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ABSTRACT

Introduction: Internet ganne oyeruse is an

emerging disorder and features diminished

impulse control and poor reward-processing. In

an attempt to understand the neurobiological

bases of Internet game overuse, we investigated

the differences in regional cerebral glucose

metabolism at resting state between young indi-

viduals with Internet game overuse and those

with normal use using ^^F-fluorodeoxyglucose

positron emission tomography study.

Methods: Twenty right-handed male partici-

pants (9 normal users: 24.7±2.4 years of age, 11

overusers: 23.5±2.9 years of age) participated. A

trait measure of impulsivity was also completed

after scanning.

Results: Internet game overusers showed

greater impulsiveness than the normal users

FOCUS POINTS
Internet and Internet game averuse are similar
to pathological gambling, which is a type of
impulse contrai disorder involving the inability
to resÍ5t the impulse to perform on action that
is harmful to oneself or others.
Internet game overusers showed greater impul-
siveness than normal users. Imaging data
showed that overusers had increased glucose
metabolism in the orbitofrontal cortex, striatum,
and sensory regions, which are implicated in
impulse control, reward processing, and somatic
representation of previous experiences.
Internet game overuse shares psychological
and neural mechanisms with other types of
impulse control disorders and substance/non-
substance-related addiction.

and there was a positive correlation between

the severity of Internet game overuse and

impulsiveness. Imaging data showed that the

overusers had increased glucose metabolism
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in the right middle orbitofrontal gyrus, left cau-

date nucleus, and right insula, and decreased

metabolism in the bilateral postcentral gyrus,

left precentral gyrus, and bilateral occipital

regions compared to normal users.

Conclusion: Internet game overuse may

be associated with abnormal neurobiologi-

cal mechanisms in the orbitofrontal cortex,

st r ia tum, and sensory regions, which are

implicated In impulse control, reward process-

ing, and somatic representation of previous

experiences. Our results support the idea that

Internet game overuse shares psychological

and neural mechanisms with other types of

impulse control disorders and substance/non-

substance-related addiction.
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INTRODUCTION
Internet game overuse is a new and rap-

idly growing addictive phenomenon world-
wide.^ More than one out of eight adults in the
United States shows signs of being addicted
to the Internet.^ A similar or higher rate has
been reported in several countries in Asia^ and
Europe.* Among these. South Korea may be one
of the nations that suffers most from this phe-
nomenon. In 2007, the Korea Agency for Digital
Opportunity and Promotion reported that 1.7%
of Korean adults were classified as definitive
Internet overusers. These were defined as those
who used the Internet for an average of 3.4
hours/weekday and 4.9 hours/weekend day, and
90.8% of the time that overusers stayed online
was spent playing Internet games.^ Internet game
overuse and pathological computer game use
have been considered a type of behavioral addic-
tion that is accompanied by withdrawal symp-
toms and tolerance.^'^-^ Although an increasing
number of individuals, especially young people,
suffer from Internet game overuse, no study has
examined the neurobiological factors underlying
Internet game overuse.

Recent research has suggested that Internet
and Internet game overuse may be based on
psychological and cognitive mechanisms that

are similar to those underlying pathological
gambling.^^^^ According to the Diagnostic and
Statistical Manual of Mental Disorders, Fourth
Edition, pathological gambling is a type of
impulse control disorder involving the inability
to resist the impulse to perform an action that is
harmful to oneself or others. Internet game over-
use is similar to pathological gambling in that it
does not directly involve intoxicant substances,
but entails dysfunctions in impulse controP '°
and reward."'^^ Yen and colleagues^ conducted
an Attention-Deficit/Hyperactivity Disorder
Self-Rated Scale study in a large high school
student population and found that adolescents
with Internet addiction had higher uncontrolled
impulse levels than non-addicts. Using the Yale-
Brown Obsessive-Compulsive Scale modified
for Internet use, Shapira and colleagues^" found
that adults with Internet addiction or pathologi-
cal Internet use met the DS/W-/1/criteria for an
impulse controi disorder. Moreover, Internet
game overusers have also shown impaired per-
formance on a reward-based decision-making
task.̂ ^ Based on these lines of evidence, Internet
game overuse may result from abnormalities
in neural circuits that are involved in impulse
control and reward processing. However, little is
known about the neural mechanisms underlying
Internet game overuse.

In an attempt to understand the neurobiologi-
cal bases of Internet game overuse, we inves-
tigated the differences in regional cerebral
glucose metabolism at resting state between
young individuals with Internet game overuse
and those with normal use, using ^^F-fluorode-
oxyglucose positron emission tomography (FDG
PET). We hypothesized that Internet game over-
users would show altered metabolism in the pre-
frontal and striatal regions, which are implicated
in impulse control and reward processing.

METHODS

Participants
This study was performed in accordance with

the Declaration of Helsinki and approved by
the institutional review board of Seoul National
University Bundang Hospital. All participants
gave written informed consent before partici-
pating in this study. Participants were recruited
from a large survey study investigating behav-
ioral and cognit ive profi les of individuals
addicted to Internet, which are being prepared
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as a separate report. Among the participants for
the survey study, those who met the criteria for
Internet game overuse or normal use and who
gave written informed consent to participate
in the follow-up imaging study were invited to
the current study. Internet game overuse was
defined based on the Korean Internet Game
Addiction Scale (IGS)/^ a standardized ques-
tionnaire developed to assess the severity of
Internet game use that is described below in
detail. The exclusion criteria for both Internet
game overuse and normal use groups were a
history of substance abuse or dependence; a
history of major psychiatric disorders, such as
schizophrenia, psychotic episodes, or hospi-
talization for psychiatric disorders; and current
treatment for mental disorders other than those
being investigated in this study.

Eleven men with Internet game overuse
and nine men with normal Internet use par-
t ic ipated in the study. All subjects were
right handed. Table 1 provides demographic
information for participants in each group.
There was no significant difference in either
age (mean age±SD=23.5±2.9 years vs 24.7±2.4
years, P=.29) or duration of education {mean
duration±SD-13.3±1.8 years vs 14.1±1.8 years,
P=.21) between the groups. The IGS score
of the overuse group was naturally higher
than that of the normal user group (mean
score±SD = 55.4±7.0 vs 25.3±4.4, P<.0001).
Table 2 provides a summary of Internet game
playing activities of Internet game overusers.
Participants in the overuser group reportedly
spent an average of 22.6 hours per week on
Internet games last month and 63.6% of them

TABLE 1 .
Group Characteristics

Age Ivears}

Dufalion of
education
(years)

IGS score

Internet game
overusers ln=11)*

23.5±2.9

13.3±].8

55.4±7.0
1 range 47-67)

Normal users
ln=9>'

24.7±2.4

U.1±1.8

25.3±4.4
(range 20-31)

P-valae

29 (NS)

.21(NS1

<.000t

* Values are mean j : SD

NS=not signiticant; l6S=l[)ternet Game Addiction Scale.

Park HS, Kim SH, Bang SA, Yoon EJ, Cho SS, Kim SE. CNS Spectr. Vol 15,
Mo 3. 2010.

had been playing Internet games >4 years. The
longest continuous span the overusers played
the game without a break was 11.5 hours on
average. The most common type of games was
multi-player, online strategy simulation game
{eg, Starcraft, Blizzard Entertainment, 1998).

Self-Report Measures of Internet Game
Addiction and Impulsivity

The IGS was developed by the Korean Game
Industry Agency to identify individuals who
addictively use Internet games.'^ The IGS is a 20
item questionnaire consisting of five subscales:
game-dependence behavior, declined self-con-
trol, hypersensitlveness, functional deficit, and
absorption. Items are measured on a 4 point
Likert scale ranging from 1 {not at all) to 4 (very
much). The severity of Internet game overuse

TABLE 2 .
Internet Game Ploying Activities of
the Internet Game Overusers

Question

How long have you
playeo the game?

What is your favorite
game?

Are there images of
game scenes in your
mind even wiien you are
not playmg?

How many hours per
week did you play last
month?

How many continuous
hours have you ever
played?

Answer

<1 year

1-2 years

3-4 years

>4 years

Single player, PC/
Console

Multi-pi ayer, online
strategy simula-
tion game (eg.
Starcraft)

Multi-player, card
gambling

Competitive board
game (eg. Chess)

Massive multi-
player online role
playgame

Not at all

Rarely

Commonly

Often

Always

22-6±15.0 hours
(meantSD)

11.5±6.3 hours
(meantSD)

Percentaae

9.1
18.2

9.1

63.6

9.t

63.6

-

-

27.3

27.3

18.2

27.3

9.1

18.2

Park HS, Kim SH. Bang SA, Yoon EJ. Cho SS. Kim SE. CNS Spectr. Vol 15,
No 3. 2010.
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was calculated by summing the score for each
item, which ranged from 20-80 points. According
to previous reports,^^^ Internet game overuse
was defined as the IGS score >42. Among 464
volunteers who participated in the original sur-
vey study (mean age=23.2±4.4 years; 260 men,
202 women, and 2 unknown), 7.9% were iden-
tified as overusers, who habitually engage in
Internet games and are more prone to Internet
game addiction.

Because impulsivity has been closely associ-
ated with behavioral addiction including Internet
game addiction, we also assessed the level of
impulsivity with the Barratt Impulsiveness Scale
Version 11

Image acquisition and analysis
PET scans were acquired using an Allegro

PET scanner operating in three-dimensional
mode. Participants had fasted for at least 6
hours before scanning. They received intrave-
nous injection of 185 MBq of FDG in a dimly
lit, quiet waiting room and were instructed to
remain lying comfortably during a 40 minute
FDG equilibration period. Participants were
then led to the adjacent imaging suite and posi-
tioned within the PET camera so that the head
was aligned in the scanner relative to the can-
thomeatal line. Ten minute emission scans and
attenuation maps using a Cs-137 transmission
source were obtained. Attenuation-corrected
images were reconstructed using the 3D Row-
Action Maximum-Likelihood algorithm with a
3D image filter of 128x128x90 matrices with a
pixel size of 2x2x2 mm.

Preprocessing and statistical analysis were
performed using SPM2 software {www.fil.ion.
ucl.ac.uk/spm) implemented in MATLAB 6.5
{Mathworks Inc). The PET images were normal-
ized to the standard coordinate system, devel-
oped and distributed by the Montreal Neurologic
Institute, implemented in SPM2. All images were
smoothed using a 12 mm FWHM 3D Gaussian
filter. Glucose metabolism at each voxel was
proportionally scaled into the global mean. To
reveal brain regions where glucose metabo-
lism was significantly different between the two
groups, voxel based independent sample t tests
were conducted, creating a map of t statistics.
For statistical inference, the height threshold {P)
was set at P=.OO1 {uncorrected} and the extent
threshold {k) was set at 20 voxels.

Statistical analysis
A difference between unpaired data was ana-

lyzed by an unpaired Student t test. Correlation
between IGS and BIS scores was evaluated by
calculating the Pearson linear correlation coef-
ficient. Except for SPM analysis, P<.05 was con-
sidered significant.

RESULTS

Behavioral results
Statistical analysis on BIS scores was con-

ducted to test the difference in trait levels of
impulsivity between the Internet game overus-
ers and normal users {Figure 1). The overusers
showed greater impulsiveness than the normal
users (mean BIS score±SD=53.5±8.9 vs 45.6±8.0,
P<.05). To investigate an association between the
severity of Internet game overuse and impulsive-
ness, IGS scores and BIS scores were entered
into a Pearson correlation analysis. Internet game
addiction scores were positively correlated with
scores of impulsiveness {r=.58, P<.01) {Figure 2).

Imaging results
Image analyses resulted in brain regions show-

ing significant differences in resting glucose
metabolism between the Internet game overus-
ers and normal users {Table 3). The Internet game
overusers had significantly increased resting glu-

FIGURE 1 .
Comparison of BIS scores betvs^een the
Internet game overuse and normal
use groups

Interne! game Normal
Dvefusers users

* P<.05

BIS=Barratt Impulsiveness ScalB.

Park HS, Kim SH, Bang SA, Yoon EJ, Cho SS. Kim SE, CNS Spectr. Vol 15,
No 3, 2010.
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cose metabolism in the right middle orbitofrontal
gyrus (BA 11), the left caudate nucleus, and the
right insula (BA 13), compared to the nornnal users
(Figure3). To further investigate whether the levels
of metabolism in these clusters were associated
with the severity of Internet game overuse, cor-
relation analyses were conducted between the IGS
score and average glucose metabolism extracted
from each cluster within the overuser group. No
statistically significant correlations were found
between the iGS score and average metabolic
activity in the identified clusters (all P>.3).

The Internet game overusers had significantly
decreased glucose metabolism in the bilateral
postcentral gyrus (BA 2/3), the left precentral
gyrus (BA 4), and the right superior parietal lob-
ule (BA 7), as well as in the right superior occipi-
tal gyrus (BA 18) and the left inferior occipital
gyrus (BA 19) (Figure 4). Correlation analyses
were conducted between the IGS score and
average glucose metabolism extracted from
these clusters, within the overuser group. No
statistically significant correlations were found
between the IGS score and average metabolic
activity in the identified clusters (all P>.1}.

DISCUSSION
This study, to the best of our knowledge, is the

first neuroimaging investigation of resting meta-
bolic changes associated with Internet game over-
use. We found that Internet game overusers had

FIGURE 2.
Relationship between the IGS and BIS
scores

r=,58
P<,Ol

40

30-1-

0
0 20 30 40

IGS Score

IQS^internet gaming scale; BIS=6arratt Impulsiveness Scale

Park US, Kim SH, Bang SA, Voon EJ, Cho SS, Kim SE, CNS Spectr. Vol 15,
No 3. ZOIO.

TABLE 3 .

Brain Regions Showing Different Levels of Resting Glucose Metabolism Between
the Internet Game Overusers and the Normal Users (P<.001 uncorrected, k=20)

¿«te/g/ify Begim

Internet game overusers > Normal users

Left

Right

Right

Caudate nucleus

Insula

\/liddle orbitofrontal gyrus

Internet game overusers < Normal users

Left

Left

Left

Right

Right

Right

Left

Right

Postcentrai gyrus

Postcentral gyrus

Precentrat gyrus ^^Ê

Postcentral gyrus

Poste entrai gyrus

Superior occipital gyrus

Inferior occipital gyrus

Superior parietal lobule

BE

13

11

2

3

3

3

18

19

7

• Brain region that belongs to the cluster lisied in the row directlv above.

BA^Broadmann's area.

Park HS, Kim SH, Bang SA, Yoon EJ, Cho SS. Kim SE. CNS Spectr Vol 15, No 3
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60

44

20

3S3
•

•

77

27

51

54

27

2010.

Í

-20

24

34

-56

-56

-36

26

62

20

-40

24

Coordinates

y

22

22

50

-22

-12

-24

-30

-20

-102

-86

-72

I

4

4

-18

52

42

74

52

48

16

-12

46

z

3.69

3.61

3.42

4.52

3,60

— 3.46

3.97

3.31

3,72

3.47

3.35
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altered resting state glucose metabolism in the
orbitofrontal cortex, striatum, and somatosensory
regions, which are implicated in impulse control,
reward processing, and somatic representation
of previous experiences. Internet game overusers
reported greater impulsiveness than normal users
and the degrees of Internet game overuse and
impulsiveness were positively correlated. These
results indicate that neurobiological mechanisms
underlying Internet game overuse may be simi-
lar to those of impulse control disorder and sub-
stance/non substance related addiction.

The orbitofrontal cortex has been impli-
cated in impulsivity and inhibitory control. For
example, individuals with borderline personality
disorder who suffer from high levels of impul-
sivity have shown significantly reduced glucose
metabolism in the medial orbitofrontal cortex.^^
In substance abusers, higher glucose metabo-
lism in the orbitofrontal cortex has been asso-
ciated with better performance on the Stroop
task, a measure of the ability to inhibit impulses
or a prepotent response tendency.^^ Bolla and
colleagues'' found that better performance on
a computerized risk-taking task was associated
with greater activation in the right orbitofrontal
cortex during the task in both cocaine addicts
and normal controls. Overall, these previous
studies showed that reduced activity in the orbi-
tofrontal cortex during cognitive performance
was associated with problems involving impul-
sive behavior and response control.

Our results seem contradictory because we
found that resting state orbitofrontal metabolic

activity, which was obtained without engagement
in an explicit task, was higher in the Internet game
overusers, who also scored higher on the impul-
sivity scale, than in the normal users. However,
London and colleagues""^ reported increased
glucose metabolism in brain regions including
the lateral orbitofrontal area in substance abus-
ers. A volumetric neuroimaging study found that
greater orbitofrontal volume was associated with
poorer working memory performance in older
adults.^^ Moreover, increased glucose metabo-
lism in the orbitofrontal cortex was related with
worse performance on the Stroop task in healthy
young adults.'^ Greater resting glucose metabo-
lism in the orbitofrontal cortex may be indicative
of task independent mental hyperactivity and
greater effort in inhibitory control associated
with it. That is, Internet game overusers may be
more likely to be engaged in random thoughts
and constantly place them in the mode of regu-
latory control for better everyday performance.
Alternatively, it is possible that the association
between glucose metabolism in the orbitofrontal
cortex and impulsivity is nonlinear, so that the
metabolic activity, either too high or too low,
results in abnormal impulse control.

The striatum has been strongly implicated
in addiction and reward processing.^'^^ In the
present study, the Internet game overusers had
increased glucose metabolism in the left cau-
date nucleus. This is consistent with the findings
of a study in substance abusers by London and
colleagues'^ in which methamphetamine abus-
ers had increased glucose metabolism in brain

FIGURE 3.
Brain regions showing greater glu-
cose metabolism in the Internet game
overusers than in the normal users

P<.001 uncorrected, k=20. Numbef in each transaxial brain ¡mage indicates
distance (mm) from anterior commisure-posterior commisure plane.

Park HS, Kirr SH, Bang SA, Yoon EJ, Cho SS, Kim SE. CNS Spectr. Vol 15,
No3. ZOIO.

FIGURE 4.
Brain regions sho^ng lo^er glucose
metabolism in the Internet game over-
users than in the normal users

P<.001 uncorrected, k=20. Number in each transaxial brain image indícalas
distance (mm) from anterior commisure-posterior commisure plane.

Park HS, Kim SH, Bang SA, Yoon EJ, Cho SS, Kim SE. CNS Spectr Vol 15,
No 3. 2010.
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regions including the ventral striatum and lat-
eral orbitofrontai cortex. However, a functional
magnetic resonance imaging (MRI) study showed
a reduction of ventral striatal and ventromedlai
prefrontal activation during a gambling task in
pathological gamblers, which was correlated with
gambling severity.^'' The striatal functional activity
in substance and non-substance related addiction
is unclear. Because the striatum and orbitofron-
tai cortex receive major dopaminergic innerva-
tions,^"^"^ altered metabolic activities in these
regions may be associated with an alteration
of dopaminergic neurotransmission in Internet
game overusers, which has been suggested by a
genetic study." A follow-up imaging study of the
dopaminergic system is currently ongoing in our
laboratory to test this hypothesis.

We found increased glucose metabolism in
the right insula in the Internet game overus-
ers. The insula is known to play a crucial part
in addiction because of its role in conscious
urges to abuse drugs." Functional imaging stud-
ies have shown activation of the insula during
urges for cigarette smoking,^^^^ cocaine,̂ '̂̂ ^ and
alcohol,"'^* and insular activity has frequently
been correlated with self-reported urges. '̂'̂ '̂̂ ^
Smokers with brain damage involving the insula
were able to quit smoking easily, immediately,
without relapse and without a persistence of the
urge to smoke.̂ ^ Recently, a functional MRI study
revealed a cue-induced activation of the right
insula in subjects with Internet game addiction.^^
These results, together with our data, support
the notion that the insula is involved in con-
scious urges for addictive behaviors and deci-
sion-making processes that precipitate relapse.

The Internet game overusers in this study
showed decreased glucose metabolism in the
bilateral somatosensory and occipital regions.
According to the somatic marker model of
addiction proposed by Verdejo-Garcia and col-
leagues,^' addiction is partly explained by dys-
functional neural representations of the somatic
states elicited by emotional experiences. This
leads to an insensitivity to the negative long-
term consequences of addictive behaviors. The
somatosensory cortex is a key region in the
model, where the somatic states from previous
experiences are represented. In this model, the
somatosensory cortex acts as a structure that
represents and delivers emotional states for
addictive stimuli to the striatum when induc-
ers (such as drugs and other addictive stimuli)

are presented. Then, the striatum biases deci-
sions based on the received emotional states
for addictive stimuli. Reduced metabolism in the
somatosensory region may indicate that Internet
game overusers have dysfunctional somatic rep-
resentations of the previous emotional experi-
ences elicited by rewarding or punishing events,
which make them unable to make decisions
based on the long-term outcome. This view sup-
ports the previous finding that Internet game
overusers showed impaired performance in a
reward-based decision making task.^^ Altered
functional activity in the occipital cortex has been
frequently observed in neuroimaging studies of
addiction^^^^^^; however, whether it has a spe-
cific role in the process of addiction is unclear.

Newly emerging Internet media, such as social
networking services {Facebook, MySpace, and
Cyworld) may have addictive aspects as strong
as Internet games. However, it should be noted
that there might be behavioral and neurobiologi-
cal differences between Internet game overuse
and other forms of Internet overuse. On social
networking web sites, one can extend one's
senses of identity and self in a real space, while
Internet game overusers convey one's senses of
identity and self to virtual Internet game spaces
while playing games.

Little is known about the neurobiological basis
of non-Internet based video or console game
overuse. Thus, it is hard to look into the similari-
ties and differences between the neurobiology
of Internet-based and other non-Internet based
virtual game overuses. However, structural char-
acteristics of games are known to be associated
with their addictability."*''" For example, tradi-
tional video games end at some point or become
repetitive and boring, while most Internet games
are endless because they have the main features
of infinite achievement, not meeting a finite goal.
Therefore, one can speculate that Internet-based
and non-Internet based virtual game overuses
may not share similar neurobiological bases.

CONCLUSION
This study demonstrates that Internet game

overuse may be associated with abnormal neu-
robiological mechanisms in the orbitofrontai
cortex, striatum, and somatosensory regions,
which are implicated in impulse control, reward
processing, and somatic representation of previ-
ous experiences. Altered resting state glucose
metabolism in the ventromedial prefrontal cor-
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tex and striatum may be associated with abnor-
mal dopaminergic neurotransmission in Internet
game overuse in a similar way to what has been
observed in substance abuse and other types
of behavioral addiction. Together with previous
behavioral and cognitive findings in Internet
game overuse, our imaging and behavioral
results suggest that Internet game overuse may
be considered as a type of impulse control dis-
order or non-substance-related addiction that
shares psychological and neural mechanisms
with substance-related addiction. CNS
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