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Objectives  Internet addiction or pathologic internet use is one of the major mental health problems in children
and adolescents in Korea. Internet addiction is defined as uncontrollable, markedly time-consuming internet use,
which lasts for a period of at least six months. Internet addiction results in poor academic performance and
negative parent-child relationships. By using '*F-fluorodeoxyglucose-positron emission tomography (FDG-PET),
we investigated the effects of internet addiction on functional changes occurring in the adolescent brain.

Methods : Adolescent patients with an internet addiction (4 boys and 2 girls ; 15.6 1.2 years) participated in
this study. Eight healthy young adults (5 males and 3 females ; 18—30 years old) with no previous history of
psychiatric illness also participated as normal controls. Brain FDG-PET data was obtained with the participants in
the resting condition and with no addictive stimuli.

Results : Statistic parametric mapping analysis of the brain FDG-PET data revealed hypometabolic changes in
the visual information processing circuits and hypermetabolic changes in the prefrontal areas in the adolescents
with internet addiction, as compared with normal controls (p<.001).

Conclusion : These results suggest a neuronal adaptation to excessive visual stimulation and synaptic plasticity
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due to internet addiction.
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Introduction

Internet addiction or pathologic internet use is one of the
major mental health problems among children and adoles-
cents in Korea. ADHD, depression, school refusal and agg-
ravated parent-child relationship are common comorbid con-
ditions associated with internet addiction during childhood
and adolescence.” Internet addiction, first proposed by Gold-
berg in 1996, has also been described as “pathologic internet
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use’ or ‘problematic internet use’.” In the present study, In-
ternet addiction was defined as a) uncontrollable, b) mar-
kedly time-consuming internet use, ¢) resulting in academic,
relational, or financial difficulties, d) not solely present dur-
ing hypomanic or manic symptoms.”

Behavioral scientists regard all kinds of addiction as a
behavioral disorder that is a powerful contributing factor to
the narrowing of behavioral repertoire.”® One of the most
important perspectives in addiction research may prove to be
the neurobiology of learning and memory that characterizes
addiction as a habit, a particularly strong habit, marked by
compulsivity and chronicity.>® Tt has been suggested that
some neural circuits and molecular mechanisms would be in-
volved in the persistent and compulsive behavioral features
associated with addictions. Brain responses to addiction have
implicated neuronal adaptations to excessive stimulation and
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synaptic plasticity for the association of addiction-related
stimuli with specific learned behaviors.”

Postnatal brain maturation processes result from complex
interactions between genetic, epigenetic, and environmental
factors.” Gray matter volume reductions due to synaptic prun-
ing and white matter volume increases due to myelination
have been consistent findings in studies on normal brain ma-
turation during childhood and adolescence.”” The synaptic
pruning and myelin formation during childhood and adoles-
cence are not random processes but are rather based on
activity-dependent mechanisms.”'® Environmental learning
and experience induced long-term neuroadaptations and sy-
naptic changes play a crucial role in the brain maturation
processes during childhood and adolescence. Therefore, we
hypothesized that internet addiction, a type of repeated en-
vironmental exposures, during childhood and adolescence
would exert influence on the brain maturation processes in
both structural and functional aspects, which changes could
be detected by measuring the regional cerebral glucose meta-
bolism using 18F-ﬂuorodeoxyglucose-positron emission to-
mography (FDG-PET).

The purpose of this study was to explore regional cercbral
metabolic changes in adolescents with internet addiction us-
ing FDG-PET. The PET data were analyzed by using the
statistical parametric mapping (SPM), a powerful technique
for the comparison of functional imaging data sets among
groups of patients or individuals under different conditions.'”

Methods

1. Subjects and psychiatric evaluation

Clinic-referred adolescent patients with internet addiction
(4 boys and 2 girls ; 15.6% 1.2 years old) participated in this
study. In the present study, internet addiction was defined as
uncontrollable, markedly time-consuming internet use, result-
ing in negative influences on academic performance, parent-
child relationships, and daily living routine, lasting for a pe-
riod of at least six months.” A direct clinical interview with
the patients and a history taking interview with their parents
were performed for the diagnostic evaluation. Comorbid
conditions were assessed, based on the DSM-IV classifica-
tion with the Kiddie Schedule for Affective Disorders and
Schizophrenia for School-Age Children-Present and Lifetime-
Korean Version (K-SADS-PL-K).'” The Korean version of
the Wechsler Intelligence Scale for Children-III (K-WISC-
I1I) and electroencephography were also performed. Mental
retardation, seizure disorders, bipolar disorders and schizo-
phrenia were ruled out.

A Korean version of the standardized self-rating scale for
internet addiction,'® a modified and extended form of Young’s
internet Addiction Test, was also used for the assessment.
The scale consists of 40 items rated on a 4-point scale and
has 7 subscale domains : disturbance of adaptive functions,
addictive automatic thoughts, tolerance, withdrawal, disturb-
ance of reality testing, virtual interpersonal relationship, and
deviate behavior. In the study, the cut-off points for the sub-
jects were as follows : total scores >108, or disturbance of
adaptive functions subscale scores >26.

2. Normal controls

Healthy young adults (5 males and 3 females ; 18—30 years
old) were selected as a normal controls from individuals
who visited the center for a periodic medical check-up. All
of the control subjects were found to be free of any psychia-
tric or neurological illness by physical examinations, labor-
atory tests, the Minnesota Multiphasic Personality Inventory
and the internet addiction scale.

3. Image acquisition

PET imaging was performed using a PET/CT scanner (Bio-
graph, Siemens, USA). Approximately 222—370 MBq of
FDG was injected intravenously according to the body weig-
ht of the patient. Twenty minutes after the injection, a trans-
mission scan for attenuation correction was performed using
a CT scanner. An emission scan was then acquired for 10
minutes. The subjects were situated in a dark and quiet room
without addictive stimuli, comfortably lying in a resting
position with eye closed and ears unplugged from 10 minu-
tes prior to the FDG injection until the end of the PET scan.
Brain FDG-PET images were reconstructed from the acqu-
ired data using OSEM method.

4. Image analysis by statistical parametric mapping

Statistical parametric mapping analysis was performed us-
ing SPM2 (Wellcome Department of Cognitive Neurology,
London, UK) implemented in Matlab 5.3 (Mathworks Inc.,
USA). Spatial normalization and global count normalization
were performed under the default setting, and the normalized
images were smoothed by convolution with a Gaussian ker-
nel of 16 mm full-width-at-half-maximum (FWHM).

For any difference in regional glucose metabolism, the br-
ain FDG-PET images of the patient group and the normal
control group were compared using voxel-by-voxel analysis.
The regions with uncorrected p-values less than 0.001 and a
cluster of more than 100 contiguous voxels were considered
to show a significant metabolic change. The resuits were dis-
played on the surface-rendered brain image.
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To determine the functional anatomical location of a de-
tected region, the Talairach brain coordinates were estimated
by a nonlinear transformation from the Montreal Neurolo-
gical Institute (MNI, McGill University, Montreal, Canada)
space to the Talairach (Talairach Dacmon Client. Ver.1.1, Re-
search Imaging Center, University of Texas Health Science
Center, San Antonio, USA) space.'”

Results

1. Clinical features of the subjects with internet addiction

The demographic and clinical characteristics of the six
adolescents with internet addiction are described in Table 1.
The mean intelligence of the subjects was 101.66+ 14.15 on
the K-WISC-III full scale scores. Of the six adolescents with
internet addiction, two had conduct disorder, two had depre-
ssive disorder, and two had ADHD, as comorbid psychiatric
conditions.

2. FDG-PET findings

SPM analysis showed a significant reduction of FDG up-
take in the bilateral occipital fusiform gyri and parahippo-
campal regions in the adolescents with internet addiction in
the resting condition with no addictive stimuli, as compared
with the young adult controls by statistical voxel-based ana-
lysis (p<.001, uncorrected) (Table 2, Fig. 1). The left pari-
etal precuneus, inferior parietal lobe, middle temporal gyrus,
and in the right posterior cingulate also showed significant
hypometabolism in the adolescents with internet addiction
(p<.001, uncorrected) (Table 2, Fig. 1).

Hypermetabolic changes were detected in the prefrontal
areas in the subjects with internet addiction, as compared with
the control group by statistical voxel-based analysis (p<.001,
uncorrected) (Table 2, Fig. 2). The right inferior frontal
gyrus, left superior frontal gyrus, and bilateral middle frontal
gyri in the prefrontal areas showed significantly hyperme-
tabolic changes (p<.001, uncorrected) (Table 2, Fig. 2).

Table 1. Demographic and clinical data of adolescent pafients with internet addiction

Patients Sex/Age (years) Full1Q (Ver'g(\;\lll/slse-:‘tarmonce) Cormobid conditions
A F/16 80( 83/ 83) Conduct disorder with school dropout
B F/15 88( 86/ 96) Conduct disorder with school dropout
C M/16 106( 96/120) Depressive disorder with school dropout
D M/14 1130120/ 98) Depressive disorder
E M/16 113(114/109) Attention-deficit hyperactivity disorder
F M/14 110(114/103) Attention-deficit hyperactivity disorder

Table 2. Metabolic changes in the brain FDG-PET in adolescent subjects with internet addiction

Regions Brodmann area Talairach T Cluster size
X y z
1) Hypometabolism
Right parahippocampal gyrus 36 24 -38 -12 7.93 1237
Right occipital fusiform gyrus 19 25 -55 —14 4,85
Left occipital fusiform gyrus 18 -30 —-80 -18 6.8 1090
Left parahiopocampal gyrus 36 —24 -38 —-10 5.05
Left parietal, precuneus 31 -10 —58 30 5.98 946
Right posterior cingulate 29 14 -50 16 4.0
Left middle temporal gyrus 21 —66 —44 -8 5.65 442
Left middle temporal lobe 21 —62 -6 =12 4,62 133
Left inferior parietal lobule 39 —48 —68 42 5.29 412
2) Hypermetabolism
Right inferior frontal gyrus 47 58 28 -6 5.54 439
Right middle frontal gyrus 10 30 59 24 6.03 233
Left superior frontal gyrus 8 -28 48 40 5.09 176
Left middle frontal gyrus 10 -30 58 26 4.27

Voxel size=2x2X2mm, Cluster level in voxels >100, Height threshold : T=3.93(p<.001, uncorrected)
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Fig. 1. Hypometabolic brain regions disolayed on surface-ren-
dered image in adolescents with Intemnet addiction (p<
.001, uncorrected). IPL : inferior parietal lobule, MTG
middle temporal gyrus, PC : posterior cingulate, PP : pa-
rietal precuneus, Lt. : left, Rt. : right.

Discussion

Addiction is a chronic brain disease, modulated by genetic,
developmental, experiential, and environmental factors. The
understanding of the neurobiological basis of addiction is
important not only for the treatment of the iliness but also as
a model for how experiences modify neural circuitry and th-
ereby behavior.®

Most neurobiological studies of addiction have concen-
trated on substance addictions. Previous literature on internet
addiction has been primarily focused on the clinical and psy-
chosocial aspects of the condition, because internet addict-
ion is a newly established disease in the field of psychiatry.
Thus, the neurobiological changes that accompany internet
addiction have yet to be determined. No previous studies
have been reported on the metabolic changes in the brains of
patients with internet addiction.

The goal of this study was to identify changes in regional

Fig. 2. Hypoermetabolic brain regions displayed on surface-ren-
dered image in adolescents with Internet addiction (p<
001, uncorrected). SFG : superior frontal gyrus, MFG :
middle frontal gyrus, IFG :inferior frontal gyrus, Lt : left,
Rt. :right,

glucose metabolism in the brains of adolescents with internet
addiction. Regional glucose metabolism in the brain has
been interpreted as an indicator of the activity of synapses
and dendritic spines.'® Therefore, glucose metabolic changes
observed in the present study may be suggestive of changes
in neural connectivity and synaptic activity in the affected
brain regions as a result of internet addiction.

The SPM analysis performed in this study showed signi-
ficant decreases in the activity of the bilateral occipital and
parahippocampal regions, the right posterior cingulate, left
parietal precuneus, inferior parietal cortex, middle temporal
gyrus in the adolescents with internet addiction. The hypo-
metabolic brain regions in this study are reportedly attributed
to visuo-spatial information processing and visuo-motor
learning circuits.””" The occipital and parahippocampal re-
gions showing hypometabolism in the present study play a
critical role in object recognition and memory.”” The left
parietal precuneus, inferior parietal lobule, and middle tem-
poral gyrus seen hypoactive glucose metabolism in this study
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have been involved in visual search, attentional filtering, and
encoding, retention and retrieval of visual representations,
along with occipital and parahippocampal cortices.”? It
has also been reported that the posterior cingulate and left
precuneus play a role in visuo-motor sequence learning ac-
quisition and retrieval.>**** The role of the posterior cingu-
late has also been associated with monitoring sensory events
and orientation.”>

These changes in the brain seem to occur as a result of ne-
ural adaptation to excessive visual stimuli from compulsive
internet use and altered synaptic connectivity which leads to
altered responses to environmental stimuli. The prolonged
excessive saccadic eye movement and visual attention with
swift keyboard, mouse button tapping or joystick handling
during internet game, chatting or web browsing may be asso-
ciated with the brain changes observed in the adolescents
with internet addiction.

Prior studies suggested that the patterns of glucose meta-
bolism in addiction circuits, which are hypoactive in the ab-
sence of substance-related addictive stimuli and hyperactive
during intoxication, are similar to the changes seen in epi-
lepsy characterized by an increase in the activity of the ab-
normal foci during the ictal period and by decreased activity
during the interictal period.**® In this study, the hypome-
tabolic changes which observed in the absence of addictive
stimuyli seem to be consistent with the patterns reported in the
literature.

It is well established that the striato-thalamo-orbitofrontal
circuits are associated with substance addictions.”® The
striato-thalamo-orbitofrontal circuits have been reported to
become hypofunctional during withdrawal and without drug
stimulation in substance addiction, resulting in a decreased
drive for goal-motivated behaviors. In this study, hyperme-
tabolic changes were observed in the dorsolateral and ventral
prefrontal areas in the adolescents with internet addiction.
The prefrontal areas are reportedly involved in executive
functions such as motor response control, decision-making,
working memory and attention.”” The hypermetabolic ch-
anges seen in the adolescents with internet addiction may
be associated with striving for impulse control or behavi-
oral inhibition under the study condition with no addictive
stimuli. It is also possible that the prefrontal hypermeta-
bolism in our results may be based on age-associated di-
fferences between the groups. That is why the subjects with
internet addiction were younger than the normal controls
and the prefrontal brain regions are dynamically changed
during adolescence, correlating with synaptogenesis and
pruning.””

Common molecular findings in addiction circuits with
those in learning and memory circuits have led to a much
more integrative view of the brain regions involved that acc-
ounts for the cognitive and behavioral symptoms in addi-
ctions.>” It may be possible that the involvement of the
visual attention and information processing pathways which
play a crucial role in academic activities may contribute to
poor academic performance in adolescents with internet
addiction. In this study we found hypometabolic changes in
the left parietal and middle temporal regions, which are in-
volved in syntactic and semantic understanding in language
communication with arithmetic measures.”®** These find-
ings may also be associated with poor school work in ado-
lescents with internet addiction.

Limitations of the present study include the small sample
size, which was a consequence of the limited PET availabi-
lity. We did not study age- and sex-matched normal adoles-
cents as controls for ethical reasons in the use of radioisotopes.
And we could not exclude comorbid conditions. Considering
the above limitations, It is likely that our results may not be
specific to internet addiction even though we used p-value
<.001 in order to diminish type I errors. However, our find-
ings are very suggestive that the neural circuits involved in
addiction may rely on the characteristics of the addicted sti-
muli and that internet addiction during childhood and ado-
lescence may exert negative influence on brain maturation
process.

Conclusion

In conclusion, we examined the functional changes in the
brains of adolescents with internet addiction using FDG-PET
and SPM analysis. The hypometabolic and hypermetabolic
changes in the visual information processing circuits and
prefrontal areas may contribute to cognitive and behavioral
symptoms in adolescents with internet addiction.
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