**

Wolfe et al.47

Exelman & Van den 
Bulck50 + + -

Twenge et al.54 -

Arrona-Palacios56 - - +
NOTE: (+) increase compared to the control group and/or baseline condition; (-) reduction compared to the control group and/or baseline condition; (=) no changes.
SOL: sleep onset latency; TST: total sleep time; TIB: time in bed; REM: rapid eye movement sleep; nREM: non rapid eye movement sleep; SWS: slow wave sleep; SSt: variations 
in sleep stages; SS: subjective sleepiness; ST: subjective tiredness; SQ: sleep quality; VLF: very low frequency; HR: heart rate; Temp: temperature; VM: verbal memory; VsM: 
visuospatial memory; WM: working memory; SA: sustained attention; Ins: insomnia; F: fatigue.
*: limitedly to stages 2 and 4
**: limitedly to violent videogames
***: both in weekdays and weekend days

filled in the Pittsburgh Sleep Quality Index, a scale on rise and 
wake time, the Fatigue Assessment Scale, the Bergen Insomnia 
Scale and a questionnaire about VG volume50. The study showed 
two main results: as a first, videogaming volume resulted signifi-
cantly and negatively related to fatigue, insomnia, bedtime and 
rise time in adult sample, because the more people play VGs, 
the higher their complained levels of  fatigue and insomnia, and 
the later reported their bedtime and rise time (see Table 1, dark 
gray section). Secondarily, these effects were greater (increased 
sleep onset latency and decreased sleep efficiency) when the 
time of  videogaming exceeds 60 minutes per day, as also previ-
ously showed by other studies51,52. On the basis of  these results, 
the authors concluded that VG activity become detrimental for 
the quality of  sleep when the daily time dedicated to it exceed 1 
hour, maybe due to screen exposure and arousal increase50.

Recently a cross-sectional study was conducted on 1843 
grade 5 students aged 10-12 years at inception in the greater 
Montreal (Canada) area53. Here the associations between screen 
(computer, videogame, TV) and nonscreen (talking on the 
phone, doing homework, reading) sedentary time, and sleep in 
adolescents was examined. Looking only at results about vid-
eogaming effects on sleep, it was reported that more than 2 hs 
per day of  videogame use was associated with reduced sleep 
duration.

In a study by Twenge et al.54 sought to determine wheth-
er the self-reported sleep duration of  U.S. adolescents changed 
between 2009 and 2015 and to examine the new media screen 
time (related to other factors) might be responsible for changes 
in sleep. The results showed that between 2009 and 2015 16% 
to 17% more adolescents reported insufficient sleep and the 
number of  adolescents getting insufficient sleep increased after 
2011-2013. Use of  video games define an increased odds of  
short sleep duration (increasing 44 minutes a day) and hours 

of  video games use were positively correlated with failing to 
get 7 or more hours of  sleep on most nights (constant across 
the years)54. The relation between self-perceived sleep and time 
spent on VG during nighttime before going to sleep tends to be 
different also in relation to different school shifts. Some works 
support that the school start time as an important social zeitge-
ber that synchronizes the circadian rhythms of  adolescents55. 
However, the Arrona-Palacios study56 demonstrates the oppo-
site. A sample of  568 students (280 were boys and 288 girls, 
mean age 14.08±0.72 years), distributed into two school group 
(morning shift and afternoon shift), completed a battery of  
questionnaire for evaluating individual’s habitual rise time and 
bed time, daytime sleepiness and use of  VG56. Comparison of  
data obtained from morning shift and afternoon shift shown 
that adolescents from the afternoon shift showed a similar ef-
fect on the sleep-wake cycle, as with the adolescents from the 
morning shift when having a high exposure to VG during night-
time before going to sleep56. Adolescents from the afternoon 
shift reported a higher use of  VG than adolescents from the 
morning shift consequently the afternoon shift, prolonged their 
bedtime and rise time even more than adolescents from the 
morning shift.

Qualitative and quantitative physiological aspects of  
sleep

In the very last years, a great body of  research exam-
ined the extent, characteristics, and effects of  VG play among 
children and adolescents. The existing literature showed the 
evidence that excessive VG play can displace healthier activities 
such as social, academic or athletic efforts, and also indicated 
that videogaming can influence sleep of  players. Videogaming 
during nighttime, in fact, is able to delay sleep onset and inter-
fere with sleep duration and efficiency. Thus, together with a 
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displacing of  sleep time, also effects on sleep architecture can 
be observed. In this paragraph we examine the effects of  vid-
eogaming on qualitative and quantitative physiological measures 
of  sleep, including those related to sleep structure: characteris-
tics of  each study included in the systematic review have been 
summarized in Table 2.

TST and SOL
Only four of  the included studies examined total sleep 

time and sleep onset latency. Dworak et al.51 found that interac-
tive computer game consumption resulted in prolonged SOL, 
more time in stage 2 sleep, and less SWS as a percentage of  TST. 
For this study 10 male adolescents were recruited: females were 
excluded to avoid the influence of  menstrual phase and oral 
contraceptives, as well as for the well-known gender differences 
in videogaming (i.e., boys spend more than twice as much time 
playing VGs as girls). Each participant underwent 3 investiga-
tion sessions, with an interval between them of  1 week. In two 
of  the experimental days children were exposed to interactive 
computer games (Need for Speed-Most Wanted; Redwood City) for 
60 minutes, while in the third they were simply asked to watch a 
subjectively exciting video film on television (choosing between 
Harry Potter and the Prisoner of  Azkaban, Star Trek: Nemesis, and 
Mary Higgins Clark’s Loves Music, Loves to Dance). Before partici-
pants went to bed, polysomnographic measurements were con-
ducted using a portable sleep data recorder. The participants 
slept in their own homes and also instructed to adhere to their 
normal evening routines and fill in a sleep diary. Results showed 
a significant increase of  SOL after computer game stimulation 
compared with basal conditions.

A study proposed by Higuchi et al.57 was conducted in 
sleep laboratory on 7 male volunteers. The subjects played a 
shooting game on a computer with a bright display (game-BD) 
or a dark display (game-DD) and performed simple tasks with 
low mental load as a control condition in front of  a BD (control-
BD) and DD (control-DD): these conditions were administered 
in randomized order. Videogaming took place between 23:00 
and 1:45 hours, after which participants went to bed at 2:00 
hours and slept until 8:00 in the morning. After the subjects 
had finished playing a computer game or control activity, theta 
power of  EEG and subjective sleepiness were measured. Re-
sults showed that playing at the computer before going to bed 
increased sleep latency (+2,3 min), an effect that was possibly 
due to physiological arousal of  CNS: it is well known, in fact, 
that performing mental tasks before sleep, significantly increas-
es sleep latency (e.g.58). Furthermore, in the present study, the 
brightness of  the display did not show any influence on sleep 
latency, as previously reported59,60.

Additional confirmations of  these findings come from 
the study conducted by Weaver et al.46, already described above. 
This study found an increase of  3,5 minutes of  SOL in sub-
jects exposed to violent VGs for 50 minutes before bedtime: 
11 adolescents experienced an increased SOL with respect to 
controls, whereas only 2 adolescents showed a reduced SOL. 

The difference between groups was significant, supporting the 
prediction that pre-sleep VG playing would worsen the falling 
asleep process. Nevertheless this effect, the authors concluded 
that such an increase of  SOL is quantitatively slight and that it 
would not have a too negative influence on sleep.

One of  the limitations of  the studies discussed above 
is the amount of  exposure to VGs that on average is around 
60 minutes for every gaming session. According to some re-
cent findings46, a relatively low level of  exposure to VGs may 
be insufficient to produce discernible effects. For these reasons, 
King et al.52 investigated the impact of  prolonged experience 
with violent VG on adolescent sleep. A total of  seventeen 
males with no current sleep difficulties played a novel, fast-
paced, violent VG before their usual bedtime on two different 
testing nights in a sleep laboratory. Subjects were exposed to 
either 50 or 150 min of  videogaming directly before bedtime 
on each testing night: here, fifty minutes of  videogaming ex-
posure was considered “normal”, instead videogaming for an 
uninterrupted 150 min period was considered “prolonged”. On 
each testing night, using a PlayStation 3 console subjects played 
Warhammer 40.000: Space Marine, a VG asking for rapid actions 
and involving “strong violence”. Videogaming was scheduled to 
conclude 10 min before the subjects usual bedtime to enable a 
check of  polysomnographic and HR instruments. Before and 
after videogaming session, a questionnaire for sleep assessment 
was administered, while subjective level of  sleepiness was evalu-
ated immediately after playing. Results showed that a prolonged 
exposure to violent VG (150 min) leds to a 27 min decrease 
in adolescents’ TST and a 7% loss of  sleep efficiency, as com-
pared with regular videogaming (50 min). Moreover, objective 
SOL increased of  3,5 min, although subjects were able to fall 
asleep within “healthy” limits (less than 30 min, as proposed 
by Espie et al.61). Prolonged videogaming had no significant 
effect on sleep architecture, yet a small effect was found for 
SWS. Furthermore, the same authors, reported that prolonged 
videogaming reduced adolescents’ sleep efficiency to below the 
established clinical cut-off  used to indicate sleep disruption (i.e. 
<85%, as suggested by Buysse et al.62). In contrast, sleep ef-
ficiency after regular videogaming was within the normal range. 
These findings suggest that prolonged videogaming may pose 
a clinically significant risk for sleep quality and quantity, even 
when sleep starts at the right time. Moreover, this study indi-
cated that videogaming may disrupt sleep by displacing sleep 
time (i.e. delaying bedtime). Also, participants reported signifi-
cantly lower satisfaction with the duration of  videogaming after 
50 min as compared with 150 min, desiring a further 37 min 
(compared with 14 min more for the 150 min condition) to feel 
they had played “long enough”. Therefore, unmonitored regular 
videogaming seems unlikely to be self-limiting (i.e. cease at nor-
mal bedtime): this finding is consistent with qualitative research 
reporting that almost no amount of  time is subjectively consid-
ered “long enough” for adolescent videogamers63. The desire 
to continue videogaming was significantly correlated to objec-
tive SOL in the regular videogaming condition, suggesting that 
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Table 2. Characteristics of  each study included in the systematic review. Peracchia S, Curcio G.
References 
(Author, place) AIMS SAMPLE SIZE AND 

CHARACTERISTICS VG USED GROUPS 
CHARACTERISTICS

TIMING OF 
VG SESSION

TYPE OF SLEEP 
MEASUREMENTS

Higuchi
et al.57

- To examine the effects 
of  playing an exciting CG 
on pre/sleep physiological 
variables and sleep
variables.
- To examine the exposure 
to a light by gazing at a 
bright display affects pre/
sleep physiological variables 
and nocturnal sleep 
variables

6 male students
(age 24.7 ± 5.6 ys)

CC:
performed 
simple tasks 
with low 
mental load
EC: Shooting 
game

Epidemiological studies. 
CC and EC group are 
the same

1:45 hours for 
each conditions

- EEG
- Visual Analog Scale 
(VAS)

Dworak
et al.51

To investigate the effects of  
singular excessive television 
and CG consumption on 
sleep patterns and memory 
performance of  children

11 male children
(age 13.45 ± 1.04 ys)

VG:
- Need for 
Speed Most 
Wanted
3 films: 
- Harry Potter 
and the 
Prisoner of  
Azkaban; 
- Star Trek;
- Loves Music 
Loves to 
Dance

Randomized crossover 
trial. The participants 
adhered to their normal 
daily patterns but were 
not allowed to watch 
TV or play VG.

3 investigation 
days, session of  
60 minutes of  
play

EEG

Ivarsson
et al.69

To study cardiac, sleep-
related, and emotional 
reactions to playing violent 
(VG) versus no/violent 
(NVG) VG in adolescents 
with different gaming habits

30 male adolescents 
(age range 13-16 ys)
15 “high-exposed”, and 
15 “low-exposed”

ViolentVG:
-Manhunt
NonviolentVG:
- Animaniacs

15 boys were thus used 
to play violent comput-
er/VG at least 3 hours 
daily (‘‘high-exposed’’), 
and the other half  used 
to play 1 hour or less 
daily (‘‘low-exposed’’)

NA Sleep Diary

Weaver
et al.46

- To investigate the capacity 
of  pre/sleep VG play¬ing 
to extend sleep latency and 
reduce subjective feelings of  
sleepiness in adolescents
- To investigate arousing 
psychophysiologic 
mechanisms involved and 
the impact of  pre/sleep VG 
playing on sleep architecture

13 male adolescents 
(mean age 16.7 ys)

EC:
- Call of  Duty 
4: Modern 
Warfare;
- Infinity 
Ward
CC:
film:
- March of  
the Penguins

Cross-sectional study. 
CC and EC group

Adolescents 
began to either 
play the VG 
(EC) or watch 
the film (CC), 
both for 50 
minutes. Two 
experimental 
session, 1 week 
apart

- Sleep Diary
- Stanford Sleepiness 
Scale
- EEG
- EOG

Brunetti
et al.53

To examine the associations 
between screen (VG ,TV) 
and non screen (talking 
on the phone, doing 
homework, reading) 
sedentary time, and sleep in 
adolescents.

1859 children, of  grade 
5th (age 10.0 ± 0.5 ys 
), 6th (11.7 ± 0.4 ys), 
7th (12.9 ± 0.4 ys), 9th 
(15.2 ± 0.5 ys), and 
11th (16.8 ± 0.5 ys).
More than half  (57%) 
of  participants were 
female.

No VG Cross-sectional survey. 
Only EC group No VG

Questionnaires to 
evaluate:
- Sleep duration,
- Time spent daily in 
each of  6 sedentary 
behaviors screen 
activities (watching 
TV, using a computer, 
playing VG) and 
non screen activities 
(talking on the phone, 
doing homework, 
reading)
- Daytime sleepiness

Van Den 
Bulck.49

To investigate the relationship 
between the presence of  a TV 
set, a CG and/or an Internet 
connection in the room of  
adolescents and TV viewing, 
CG playing, and Internet use 
on the one hand, and time 
to bed, time up, time spent 
in bed

2546 adolescents 
(54.2% males),
at first-year (mean age 
13.16 ys) and fourth 
year (mean age 16.37 
ys)

No VG

Prospective, 
uncontrolled 
observational study. 
Only EC group

No VG

Questionnaires to 
evaluate:
- Sleep duration
- Daytime sleepiness
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cognitive engagement with a videogame may affect sleep onset 
when pre-sleep videogaming activity is considered insufficient52.

Sleep Architecture
A limited number of  studies have been published on 

changes in sleep architecture as a consequence of  videogaming: 
in this section we will discuss the only 3 studies dealing with 
this issue.

The study of  Dworak et al.51, already delineated above, 
showed that playing VGs induces a shift of  sleep stages, an ef-
fect that does not occur after other activities such as watching 
the TV. Participants that went to bed after exposure to inter-
active computer game playing, showed to spend more time in 
stage 2 and stage 4 with respect to baseline condition. Case-wise 
data showed considerable increases (over 50 minutes) of  stage 
2 sleep in seven out eleven investigated children. Furthermore, 

King
et al.52

To investigate the short 
term impact of  adolescents’ 
prolonged exposure to 
violent video-gaming on 
sleep.

17 male adolescents, 
(age 16±1 ys)

Warhammer 
40.000: Space 
Marine

Experimental study. 
Adolescents were 
required to be ”regular” 
VG players

Subjects were 
exposed to 
either 50 
(regular) or 150 
min (prolonged) 
of  video-
gaming directly 
before bedtime. 
Two testing 
nights, 1 week 
apart

- Sleep Diary
- EEG

Ivarsson
et al.48

To investigate how playing a 
violent/no/violet television 
game during the evening 
affects sympathetic and 
parasympathetic reactions 
during and after playing as 
well as sleep quality during 
the night after playing.

19 male adolescents 
(age 13.3± 0.7 ys; range 
12–15 ys)

Violent VG:
Manhunt
Nonviolent 
VG:
- Animaniacs

Experimental study. 
Violent and Non violent 
group

Two 
experimental 
sessions in their 
homes and one 
session without 
gaming

Sleep Diary

Wolfe
et al.47

To look at the impact of  
video/gaming on daytime 
functioning by testing a 
mediation model using 
objective measures of  
video-gaming, sleep and 
performance in a controlled 
laboratory environment

21 adolescents
(16 males)
(age 17.6±1.8 ys; range 
15-20 ys)

Bioshock 
Infinite

Cross-sectional survey. 
Only EC group

No more than 5 
hours

Actigraphic 
registration

Exelman &
Van Den 
Bulck50

To investigate the 
association of  VG volume 
with sleep quality in adults 
via face-to-face interviews 
using standardized 
questionnaires

844 adults
(56.2% women
(age 46.0±17.76 ys)

No VG Cross-sectional survey. 
Only EC group No VG

- Pittsburgh Sleep 
Quality Index (PSQI)

- Fatigue Assessment 
Scale (FAS)

- Bergen Insomnia 
Scale (BIS)

- Bedtime and rise 
time

Twenge
et al.54

- To determine whether the 
self-reported sleep duration 
of  U.S. adolescents changed 
between 2009 and 2015 

- To examine whether new 
media screen time might 
be responsible for changes 
in sleep

369,595 students in 
8th, 10th, and 12th 
graders school grade 
(13, 15, 17 ys)

No VG Cross-sectional survey. 
Only EC group No VG Survey on line to 

evaluate sleep duration

Arrona-
Palacios56

To compare the effects of  
time spent on VG during 
nighttime before going to 
sleep on the sleep-wake 
cycle, daytime sleepiness, 
and chronotype

568 students
(288 girls)
(age 14.08±0.72 ys) 

287 from morning 
shift; 281 from 
afternoon shift

No VG Cross-sectional survey. 
Only EC group No VG

- Sleep timing 
questionnaire

- Morningness–
Eveningness 
Questionnaire (MEQ)

- Epworth Sleepiness 
Scale

NOTE: CG: Computer Game; CC: Control Condition; EC: Experimental Condition; NA: Not Assessed.

Continuation Table 2.
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the percentage of  sleep stages distribution showed a significant 
decrease in SWS after computer game consumption with re-
spect to basal conditions: a decline of  more than 5.0% of  SWS 
was observed in seven participants and two of  these showed 
a very significant reduction (10.02% and 13.27%, respectively). 
On the other hand, only one participant showed a decreased 
SWS percentage (higher than 5.0%) after TV consumption 
compared with basal conditions. The authors discuss these re-
sults as probably due to a significantly high level of  arousal of  
children51. These data are inconsistent with those reported by 
Higuchi et al.57 and Weaver et al.46 which did not detect influence 
on SWS. There may be several possible explanations for this 
inconsistency: difference in participants’ age, different type of  
VGs used and, finally, methodological differences in polysom-
nographic assessments.

Regarding sleep cycle (i.e., the ciclic alternating of  
NREM/REM phases during the night) only Higuchi et al.57 re-
ported significant results. The authors showed that total amount 
of  REM sleep after playing computer games was significantly 
shorter than in control condition. Curiously, such a significant 
decrease in REM sleep was found only in the first NREM–REM 
sleep cycle and not in the following ones. A decrease in REM 
sleep has also been reported as reflection of  the first night ef-
fect (FNE)64,65, caused by sleeping in an unfamiliar environment 
and characterized by higher arousal also at EEG level66. In this 
case the decrease in REM sleep after performing the computer 
game in the present study may reflect a high arousal state in 
subjects57. Similary to these results, also King et al.52 did find that 
prolonged videogaming had no significant effect on sleep archi-
tecture, yet a near-moderate effect was found for REM sleep, 
that resulted in a reduction of  12.6 min.

Conversely, some other studies did not confirm these 
changes in REM sleep (i.e.46,51). This inconsistency in the results 
may depend on marked differences in participants’ age (mean 
age Higuchi et al.57 was 24 years, while in Dworak et al.51 was 13 
years, and in Weaver et al.46 was 16 years), sample size and gender 
unbalance within the studied samples.

Physiological measures
Is well known that playing VGs can influence parameters 

such as HR, cardiovascular reactivity and blood pressure67,68: 
these modifications could, in turn, change the sleep. This idea is 
the rationale for some studies in which physiological measures 
act as dependent variable.

Playing VG before bedtime, for example, seems to in-
crease HR and the rectal temperature57. This study assessed 
rectal temperature and HR immediately after the subjects had 
finished playing a computer game for 1,45 hs. The results 
showed that rectal temperature after videogaming was signifi-
cantly higher than after control conditions. In the same vein, HR 
also resulted significantly higher after playing than after control 
conditions, and it also resulted increased after the exposure to a 
bright display (BD) with respect to the condition of  exposure to 
a dark display (DD).

Conversely, other authors did not detect any change on 
physiological arousal46. In this study (already described above) 
the authors measured the HR at 25 minutes (midway) through 
the pre-sleep activity. A post-activity measure of  HR was taken 
directly upon the completion of  each pre-sleep activity. Results 
indicated that heart rate was not associated with the effects of  
pre-sleep videogame playing on SOL and subjective sleepiness 
previously discussed. These results probably depend on meth-
odological flaws, due to the time between the end of  the activity 
and the effective recording (1 min), a time in which alterations 
of  such measure may be “missing” or return to normal levels46. 

Some physiological changes can also result by the ex-
posure to different kind of  VGs before bedtime, that would 
induce different autonomic responses. Ivarsson et al.48 have ob-
served a number of  relevant effects during the night after which 
the participants were exposed to violent condition, compared 
to non-violent. Nineteen boys played television games on two 
occasions in their homes and participated once without gam-
ing. Heart rate, heart rate variability (HRV) and physical activ-
ity were measured both during gaming and along the following 
night. A sleep diary and questionnaires about gaming experi-
ences and session-specific experiences were also asked to be 
filled in. Results indicated that during violent (vs. nonviolent) 
gaming, there was significantly higher activity of  the very low 
frequency component of  the HRV and total power (TP). Dur-
ing the night two main significant differences emerged: HR was 
lower after violent gaming than after the nongaming condition, 
and after playing a nonviolent game VLF was lower than after 
the nongaming condition. Therefore, some significant observa-
tions came to light: overall, during violent gaming (compared to 
nonviolent one) higher activity of  the VLF component (related 
to various autonomous functions), higher power of  LF (sug-
gesting sympathetic activation) as well as higher HF (indicating 
vagal activation) were observed48.

The same authors, some years later69, carried out a study 
to investigate if  reaction patterns differed between teenage boys 
with high exposure to VGs (≥3 h/d) and those with low ex-
posure (≤1 h/d), during and after playing a violent and a non-
violent VG for 2 hours during two different evenings in their 
homes. Heart rate and HR variability have been recorded in 
30 boys from before start until next morning. A questionnaire 
about emotional reactions was also administered after gaming 
sessions and a sleep diary on the following mornings. Results 
have shown that low-exposed gamers had higher HR and LF/
HF ratio during sleep after the violent game compared to the 
nonviolent game, whereas high-exposed gamers showed an op-
posite trend. Moreover, violent gaming was associated with in-
creased HR during playing. The authors concluded that both 
types of  violence-related psychophysiological outcomes prob-
ably reflect increased sympathetic activation69.

Effect of  the use of  VG on cognitive performance at 
awakening

Generally speaking, playing VGs has a strong influence 
on adolescents’ everyday life. Some previous evidences claimed 
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the idea that exposure to VGs could compromise a great va-
riety of  behavioural and cognitive characteristics (e.g. Dworak 
et al.51). Moreover, excessive consumption of  games may also 
be associated to attention problems, hyperactivity, or psychiatric 
symptoms. To date only a few studies have been conducted on 
possible cognitive consequences as a results of  changes in sleep 
pattern induced by an excessive exposure to VGs.

It is definitively accepted that sleep is essential for both 
health and development of  children and plays an important role 
in memory and learning (e.g. Singer et al.70 and Maquet71). It is 
assumed that the consumption of  media after a learning phase, 
may compromise memory consolidation and performance51. 
Specifically, the insufficient quality of  sleep and his reduction, is 
often associated to problems of  the performance of  declarative, 
procedural and working memory, as well as a poor concentra-
tion with consequently poor performance at different levels72,73.

In particular, exposure to VGs before sleeping, causes a 
significant performance decline of  verbal memory in the morn-
ing after with respect to basal condition, and the analysis of  
single case revealed a decline >20% on more than half  of  the 
sample51. These results were not confirmed in the condition in 
which the participants were exposed to TV watching.

Modern neuroscientific theories support the idea that 
strong emotional experiences, as playing action VGs and watch-
ing exciting films, may affect learning processes. It is assumed 
that the information newly learned are much more sensitive in 
the following period, when the consolidation occurs, and that 
the emotional experiences can thus significantly influence mem-
ory consolidation71,74. Interactive VGs are challenging, frus-
trating, exciting and often surprising, and during the play the 
subject may experience a range of  emotions, accompanied by 
intense physiological changes51 as described above.

Regarding visuospatial memory, one of  the studies has 
highlighted a performance impairment in participants when 
they were exposed to VGs compared to basal condition and 
watching TV condition, but these results did not reach statistical 
significance51.

However a more recent study did not detect any type 
of  deficit at the level of  working memory after a single expo-
sure to VGs47 probably because not all kinds of  memories can 
be reasonably be influenced (see Table 1, section light gray). 
This study investigated adolescent VGs use prior to bedtime 
and its potential effects on subsequent sleep, working memory 
and sustained attention performance. Sample was composed by 
21 participants: participants, once introduced into the sleep lab, 
completed baseline measures of  working memory (computer-
ised version of  the Operation Span Task) and sustained atten-
tion (Psychomotor Vigilance Task). From 8:00 p.m., participants 
moved to their allocated sound-attenuated bedroom and began 
videogaming (it was used Bioshock Infinite, a narrative-driven 
first-person shooter game) until 1:00 a.m., and then they went 
to bed. The next morning participants completed again both 
tasks. Results showed that time spent in videogaming negatively 
correlated with sustained attention, with longer time spent vid-
eogaming resulting in greater decrements of  sustained attention 

performance47. The findings of  the present study support the 
mediation hypothesis in regard to sustained attention, but not 
working memory. The authors hypothesized that sustained at-
tention performance is a more sensitive measure of  sleep-re-
lated performance deficits when compared to working mem-
ory47. This would also be consistent with the notion for which 
VGs have an influence on performance implicated in sleep (or 
“sleep-dependent”) and not directly on cognitive performance: 
in fact it is speculated that such an effect would be due to reduc-
tion of  TST52 that, in turn, will cause the decrease in sustained 
attention’ ability47.

DISCUSSION AND CONCLUSIONS
In general it is considered that the excessive consump-

tion of  media have a negative influence on health and wellness 
of  their users. Most of  the research conducted until today is 
focused on the effects of  the exposure to media (in particular 
TV) and only recently a few investigations have explored the 
effects of  consumption of  VGs on sleep. Lack of  sleep, as well 
as changes in sleep pattern, have been associated with numerous 
problems including daytime sleepiness75, behavioural issues (in-
cluding hyperactivity and poor concentration)76 and accidents. 
As already mentioned sufficient sleep is necessary for maintain-
ing the body’s homeostasis, as well71.

This review had the purpose to draw attention on this 
still unclear topic: fundamentally results from the literature indi-
cate that videogaming can disrupt nightime sleep (by altering its 
architecture and temporal structure), alter physiological indices 
(mainly autonomic) and facilitate daytime disfunctioning (by in-
creasing excessive sleepiness). The general consequences seem 
to be a reduced sleep and life quality, together with an impaired 
performance at awakening and during the day after videogames 
sessions.

It is well known that age represents one of  the most 
important elements to determine as the human being sleeps. 
From birth to adulthood, sleep undergoes changes related to 
the quantity and quality of  sleep, the components of  various 
sleep stages, the temporal and percentage organizations of  the 
states of  alertness and the electroencephalographic activity. For 
example, during adolescence, significant changes of  sleep as in-
creased vigilance and delayed onset of  sleep usually occur77,78. 
Also, stimuli coming from the outside world can influence sleep, 
as for example lighting, environmental noise, or exposure to 
media in the pre-sleep phase. In particular, activity as playing 
VGs, watching TV, reading e-books, texting with mobile phone 
and browsing in internet before falling sleep, determine a delay 
in bedtime60,79 causing the reduction of  TST, since individuals 
tend to go to bed later and to get up before, especially during 
weekdays80. This phenomenon is also related to excessive day-
time sleepiness49,81 and recent evidences suggest that exposure 
to VGs before bedtime can be a pre-sleep activity particularly 
disruptive for teenagers60.

More specifically, some studies reviewed here showed 
that the use of  VGs may cause a reduction of  TST49 and an in-
crease of  SOL46,51,57 through some mechanisms as the increased 
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physiological arousal, the delay to go to bed and the exposure to 
light monitor during the night57,59. To these effects can also be 
associated a reduction of  pre-sleep sleepiness46,69, probably due 
to an increase of  CNS arousal that will consequently worsen 
sleep quality69.

Some studies showed that consumption of  VGs, respect 
to TV, increases different autonomic measures of  children, as 
heart rate, blood pressure and respiratory rate: all these changes 
indicate an increased state of  arousal in CNS67,82. Increased lev-
els of  arousal have previously been associated to difficulty in 
falling asleep and frequent nocturnal awakenings49,83. This may 
be a valid explanation for sleep impairments in people who plays 
exciting, violent and competitive VGs84. Moreover, some studies 
showed a change of  HR after exposure to VGs mainly in sub-
jects defined as “no-gamers” when exposed to violent games69, 
effect probably due to a limited “habituation” of  these individu-
als to violent scenes. Nonetheless, such autonomic changes did 
not influence subsequent sleep, with the only exception of  a 
reduced pre-sleep sleepiness69.

With respect to sleep measures, the few studies available 
in literature indicate very conflicting results. The observed re-
duction of  SWS51 was not confirmed by other studies46,57; sim-
ilary the REM sleep decrease reported in one investigation57, 
was subsequently refuted by Weaver et al.46 and Dworak et al.51 

studies. Overall, the issue of  post-videogaming sleep appears 
confused and contradictory, due to the few data currently avail-
able in the literature.

A side-effect of  sleep architecture (i.e., reduction of  TST 
and increase of  SOL) after exposure to VGs, is the induction 
of  daytime disfunctioning. This could explain the worsening of  
some cognitive abilities (i.e. verbal memory or sustained atten-
tion) upon awakening after evening exposure to VGs47,51. This 
laboratory outcome could be also interpreted as a decrease in 
everyday performance: scholastic/academic in children and 
young, and at work in adults. Studies with PET showed a signifi-
cant release of  neurotransmitters in the brain (mainly dopamine 
and noradrenaline) while playing a VG85, and this is believed to 
be part of  learning processes, reinforcement of  behavior and 
emotion86 a basic step for memory processing. Several neuro-
scientific evidences support the fundamental role that sleep has 
on learning and processing of  memories74. Presumably, REM 
sleep and SWS are involved in the consolidation processes, in 
which SWS is fundamental for the formation of  traces of  ex-
plicit memory87. During SWS, low levels of  acetyilcholine fa-
cilitate the transmission of  information from the hippocampus 
to the cortex, while high levels of  acetyilcholine during REM 
sleep permit to the neocortex to submit a process of  re-analysis 
and develop new representation feed-forward for behaviour79. 
Considered that SWS is involved in many processes of  memory 
consolidation and that the exposure to VGs reduces quantity of  
SWS, one might conclude that exposure to VGs before to fall 
asleep could induce troubles in explicit memory consolidation 
process51.

Also, previous results indicate that a single night of  pro-
longed exposure to VGs can have a strong impact on attention 

skills. The ability to maintain attention is fundamental for ado-
lescent developing because is at the basis of  a series of  cogni-
tive tasks88. At school, the attentional decline adversely affects 
academic performance, above all during the examination89. This 
may partly explain some results that showed a positive correla-
tion between use of  VGs and low academic performance90.

Nonetheless, the present review has some limitations that 
undermine the conclusions and their possible application to every-
day life. The main limit is the very limited number of  studies pres-
ent in literature: methodological issues (different research protocols 
and measures used, non-randomized designs) and sampling flaws 
(very low sample size, different age ranges of  participants, unbalanc-
ing between genres), strongly reduce the ability to harmonize and 
generalize the results, narrowing the possibility to associate clinical 
significance to the relationship VG-sleep.

Another relevant problem is linked to what is intended 
to be a VG. Indeed terms as “PC”, “Internet”, “electronic me-
dia” or “TV” are often identified as related to videogaming. But, 
as well described in the literature, there are many differences 
between exposure to real VGs, and TV, PC or internet. It is 
thus mandatory in future research paying more attention to the 
type of  instrument or electronic support (console, VG for PC, 
portable VG, etc) as well as the specific VGs used to expose 
participants.

Also, regarding to sleep outcomes is important to keep 
in mind that sleep can change also due to several other factors. 
A decline in average sleep duration and quality, with adverse 
consequences on general health, may depend by all activities 
made before going to bed (as reading of  horror book or novels, 
for example), as well as by other factors linked to previous day’ 
activities. Or also by the simple exposure to blue-light emitted 
by electronic media60: it is well known that this artificially en-
riched light produces alerting effects, suppresses melatonin, and 
induces a phase-shift of  the biological clock90,91. Recent neuro-
imaging studies demonstrate that wavelength, duration and in-
tensity of  light exposure strongly modulate brain responses, at 
subcortical (hypothalamus, brainstem, thalamus), limbic (amyg-
dala and hippocampus), and, in turn, cortical (frontal, temporal) 
level, influencing final behaviour. Future research would thus try 
to distinguish the intrinsically role played by VGs in influencing 
sleep behavior and the role of  such concurrent factors.

Finally also in this field is present the publication bias: 
both researchers and publishers tend to prioritize studies ob-
serving “significant” results rather than those indicating nega-
tive findings45.

Given these limitations, future research will strongly 
have to take into consideration some key points: to assess ex-
posure to VGs in more consecutive nights; to assess possible 
gender differences in VGs-sleep relationship; to pay attention to 
sample size and composition of  investigated samples; to study 
possible sleep effects between gambler and no-gambler; to as-
sess the role of  monitor emitted lighting during VGs, separating 
the effects of  videogaming itself.

In summary, exposure to VGs before falling asleep can 
have important effects on the subsequent sleep characteristics, 
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in both children/adolescents and adults. The reduction of  TST, 
increase of  SOL and the possible change of  components of  
sleep (mainly SWS and REM) identified in the study investi-
gated, are clear indicators of  poor sleep quality, higher tired-
ness and fatigue that may have repercussion on cognitive and 
behavioural activities of  the subsequent waking. In fact, some 
cognitive abilities as sustained attention and verbal memory, can 
result worsened as a consequence of  VGs exposure. Since the 
relevance of  sleep for health and life quality, a great effort is 
required to address additional research for clarifying the role of  
acute and chronic exposures to videogames.

Funding
This review did not receive any specific grant from fund-

ing agencies in the public, commercial, or not-for-profit sectors.

Conflict of  interests
The authors declare no conflict of  interests.

Authorship
All authors contributed equally to the conception, ex-

ecution and writing of  this review. The authors have read and 
approved the final version of  this manuscript.

REFERENCES
1. Poole S. Trigger Happy: The Inner Life of  Videogames. London: Fourth 

Estate; 2001.
2. Anderson CA, Gentile DA, Buckley KE. Violent video game effects on 

children and adolescents: Theory, research, and public policy. New York: 
Oxford University Press; 2007.

3. Desai RA, Krishnan-Sarin S, Cavallo D, Potenza MN. Video-gaming 
among high school students: health correlates, gender differences, and 
problematic gaming. Pediatrics. 2010;126(6):e1414-24.

4. Rideout V. Generation M: Media in the Lives of  8- to 18-Year-Olds. Menlo 
Park: Kaiser Family Foundation; 2010.

5. Lenhart A, Kahne J, Middaugh E, Macgill AR, Evans C, Vitak J. Teens, 
video games, and civics (Report No. 202-415-4500). Washington: Pew 
Internet and American Life Project; 2008.

6. Gentile DA, Anderson CA, Yukawa S, Ihori N, Saleem M, Ming LK, et al. 
The effects of  prosocial video games on prosocial behaviors: interna-
tional evidence from correlational, longitudinal, and experimental studies. 
Pers Soc Psychol Bull. 2009;35(6):752-63. 

7. Cooper J, Mackie D. Video games and aggression in children. J Appl Soc 
Psychol. 1986;16(8):726-44.

8. Ferguson CJ, Kilburn J. The public health risks of  media violence: a meta-
analytic review. J Pediatr. 2009;154(5):759-63.

9. Gentile DA, Gentile JR. Violent video games as exemplary teachers: A 
conceptual analysis. J Youth Adolesc. 2008;37(2):127-41.

10. Hall RC, Day T, Hall RC. A plea for caution: violent video games, the Su-
preme Court, and the role of  scienc. Mayo Clin Proc. 2011;86(4):315-21.

11. Johnson JG, Cohen P, Smailes EM, Kasen S, Brook JS. Television view-
ing and aggressive behavior during adolescence and adulthood. Science. 
2002;295(5564):2468-71.

12. Möller I, Krahé B. Exposure to violent video games and aggres-
sion in German adolescents: a longitudinal analysis. Aggress Behav. 
2009;35(1):75-89.

13. Anderson CA, Shibuya A, Ihori N, Swing EL, Bushman BJ, Sakamoto A, 
et al. Violent video game effects on aggression, empathy, and prosocial 
behavior in eastern and western countries: a meta-analytic review. Psy-
chol Bull. 2010;136(2):151-73.

14. Panee CD, Ballard ME. High versus low aggressive priming during video-
game training: Effects on violent action during game play, hostility, heart 
rate, and blood pressure. J Appl Soc Psychol. 2002;32(12):2458-74.

15. Barlett CP, Harris RJ, Baldassaro R. Longer you play, the more hostile you 
feel: examination of  first person shooter video games and aggression 
during video game play. Aggress Behav. 2007;33(6):486-97.

16. Gentile DA, Swing EL, Lim CG, Khoo A. Video Game Playing, Atten-
tion Problems, and Impulsiveness: Evidence of  Bidirectional Causality. 
Psychol Pop Media Cult. 2012;1(1):62-70. 

17. Grüsser SM, Thalemann R, Griffiths MD. Excessive computer game 
playing: evidence for addiction and aggression? Cyberpsychol Behav. 
2007;10(2):290-2.

18. Wei R. Effects of  playing violent videogames on Chinese adolescents’ 
pro-violence attitudes, attitudes toward others, and aggressive behavior. 
Cyberpsychol Behav. 2007;10(3):371-80.

19. Christakis DA, Zimmerman FJ, DiGiuseppe DL, McCarty CA. Early tele-
vision exposure and subsequent attentional problems in children. Pediat-
rics. 2004;113(4):708-13.

20. Swing EL, Gentile DA, Anderson CA, Walsh DA. Television and video 
game exposure and the development of  attention problems. Pediatrics. 
2010;126(2):214-21.

21. Chan PA, Rabinowitz T. A cross-sectional analysis of  video games and at-
tention deficit hyperactivity disorder symptoms in adolescents. Ann Gen 
Psychiatry. 2006;5:16.

22. Roberts DF, Foehr UG, Rideout V. Generation M: media in the lives of  
8–18 year-olds. Menlo Park: Kaiser Family Foundation; 2005.

23. Sharif  I, Wills TA, Sargent JD. Effect of  visual media use on school 
performance: a prospective study. J Adolesc Health. 2010;46(1):52-61.

24. Maass A, Kollhörster K, Riediger A, MacDonald V, Lohaus A. Effects 
of  violent and non-violent computer game content on memory perfor-
mance in adolescents. Eur J Psychol Educ. 2011;26(3):339-53.

25. Bailey K, West R, Anderson CA. A negative association between video 
game experience and proactive cognitive control. Psychophysiology. 
2010;47(1):34-42.

26. Pujol J, Fenoll R, Forns J, Harrison BJ, Martínez-Vilavella G, Macià D, et 
al. Video gaming in school children: How much is enough? Ann Neurol. 
2016;80(3):424-33. DOI: 10.1002/ana.24745 

27. Powers KL, Brooks PJ, Aldrich NJ, Palladino MA, Alfieri L. Effects of  
video-game play on information processing: a meta-analytic investiga-
tion. Psychon Bull Rev. 2013;20(6):1055-79.

28. Trisolini DC, Petilli MA, Daini R. Is action video gaming related to sus-
tained attention of  adolescents? Q J Exp Psychol (Hove). 2018;71(5):1033-
9. DOI: 10.1080/17470218.2017.1310912 

29. Bejjanki VR, Zhang R, Li R, Pouget A, Green CS, Lu ZL, et al. Action 
video game play facilitates the development of  better perceptual tem-
plates. Proc Natl Acad Sci U S A. 2014;111(47):16961-6. DOI: 10.1073/
pnas.1417056111

30. Green CS, Kattner F, Eichenbaum A, Bediou B, Adams DM, Mayer 
RE, et al. Playing Some Video Games but Not Others Is Related to 
Cognitive Abilities: A Critique of  Unsworth et al. (2015). Psychol Sci. 
2017;28(5):679-82. DOI: 10.1177/0956797616644837

31. Gozli DG, Bavelier D, Pratt J. The effect of  action video game playing on 
sensorimotor learning: Evidence from a movement tracking task. Hum 
Mov Sci. 2014;38C:152-62. 

32. Bavelier D, Green CS, Pouget A, Schrater P. Brain plasticity through the 
life span: learning to learn and action video games. Annu Rev Neurosci. 
2012;35:391-416.

33. Bavelier D, Green CS. The Brain-Boosting Power of  Video Games. Sci 
Am. 2016;315(1):26-31. DOI: 10.1038/scientificamerican0716-26 

34. Block M, Stern DB, Raman K, Lee S, Carey J, Humphreys AA, et al. The 
relationship between self-report of  depression and media usage. Front 
Hum Neurosci. 2014;8:712.

35. Mentzoni RA, Brunborg GS, Molde H, Myrseth H, Skouverøe KJ, Het-
land J, et al. Problematic video game use: estimated prevalence and asso-
ciations with mental and physical health. Cyberpsychol Behav Soc Netw. 
2011;14(10):591-6.

36. Bartholow BD, Sestir MA, Davis EB. Correlates and consequences of  
exposure to video game violence: hostile personality, empathy, and ag-
gressive behavior. Pers Soc Psychol Bull. 2005;31(11):1573-86. 

37. Gentile DA, Choo H, Liau A, Sim T, Li D, Fung D, et al. Pathological 
video game use among youths: a two-year longitudinal study. Pediatrics. 
2011;127(2):e319-29.

38. Kühn S, Kugler DT, Schmalen K, Weichenberger M, Witt C, Gallinat J. 
Does playing violent video games cause aggression? A longitudinal inter-
vention study. Mol Psychiatry. 2018. DOI: 10.1038/s41380-018-0031-7

39. Kühn S, Kugler D, Schmalen K, Weichenberger M, Witt C, Gallinat J. The 
Myth of  Blunted Gamers: No Evidence for Desensitization in Empathy 
for Pain after a Violent Video Game Intervention in a Longitudinal fMRI 
Study on Non-Gamers. Neurosignals. 2018;26(1):22-30.

40. Chen A, Hanna JJ, Manohar A, Tobia A. Teaching Empathy: the Imple-
mentation of  a Video Game into a Psychiatry Clerkship Curriculum.
Acad Psychiatry. 2018;42(3):362-5.



Sleep Sci. 2018;11(4):302-314

314 Videogames, sleep and cognition

41. Wack E, Tantleff-Dunn S. Relationships between electronic game play, 
obesity, and psychosocial functioning in young men. Cyberpsychol Be-
hav. 2009;12(2):241-4. 

42. Schneider M, Dunton GF, Cooper DM. Media use and obesity in adoles-
cent females. Obesity (Silver Spring). 2007;15(9):2328-35.

43. Fullerton S, Taylor AW, Dal Grande E, Berry N. Measuring physical in-
activity: do current measures provide an accurate view of  “sedentary” 
video game time? J Obes. 2014;2014:287013.

44. Gao Z, Chen S. Are field-based exergames useful in preventing childhood 
obesity? A systematic review. Obes Rev. 2014;15(8):676-91. 

45. Hale L, Guan S. Screen time and sleep among school-aged children and 
adolescents: a systematic literature review. Sleep Med Rev. 2015;21:50-8.

46. Weaver E, Gradisar M, Dohnt H, Lovato N, Douglas P. The effect of  
presleep video-game playing on adolescent sleep. J Clin Sleep Med. 
2010;6(2):184-9.

47. Wolfe J, Kar K, Perry A, Reynolds C, Gradisar M, Short MA. Single night 
video-game use leads to sleep loss and attention deficits in older adoles-
cents. J Adolesc. 2014;37(7):1003-9.

48. Ivarsson M, Anderson M, Akerstedt T, Lindblad F. Playing a violent tele-
vision game affects heart rate variability. Acta Paediatr. 2009;98(1):166-
72. DOI: 10.1111/j.1651-2227.2008.01096.x  

49. Van den Bulck J. Television viewing, computer game playing, and Internet 
use and self-reported time to bed and time out of  bed in secondary-
school children. Sleep. 2004;27(1):101-4.

50. Exelmans L, Van den Bulck J. Sleep quality is negatively related to video 
gaming volume in adults. J Sleep Res. 2015;24(2):189-96.

51. Dworak M, Schierl T, Bruns T, Strüder HK. Impact of  singular excessive 
computer game and television exposure on sleep patterns and memory 
performance of  school-aged children. Pediatrics. 2007;120(5):978-85.

52. King DL, Gradisar M, Drummond A, Lovato N, Wessel J, Micic G, et al. 
The impact of  prolonged violent video-gaming on adolescent sleep: an 
experimental study. J Sleep Res. 2013;22(2):137-43. 

53. Brunetti VC, O’Loughlin EK, O’Loughlin J, Constantin E, Pigeon É. 
Screen and nonscreen sedentary behavior and sleep in adolescents. Sleep 
Health. 2016;2(4):335-40.

54. Twenge JM, Krizan Z, Hisler G. Decreases in self-reported sleep dura-
tion among U.S. adolescents 2009-2015 and association with new media 
screen time. Sleep Med. 2017;39:47-53.

55. Ehlers CL, Frank E, Kupfer DJ. Social zeitgebers and biological rhythms. 
A unified approach to understanding the etiology of  depression. Arch 
Gen Psychiatry. 1988;45(10):948-52. 

56. Arrona-Palacios A. High and low use of  electronic media during night-
time before going to sleep: A comparative study between adolescents at-
tending a morning or afternoon school shift. J Adolesc. 2017;61:152-63.

57. Higuchi S, Motohashi Y, Liu Y, Maeda A. Effects of  playing a computer 
game using a bright display on presleep physiological variables, sleep la-
tency, slow wave sleep and REM sleep. J Sleep Res. 2005;14(3):267-73.

58. Koulack D, Prevost F, De Koninck J. Sleep, dreaming, and adaptation to 
a stressful intellectual activity. Sleep. 1985;8(3):244-53. 

59. Komada Y, Tanaka H, Yamamoto Y, Shirakawa S, Yamazaki K. Effects of  
bright light pre-exposure on sleep onset process. Psychiatry Clin Neuro-
sci. 2000;54(3):365-6.

60. Chang AM, Aeschbach D, Duffy JF, Czeisler CA. Evening use of  light-
emitting eReaders negatively affects sleep, circadian timing, and next-
morning alertness. Proc Natl Acad Sci U S A. 2015;112(4):1232-7.

61. Espie CA, Inglis SJ, Tessier S, Harvey L. The clinical effectiveness of  
cognitive behaviour therapy for chronic insomnia: implementation and 
evaluation of  a sleep clinic in general medical practice. Behav Res Ther. 
2001;39(1):45-60.

62. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The 
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice 
and research. Psychiatry Res. 1989;28(2):193-213. 

63. King DL, Delfabbro PH. Understanding and assisting excessive players 
of  video games: a community psychology perspective. Aust Comm Psy-
chol. 2009;21(1):62-74.

64. Agnew HW Jr, Webb WB, Williams RL. The first night effect: an EEG 
study of  sleep. Psychophysiology. 1966;2(3):263-6.

65. Lorenzo JL, Barbanoj MJ. Variability of  sleep parameters across multiple 
laboratory sessions in healthy young subjects: the “very first night effect”. 
Psychophysiology. 2002;39(4):409-13.

66. Curcio G, Ferrara M, Piergianni A, Fratello F, De Gennaro L. Paradoxes 
of  the first-night effect: a quantitative analysis of  antero-posterior EEG 
topography. Clin Neurophysiol. 2004;115(5):1178-88.

67. Anderson CA, Bushman BJ. Effects of  violent video games on aggressive 
behavior, aggressive cognition, aggressive affect, physiological arousal, 
and prosocial behavior: a meta-analytic review of  the scientific literature. 
Psychol Sci. 2001;12(5):353-9.

68. Hébert S, Béland R, Dionne-Fournelle O, Crête M, Lupien SJ. Physiologi-
cal stress response to video-game playing: the contribution of  built-in 
music. Life Sci. 2005;76(20):2371-80. 

69. Ivarsson M, Anderson M, Åkerstedt T, Lindblad F. The effect of  violent 
and nonviolent video games on heart rate variability, sleep, and emotions 
in adolescents with different violent gaming habits. Psychosom Med. 
2013;75(4):390-6. DOI: 10.1097/PSY.0b013e3182906a4c

70. Singer MI, Slovak K, Frierson T, York P. Viewing preferences, symptoms 
of  psychological trauma, and violent behaviors among children who 
watch television. J Am Acad Child Adolesc Psychiatry. 1998;37(10):1041-
8. 

71. Maquet P. The role of  sleep in learning and memory. Science. 
2001;294(5544):1048-52.

72. Curcio G, Ferrara M, De Gennaro L. Sleep loss, learning capacity and 
academic performance. Sleep Med Rev. 2006;10(5):323-37.

73. Gradisar M, Terrill G, Johnston A, Douglas P. Adolescent sleep and work-
ing memory performance. Sleep Biol Rhythms. 2008;6(3):146-54.

74. Stickgold R, Hobson JA, Fosse R, Fosse M. Sleep, learning, and dreams: 
off-line memory reprocessing. Science. 2001;294(5544):1052-7.

75. Saarenpää-Heikkilä O, Laippala P, Koivikko M. Subjective daytime sleepi-
ness in schoolchildren. Fam Pract. 2000;17(2):129-33.

76. Stein MA, Mendelsohn J, Obermeyer WH, Amromin J, Benca R. Sleep and 
behavior problems in school-aged children. Pediatrics. 2001;107(4):E60. 

77. Carskadon MA, Vieira C, Acebo C. Association between puberty and 
delayed phase preference. Sleep. 1993;16(3):258-62.

78. Eggermont S, Van den Bulck J. Nodding off  or switching off? The use 
of  popular media as a sleep aid in secondary-school children. J Paediatr 
Child Health. 2006;42(7-8):428-33.

79. Van den Bulck J. The Effects of  Media on Sleep. Adolesc Med State Art 
Rev. 2010;21(3):418-29.

80. Owens J, Maxim R, McGuinn M, Nobile C, Msall M, Alario A. Televi-
sion-viewing habits and sleep disturbance in school children. Pediatrics. 
1999;104(3):e27.

81. Wang X, Perry AC. Metabolic and physiologic responses to video game play 
in 7- to 10-year-old boys. Arch Pediatr Adolesc Med. 2006;160(4):411-5.

82. Paavonen EJ, Pennonen M, Roine M, Valkonen S, Lahikainen AR. TV 
exposure associated with sleep disturbances in 5- to 6-year-old children. J 
Sleep Res. 2006;15(2):154-61.

83. Fleming MJ, Rickwood DJ. Effects of  violent versus nonviolent video 
games on children’s arousal, aggressive mood, and positive mood. J Appl 
Soc Psychol. 2001;31(10):2047-71.

84. Koepp MJ, Gunn RN, Lawrence AD, Cunningham VJ, Dagher A, Jones 
T, et al. Evidence for striatal dopamine release during a video game. Na-
ture. 1998;393(6682):266-8.

85. Puglisi-Allegra S, Ventura R. Prefrontal/accumbal catecholamine system 
processes emotionally driven attribution of  motivational salience. Rev 
Neurosci. 2012;23(5-6):509-26. 

86. Gais S, Born J. Declarative memory consolidation: mechanisms acting 
during human sleep. Learn Mem. 2004;11(6):679-85.

87. Whitney P, Hinson JM. Measurement of  cognition in studies of  sleep 
deprivation. Prog Brain Res. 2010;185:37-48.

88. Jiang F, VanDyke RD, Zhang J, Li F, Gozal D, Shen X. Effect of  chronic 
sleep restriction on sleepiness and working memory in adolescents and 
young adults. J Clin Exp Neuropsychol. 2011;33(8):892-900. 

89. Rehbein F, Kleimann M, Mössle T. Prevalence and risk factors of  video 
game dependency in adolescence: results of  a German nationwide sur-
vey. Cyberpsychol Behav Soc Netw. 2010;13(3):269-77.

90. Vandewalle G, Maquet P, Dijk DJ. Light as a modulator of  cognitive brain 
function. Trends Cogn Sci. 2009;13(10):429-38.

91. Vandewalle G, Schmidt C, Albouy G, Sterpenich V, Darsaud A, Rauchs 
G, et al. Brain responses to violet, blue, and green monochromatic light 
exposures in humans: prominent role of  blue light and the brainstem. 
PLoS One. 2007;2(11):e1247.


