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Abstract Children’s and adolescent’s use of computer
games and videogames is becoming highly popular and
has increased dramatically over the last decade. There is
growing evidence of high prevalence of addiction to com-
puter games and videogames among children, which is
causing concern because of its harmful consequences. There
is also emerging evidence of an association between com-
puter game and videogame addiction and attention deficit/
hyperactivity disorder (ADHD). This is indicated by the
occurrence of gaming addiction as a co-morbid disorder of
ADHD, common physiological and pharmacological mech-
anisms, and potential genetic association between the two
disorders. A proper understanding of the psychological and
neurotransmitter mechanisms underlying both disorders is
important for appropriate diagnostic classification of both
disorders. Furthermore, it is important for development of
potential pharmacological treatment of both disorders. Rel-
atively few studies have investigated the common mecha-
nisms for both disorders. This paper reviews new findings,
trends, and developments in the field. The paper is based on
a literature search, in Medline and PUBMED, using the key-
words addictive gaming and ADHD, of articles published
between 2000 and 2012.
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Introduction

Children’s and adolescent’s use of computer games and
videogames is becoming highly popular and has increased
dramatically over the last decade. The amount of time chil-
dren spend in the use of the internet, videogames, and media
over the past decade has increased dramatically to an aver-
age of approximately three hours per day in the general
population [1e¢]. There is growing evidence of high preva-
lence of computer game and videogame addiction among
children, which is causing concern because of its harmful
consequences [2¢¢, 3¢¢]. There is also emerging evidence of
an association between computer game and videogame ad-
diction and attention deficit’/hyperactivity disorder (ADHD).
Currently, it is not clear whether computer game and video-
game playing meets criteria for a syndrome, e.g., DSM-IV or
ICD-10 definition of a clinically significant pattern (con-
sistent co-occurrence and time course) of behavioral and
psychological signs and symptoms that cause distress or
impairment. In 2007, the American Psychiatric Association
reviewed whether or not video game addiction should be
added to the DSM-V to be released in 2012. The con-
clusion was that there was insufficient evidence to include
computer game addiction as a psychiatric disorder. (Note:
internet use disorder is currently being recommended for
further study (see http://www.dsm5.org/proposedrevision/
Pages/proposedrevision.aspx?rid=573)).

The purpose of this review is to evaluate the literature on
the relationship between addictive gaming and ADHD.
Studies indicate ADHD is a risk factor for the duration of
time children and adolescents play computer games and
videogames. What are less understood are the physiological
and neuropharmacological mechanisms that underlie both
disorders which may shed light on diagnosis and treatment
issues. The review will summarize what is already known
on this topic. It will also describe new findings, trends, and
developments in the field.


http://www.dsm5.org/proposedrevision/Pages/proposedrevision.aspx?rid=573
http://www.dsm5.org/proposedrevision/Pages/proposedrevision.aspx?rid=573
http://www.dsm5.org/proposedrevision/Pages/proposedrevision.aspx?rid=573
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Diagnosis and Prevalence of Internet or Computer
Game Dependency

Diagnostic assessment of internet or computer game depen-
dency remains problematic. Different studies in different
countries have used different scales to assess the prevalence
of computer game addiction. A national Harris Poll survey
of 1,178 US youths aged 8-18 years found that 8.5 % of
computer gamers were pathological players according to
standards established for pathological gambling [4]. Among
323 German children ranging in age from 11 to 14 years,
9.3 % (N=30) met criteria for dependency and pathological
gaming using DSM-IV and ICD-10 criteria [5]. A second
study of 7,069 computer-game players reported that 11.9 %
met three of the diagnostic criteria for addiction [6]. Third,
among 221 computer game players, 6.3 % have met the
ICD-10 criterion of addiction [7]. A German national survey
of 7,000 gamers found that 12 % met three of the criteria for
internet addiction [6]. Results of a German nationwide sur-
vey of 44,610 male and female ninth-graders in 2007 and
2008 showed that 3 % of male and 0.3 % of female students
were diagnosed as dependent on video games. Video game
dependency (VGD) was accompanied by increased levels of
psychological and social distress in the form of lower school
achievement, increased truancy, reduced sleep time, limited
leisure activity, and increased thoughts of committing sui-
cide. In addition, it becomes evident that personal risk
factors were crucial for VGD [8].

Among 2,327 Norwegian youth, 2.7 % (4.2 % of the
boys, 1.1 % of the girls) fulfilled the criteria for pathological
playing following a “Diagnostic Questionnaire for Internet
Addiction of Young”; 9.8 % (14.5 % of the boys, 5 % of the
girls) were considered to be engaging in “at risk playing”
[9]. In the UK, a survey of 387 adolescents (12—16 years of
age) found that 20 % were computer-dependent on a scale
adapted from the DSM-III-R criteria for pathological gam-
bling [10]. Finally, a survey of 3,975 Turkish undergraduate
students found that the most preferred type of game was
violent games; whereas preference for strategy and fantasy
role-play games increased with age, preference for other
games decreased [11].

Griffiths [12] has operationally defined addictive behav-
ior as any behavior that features what he believes are the six
core components of addiction (i.e., salience, mood modifi-
cation, tolerance, withdrawal symptoms, conflict, and re-
lapse). He further argued that videogame addiction fulfills
the criterion of addiction by virtue of meeting these criteria.
In his view, since many videogame users are excessive users
and not addicts, videogame addiction may be a medium for
satisfaction of arousal and reward (see the section on mech-
anisms of reward). In addition to the neuro-chemical basis
of addiction there are accompanying behavioral markers of
dependence in adolescents, for example stealing, truancy,

not doing homework, irritability if unable to play, etc. Fi-
nally, single case studies have shown that videogame addic-
tion was used to compensate for deficiencies in one’s life in
areas such as inter-personal relationships, physical appear-
ance, disability, coping, etc. Griffith [13] argued that al-
though there are some educational, social, and therapeutic
benefits to videogames, taken in excess playing 24 hours a
day 7 days a week could lead to addiction and, in some
cases, to a gambling problem. Finally, Griffiths [14] con-
cluded that adverse effects of videogame addiction are rel-
atively minor and temporary. The effects can be resolved
spontaneously with reduced frequency of play and they may
affect only a small group of players.

Attention Deficit/Hyperactivity Disorder (ADHD)

ADHD is a complex disorder which has many causes,
including genetic and environmental causes. ADHD is usu-
ally diagnosed in childhood, usually during play and school,
and it is characterized by difficulties in concentration, short
attention span, and psycho-motor restlessness [15, 16].

Blum et al. [17¢¢] have reviewed the literature on ADHD
and have suggested that some cortical regions associated with
attention, impulse control, and stimulus integration abil-
ities are not fully active in this disorder. People with
ADHD suffer from stimuli overload; that is, they have
heightened awareness of incoming stimuli, particularly
sight, sound, and touch [18]. They are so bombarded by
the normal stimuli in their environment that they cannot
filter out the background noise, and have trouble focus-
ing or concentrating on a problem or a task. Because of
their inability to focus, those with ADHD have trouble
completing what they start. They have difficulties with mak-
ing plans and even more difficulty in carrying out plans in an
orderly fashion.

ADHD as a Predictor of Internet and Videogame
Addiction

Very little is known about factors associated with the out-
come of internet and videogame addiction. A single pro-
spective study followed over 2,000 adolescents for two
years and investigated whether psychiatric symptoms could
predict the development of internet addiction. ADHD was
the most significant predictor for the development of inter-
net addiction. Controlling for sex, hostility was the major
predictor for internet addiction in males whereas ADHD
was the major predictor for internet addiction in females
[19¢]. These findings are consistent with the results of
previous cross-sectional studies looking at the association
between internet addiction and ADHD [20-24].
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Treatment of co-Morbid Internet and Videogame
Addiction in ADHD

There is further evidence of an association between internet
videogame addiction and ADHD stemming from a single
treatment study. In this study methylphenidate (MPH) was
administered to 62 Korean children diagnosed with ADHD
and internet video game addiction [25¢]. After eight weeks of
treatment, measures of internet use scores and internet usage
times were significantly reduced and these measures were
positively correlated with the degree of improvement in atten-
tion. The authors suggest that internet video game playing
might be a means of self-medication for ADHD children. In
addition, they cautiously suggest that MPH might be evaluat-
ed as a potential treatment of internet addiction.

It is plausible that ADHD and internet or gaming addic-
tion may share a bidirectional relationship whereby the
symptoms of ADHD make playing computer games and
videogames more attractive while gaming may exacerbate
the symptoms of ADHD by reinforcing them, for example
inattention, disinhibition, impulsive response, and craving
for immediate reward (1). On the other hand playing video-
games online with friends may improve attention, visual
spatial skills, and working memory [26, 27] but this im-
provement does not necessarily apply to recreational video
gamers with ADHD.

In summary, there is a growing body of evidence of an
association between computer game and videogame addic-
tion and ADHD. Although other psychiatric conditions, for
example anxiety and depression may also be associated with
gaming addiction it is ADHD which is the strongest predic-
tor of this addiction. The following sections will describe
possible psycho-biological mechanisms that may underlie
both conditions.

Psychobiological Mechanisms Underlying Computer
Game and Videogame Addiction and ADHD

Psychobiological Mechanisms Underlying Computer Game
and Videogame Addiction

Three different mechanisms have been suggested as driving
excessive computer gaming, although there have been very
few psycho-physiological investigations of these putative un-
derlying mechanisms. First, it has been suggested that com-
puter games are inadequate means of coping with frustration,
stress, and fears (25). Second, and consistent with the stress-
coping mechanism, it has been suggested that in-game rein-
forcement and skill significantly affect a number of affective
measures, most notably excitement, arousal and frustration
[28]. Third, excessive computer game playing may be main-
tained by stimulatory effects on reward and sensitization [29],
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similar to the long-term changes in the brain reward circuitry
believed to maintain substance dependence.

There is evidence supporting the hypothesis that comput-
er game and videogame playing activates the dopamine
reward circuitry in the brain. When participants with online
game addiction were presented with gaming pictures and
mosaic control pictures while undergoing functional mag-
netic resonance imaging (fMRI), activation of the brain’s
craving areas including the right orbito-frontal cortex, right
nucleus accumbens, bilateral anterior cingulate and medial
frontal cortex, right dorso-lateral prefrontal cortex, and right
caudate nucleus were observed [30¢]. Thus, the results sug-
gest that the gaming urge/craving in online gaming addic-
tion and craving in substance dependence might share a
common neurobiological mechanism.

Although Griffith (1) has argued that computer game and
videogame addiction fulfills the major criteria of addiction,
namely salience, mood modification, tolerance, withdrawal
symptoms, conflict, and relapse, his argument is based
on single case studies. Currently, there are no psycho-
physiological studies showing that computer game and vid-
eogame addiction result in sensitization, tolerance, and with-
drawal, which are the highlight of addiction. Furthermore,
although computer game and videogame play is highly
addictive to some players there is little evidence suggesting
that it results from a dysfunctional brain reward system.
Third, there is no evidence for impulsivity or faulty decision
making as indicated by performance in the gambling task or
BART task [31].

Finally, there is little evidence for the role of genetic
factors in video or computer game addiction. There is evi-
dence linking internet addiction, high reward dependency,
and polymorphism of the dopamine receptor D, TaqlAl
and catechol-O-methyltransferase (COMT) alleles. In par-
ticular, the DRD, Taql A1 allele seems to be associated with
reward dependence in excessive internet videogame-play
adolescents [32¢].

A subsequent Korean study [33] compared adolescents
diagnosed with excessive internet use with healthy control
subjects for genetic polymorphisms of the serotonin trans-
porter gene and with respect to novelty seeking and harm
avoidance on Cloninger’s personality questionnaire (TPQ).
They found that the excessive internet users had higher
frequencies of the long-arm allele (SS-SHTTLPR), greater
harm avoidance, and higher Beck depression inventory
scores. SS-SHTTLPR frequency was closely related to harm
avoidance in these excessive internet users. This study sug-
gested that subjects with excessive internet use may have
genetic and personality traits similar to those of depressed
patients. It is plausible that there are two different types
of internet-addicted individual, those who are addicted
to videogames, who have high reward dependence and genet-
ic predisposition for dopamine deficiency, and the general
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population of internet-addicted individuals who are more
prone to depression, harm avoidance, and deficient genetic
serotonergic activity. The evidence for the use of computer
game and videogame play for the purpose of stress relief and
the resulting social isolation and depression merit genetic
studies of serotonin in the particular group of computer game
and videogame-addicted individuals.

Psychobiological Mechanisms Underlying ADHD

ADHD is also conceptualized as a condition that is associ-
ated with the brain’s systems of reward and sensitization.
There has been increased interest in ADHD as a heritable
neuropsychiatric condition linked to pathogenesis of brain
dopamine activity [34-36]. Blum et al. [17+¢] have sug-
gested that ADHD is a subtype of a disorder known as
reward deficiency syndrome (RDS). According to his theo-
ry, RDS refers to the breakdown of several neurotransmitters
in the brain in which one reaction triggers another termed as
the “reward cascade” [37] and resulting aberrant conduct
[38]. The theory that is yet to be substantiated argues that
reward deficiency may predispose individuals to addictive,
impulsive, and compulsive behavior.

The brain’s reward system involves interaction among
brain neurotransmitters and associates craving behavior with
the dopamine system, particularly the DRD, dopamine re-
ceptor gene [39]. Dopamine is a prevailing brain neurotrans-
mitter that controls feelings of satisfaction and well-being
[37, 38, 40]. Dopamine interacts with other neurotransmit-
ters, for example serotonin and the opioids, which are relat-
ed to the control of mood. Individuals with dopamine
receptor D, gene abnormality have a reduced number of
D, receptors in the brain. This results in lower dopaminergic
activity in the brain’s reward centers. These individuals tend
to be involved in risky behavior, for example drug and
alcohol abuse, extremely low-calorie diets, and high levels
of stress [41]. These activities in turn increase dopamine
activity in the brain. It is also shown that lower levels of
dopamine activity result in aggressive behavior which stim-
ulates the brain’s dopamine activity [42, 43].

ADHD has been characterized as a disorder involving
genes affecting dopamine, norepinephrine, serotonin,
GABA, and other neurotransmitters [44]. Genetic variants
of dopaminergic, noradrenergic and serotonergic genes are
important to this disorder.

Brain Imaging Studies of Reward in Computer Game
Playing

Chronic use of psycho-stimulants, for example cocaine and
methamphetamine, results in long-term effects to the dopa-
mine reward system. For example, compared with healthy

subjects, detoxified cocaine-dependent subjects have re-
duced striatal D, receptor availability [45—47] and reduced
drug-induced dopamine release [47, 48]. Playing a computer
tank riding game was shown to release dopamine in vivo in
the human brain comparable with the dopamine released as
a response to pharmacological challenge with amphet-
amines [49]. Other behavioral models, for example mone-
tary reward tasks [50] and non-hedonic food motivation [51]
also released dopamine in brain meso-limbic reward centers.

Weinstein (2) described a brain-imaging study measuring
dopamine release in the striatum by use of [**I] IBZM in
single-photon computerized tomography (SPECT) during
computer game playing by control subjects and former
“ecstasy” users. Control subjects had a significant 10.5 %
reduction in binding potential measure in the caudate after
performance compared with their baseline measure, consis-
tent with the results (13 %) reported by a previous study
[49]. This is comparable to amounts of dopamine released
by amphetamine [52] or methylphenidate [53, 54]. This
finding implies that video game playing is capable of sig-
nificant dopamine release that is comparable with the effects
of psycho-stimulant drugs on the brain. It is plausible that
individuals who are addicted to video-game playing derive
much pleasure from playing these games because of exten-
sive dopamine release during play. Weinstein (2) has also
shown that, in contrast with healthy control subjects, former
“ecstasy” users showed little change in D, binding potential
in the caudate/putamen in response to videogame perfor-
mance. This finding implies low brain dopamine response to
natural reward, presumably because of previous sensitiza-
tion to stimulant drugs that release a large amount of dopa-
mine in their brain over time. It is speculated that individuals
who are addicted to computer games and videogames would
show tolerance to these games which would be indicated by
lower dopamine release similar to ex-drug users. To our
knowledge no studies have evaluated sensitization or toler-
ance to computer game or videogame-induced dopamine
release in gaming addicts with or without ADHD.

Brain Imaging of Reward in ADHD

Neuroimaging studies, by SPECT, measuring the brain do-
pamine transporter (DAT) in ADHD patients revealed ele-
vated striatal dopamine transporter [55, 56]. There is further
evidence that striatal DAT availability was associated with
response of ADHD patients to methylphenidate (MPH).
Krause et al [57] found that ADHD individuals with low
DAT availability failed to respond to MPH therapy. Another
study by Volkow and colleagues [58] using ['' C]raclopride
(D,/Dj3 receptor radioligand sensitive to competition with
endogenous dopamine) in positron-emission tomography
(PET) found reduced dopamine activity in specific brain
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regions of adults with ADHD compared with control sub-
jects. Deficiencies were seen at the level of both D, recep-
tors and DA release in the caudate [58] and in the ventral
striatum, the brain region involved with reward and motiva-
tion [59]. Consistent with this evidence, the depressed DA
phenotype was associated with higher scores on self-report
of methylphenidate liking [58]. Volkow and her colleagues
[60] studied treatment-naive adults with ADHD after
12 months of clinical treatment with methylphenidate. Us-
ing ['' C] raclopride in PET and have found that dopamine
enhancement in ventral striatum was associated with thera-
peutic response to methylphenidate, further corroborating
the relevance of the dopamine reward/motivation circuitry
in ADHD. Interestingly, if left untreated, individuals with
ADHD are at high risk of substance abuse disorders [61].
The studies so far imply dopamine deficiency in the caudate
and ventral striatum in ADHD which constitutes vulnerabil-
ity for substance abuse disorders. It can be speculated that
this dopamine deficiency might be also be high risk for
computer games and videogames by virtue of their being
highly stimulating and dopamine releasing in the brain.

A comparison of symptoms, behavioral response, genes,
and treatment in ADHD and computer game and videogame
addiction are listed in Table 1.

Limitations of the Literature on Internet and Videogame
Playing

Despite the progress made in computer game and video-
game addiction, there are currently no diagnostic instru-
ments for internet and videogame addiction with adequate
reliability and validity across cultures. A recent systematic
analysis of different diagnostic instruments found that pre-
vious studies utilized inconsistent criteria to define internet
addicts, applied recruiting methods that may cause serious
sampling bias, and examined data using primarily explor-
atory rather than confirmatory data analysis techniques to
investigate the degree of association rather than causal rela-
tionships among variables [62]. Thus, prevalence data on
pathological internet use are limited by methodological dif-
ficulties concerning the diagnosis and the heterogeneity of
diagnostic instruments. This makes it difficult to compare
prevalence across countries. Second, treatment for internet
addiction is based on intervention and strategies used in the
treatment of substance use disorders. Psychosocial approaches
are the mainstay of treatment, with very little study of pharma-
cological treatment. Because of the lack of methodologically
adequate research, it is currently impossible to recommend any
evidence-based treatment of internet addiction (3).

Table 1 ADHD and computer

game and videogame addiction: ADHD

Computer game and videogame addiction

comparison of symptoms,

1) Excessive play
2) Social isolation [12]

To videogames:

1) Sensitization?

2) Tolerance [12]

3) Withdrawal [12]

4) Craving/urges (30°)

5) Reward dependence [42]

Dopamine: Dopamine Receptor Dy,5 4,5

Norepinephrine Alpha-2-adrenergic receptors 2A

Serotonin: 5-hydroxytryptamine (serotonin)
receptor 1A (HTR1A) hydroxytryptamine
(serotonin) receptor 1D alpha (HTR1DA),

GABA: gamma-aminobutyric acid (GABA)

Elevated DAT density indicating striatal

behavioral response, genes, Symptoms 1) Inattention
and treatment 2) Hyperactivity
3) Impulsivity [15, 16]
Behavioral ~ To psycho-stimulants:
TeSponse  Sensitization [63]
Tolerance?
Withdrawal?
Genes
Dopamine Transporter (DAT)
and 2C:(ADRA2A, ADRA2C)
Serotonin Transporter (SERT)
A receptor, beta 2GABRB2 (17¢¢)
Brain
imaging dopamine hypo-activity [55-59]
Treatment

Norepinephrine and Dopamine stimulants
Methylphenidate [64]
Amphetamine [65, 66]

Norepinephrine agents: a2-adrenergic agonists
(clonidine, guanfacine) or atomoxetine [67—69]

Dopamine: Dopamine Receptor D5,
catechol-O-methyltransferase (COMT)
[42]

Serotonin SERT: SS-SHTTLPR [43]

Activation of the craving circuit in the brain
of computer-addicted individuals (30¢)

Norepinephrine and dopamine stimulants
Methylphenidate (25¢)
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Conclusions

There is emerging evidence of an association between com-
puter game and videogame addiction and ADHD. This is
indicated by the occurrence of psychiatric co-morbidity be-
tween ADHD and gaming addiction. Both disorders seem to
share a common mechanism of reward and sensitization
which is mainly mediated by dopamine. Preliminary evidence
seems to suggest that videogames activate the brain’s dopa-
mine reward system, resulting in significant dopamine release
during exposure to videogame playing. This system is mainly
controlled by brain dopamine neurotransmission but other
neurotransmitters, for example serotonin, GABA, and gluta-
mate, may play an important role in its regulation. There is
further genetic evidence linking genes associated with dopa-
mine release and turnover with internet and videogame addic-
tion. Third, there is evidence suggesting that methylphenidate,
a common stimulant treatment for ADHD, may be beneficial
also for excessive internet and videogame players with
ADHD. A proper understanding of the common psychologi-
cal and neurotransmitter mechanisms underlying ADHD and
computer game and videogame addiction is therefore impor-
tant for appropriate diagnosis and pharmacological treatment
of individuals with both conditions. Future studies should
illuminate the psychobiological mechanisms for both condi-
tions and explore new trends and developments in the diag-
nosis and treatment of both conditions.

Disclosure A. Weinstein: grant from the Israeli Anti-Drug Authority
and support for travel to meetings for study or other purposes from
National Institute for Psychobiology in Israel; A. Weizman: none.
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