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Abstract

Recent brain imaging studies suggested that both the frontal and temporal cortices are important
candidate areas for mediating the symptoms of internet addiction. We hypothesized that deficits of
prefrontal and temporal cortical function in patients with on-line game addiction (PGA) would be
reflected in decreased levels of N-acetyl aspartate (NAA) and cytosolic, choline containing
compound (Cho). Seventy three young PGA and 38 age and sex matched healthy control subjects
were recruited in the study. Structural MR and 'H MRS data were acquired using a 3.0 T MRI
scanner. Voxels were sequentially placed in right frontal cortex and right medial temporal cortices.
In the right frontal cortex, the levels of NAA in PGA were lower than those in healthy controls. In
the medial temporal cortex, the levels of Cho in PGA participants were lower than those observed
in healthy controls. The Young Internet Addiction Scale (YIAS) scores and perseverative
responses in PGA were negatively correlated with the level of NAA in right frontal cortex. The
Beck Depressive Inventory (BDI) scores in the PGA cohort were negatively correlated with Cho
levels in the right temporal lobe. To the best of our knowledge, this is the first MRS study of
individuals with on-line game addiction. Although, the subjects with on-line game addiction in the
current study were free from psychiatric co-morbidity, patients with on-line game addiction appear
to share characteristics with ADHD and MDD in terms of neurochemical changes in frontal and
temporal cortices.
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1. Introduction

1.1. Brain studies of internet addiction: the roles of the frontal and temporal cortices

Recent brain imaging studies have suggested that both frontal and temporal cortices are
important candidate areas for mediating the symptoms of internet addiction. Weng et al.
(2013) reported gray matter atrophy in right frontal cortex and supplementary motor areas in
patients with on-line game addiction. Ko et al. (2009) reported that in response to game
scenes, the right orbito-frontal cortex, bilateral anterior cingulate and medial frontal cortex,
right dorsolateral prefrontal cortex, and right caudate nucleus were more activated in
patients with on-line game addiction, compared to a control group, In response to game
cues, Sun et al. (2012) reported that dorsolateral prefrontal cortex, bilateral temporal cortex,
cerebellum, right inferior parietal lobule, right cuneus, right hippocampus, parahippocampal
gyrus, left caudate nucleus were activated to a greater extent in patients with on-line game
addiction, compared to healthy controls.

1.2. Internet addiction and the symptoms of ADHD and/or MDD

Recently, there have been debates as to whether problematic internet use constitutes a set of
pathological symptoms which meet criteria for an independent disorder (addiction), or
instead represent symptoms of other psychopathologies (Aboujaoude et al., 2006). First,
DSM-V defines this condition not as ‘internet addiction’ but as ‘internet gaming disorder’
due to lack of standard definition, prevalence, formal treatment, and natural history of cases.
Second, the narrow ranges of onset age and prevalence age are different from those observed
in chemical addiction (Haagsma et al., 2012; Peltzer and Phaswana-Mafuya, 2013). In
addition, high rates of comorbidity, particularly with ADHD and MDD have been reported
in many studies (Cho et al., 2008; Ha et al., 2007, 2006; Park et al., 2013; Yoo et al., 2004).
In addition, several studies have reported that the clinical characteristics of internet addiction
are similar to those observed in patients with ADHD or MDD. Excessive internet use or on-
line game play has been associated with inattention, hyperactivity, and oppositional
behaviors, which are also typical symptoms in patients with ADHD (Chan and Rabinowitz,
2006; Yen et al., 2007). Kraut et al. (1998) noted that clinical symptoms associated with
internet addiction included depression, loneliness, and disrupted social communication
which can be frequently observed in patients with MDD. Moreover, the severity of co-
morbid conditions was positively correlated with the extent of internet addiction (Han et al.,
2009; Han et al., 2012b).

1.3. Metabolic changes in patients with ADHD or MDD

To the best of our knowledge, no magnetic resonance spectroscopy (MRS) studies in
patients with on-line game addiction have been reported. However, based on findings in
individuals with common co-morbid disorders, we anticipated that patients with on-line
game addiction would have similar deficits to those which have been observed in patients
with ADHD or MDD. In patients with ADHD and patients with MDD, neurochemical
changes in frontal and temporal cortices, respectively, have been reported. In a review of
sixteen magnetic resonance spectroscopy studies of ADHD, Perlov et al. (2009) summarized
the changes in N-acetyl-aspartate (NAA) and cytosolic, choline containing compounds
(Cho) that have been identified in frontal areas. In particular, decreased levels of NAA in
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right frontal cortex have been reported, compared to healthy controls (Arcos-Burgos et al.,
2012; Tafazoli et al., 2013). In a review of 18 MRS articles on pediatric depression, Kondo
et al. (2011) reported decreased levels of Cho, Glutamate, and NAA in the temporal cortex.
MacMaster et al. (2008) and Kusumakar et al. (2001) have reported decreased medial
temporal cortex (amygdala) Cho-creatine ratios in adolescents with MDD.

1.4. Hypothesis

Based on the view that internet gaming disorder is potentially consistent with the symptoms
of ADHD and/or MDD, the present study assessed the right frontal and medial temporal
cortices in patients with on-line game addiction using MRS. Those two regions are
candidate areas for metabolic changes in ADHD and/or MDD. We hypothesized that
decreased levels of NAA, Glutamate and Cho would be observed in patients with on-line
game addiction, similar to findings observed in patients with ADHD or MDD. In addition,
we also hypothesized that subjects with on-line game addiction would demonstrate poor
performance on Wisconsin Card Sorting Test (WCST), consistent with the dysfunction of
the prefrontal cortex. Importantly, the patients with on-line game addiction in this study
were free from psychiatric co-morbidity.

2. Methods
2.1. Subjects

One hundred ninety three adolescents and adults with problematic on-line game play who
visited the On-line Game Clinic Center from June 2011-June 2012 were screened in the
current study. Through advertisements posted at Chung Ang University Medical Center, 38
age and sex matched healthy control subjects agreed to participate in the study. All subjects
were screened with the Structured Clinical Interview for DSM-1V (Ha et al., 2006; Preuss et
al., 2010). In addition, all subjects were assessed with questionnaires regarding their pattern
of on-line game play. Further, the Young Internet Addiction Scale (Young, 1996), the Beck
Depressive Inventory (Beck et al., 1961), and the Beck Anxiety Inventory (Beck et al.,
1988) were completed. Parents and main care takers completed Dupaul’s ADHD scale-
Korean version (K-ARS) for patients. Internal consistency of the K-ARS has been reported
to range from 0.77 to 0.89 (So et al., 2002). For assessment of executive function, including
set shifting, working memory, and inhibitory control process, a computerized version of the
Wisconsin Card Sorting Test (CNT4.0, Maxmedica Inc) was administered to all subjects
(Lee et al., 2002). The reliability of the computerized version-WCST is reported as
Cronbach’s a = 0.783 (Lee et al., 2002). Set shifting as represented by perseverative errors
is thought to be associated with prefrontal cortex function (Pedersen et al., 2012).

The criteria for on-line game addiction in the current study were similar to those employed
in other previous studies (Han et al., 2010; Kim et al., 2012; Ko et al., 2009); (1) excessive
on-line game play time (more than 4 h per/day/30 h per week), (2) Young Internet Addiction
Scale scores >50, (3) irritable, anxious, and aggressive behavior when stopping on-line game
play, and (4) impaired behaviors or distress, economic problems, and maladaptive patterns
of regular life due to on-line game play. Maladaptive patterns of regular life included
disrupted diurnal rhythms (sleeping during the day and gaming at night, irregular meals, and
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failure to maintain personal hygiene), school truancy, and loss of job. Exclusion criteria
included (1) participants with a history or current episode of other axis | psychiatric diseases
including major depressive disorder and ADHD, (2) participants taking psychiatric
medications for internet addiction, (3) 1Q < 80, (4) substance abuse history, and (5)
participants with neurological or medical disorders, and (6) participant with claustrophobia.
Ultimately, 73 patients with online game addiction were included in the study. Fifty one
patients with ADHD, 34 patients with major depression, 9 patients with dual diagnosis
ADHD and major depression, 7 patients with schizophrenia, 5 patients with obsessive
compulsive disorder, 4 patients with alcohol dependence, 4 patients with autism spectrum
disorders, and 2 patients with mental retardation were excluded. Four patients could not be
scanned due to claustrophobia. The Chung Ang University Hospital Institutional Review
Board approved the research protocol for this study. Written informed consent was provided
by patients over 18 years of age. In adolescents under 18 years old, the written informed
consent was provided by parents and adolescents provided written informed assent.

2.2. MRS processing

Structural MR and 'H MRS data were acquired using a 3.0 T Philips Achieva 3.0 T TX MRI
scanner (Philips, Eindhoven, the Netherlands) and an 8 channel Sense head coil. All 1H
spectra were acquired using a Point RESolved Spectroscopy (PRESS) localized single voxel
pulse sequence. Voxels were sequentially placed in right frontal cortex and right medial
temporal cortex, respectively, as shown in Fig. 1. The medial temporal lobe voxel was
prescribed to cover the hippocampal formation. The anterior border in the coronal plane/
layer was at the level of the dens. The posterior border was the output of the middle
cerebellar peduncle from the pons. The prefrontal VOI was placed anterior to the right
corpus callosum using the plane of the inferior frontal gyrus as the bottom border.
Spectroscopic data from cubic volumes of 2.5 x 2.5 x 2.5 cm3 were obtained with TR/TE
2000/144 ms, receiver bandwidth 2 kHz, 128 averages, vector size 1024. To facilitate voxel
placement, high resolution T1 weighted images were acquired using a three dimensional T1-
weighted TEF (turbo echo field) pulse sequence with the following imaging parameters:
TR/TE = 8.134/3.725 ms; Flip angle = 8°; Field of View = 220 x 220 x 180 mm3; 256 x
256 x 180 matrix size; 0.8594 x 0.8594 x 1 mma3 spatial resolution; Bandwidth = 192 Hz/
pixel. All IH MRS data were fit using the commercially available Linear Combination (LC)
Model software (Provencher, 1993) in conjunction with a simulated basis set. Metabolite
signal is normalized to unsuppressed water signal. The derived metabolite concentrations
were expressed in institutional unit, which is defined in LC Model manual (www.s-
provencher.com/pub/LCModel/manual/manual.pdf). The LC Model fit analysis window was
set to cover the 0.2-4.0 ppm chemical shift region. Fig. 1 demonstrates a representative
MRS spectrum with baseline spectrum, fitted spectrum and residue noise spectrum.
Metabolites fit with Cramer Rao lower bounds <20% were included in the final analysis.
Brain tissue segmentation was performed using the BET (Smith, 2002) and FAST (Zhang et
al., 2001) tools provided with the freely available FMRIB software library (Smith et al.,
2004). Home-built Matlab functions were used to extract 3D volumes corresponding to the
spectroscopic voxels and to compute the gray matter (GM), white matter (WM) and
cerebrospinal fluid (CSF) tissue content inside the voxel for each subject. The WM fraction
was calculated as the ratio to total brain matter, i.e. 200xWM/(GM + WM + CSF).
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2.3. Statistical analysis

Mean age, years of education, YIAS scores, 1Q, and voxel tissue composition in each VOI
were compared between two groups using independent t tests. ANCOVA was performed for
each metabolite (NAA, GlIx, Cr, Cho, ml) with the level of the metabolite as the dependent
factor, age as co-variate, and diagnosis as between-subjects factors. To correct for multiple
comparisons (two ROIs with five metabolites), a was set at p < 0.005 (0.05/10).

3. Results

3.1. Demographic characteristics

There were no significant differences in age, sex ratio, or full-scale 1Q between patients with
on-line game addiction (PGA) and healthy control subjects. The YIAS scores (t = 16.1, p<
0.01) and game playing time (t = 36.3, p < 0.01) in PGA were higher than those in healthy
controls. The BDI scores in PGA subjects were higher than those in healthy controls (t = 3.1,
p < 0.01). There were no significant differences in the K-ARS scores (t = 0.11, p=0.90) and
BAI scores (t = 1.5, p = 0.14) between two groups. The perseverative responses (F = 3.5, p=
0.02) and perseverative errors (F = 3.4, p=0.02) in the PGA participants were higher than
those in healthy comparison subjects (Table 1).

3.2. MRS voxel tissue composition and metabolite levels in right frontal cortex and medial
temporal cortex

There were no significant differences in the mean volume percentage of gray matter (frontal;
temporal, F =1.09, p=0.36; F = 0.93, p = 0.43), white matter (F=1.31, p=0.27; F = 1.01,
p =0.39), or CSF (F =1.36, p=0.26; F = 0.83, p = 0.48) of the MRS voxels in right frontal
cortex and medial temporal cortex between the two groups. In the right frontal cortex, the
levels of NAA in PGA were lower than those in healthy controls (F = 21.8, p < 0.001).
There were no significant differences in other metabolites within the right frontal cortex
between the two groups (Table 2). In the medial temporal cortex, the levels of Cho in PGA
participants were lower than those in healthy controls (F = 8.52, p < 0.0049). There were no
significant differences in other metabolites within the right temporal lobe voxel between two
groups (Table 3).

3.3. Correlations YIAS scores and metabolites

The YIAS scores in PGA were negatively correlated (r = —0.54, p < 0.01) with the level of
NAA in right frontal cortex (Fig. 2). Perseverative responses (r = —0.50, p < 0.01) and
perseverative errors (r = —0.49, p < 0.01) were negatively correlated with the level of NAA
in right frontal cortex in the PGA subjects (Fig. 2). After removing the extreme PE value in
Fig. 2, the negative correlation between PE and NAA remains significant (r = -0.58, p <
0.01). The BDI scores in the PGA cohort were negatively correlated with the level of Cho in
right temporal lobe (r = -0.44, p < 0.01) (Fig. 3). There were no significant correlations
between K-ARS scores and the levels of NAA or Cho.
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3.4. Discussion

The present results indicate that patients with on-line game addiction had decreased levels of
NAA in right frontal cortex and decreased levels of Cho in the right temporal cortex.
Moreover, the levels of NAA in right frontal cortex in PGA subjects were negatively
correlated with the severity of on-line game addiction and perseverative errors on the
WCST.

3.5. Decreased levels of NAA within right frontal cortex in PGA

We observed decreased levels of NAA in the right frontal lobe voxels in PGA subjects,
compared to healthy control subjects. In addition, the present results also showed higher
rates of perseverative responses and perseverative errors in PGA subjects than those in
healthy control subjects. NAA is synthesized in mitochondria and levels may be sensitive to
changes in energy production (Patel and Clark, 1979; Stork and Renshaw, 2005). Clinical
studies have reported that characteristics of internet addiction include inattention, impulse
control difficulties, and executive dysfunction which may be related to frontal cortex
dysfunction (Chan and Rabinowitz, 2006; Karim and Chaudhri, 2012; Romano et al., 2013).
Several fMRI studies have also suggested possible deficits of right frontal cortex function in
patients with internet addiction (Ko et al., 2009; Park et al., 2010). In addition, worse
performance in terms of perseverative errors and the number of completed categories in
WCST have also been reported in patients with on-line game addiction (Han et al., 2012a).
The worse performance in WCST is thought to reflect a deficit in executive function in
patients with ADHD (Reeve and Schandler, 2001). Decreased executive function in both the
PGA and ADHD groups may be associated with impairment of impulse control (Vitale et
al., 2011) which would make them vulnerable to excessive on-line game play. Based on the
findings of decreased NAA and increased perseverative errors, we suggest that patients with
online game addiction may have right frontal cortical dysfunction that is independent of a
diagnosis of either ADHD or MDD.

3.6. Decreased level of Cho within the right temporal cortex voxel in PGA subjects

The present study noted decreased Cho levels in the right temporal cortex in PGA
participants. Alterations of Cho in MRS are thought to arise from changes in membrane
synthesis and composition (Govindaraju et al., 2000; Moore and Galloway, 2002).
Decreased Cho may also reflect loss of neuronal integrity (Govindaraju et al., 2000; Moore
and Galloway, 2002). In a long-term follow up MRS study of 12 depressed patients,
Obergriesser et al. (2003) reported that increased levels of Cho in hippocampus were
associated with improvement of depressive symptoms after ECT treatment.

Interestingly, the present results noted that the BDI scores in PGA subjects were negatively
correlated with the levels of Cho although none of the study subjects met criteria for MDD.
Recent studies have generally suggested a correlation between internet addiction and MDD
(Dalbudak et al., 2013; Han et al., 2012b; Lee et al., 2008). Dalbudak et al. (2013) reported
that the rates of alexithymia and depression were higher in university students with a high
risk of internet addiction. Lee et al. (2008) suggested that adolescents with excessive internet
use had depression-like characteristics in terms of the short allelic variant of the serotonin
transporter gene and harm avoidance temperaments. Block et al. (2009) reported that
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increases in NAA and Cho in hippocampus in response to antidepressant medications
(escitalopram and nortriptyline) might represent neurorestorative effects. Based on the
findings of decreased choline and the correlation between BDI scores and choline level, we
suggest that patients with on-line game addiction may have medial temporal cortex
dysfunction that is independent of either ADHD or MDD.

3.7. Common pathology between on-line game addiction, ADHD, and MDD

Putting together the findings from the frontal and temporal cortices in the present study,
patients with on-line game addiction, although they were free from clinical co-morbidities,
shared deficits similar to those reported in individuals with ADHD or MDD. Given these
findings, we suggest that possible co-morbid psychiatric diseases should be fully considered
during the process of diagnosis for on-line game addiction. Moreover, on-line game
addiction may represent a diagnostically subthreshold form of ADHD or MDD. Second,
treatment for ADHD or MDD may affect the course of on-line game addiction. For example,
eight weeks methylphenidate treatment was noted to improve inattentive scores and the
severity of internet addiction in children with problematic internet use and ADHD (Han et
al., 2009). Similarly, eight-weeks of bupropion treatment improved not only depressive
symptoms and but also the severity of on-line game addiction in a cohort of depressed PGA
(Han et al., 2012b). Individuals with problematic online gaming might benefit from
treatment with these (or similar) agents even in the absence of a clinical diagnosis of ADHD
or MDD.

There are several limitations to the present study. As there are no established diagnostic
criteria, we used empirical criteria to define on-line game addiction subjects as others have
done. The MRI voxels (gray matter vs white matter = 30% vs 60%) sampled in the frontal
lobe did not contain similar amounts of gray and white matter compared with the temporal
lobe voxel (gray matter vs white matter = 50% vs 40%). Thus, it is difficult to determine
whether our results reflect changes in gray matter, white matter or both.

To the best of our knowledge, this is the first MRS study of online game addiction. Patients
with on-line game addiction may have frontal and temporal deficits. On-line game addiction
may share characteristics with ADHD and MDD in terms of the deficits in frontal and
temporal cortices.
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Fig. 1.
Voxel position and MRS spectra in right frontal and medial temporal lobe. NAA: N-acetyl-

aspartate, Glx: Glutamine + Glutamate; Cr: Total Creatine; Cho: Total Choline; ml: myo-
Inositol.
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Fig. 2.

45
PE

The correlation between Y1AS scores and perseverative responses and the levels of NAA in
the right frontal cortex of PGA subjects A. The correlation between YIAS scores and the
level of NAA in the right frontal cortex in patients with online game addiction (PGA)
Pearson correlation, r =-0.62, p < 0.01, B: The correlation between perseverative error (PE)
and the level of NAA in right frontal cortex in PGA, Pearson correlation, r = -0.42, p <
0.01, when two extreme PE values were removed, the correlation isr = -0.58, p < 0.01,

NAA: N-acetyl-aspartate, YIAS: Young Internet Addiction Scale Score.
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Figure 3.
The correlation between BDI and Cho levels in the right temporal lobe in PGA subjects

Pearson correlation, r = -0.44, p < 0.01, BDI: Beck Depressive Inventory scores, PGA:
patients with online game addiction, Cho: choline containing compounds.
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Demographic data.

Table 1

PGA (73) Healthy controls (38)

Statistics, post hoc

Age
Sex (male/female)
Education (years)
1Q
YIAS
Game time (hours/week)
BDI
K-ARS
BAI
WCST
PR

PE

206 +5.1 22.0+5.2
68/5 35/3
13.6+5.1 15.0+5.2
1049+130 103.8+1138
59.1+6.8 33.8+9.4

40.5+6.3 15+26
11.9+93 6.8+5.3

89+59 8.8+53
6.7+£6.9 45+46

155+8.6 114+44

10.5+5.38 7.7+26

t=13,p=018
22 =0.04, p=0.84
t=14,p=0.18
t=0.39,p=0.76
t=16.1, p<0.01*
t=36.3, p<0.01"
t=3.1,p<001"
t=0.11, p=0.90
t=15p=0.14

F=28p<001"

F=28p<001"

Page 14

PGA: patients with on-line game addiction, BDI: Beck Depression Inventory, BAI: Beck Anxiety Inventory, K-ARS: Dupaul’s ADHD scale-

Korean version, WCST: Wis-consin Card Sorting Test, PR: perseverative response, PE: perseverative error.

*
Statistically significant.
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Tissue composition of MRS voxels and metabolites in right frontal cortex.

Table 2

PureGA (73) Healthy controls(38) Statistics, post hoc
Gray matter (vol %) 30.0+5.3 31.3+38 F=1.09 p=0.36
White matter (vol %) 61.0+6.7 60.7+6.3 F=131,p=0.27
CSF (vol %) 89+25 80+27 F=136,p=0.26
NAA 219441 252428 =218 p<0.001",
Cho 38+11 3712 F=0.07p=09%
Cr+PCr 11.7+25 122+17 F=0.66,p=0.42
ml 17.8+10.1 18.0+£94 F=0.01,p=098
Glx 78+31 7429 F=0.03p=0.87
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ANCOA, covariate: age, NAA: N-acetyl-aspartate, Cr + PCr: creatine + phosphocreatine, Cho: choline compounds, ml: myo-inositol, and Glx:

glutamate, glutamine.

*
Statistically significant.
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Tissue composition of MRS voxels and metabolites in right medial temporal cortex.

Table 3

PureGA (P) Healthy controls(38) Statistics, post hoc
Gray matter (vol %) 49.0+4.6 49.6+42 F=093,p=043
White matter (vol %) 42.6+5.2 41.3+39 F=1.01p=0.39
CSF (vol %) 8425 91+22 F=0.83p=048
NAA 143+22 143+25 F=122,p=0.27
Cho 2912 36+1.0 F=8.52 p=0.0049*
Cr+PCr 10.3+23 107+14 F=114,p=0.29
ml 85+39 94+41 F=173,p=0.19
Glx 6.3+19 47+14 F=138p=0.26
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ANCOA, covariate: age, NAA: N-acetyl-aspartate, Cr + PCr: creatine + phosphocreatine, Cho: choline compounds, ml: myo-inositol, and Glx:

glutamate, glutamine.
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