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Adolescent Internet Gaming Disorder: A Narrative Review 

This narrative review is based on a literature search on PsycINFO and 

PubMed that involved entering the terms adolescent internet gaming for 
papers published during the last five years. Following exclusion criteria 
(case studies and non-English papers), 72 papers could be classified as 
internet gaming or internet gaming disorder/addiction including 

research on the prevalence, effects/comorbidities, risk factors and 
interventions. The prevalence of both internet gaming and internet 
gaming disorder has varied by culture. The effects/comorbidities have 
included hyperactivity, inattentiveness, cyberbullying, depression, 
anxiety and substance use. The risk factor studies have focused on 
impulsivity, sensation-seeking, and aggressivity. Altered autonomic 
and central nervous system function have also been notable including 
decreased heart rate variability and fMRI data showing less activation 

of the prefrontal cortex, ventral striatum and amygdala (areas that are 
involved in modulating impulsivity, reward-seeking and aggression 
respectively) as well as reduced gray and white matter. 

Surprisingly, given the prevalence and severity of internet gaming 
disorder, very little prevention/intervention research appears in this 
recent literature. Research is also missing on peer 
relationships/rejection as potential risk factors. Like other literature on 
adolescent problems, this research is limited by primarily deriving from 

self–report and parent report and by the absence of longitudinal data 
that might inform whether the behavioral and brain data being reported 
are effects of or risk factors for internet gaming addiction. Accordingly, 
these topics are discussed in the following sections. 

Prevalence of Internet Gaming 

The Nature of the Prevalent Games 

A videogame developer has provided interesting insights on the 
different types of Internet games that have become increasingly popular 
including power games, making-choice games, incremental games and 
online role–playing games [1]. He has described power games as similar 
to the power game called Oasis that was featured in Spielberg’s 2018 
movie called “Ready Player One”. 

Others he identified as power games include Final Fantasy, World of 

Warcraft, Diablo, Sky Room and the game he is designing called Destiny. 
In these games, he suggests that the driving purpose is to achieve higher 
levels and greater numbers, much as in pursuing power. Other games he 
described are for “making choices” and “mastering the mechanics of the 
game” including The Walking Dead series and Over watch. The third type 
of game he described is called incremental games in which the player does 
not have to interact with the game but simply observes. These include games 
like Titans, Quicker Heroes and Idol Heroes. Finally, the online role-playing 

games involve repetitive activity again designed to increase one’s power. 
Examples he gave are World of Warcraft, Ever Quest, Dark Agent, and 
Ultimo Online. Given Irby’s graduate studies on Sri Lankan Buddhism and 
Hinduism, it’s interesting that he analogizes these online games to the severe 
meditative practices of Buddhist and Hindu ascetics who reputedly engaged 
in the severe meditation to achieve power [1]. This author who continues to 
develop these games may not realize how prevalent and addictive gaming 
has become, although he mentioned the chemical dependency that derives 

from the brain’s reward  system releasing dopamine as individual’s progress 
through the videogames [1]. 

In addition to chemical dependency, the thousands of hours of playtime 

that are required to make progress in these games have been associated with 
excessive sedentary activity. In a recent study in the Journal of the American 
Medical Association, the number of sitting hours for adolescents has 
significantly increased from an average of 7 to 8.2 over the last 10 years [2]. 
In addition, the percentage of adolescents who spend at least one hour a day 
outside of school time using the computer has doubled over the last decade 

from 30 to 62%. This is considered problematic given that sedentary 
behavior has increased the risk for diabetes, heart disease, some cancers and 
even early mortality [2]. 

The Prevalence of Internet Gaming in Different 
Cultures/Countries 

The prevalence of Internet gaming has varied widely across different 

cultures/countries. In the Youth Risk Behavior Survey of 15,624 US high 
school students, 19% of the adolescents spent five or more hours daily on 
video gaming [3]. A greater percentage of female adolescents than male 
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adolescents reported spending no time or five or more hours on 
gaming (21% for female vs. 18% for male adolescents). 
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For female adolescents, a greater prevalence of mental problems was 
associated with increased time spent whereas a J-shaped curve for the 
male adolescents suggested an initial decrease followed by a slow 
increase and then a rapid increase beginning at four hours or more. 
Spending no time or five hours or more daily in video gaming was 
associated with increased mental problems for both sexes. Spending one 

hour or less was associated with fewer depressive symptoms and 
suicidal behavior when compared with no use or excessive use. In 
another large sample study (N = 5045), 56% of the students were gamers 
based on the 12-item Problematic Online Gaming Questionnaire [4]. 
Latent profile analysis revealed that 5% of the adolescents belonged to 
a high risk group and 13% to a low risk group. 

A higher incidence of gaming (80%) has been reported for Saudi Arabia 

students based again on a self–report questionnaire [5]. These students 
reported that the most important motivator for gaming was fun and 
excitement, followed by getting rid of boredom. The drawbacks noted 
were interference with sleep time, physical activity and real-life. 

Although the students’ basal metabolic index was not associated with 
gaming, academic performance was lower and the prevalence of 
smoking, road traffic accidents and violence was especially noted 
among those who preferred racing games and those gaming in cyber 
cafés. 

A similarly high prevalence of gaming has been noted in the Australian 

Child and Adolescent Survey of Mental Health and Well- being which 
involved the completion of questionnaires by 2967 11– 17-year-olds 
(85%) [6]. Once again, psychological distress and problem behavior 
were twice as prevalent for girls as for boys, and those with emotional 
problems spent the most time playing games. Although it is not possible 
to determine the direction of effects, multivariate analysis showed that 
problem behavior, attempting suicide, experiencing high levels of 

psychological distress, using alcohol and living in a poorly functioning 
family were associated with more gaming. An even higher incidence of 
gaming (94%) was reported in a study on 503 Hong Kong adolescents 
[7]. These rates of gaming are extremely high and, fortunately, the more 
serious Internet Gaming Disorder/addiction is not as prevalent. 

Prevalence of Internet Gaming Disorder/Addiction 

Internet Gaming Disorder or Internet Gaming Addiction has been 
recently defined by the American Psychiatric Association as a 
diagnostic category, and its prevalence has been noted to range between 
1% and 9% depending on the age of the student and the country of 
residence [8]. The APA has defined Internet gaming disorder as the 

persistent and recurrent use of the Internet to engage in games, often 
with other players, leading to a significant clinical impairment or 
distress. The online games such as massively multiplayer online role-
playing games, for example, have been noted to cause clinically 
significant impairment. For a diagnosis of Internet Gaming Disorder, 
five or more of nine criteria are met for the diagnosis including:1) 
preoccupation with games; 2) withdrawal symptoms when gaming is 
removed such as irritability, anxiety or sadness; 3) tolerance or the need 

to spend increasing amounts of time on  games; 4) unsuccessful 
attempts to  reduce participation in games; 
5) loss of interest in real life relationships and other entertainment; 6) 
continued excessive use of games despite experiencing psychosocial 
problems; 7) deceiving family members about the amount of gaming; 
8) using games to escape or relieve negative mood states; and 9) 
jeopardizing or losing a relationship, job, educational or career 
opportunity. 

Following on the development of the criteria for Internet Gaming 
Disorder, researchers developed a structured clinical interview for 
Internet Gaming Disorder and a group of 236 adolescents from clinical 
settings were recruited to evaluate the psychometric properties of this 
interview [9]. The likelihood ratio estimates indicated that this was a 
reliable interview. Another instrument called the Gaming Addiction 
Identification Test has been developed using professional, parent and 

adolescent raters to determine content validity which ranged between 
.97 and .99, although additional research is needed for determining 
construct validity and criterion–related validity [10]. 

In a recent systematic review of the literature on Internet Gaming Disorder, 
the prevalence in clinical samples averaged 2-6% [11]. A slightly higher 
average prevalence at 5% has been noted in a recent meta- analysis on 16 
studies [12]. In this sample, male adolescents reported a higher prevalence 
of 7% versus 1% for female adolescents. 

Like other adolescent problems, for example, Internet addiction [13], 

cyberbullying [14], depression [15], suicidal ideation/attempts [16] and 
violence [17], Internet Gaming Disorder (IGD) has varied widely across 
cultures/countries. In a survey of seven European countries on a sample of 
12,938 adolescents, 1.6% of adolescents met full criteria for Internet 

Gaming Disorder with another 5.1% being at risk by fulfilling up to four 
criteria [18]. Variation was noted across the participating countries. In a 
separate study on German adolescents, data from the Videogame 
Dependency Scale that covers all nine criteria of IGD revealed that 1.2 % 
of adolescents could be classified by the DSM-V [19]. The IGD students 
played games for longer periods, skipped school more frequently, had lower 
grades, and reported more sleep problems and feelings of being addicted to 
gaming. The most frequently reported symptoms in this  sample were 

escaping adverse moods, preoccupation with gaming, giving up other 
activities, tolerance and withdrawal. 

A higher prevalence of problematic gaming (9%) has been reported for five 
Parisian middle schools including 434 adolescents [20]. Of these, 78% were 
boys. The two types of games that were responsible for problematic use 
were role–playing games and first- person shooter games. Although the 

students reported that gaming affected their physical and mental health, they 
didn’t think that gaming affected their academic performance. More 
negative consequences were reported by girls than boys including eating 
problems, sleep problems, vision problems, conflicts with parents, lots of 
wasted time and lack of school investment. They also listed risk factors 
including poor academic performance, lack of friends, and lack of self-
confidence and family problems. They viewed IGD as a failure to stop 
playing, playing instead of fulfilling one’s obligations and doing nothing 

but gaming. In a similar age sample of 1071 eighth graders in Slovenia, the 
prevalence of IGD was 2.5% [21]. This lower incidence may relate to 
cultural differences or to simply using a different measure (the 9-item 
Internet Gaming Disorder Scale). 

In still another middle-school sample, 2024 Korean students were assessed 

on the nine diagnostic criteria for Internet Gaming Disorder [22]. In this 
sample, 70% were gamers (51% boys) and 6% (10% boys 1% girls) were 
classified as adolescents with Internet Gaming Disorder. The prevalent 
symptoms were mood modification, behavior problems, conflict, 
withdrawal and relapse in that order. Comorbid anxiety was noted in 9% of 
the students, depression in 15% and impulsive symptoms in 11% of the 
students. In a study from Taiwan, the prevalence of gaming disorder was 

half that of the Korean sample at 3% [23]. But in Hong Kong, gaming was 
reported for as many as 94% of adolescents, and as many as 16% were 
identified as having Internet Gaming Addiction [7]. The risk for gaming 
addiction was significantly higher among boys as well as among those with 
poor academic performance and those who preferred playing multiplayer 
online games. Other risk factors were the average amount of time spent 
gaming per week, the frequency of spending money on gaming, perceived 
family disharmony and, surprisingly, having more close friends. 

A couple variations of gaming appeared in this recent literature including  a 
paper on social casino gaming and a few papers on active versus non- active 
gaming. In the study on casino gambling which offers the opportunity to 
gamble without monetary gains and losses, 12% of the 10,035 Canadian 
students in grades 9 to 12 in this study reported having participated in social 

casino games [24]. Those players were more likely to participate in 
monetary gambling activities, more likely to be males, to have weekly 
spending money, to have friends and parents who gamble and to spend time 
on the Internet. 

Active and non-active video gaming have been compared by a survey on 
373 adolescents age 12–16 in a series of papers by the same group of 

researchers. In one of their papers, 3% were reported to play exclusively 
active games, 40% both active and non-active games, 1% exclusively non 
active games and 17% no game playing [25]. Active game playing averaged 
1.5 days per school week for 36 minutes on average and one day per 
weekend for 42 minutes. 
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Non-active game playing occurred on 3.3 days per school week for 65 
minutes and 1.4 days per weekend for 80 minutes. Boys and older 
adolescents were more likely to play non active games than girls or 
younger adolescents [26]. In another paper by the same group, 24-hour 
recall diaries were completed electronically on five random weekdays 
and randomly assigned weekend days over a one-month period [27] 

Adolescents who played active video games also reported more time 
playing non-active video games, and playing active video games was 
associated with an increase in snack intake. 

In a third paper, the authors reported that playing active games was 
comparable to light-to-moderate intensity physical activity [28]. 
According to the adolescents, active gaming replaced sedentary screen 
time such as TV viewing, Internet and non-active gaming. In still 
another paper by the same group, active gaming was associated with a 

more positive attitude toward active gaming, a less positive attitude 
toward non-active gaming, and having brothers/sisters and friends who 
spend more time on active gaming [29]. In a study by another research 
group, a sample of 45 Italian teenagers completed a questionnaire about 
their videogame behavior and were then divided into action videogame 
player versus non-action videogame player groups and were given 
cognitive tests [30]. The results were consistent with previous findings 
that those in the active group had greater performance for instantly 

enumerating items. However, that group had a decrease in performance 
over time typical of a sustained attention task compared with a non-
active group. 

In one of the only longitudinal studies that could be found in this current 

literature, Swedish adolescents (N = 1576) (who were 13-15 years-old 
at time 1 of the study and at time 2 were 16-18 years-old) completed the 
Gaming Addiction Identification Test and the Problem Gambling 
Severity Index [31]. After adjusting for sex, age and ethnicity as well as 
the frequency of gambling activities and gambling time at baseline, 
problematic gaming was relatively stable over time. And, problematic 
gaming at time 1 increased the probability of having problem gaming 

three years later, highlighting the stability of problematic gaming. 

Gender differences have also been noted for Internet Gaming 

Addiction. In many studies, both the prevalence of Internet gaming and 
problematic use has been greater for males versus females, as in other 
addictions including internet addiction itself [13]. In one study, for 
example, the prevalence of gaming was greater for boys (60%) than for 
girls (14%) and problematic gaming was also more prevalent among 
boys (5%) than girls (1%), a 5 to 1 male/female ratio for both gaming 
and game addiction [32] (Table 1). 

Effects of Internet Gaming Addiction 

Multiple effects which could also be called comorbidities have been 

noted for gaming addiction including the other addictions already 
mentioned. It is not clear whether these are in fact effects of Internet 
gaming addiction or risk factors given that most of the studies have been 
cross-sectional not longitudinal. Other comorbidities have included 
attention problems, hyperactivity and mental health problems including 
depression and anxiety, other addictions including cyberbullying and 
substance use as well as family conflict. 

In a study based on the Videogame Addiction Test, high problematic 

game use was associated with lower self–reported  school performance, 
negative self–esteem, loneliness, social anxiety and depressed mood 
[32]. High scores on the addiction test were also associated with greater 
nicotine, alcohol and cannabis use among boys, with the rate being 
twice that reported by girls. Similar findings were noted in a systematic 
review of six online databases from which 91 studies met inclusion 

criteria [33]. The review suggested that high levels of screen time were 
associated with greater hyperactivity/inattention and internalizing 
problems. Greater amounts of time on screen–based sedentary behavior 
were also linked to lower scores on self-esteem. In another systematic 
review, moderate evidence supported the relationship between screen 
use and low self– esteem [34]. 

In this review of 32 studies, poor mental health status was noted for 
adolescents who were on screen time and sedentary for more than 2 to 3 
hours per day.The poor mental health status included psychological distress, 
loneliness, depression, anxiety and suicide ideation. 

Depression, anxiety, loneliness and low self-esteem have been noted in 

several studies on excessive gaming. In a latent class analysis on a sample 
of 9733 adolescents, those who were heavy game players had more 
depressive symptoms [35]. Friendship quality was noted to attenuate 

depression in some male gamers. Those who were very socially active 
online reported fewer symptoms of game addiction and depression. In 
another study on a sample from Sweden (N = 1868 adolescents), 
problematic gaming was associated with psychiatric symptoms including 
depression, anxiety and ADHD [36]. In a study on a Finnish sample, 
problematic gaming as measured by the game addiction scale was 
associated with psychological symptoms and physical health [37]. A 
multiple linear regression indicated not only a relationship between the 

amount of weekly gaming and depression but also associations between 
gaming and anxiety symptoms, fatigue and sleep problems. These were also 
related to a preference for online social interaction, a variable that is rarely 
measured but is likely related to the loneliness that has been reported for 
adolescents who are gaming addicted. 

Cyberbullying perpetration/victimization has also resulted from online 

gaming just as it has from Internet addiction [13]. In a study on 2315 high 
school students from Taiwan, online game use and internet use in 10th grade 
was a significant predictor of gaming one year later, and gaming also 
contributed to the emergence of cyberbullying perpetration/victimization in 
11th grade [38]. 

Substance use is another addictive behavior that has been noted in teenagers 

engaging in excessive video games (at least 30 hours per week versus one–
five hours per week) [39]. In this study on two large samples of eighth and 
10th graders in the US (N = 7313 and 8079), those who played online games 
at least 30 hours per week reported significantly  more instances of 
substance use than those who played one–five hours per week. 

It is not surprising given all the effects of Internet gaming disorder that those 

adolescents would have more family conflict and a poor family relationship 
[40]. In this study, rules about gaming use were important for males but 
gaming was banned for females. Parental monitoring was, surprisingly, 
associated with Internet gaming disorder in this study, but possibly because 
the monitoring was excessively restrictive, as is suggested by the parents 
banning Internet gaming for females. 

Although parental attitudes have been assessed in a number of studies 

including the research just described [40], attitudes of the adolescents 
themselves have rarely been tapped. An exception is a small interview study 
conducted with Hong Kong adolescents [41]. As already noted, 
approximately 94% of Hong Kong adolescents have engaged in Internet 
gaming [7]. In the Hong Kong adolescents’ attitudes study, 13 male high 
school students were interviewed at two Internet cafés [41]. Of the 13 
adolescents, five were categorized as pathological gamers and 8 were 

problem gamers. The students described the benefits of gaming as including 
improving their responsiveness and quick thinking, their intellectual agility, 
their cognitive techniques, meeting new friends and becoming sociable, 
fostering social support and teamwork and having fun and satisfaction. They 
suggested that the harms of gaming addiction were poor academic 
performance, the loss of interest in other activities, emotional distress, 
disrupted friendship with non-gaming peers, difficult family relationships 
and financial problems and physical harms. They further suggested that the 

psychological factors of gaming addiction included low self-esteem, 
gaming for killing time and to achieve satisfaction, coping with problems 
and negative emotions, a desire for aggressive exciting experiences, and 
being obsessed with achieving higher rankings in their games. Interestingly, 
their list of harms was at odds with their list of benefits. For example, 
boosting cognitive techniques and intellectual ability were mentioned as 
benefits but at the same time poor academic performance was listed as a 
harm. Another example was their suggesting that meeting new friends and 
becoming sociable were benefits, but then they spoke of disrupted 

friendships with non-gaming peers as being a harm. 
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Nonetheless, this list about positive and negative effects should be 

useful in informing prevention/intervention research (Table 2). 

Risk Factors for Internet Gaming Addiction 

Risk factors have been studied as frequently as effects of Internet 
gaming addiction in adolescents. The risk factors in the recent literature 
have included invitation by peers, hours of gaming, impulsivity, 
sensation–seeking, externalizing behaviors and aggressivity. Although 
these are typically researched as single factor studies, the Hong Kong 

adolescents in the study just described listed several risk factors, most 
of which are not featured in the recent literature on Internet gaming 
addiction in adolescents [41]. In this study, the risk factors listed by the 
Hong Kong adolescents included several social and environmental risk 
factors that have also been studied as effects of Internet gaming 
addiction. These include poor family relationships, lack of parental 
supervision, perceived parental approval of their gaming, early gaming 
experiences, peer pressure, accessibility to Internet cafés and aggressive 
activities at Internet cafés, 

In a study on peer influences among adolescents in Taiwan, 104 Junior 
high school students completed scales on Internet addiction, parental 
influence, peer influence and positive outcome expectancy for Internet 
gaming [42]. The results suggested that three types of peer influence 
included peers’ positive attitudes toward Internet gaming, the frequency 

of Internet game use by their peers, an invitation to play by their peers 
and positive outcome expectations. These were all significantly 
positively correlated with Internet gaming addiction. In contrast, 
parental influences had very minimal effect on positive outcome 
expectancy. In a structural equations modeling analysis, however, only 
the parents’ invitation to play Internet games predicted addiction 
severity. In contrast, in a mediation analysis, peers’ positive attitudes 
toward game use and the frequency of peers’ Internet game use 

positively predicted gaming addiction and positive outcome expectancy 
was a significant mediator. These findings illustrate the contradictory 
findings revealed by different types of data analyses. And, the structural 
equations model only explained 25% of the variance on internet gaming 
addiction, which suggests that many other factors are involved in 
addition to parent and peer influences. 

Typically, the amount of time spent gaming has been considered a risk 

factor for gaming addiction. Surprisingly, though, the number of 
different games has not been explored in the recent literature except in 
one study. In that study, both the amount of time spent on gaming and 
the versatility or the number of different videogame genres engaged in 

by male high school students were assessed, and both the hours of 
gaming and the versatility of gaming were risk factors for gaming 
addiction [43]. 

Other risk factors for Internet gaming addiction have been explored 
including personality traits and problematic behaviors. These have 
included impulsivity, sensation-seeking, externalizing and internalizing 
behaviors. In a study on 920 secondary school Chinese students, the 

Game Addiction Scale and the Big Five Inventory were given to the 
students [44]. Less conscientiousness and low openness were 
significantly associated with gaming addiction. In another study from 
China, 375 male adolescents completed anonymous questionnaires 
regarding sensation seeking, affective associations with online games, 
impulsivity and online gaming addiction [45]. Each of these variables 
was positively associated with online gaming addiction. Positive 
affective associations mediated the relationship between sensation-

seeking and online gaming addiction. And, impulsivity moderated the 
relationship between positive affective associations and online gaming 
addiction. These associations were stronger for high versus low 
impulsivity adolescents. In a similar study on 1293 Chinese adolescents, 
another mediation model was explored assessing whether deviant peer 
affiliation mediated the relationship between sensation-seeking and 
adolescent Internet gaming addiction [46]. Structural equations models 
revealed a positive association between sensation-seeking and 

adolescent Internet gaming addiction. That relationship was partially 
mediated by deviant peer affiliation and indirectly moderated by 
parental knowledge. 

The indirect path from sensation-seeking to gaming addiction was stronger 
for adolescents who had parents with low knowledge about their gaming. 
The focus on sensation-seeking in the behavioral literature is interesting in 
light of the focus on reward-seeking in the fMRI literature inasmuch as 
sensation-seeking may be closely related to reward-seeking for adolescents. 

Externalizing and internalizing behaviors have been considered risk factors 

for Internet gaming addiction. In a study on externalizing/internalizing, a 
sample of 86 adolescents who were residing on an addictive behavior unit 
were assessed for comorbid disorders [47]. Sixty-nine percent met 
diagnostic criteria for Internet gaming disorder. Of these, 53% of the sample 

presented with an externalizing profile while 46% presented with an 
internalizing profile. The internalizing adolescents had a family history of 
psychiatric disorders, difficult social relationships and using gaming as an 
escape from discomfort, and they also had comorbid mood, anxiety and 
personality disorders. The externalizing adolescents showed improvement 
after 3 months of treatment, unlike the internalizing adolescents, possibly 
because the internalizers had family history problems and comorbid 
disorders that complicated their improvement (Table 3). 

Altered Autonomic and Central Nervous System Function 

Several autonomic nervous system functions have been notably altered by 

Internet gaming disorder including heart rate variability, eye blinking, and 
saccadic eye movements as well as respiratory rate. In addition, several 
central nervous system functions have been affected. Data from both resting 
activity and stressful task and negative stimuli–related fMRI scans have also 
revealed modifications in connectivity and gray and white matter in brain 
centers that modulate impulsivity and reward-seeking. Although many of 
these results are correlated with the behavioral effects already noted, once 
again causality or direction of effects cannot be determined. These could be 

effects/comorbidities deriving from Internet gaming addiction or risk 
factors contributing to Internet gaming addiction (Table 4). 

Altered Autonomic Nervous System Function 

Heart rate variability has been sampled in at least two studies. In a study on 
68 Korean adolescent males, most heart rate variability parameters differed 
between Internet gaming addiction (IGA) adolescents and non- IGA groups 

[48]. Heart rate variability was inversely associated with type D personality 
(distressed personality) scores. In a study by a different research group, 
gaming craving was aroused by a short video clip showing gameplay videos 
of three addictive games with 27 adolescents who had mild to severe 
Internet gaming disorder [49]. Once again, heart rate variability was 
decreased as well as the number of eye blinks and saccadic eye movements, 
and mean respiratory rate also increased. 

Altered Central Nervous System Function 

Due to the increased reporting of impulsivity, aggression and dysfunction 
in emotion regulation in adolescents with Internet gaming addiction, several 

imaging studies have been conducted. Altered central nervous system 
function in adolescents with internet gaming disorder has been 
demonstrated by a number of fMRI studies. These have included resting 
state fMRI scans as well as scans during and following different stressful 
tasks and negative stimuli including swearwords and angry facial stimuli. 
The studies have basically shown altered activation/connectivity in the 
prefrontal cortex (known to modulate impulsivity), the ventral striatum 
(associated with reward–seeking) and the amygdala (associated with 

aggression). In addition, gray matter volume and white matter volume have 
been reduced in adolescents with gaming addiction 

Resting state/ brain image studies 

A systematic review of studies conducted since the 2003 DSM V 
classification of Internet Gaming Disorder yielded several brain imaging 
studies [50]. Most of these indicated impaired cognitive control associated 
with abnormal function in the prefrontal cortex and ventral striatum. 
Behavioral problems that were related included sleep disturbance, inferior 

school work, and low-quality parent–adolescent relationships. Most of the 
fMRI studies have yielded alterations in the interhemispheric resting–state 
functional connectivity. 
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In one study, 17 adolescents with internet gaming addiction versus 24 
healthy controls were shown to have altered interhemispheric resting 
state functional connectivity in the bilateral prefrontal lobe [51]. In a 
similar study on spontaneous brain activity in adolescents with online 
gaming addiction, those with addiction versus those without addiction 
showed a significant increase in the amplitude of low frequency 

fluctuation values in the orbital frontal cortex as well as other areas that 
have been detected in previous addiction studies [52]. These values were 
correlated with the duration of online gaming addiction. In another 
resting–state fMRI scan study, adolescents with Internet gaming 
addiction who had longer Internet use per week exhibited increased 
functional connectivity in some areas of the brain and decreased 
functional connectivity in others, suggesting a pattern that was 
consistent with those in patients with substance addiction [53]. In still 
another resting state functional connectivity study, increased 

disturbance was shown in regions involved in working memory and 
attention processing [54]. Inasmuch as the adolescents with Internet 
gaming disorder did not differ from normal controls in their behavioral 
performance on working memory and attention, the authors interpreted 
their increased connectivity findings as a compensatory mechanism for 
maintaining normal performance 

Stressful task/brain imaging studies 

Other studies have used stressful tasks during functional magnetic 

resonance imaging experiments to assess modulation of impulsivity. For 
example, in a balloon analogue risk task to assess the modulation of risk 
level (the probability of balloon explosions), there was a reduced 
modulation of risk-taking which was significantly related to a decrease 
in sensitivity to that risk in the right dorsal lateral prefrontal cortex of 
adolescents with internet gaming disorder [55]. That the right dorsal 
lateral prefrontal cortex was less sensitive to risk in these adolescents 

was interpreted as contributing to their greater impulsivity. In a similar 
study by the same research group, apparently on the same database, 
additional areas of the brain were implicated following the same balloon 
analogue risk tasks including the ventral striatum that involves reward-
seeking and the hippocampus/para-hippocampus involved in emotion–
related learning [56]. In a response-inhibition go/no go study also 
designed to assess areas involved in impulsivity, the addicted and non-
addicted adolescents’ performance on the task did not differ, but the 
addicted group showed impaired activity in the prefrontal cortex that 

was associated with impulsivity [53]. The authors suggested that the 
impaired function of the prefrontal cortex normally involved in 
modulating impulsivity may relate to the high impulsivity and the 
internet gaming addiction in adolescents. 

Negative stimuli/brain imaging studies 

Negative stimuli have also been used in fMRI studies including 
swearwords and angry facial stimuli. In the swearword versus negative 
word condition, adolescents with IGD showed reduced activation in the 
orbital frontal cortex related to cognitive control, in the dorsal anterior 

cingulate cortex related to social rejection, and in the amygdala 
involving control of aggression [57]. In a study presenting angry facial 
stimuli to interfere with performance on a match to  sample task, the 
Internet gaming disorder group showed weaker dorsal anterior cingulate 
cortex activation which was correlated with higher cognitive 
impulsivity [58]. These data are similar to those noted for the right 
dorsal lateral prefrontal cortex being less sensitive to risk during the 
balloon analogue risk task, suggesting again greater impulsivity in 

adolescents with internet gaming addiction [55]. 

Structural abnormalities in brain gray matter and white matter volume 
have also been associated with impulsivity and Internet gaming 
disorder. In a morphometric study, negative correlations were noted 
between impulsivity scores and gray matter volume of the right 
dorsomedial prefrontal cortex as well as the orbital frontal cortex and 
the right amygdala [59]. These data like those from the fMRI 

connectivity studies suggest that dysfunction of these areas that are 
involved in behavior inhibition, attention and emotion regulation may 
be contributing to the impulsivity noted in adolescents with Internet 
gaming addiction [59]. 

In a morphometric analysis by another research group, those with Internet 
gaming disorder showed smaller gray matter volume in the anterior 
cingulate cortex involved in executive control [60]. The gray matter volume 
in the left ventral lateral prefrontal cortex was negatively correlated with 
lifetime usage of internet gaming, again attributed to excessive Internet 
gaming during adolescence. Still another group has reported less gray 

matter volume in adolescents with Internet gaming addiction versus healthy 
controls in the anterior cingulate cortex and the dorsolateral prefrontal 
cortex during a go–no go task, suggesting reduced cognitive control [61]. 
In a study by the same group that reported reduced gray matter on a sample 
of Internet gaming disorder adolescents versus healthy controls [59], white 
matter changes were also correlated with greater impulsivity [54]. 

Genetic Factors 

In a cross-sectional study on 230 male high school students in South Korea, 

several stress– related candidate genes were genotyped to examine the 
relationship of these stress–related genes to Internet gaming addiction [62]. 
The AA genotype and the A allele of the CRHR1 gene were associated with 
greater odds of belonging to the Internet gaming addiction group indicating 
that the polymorphism of that gene may plan an important role in the 
susceptibility to IGD in Korean adolescent males. In a later gene study by 
the same research group, leukocyte telomere length (LTL) was examined in 
the same sample as previously reported [62]. In this paper, leukocyte 

telomere length was calculated as the telomere/single copy ratio (T/S ratio) 
[63]. In a multiple linear regression model, age, daily Internet gaming time 
and epinephrine levels were statistically predictive of the T/S ratio, 
suggesting that Internet gaming may induce LTL shortening in male 
adolescents which may be attributable to the higher epinephrine levels noted 
in those adolescents. 

Prevention/Intervention for Internet Gaming Disorder 

Given the significant prevalence, severity and comorbid conditions 

associated with Internet gaming addiction, it is surprising that relatively few 
intervention studies appeared in the recent literature. Those have included 
parental monitoring, cognitive behavior therapy plus parent education, cue 
exposure therapy, and exercise. 

In a study on parental monitoring, a three-way cross-lagged panel model 

was used to explore the relationship between parental monitoring and 
Internet gaming disorder [64]. In this sample of 1490 adolescents, parental 
monitoring at time 1 predicted lower Internet gaming disorder at time 2 and 
greater Internet gaming disorder at time 2 predicted less parental monitoring 
at time 3. The father–adolescent relationship patterns had a reciprocal 
indirect effect on the correlation between parental monitoring and Internet 
gaming disorder but the mother–adolescent relationship did not. 

In a study that combined cognitive behavior therapy with parental 
education, that intervention versus cognitive behavior therapy alone did not 
yield differences on the Million Adolescent Personality Inventory scores as 
well as the diagnostic criteria for Internet gaming disorder [65]. However, 
the group who only received cognitive behavior therapy showed higher 
dropout rates during the treatment period. In a study that created a virtual 

Internet café, the adolescents were exposed to different tasks while cravings 
were measured for the urge to play a game after exposure to each task [66]. 
The virtual Internet café therapy might be a useful treatment for gaming 
cravings. 

Active video gaming, as already discussed, and exercise might impact the 
energy and food intake level of adolescents with Internet gaming addiction. 
In a study that compared exercise (cycling) and an active videogame 
(boxing), the games were designed to generate the same  energy expenditure 
[67]. The moderate–intensity exercise provided better energy balance than 

the active video gaming by affecting both energy expenditure and energy 
intake (Table 5). 

Limitations of the Literature and Future Directions 

Research on prevalence, risk factors and effects data comprise most of the 
recent literature on gaming addiction in adolescents. Only a few 
interventions were noted in this recent literature including monitoring by 

parents as well as cognitive behavior therapy. 
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Methodological limitations of this research include reliance on self- 
report questionnaires that often do not include time spent online gaming 
and online gaming behaviors. And, the self-report data are discordant 
with clinical interview data, as was noted in at least one recent study 
[68]. Smaller sample interview, observational and laboratory studies are 
needed to understand specific gaming behaviors and the risk factors 

associated with gaming addiction in adolescents. For example, social 
anxiety would seem to be associated with gaming which, in turn, may 
be a safer way of interacting with peers. 

Different measures have been used in different studies making it 
problematic to compare prevalence, effects and risk factors across 
studies. Cultural differences exist, as noted, but different measures have 
been used in different cultures. And the scales are typically long and 
based on pathological conditions. Some have criticized the developers 

of the scales for borrowing criteria from other addiction research like 
that of substance abuse. And, using the DSM-V criteria for internet 
gaming disorder has yielded false positives as well as false negatives. 
Gaming addiction is associated with so many other demographic, 
psychological and behavioral problems as well as comorbid conditions 
like cyberbullying and depression and addictions like substance abuse. 
Determining the degree to which each of these contributes to the 
variance on gaming addiction is important. Research is also  missing on 

important variables like peer relationships/rejection as potential risk 
factors. Like other  literature  on  adolescent  problems,  this research  is 
limited by primarily deriving from self–report  and parent  report  and  
by  the absence of longitudinal data that might inform  whether the 
behavioral and brain data being reported are effects of or risk factors for 
internet gaming addiction. More multivariate research is needed as  well  
as profile/regression/structural  equation  modeling that can identify the 
relative variance explained by these variables. Identifying high risk 

profiles could then be translated into clinical interventions. 
Most of the recent studies are correlational so that the direction of 
effects cannot be determined. The usual problems of correlation 
analyses apply to these studies including the lack of control over 
confounding variables. Regression, mediation/moderation and 
structural equations analysis models could have been used in these large 

sample studies to control for potentially confounding variables and to 
determine the relative contribution of these variables to the outcome 
variance on gaming addiction in adolescents . 
Interventions that have been effectively used with other addictions 

could be explored with adolescents who are experiencing gaming 
addiction including, for example, the parent monitoring protocols, 
exercise programs, massage therapy, yoga, meditation and cognitive 
behavior therapy. Further, the occurrence of gaming addiction and other 
addictions like internet addiction as early as pre-adolescence highlights 

the need for school-based education programs for both parents and 
students along with teacher and peer monitoring of these addictive 
behaviors. 

Unfortunately, the internet and cell-phone technology that was 

intended for communication and educational purposes has become 
addictive and problematic for many aspects of the health and well- 
being of younger and younger adolescents. The survey studies 
reviewed here have highlighted the prevalence, risks and effects of 
gaming addiction. However, more small-scale empirical studies are 
needed to explore the specific gaming addiction behaviors Research is 
also missing on peer relationships/rejection as potential risk factors. 

Like other literature on adolescent problems, this research is limited 
by primarily deriving from self–report and parent report and by the 
absence of longitudinal data that might inform whether the behavioral 
and brain data being reported are effects of or risk factors for internet 
gaming addiction. And, research is needed on related addiction 
behaviors, the personality and non-gaming activity profiles of the 
adolescents and the underlying mechanisms  to  inform  the  even 
more needed early intervention/prevention studies. 

Table 1: Prevalence of internet gaming and internet gaming disorder. 
 

Prevalence Location First Author 

19% U.S. Lee (2017) [3] 

56% U.S. Papay (2013) [4] 

80% Saudi Arabia Awadalla [5] 

85% Australia Rikkers [6] 

94% Hong Kong Wang (2014) [7] 

2-6% systematic review Paulus [11] 

5% meta-analysis Fam [12] 

1.6% European countries Muller [18] 

1.2% Germany Rehbein [19] 

9% Paris Bonnaire [20] 

2.5% Slovenia Pontes [21] 

6% S. Korea Yu [22] 

3% Taiwan Chiu [23] 

12% Canada Veselka [24] 

Table 2: Effects of internet gaming addiction in adolescents. 
 

Effects First Author 

< school performance van Roorj [32] 

Neg. self-esteem van Roorj, Suchert, Hoare [32-34] 

Loneliness van Roorj, Hoare [32,34] 

Anxiety van Roorj, Hoare, Vadlin, Mannikko 
[32,34,36,37] 

Depressed mood van Roorj, Hoare, Colder-Carras, Vadlin, 
Mannikko [32,34-37] 

>nicotine van Roorj, Hoare, Colder-Carras, Vadlin, 
Mannikko [32,34-37] 

>alcohol van Roorj, Hoare, Colder-Carras, Vadlin, 
Mannikko [32,34-37] 

>cannabis van Roorj, Hoare, Colder-Carras, Vadlin, 
Mannikko [32,34-37] 

ADHD Vadlin [36] 

Hyperactivity Suchert [33] 

Internalizing Suchert [33] 

Suicide ideation Hoare [34] 

Sleep problems Mannikko [37] 

Cyberbullying Chang [38] 

Substance use Turel [39] 

Family conflict Bonnaire [40] 

Table 3: Risk factors for internet gaming disorder. 

Risk factors First Author 

Poor family relationships Wong [41] 

<parental supervision Wong [41] 

Perceived parental approval Wong [41] 

Early gaming experiences Wong [41] 

Peer pressure Wong [41] 

Accessibility to internet 
cafes 

Wong [41] 

Aggressive activities Wong [41] 

Frequency of use by peers Wu [42] 

Invitation to play by peers Wu [42] 

Parents’ invitation to play Wu [42] 

Amount of time playing Donati [43] 

Versatility of gaming Donati [43] 

<conscientiousness Wang [44] 

<openness Wang [44] 

Sensation seeking Wang, Hu [44,45] 

Impulsivity Wang, Hu, Tian [44-46] 

Deviant peer affiliation Tian [46] 

Externalizing Martin-Fernandez [47] 

Internalizing Martin-Fernandez [47] 
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Table 4: Altered autonomic and central nervous system function in 

internet gaming addiction in adolescents. 
 

Autonomic dysfunction First Author 

<heart rate variability Kim (2016), Kim (2018) [48,69] 

>eye blinking Kim (2018) [69] 

>saccadic eye movements Kim (2018) [69] 

>respiratory rate Kim (2018) [69] 

Central nervous system 

dysfunction 

First Author 

Abnormal function in 
prefrontal cortex 

Sugaya, Wang (2015),  Yuan, 
Ding [50-53] 

Abnormal function in ventral 
striatum 

Sugaya, Wang (2015), Yuan, 
Ding, Qi (2016) [50-53,56] 

Abnormal function in dorsal 
lateral prefrontal cortex 

Qi, (2015), Lee (2015), Wang 
(2015) [56,58,61] 

Abnormal function in orbital 
frontal cortex 

Chun [57] 

Abnormal function in the 
amygdala 

Chun [57] 

Structural abnormalities in 

gray matter volume 

Du (2016), Lee (2018) [59,60] 

Structural abnormalities in 
white matter volume 

Du (2017) [70] 

Table 5: Prevention/intervention for internet gaming addiction in 
adolescents. 

 

Intervention First Author 

Parental monitoring Su [64] 

Cognitive behavior therapy plus 
parental education 

Gonzalez-Bueso [65] 

Cue exposure therapy Shin [66] 

Exercise Chaput [67] 
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