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Abstract
Background Internet gaming disorder is an increasing prob-
lem worldwide, resulting in critical academic, social, and
occupational impairment. However, the neurobiological
mechanism of internet gaming disorder remains unknown.
The aim of this study is to assess brain dopamine D2 (D2)/
Serotonin 2A (5-HT2A) receptor function and glucose metab-
olism in the same subjects by positron emission tomography
(PET) imaging approach, and investigate whether the correla-
tion exists between D2 receptor and glucose metabolism.
Methods Twelve drug-naive adult males who met criteria for
internet gaming disorder and 14 matched controls were stud-
ied with PET and 11C-N-methylspiperone (11C-NMSP) to
assess the availability of D2/5-HT2A receptors and with
18F-fluoro-D-glucose (18F-FDG) to assess regional brain glu-
cose metabolism, a marker of brain function. 11C-NMSP and
18F-FDG PET imaging data were acquired in the same indi-
viduals under both resting and internet gaming task states.
Results In internet gaming disorder subjects, a significant
decrease in glucose metabolism was observed in the prefron-
tal, temporal, and limbic systems. Dysregulation of D2

receptors was observed in the striatum, and was correlated to
years of overuse. A low level of D2 receptors in the striatum
was significantly associated with decreased glucose metabo-
lism in the orbitofrontal cortex.
Conclusions For the first time, we report the evidence that D2

receptor level is significantly associated with glucose metab-
olism in the same individuals with internet gaming disorder,
which indicates that D2/5-HT2A receptor-mediated dysregula-
tion of the orbitofrontal cortex could underlie a mechanism for
loss of control and compulsive behavior in internet gaming
disorder subjects.

Keywords Internet gaming disorder .DopamineD2 receptor .

Glucosemetabolism . Positron emission tomography (PET)

Introduction

Internet gaming disorder is reported as an increasing problem
worldwide, shown to result in critical academic, social, and
occupational impairment of individuals [1, 2]. More than one-
eighth of adults in the United States show signs of being
addicted to the internet [3] and a national weighted sample
of 1,178 US youths found that 8.5% of gamers were classified
as pathological gamers [4]. A similar or higher proportion has
been reported in Europe and Asia [5], particularly, as many as
14.1% of adolescents (roughly 20 million people) in China
[6]. Although cognitive and psychological dysfunctions asso-
ciated with internet gaming disorder have been observed
clinically, neurobiological alterations related to this disorder
remain unclear [4, 7].

Recently, computer-assisted neuroimaging has helped us
greatly to understand brain function and neuropsychiatric
disorders [8–10]. Imaging evidence suggests that internet
game overuse is a clinical disorder with brain microstructure
and functional changes similar to those accompanying
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substance addiction [11]. For instance, structural magnetic
resonance imaging (MRI) analysis has found regional gray
matter density and volume abnormalities in internet game
disorder subjects [12, 13]. Significantly lower fractional an-
isotropy has been identified throughout the brain in internet
game disorder subjects but not in controls, which purport that
internet game overuse may damage both gray matter and
white matter fibers connecting emotional processing, atten-
tion, and decision making [11]. In the past decade, noninva-
sive functional examination by positron emission tomography
(PET) has been used to monitor cerebral blood flow and
glucose/oxygen metabolism, and provide further information
on specific molecules (transporters and receptors) and cellular
processes (neurotransmitter synthesis and release). The advan-
tage of PET technology is that it can be used to trace the
biologic changes in cognitive and behavioral brain function
during real-time tasks without the interference of ambient
noise generated by the MRI scanner [14]. A previous PET
study using 11C-raclopride, a reversible dopamine receptor
ligand, found that striatal dopamine release was reduced in
the internet addiction subjects under the resting state [15]. And
another separate 18F-fluoro-D-glucose (18F-FDG) PET study
observed altered glucose metabolism in the frontal lobe in
internet addiction patients at resting state [5]. Those two
studies, although groundbreaking, used only one PET tracer
under resting state and did not compare resting and task
conditions; therefore, could not provide an in-depth investi-
gation of the connection between level of dopamine D2 (D2)
receptor and glucose metabolism in internet disorder subjects
under internet game playing condition.

In the present study, we assessed brain D2 receptor function
and glucose metabolism in the same subjects by PET imaging,
and investigated whether the correlation exists between D2

receptor function and glucose metabolism. To address these
questions, PET imaging [with 11C-N-methylspiperone
(11C-NMSP), as an irreversible D2 receptor antagonist, and
2-deoxy-2-18F-fluoro-D-glucose (18F-FDG), a marker of brain
function] was used to compare test and control subjects in
both resting and internet gaming task states. To the best of our
knowledge, this is the first PET study to examine the postsyn-
aptic D2 receptors and regional brain glucose metabolism in
the same subjects with internet gaming disorder.

Methods and materials

Subjects

Study participants were recruited via advertisements posted
on the Bulletin Board System (BBS) and campus of the
university or invitees from a local cyber bar in Hangzhou,
China. All participants met the following criteria: age 18 years
or above; Chinese-speaking; right-handed; college-level

educated; capable of internet game playing; no history of
substance use (including cigarettes and alcohol). They were
required to complete a medical screening and thorough psy-
chiatric interview to confirm the diagnosis of internet gaming
disorder according the MINI-International Neuropsychiatric
Interview [16] and the proposed diagnostic criteria for internet
addiction [17, 18]. Exclusion criteria included significant
medical condition including current or past chronic heart,
renal, liver, endocrine, metabolic, neurological illness or inju-
ry; current or past mood disorder, anxiety disorder, psychotic
disorder, or mental retardation based on DSM-IV criteria;
current or past use of psychiatric medication; current use of
over-the-counter medication or nutrition supplements; current
or planned pregnancy; history of allergies and intolerability of
PET scan; lack of capacity to provide informed consent. To
exclude the possible influence on dopamine receptors and
brain activity [19], subjects with current body mass index
(BMI) below 18 or above 24 were excluded.

The internet disorder subjects were addicted to World of
Warcraft, the most popular multiplayer, online strategy simu-
lation game in China. The severity of internet game use was
evaluated by the Young’s Internet Addiction Test [20, 21].
This scale consists of a 20-item questionnaire regarding online
internet use including psychological dependence, compulsive
use, and withdrawal, as well as related problems with school,
sleep, family, and time management. For each item, a graded
response is selected from 1 (“rarely”) to 5 (“always”). The
possible total score ranged from 20 to 100 with the following
cut-off points defining mild, moderate and severe stages of
internet addiction: 20–49 points (mild), 50–79 points
(moderate), and 80–100 points (severe). This approach has
exhibited good psychometric properties, with the split-half
reliability 0⋅859 and the Cronbach’s alpha 0⋅902 [22, 23].
Participants were then divided into two groups: internet gam-
ing disorder (scored>50) and the control (scored≤49). Final-
ly, we recruited 12 male internet gaming disorder subjects
addicted to specific internet games and 14male controls, since
the prevalence of internet game overuse is highest among 18–
23-year-old men [6, 24, 25].

Table 1 lists the demographic information of each group.
The mean age of the internet gaming disorder group and the

Table 1 Demographic information of participants in each group

Game group
(n=12)

Healthy group
(n=14)

P value

Age (years) 23.50 ± 2.58 22.71 ± 1.27 0.351

Education level (years) 13.08 ± 0.67 13.29 ± 0.73 0.470

Age of onset of
addiction (years)

20.08 ± 1.62 NA NA

Duration of addiction
(years)

3.42 ± 2.02 NA NA

Young score 77.58 ± 6.82 28.71 ± 3.65 0.000
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healthy control group was 23.5 ± 2.6 years and 22.7 ± 1.3
years, respectively. The mean educational background was
13.1 ± 0.7 educational years for the internet gaming disorder
group, and 13.3 ± 0.7 years for the healthy control group.
There was no significant difference in either age (P=0.351) or
educational level (P=0.470) between these two groups. The
total Young’s Internet Addiction Test score of the internet
gaming disorder group and control group were 77.6 ± 6.8
and 28.7 ± 3.7, respectively (P<0.001). The internet gaming
disorder subjects were asked to provide a best estimate of the
duration of years they spent on the internet game rather than
academic or employment-related pursuits.

After the procedures and possible consequences of the study
were explained to the participants, written informed consent
according to the Declaration of Helsinki were obtained. This
study protocol was approved by the Ethics Committee of the
Second Affiliated Hospital of Zhejiang University School of
Medicine. This study is registered in the Chinese Clinical Trial
Registry with number ChiCTR-OCC-09000358.

Procedures

The PET study was conducted at the PET Center of the
Second Affiliated Hospital of Zhejiang University School of
Medicine. Subjects were scanned on a PET scanner
(SHR-22000; Hamamatsu Photonics) in two-dimensional im-
aging mode. Each of the participants received four PET scans
using both radiotracers, two with 11C-NMSP and two with
18F-FDG PET, under resting and internet gaming task states,
and on separate days. The time interval between PET scans
performed under each of the two conditions did not exceed
2 weeks. A randomized crossover study using a computer-
assisted random number generator was performed to compare
the resting and task states. Before starting the PET scan, all
subjects were familiarized with the process and acclimated to
the PET facility. They were not allowed to play any internet
games 24 h prior to each scan. An intravenous catheter was
placed in one side of the antecubital vein and infused with
normal saline to keep it open. Subjects were placed in the
scanner with the head oriented approximately parallel to the
canthomeatal line to include imaging from vertex to cerebel-
lum. A head holder was used for comfort and to minimize
subject motion.

For the PET scan under the internet game task state, each
participant was instructed to play World of Warcraft attentive-
ly in a separate room. This game is a massive multiplayer
online role-playing game. The players control a character
avatar within a game world in third- or first-person view,
exploring the landscape, fighting various monsters, complet-
ing quests, and interacting with non-player characters (NPCs)
or other players. They began playing 30 min before radiotrac-
er injection and continued until immediately before the initi-
ation of PET acquisition. The participants received

remuneration and reimbursement for travel expenses upon
completion of the study.

For 18F-FDG PET imaging, subjects were required to fast
for more than 6 h. 18F was synthesized on an automated
synthesis system (F100; Sumitomo Heavy Industries) accord-
ing to classical methods [26]. The 10-min transmission and 3-
min emission scans were taken 60 min after a bolus intrave-
nous (i.v.) injection of 4−6 mCi [18F]FDG.

For 11C-NMSP PET imaging, the synthesis of 11C-NMSP
was performed by a simple modification based on the previous
study [27] using an automated synthesis system (C-11-B II 11

C-methyl iodide; Sumitomo Heavy Industries). 11C-NMSP
PET studies were taken 40 min after a bolus i.v. injection of
approximately 20 mCi 11C-NMSP. To create the normal 11

C-NMSP SPM image template, additional dynamic scans were
obtained at 0–60 min after injection of 11C-NMSP under the
resting state in healthy controls. Subjects were kept awake with
eyes opened lying in the PETscanner throughout the PETstudy;
the room was dimly light and noise was kept at a minimum. All
PET scans were conducted between 9 a.m. and 12 p.m.

Data acquisition and analysis

All images from the PET scanner system were converted into
statistical parametric mapping (SPM) format using MRIcro
[28]. Subsequent image preprocessing and statistical analyses
were performed using SPM8 package (Wellcome Department
of Cognitive Neurology, London, UK) run on MATLAB 7.1
(MathWorks Inc., Natick, MA, USA). The PET images were
normalized to Montreal Neurological Institute (MNI) space as
described previously [29], by using the PET template in SPM
for FDG and homemade template for NMSP. Other parame-
ters for normalization were set with the default parameters of
SPM8: no weighting; 25mm cutoff; 16 non-linear iterations;
one non-linear regularization; bounding box [(-78:78)
(-112:76) (-50:85)]; voxel size 3 * 3 * 2; tri-linear interpola-
tion; no wrap. An 8-mm full-width-half-maximum Gaussian
kernel was used to smooth the data for statistical analysis. As
in the Wang, et al. study [30], templates of regions of interest
(ROIs) including caudate, putamen, amygdala, occipital cor-
tex, anterior cingulate, hippocampus, dorsolateral prefrontal
cortex and cerebellum were defined by voxels in 5–7 mm
best-fitted spheres centered at the corresponding MNI coordi-
nations, and the difference in uptake intensity were calculated
by REST 1.6 software [31].

Comparisons between internet gaming disorder and control
groups were performed using a two-sample t test with SPM8
for imaging data and SPSS10.0 for demographics. Compari-
sons between resting and task states were performed using
paired t tests with SPM8. The cerebellum was used as a
reference region in NMSP binding analysis as the low density
of 5-HT2A and D2 receptors in this brain region allow for
minimal levels of specific binding [32]. The correlations
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between the internet gaming disorder subjects’ binding ratios
for selected brain regions divided by cerebellar binding ratios,
and severity or duration of addiction were calculated by
Pearson linear correlation analysis. The significance of group
differences was estimated by the theory of random Gaussian
fields, significant levels for glucose metabolism were set at
P<0.01 (uncorrected), and significant levels for NMSP bind-
ing were set at P<0.001 (uncorrected). Data analysts were
blinded to subject identity and diagnostic grouping.

The striatum to cerebellum (S/C) ratio on 11C-NMSP PET
images and the regional cortex to cerebellum (R/C) ratio on
FDG PET images under internet gaming task were calculated
according to the previously established method [33]. The
correlation between changes of D2 receptor availability and
glucose metabolism was calculated by comparing S/C and
R/C ratios using Pearson's correlation analysis.

Results

Glucose metabolic changes: between-group differences
(internet gaming disorder vs. normal volunteer)

Internet gaming disorder subjects had significantly decreased
glucose metabolism in the bilateral superior temporal poles
and right orbitofrontal gyrus, but significantly increased in the
right supplementary motor area, right middle cingulum and
left superior medial frontal cortex, compared to the normal
controls (Fig. 1a and Table 2).

The immediate effect of the internet game task on glucose
metabolic changes was compared between internet disorder
subjects and controls. It is interesting that for the internet
gaming task, significantly decreased regional glucose metabo-
lism was found in the right rectus, the right orbital part of the
inferior frontal cortex, and the left orbital part of the superior
frontal cortex in the internet gaming disorder group (Fig. 1b and
Table 2). However, no significant increased regional glucose
metabolism was observed in comparison to normal controls.

Glucose metabolic changes: within-group differences
(internet gaming task vs. resting state)

In healthy control volunteers, glucose metabolism was in-
creased significantly in the right cuneus and right calcarine,
but decreased significantly in the left medial and temporal
cortex, left medial frontal cortex after the internet gaming task
(Fig. 1c and Table 2).

In the internet gaming disorder subjects, glucose metabo-
lism was increased significantly in the right lingual gyrus, left
cerebellum and calcarine, but decreased significantly in the
left medial part of the superior frontal cortex, left rectus and
left superior frontal cortex during the internet gaming task in
comparison with the rest state (Fig. 1d and Table 2).

Monoamine receptor changes: between-group differences

Between-group comparison indicated that 11C-NMSP binding
levels were lower in the right inferior temporal gyrus in
internet disorder subjects than in normal controls in the resting
state (cluster level: KE=117, PFWE-corrected=0.002) (Fig. 2a).

The immediate effect of the internet game task on mono-
amine receptor activation was compared between internet
disorder subjects and controls. After the internet gaming task,
11C-NMSP binding in the putamen was significantly lower in
internet gaming disorder subjects than in normal controls,
especially on the right side (cluster level: KE=136, PFWE-

corrected=0.020) (Fig. 2b).

Monoamine receptor changes: self-controlled comparison

When within-participant regional 11C-NMSP binding was
calculated in response to the internet gaming task in each
group, no significant 11C-NMSP binding changes were found
in either the healthy or the internet gaming disorder group
comparing internet gaming task and resting states.

Correlation between monoamine receptor changes and history
of internet gaming disorder

11C-NMSP binding in both right and left putamen negatively
correlated with Young scores in internet gaming disorder
subjects (Fig. 2c). We found that, under the internet gaming
state, the ratio of regional 11C-NMSP binding of left
orbitofrontal cortex to the cerebellum correlated negatively
to the years of internet overuse (Fig. 2d).

Correlation between monoamine receptor and glucose
metabolism

Under the internet gaming task, the right and left striatum/
cerebellum (S/C) ratios of D2 receptors correlated positively to
the regional orbitofrontal cortex to cerebellum (R/C) ratio of
glucose metabolism (right: P=0.036; left: P=0.016, respec-
tively) (Fig. 3).

Discussion

In this study, we investigated the D2 receptor activation and
glucose metabolism in internet gaming disorder subjects in
comparison to normal controls. Our results demonstrated that
internet gaming disorder altered brain activity. Decreased glu-
cose metabolism in the prefrontal, temporal, limbic system and
dysregulation of dopamine D2 receptors in striatum were cor-
related to years of overuse. To the best of our knowledge, this is
the first PET study in the level of D2 receptors associated with
glucose metabolism in internet gaming disorder subjects.
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Interestingly, after the internet gaming task, both overuse
and control groups showed increased glucose metabolism in
the occipital region, but decreased glucose metabolism in the
prefrontal and temporal regions. This finding suggests that
these regions are predominantly involved in internet gaming
task processing. Considering the role of the occipital region as
the visual center, closely associated with vision stimulation,
increased glucose metabolism after the gaming task indicated
that internet games may modify visual selective atten-
tion [34] and cortical networks for complex visual mo-
tor transformations [35].

Prefrontal glucose metabolism in the internet gaming dis-
order subjects was lower than that of normal controls,
supporting the hypothesis that internet disorder subjects have
prefrontal dysfunction similar to drug addiction [36]. On the
other hand, compared with the normal controls, internet gam-
ing disorder subjects had fewer regions of increased glucose

metabolism. This suggested that internet gaming disorder
subjects concentrated more attentively during the internet
gaming task than the normal controls.

By the further between-group comparison of 11C-NMSP
binding in the resting and internet gaming task states, we
found that after the internet gaming task, 11C-NMSP binding
in the putamen, especially on the right side, was significantly
lower in internet gaming disorder subjects than in normal
controls. 11C-NMSP bindings in both the right and left puta-
men negatively correlated with Young scores in internet gam-
ing disorder subjects in this study. The putamen is located in
the rostral division as part of the striatum, which is known to
regulate movement and influence various types of learning.
The striatum dopamine pathway attracts the most attention for
addiction studies as it has been strongly implicated in addic-
tion and reward processing [37]. A previous PET study using
11C-raclopride finds that striatal dopamine release is reduced

Fig. 1 aWhole brain SPM showing the results of 18F-FDG PETstudy in
internet gaming disorder subjects. In the resting state, there are areas of
increased glucose metabolism in the right supplementary motor area,
middle cingulum and thalamus (red color); decreased glucosemetabolism
in the right orbitofrontal gyrus and bilateral temporal poles, especially on
the right (blue color) (P<0.01 uncorrected, k=100); and (b) in the gaming
task state, areas of glucose metabolism decreased significantly in the
insula, orbitofrontal gyrus, temporal pole bilaterally and the rectus gyrus,
putamen, supramarginal gyrus, and anterior cingulum on the right side
(yellow color) (P<0.01 uncorrected, k=100). c–d Whole brain SPM
demonstrating the comparison results of 18F-FDG PET study after game

task compared with resting state. In the normal volunteers (c), glucose
metabolism was significantly increased in the midbrain, right thalamus
and bilateral occipital lobes especially in the right side (red color), while
decreased in the right temporal pole, middle frontal gyrus, rectal gyrus
and left side of medial temporal gyrus, superior temporal gyrus and
medial frontal gyrus (blue color) (P<0.01 uncorrected, k=100). However,
in the internet gaming disorder subjects (d), glucose metabolism was
increased in the occipital lobe bilaterally (red color) but decreased in the
left superior frontal gyrus and rectal gyrus (blue color) (P<0.01 uncor-
rected, k=100)
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in the internet addiction subjects [15]. However, 11C-
raclopride competes with the endogenous dopamine for bind-
ing to the receptor; higher or lower synaptic concentration of
dopamine results in less or more radioligand binding, respec-
tively [29]. Thus, 11C-raclopride binding is often used to

reflect the presynaptic dopamine release level, which is prone
to be affected by human behavior [38, 39]. In contrast, the
radiotracer 11C-NMSP, which we used in this study, binds the
D2 receptors substantially irreversibly in the time frame of a
PETscan and represents the D2 receptors more accurately [29,
40]. Therefore, our results imply that internet gaming disorder
subjects could acquire dopaminergic pathway dysfunction in
the striatal region as a result of their chronic gaming behavior.

We also found that the regional 11C-NMSP binding ratio of
the left orbitofrontal cortex correlated negatively to the years
of internet gaming disorder, which indicates that dopaminer-
gic dysfunction is more significant in chronic internet gaming
disorder. Although we found that there is no relevant with
exclusion of that 8 years addiction subject, we consider that
this is very important for us to understand the long-term
internet gaming effect. Furthermore, D2 receptor availability
in the striatum during the internet gaming task correlated
positively to glucose metabolism in the orbitofrontal cortex.
The orbitofrontal cortex is involved in decision-making, es-
pecially in signaling expected rewards or punishments asso-
ciated with an action given the particular details of a situation
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Fig. 2 aWhole brain SPM results of 11C-NMSP PET study in the resting
state. A lower level of 11C-NMSP binding was found in the right inferior
temporal gyrus in the resting state in the internet gaming disorder subjects
than that in normal controls (yellow color) (P<0.001 uncorrected, k=100),
while in the game task state (b), 11C-NMSP binding in the putamen was
significantly lower in the internet overuse group than the normal control
group, especially in the right side (yellow color) (P<0.001 uncorrected, k=

100). c Correlation of the putamen to the cerebellum ratio of 11C-NMSP
binding and Young score. Both right (P=0.024, r=−0.775) and left P/T
ratio (P=0.034, r=−0.744) correlated negatively with the Young score in
the internet disorder subjects. d Correlation of the left orbitofrontal cortex
(OFC) to the cerebellum ratio of 11C-NMSP binding and the years of
internet overuse history. The L/C ratio of 11C-NMSP correlated negatively
with the duration of internet overuse (P=0.034, r=−0.745)

Fig. 3 Correlation between D2 receptors in striatum and glucose metab-
olism in regional orbitofrontal cortex under internet gaming task. Signif-
icant positive correlation was found between either right or left striatum/
cerebellum (S/C) ratio and orbitofrontal cortex/cerebellum (R/C) ratio.
(Right S/C ratio vs. R/C ratio: R=0.664, P=0.036; Left S/C ratio vs. R/C
ratio: R=0.731, P=0.016, respectively)
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[41]. Significantly reduced glucose metabolism in the
orbitofrontal cortex is found in individuals with borderline
personality disorder who have high levels of impulsivity
[42]. A significant connection was found between dopamine
D2 receptors in the putamen and glucose metabolism in the
orbitofrontal cortex, a brain region involved with compulsive
behaviors, suggested that dysregulation of the orbitofrontal
cortex may be one of the mechanisms by which disruption of
dopamine activity in methamphetamine abusers could lead to
compulsive drug-taking behavior [43, 44]. In our study, the
correlation between 11C-NMSP binding and 18F-FDG activity
suggested that dysregulation of striatal D2 receptors maybe via
striatal prefrontal pathways. This is consistent with the previ-
ous study using 11C-raclopride to assess D2 receptors and

18F-
FDG to assess regional brain glucose metabolism in obese
subjects [45]. Some other studies using fMRI also found that
the prefrontal cortex strongly correlated with the striatum in
self-control and the regulation of different kinds of appetitive
desires [46, 47].

Additionally, we found that low levels of dopamine D2

receptors in the striatum significantly correlated with de-
creased serotonin 5-HT2A receptors in both the right and left
temporal cortices in internet gaming disorder subjects
(R=0.904, P=0.002 and R=0.950, P=0.001, respectively).
These data suggest the likelihood of an interaction between
bindings at dopamine D2 and serotonin 5-HT2A receptors.
Thus, internet gaming disorder, resulting from a complex
interaction of multiple receptor and neurotransmitter
systems, does not lend itself ideally to an analysis of
isolated receptor systems.

This study presented several important findings, deepening
our understanding of the pathological mechanism of internet
overuse. However, there were several limitations. Firstly, the
monoamine binding potential was estimated using region-to-
cerebellum ratios. Since test and control subjects declined
arterial blood withdrawal, we could not obtain data for arterial
input function. Therefore, we could not exclude the possibility
that reduced monoamine binding potential was a result of
change in KD (radioligand equilibrium dissociation constant)
and not a result of change in Bmax (receptor density). BPND
(the ratio at equilibrium of specifically bound radioligand to
that of nondisplaceable radioligand in tissue) for the simplified
reference tissue model (SRTM) is the only possible binding
outcome measure, as total and free arterial plasma concentra-
tions are necessary for calculation of BPP (the ratio at equilib-
rium of the concentration of specifically bound radioligand in
tissue to the concentration of free radioligand in tissue) and
BPF (the ratio at equilibrium of specifically bound radioligand
to that of total parent radioligand in plasma) [45]. Secondly,
there was no control group for those with a history of
prolonged internet use for purposes other than gaming, such
as work or study. It is unclear whether prolonged internet use
can impair brain function. Thirdly, potential effects of the

motor task should also be considered between the internet
disorder and control groups. For instance, after long-term
internet game playing, internet disorder subjects’ arm, hand
or body motor movements may have potential effect on their
18F-FDG-brain scan. In addition, although the measures of
pleasure or reward have been done at the subjects' screening
stage, in future studies, these measures should be acquired
immediately after internet gaming tasks to compare the level
of pleasure or reward. Fourthly, some clusters appear to be
outside the orbitofrontal cortex, since the mask was defined
manually based on the standard SPM template. Theoretically,
only cortical regions should be included in the mask. While
for the SPM result of PET images, clusters outside the cortex
were inevitable sometimes [48]. Lastly, since diagnostic
criteria for internet game disorder and exclusion criteria for
the participants are still under investigation, the criteria used in
this study may have some limitations. In addition, the sample
size was relatively small due to the difficulties of enrolling
research subjects for sequential PET scans. Therefore, the
cross-sectional comparison cannot determine if changes in
brain function were due to chronic game play or if those brain
dysfunctions caused internet overuse. Further longitudinal
study should be performed to confirm whether the find-
ings of our study represent either the cause or the effect
of internet overuse.

In summary, for the first time, we found a significant
association between D2 receptor level and glucose metabolism
in the same subjects with internet gaming disorder, which
indicates that D2 receptor-mediated dysregulation of the
orbitofrontal cortex could underlie a mechanism for loss
of control and compulsive behavior in internet gaming
disorder subjects.

Acknowledgments This work is partly sponsored by Grants from the
National Key Basic Research Program of China (2013CB329506), Na-
tional Science Foundation of China (NSFC) (no. 81271601), and Minis-
try of Science and Technology of China (2011CB504400,
2012BAI13B06).

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Pallanti S, Bernardi S, Quercioli L. The shorter PROMIS question-
naire and the internet addiction scale in the assessment of multiple
addictions in a high-school population: prevalence and related dis-
ability. CNS Spectr. 2006;11:966–74.

2. Petry NM, O’Brien CP: Internet gaming disorder and the DSM-5.
Addiction. 2013.

3. Aboujaoude E, Koran LM, Gamel N, Large MD, Serpe RT. Potential
markers for problematic internet use: a telephone survey of 2,513
adults. CNS Spectr. 2006;11:750–5.

4. Gentile D. Pathological video-game use among youth ages 8 to 18: a
national study. Psychol Sci. 2009;20:594–602.

1396 Eur J Nucl Med Mol Imaging (2014) 41:1388–1397



5. Park HS, Kim SH, Bang SA, et al. Altered regional cerebral glucose
metabolism in internet game overusers: a 18F-fluorodeoxyglucose
positron emission tomography study. CNS Spectr. 2010;15:159–66.

6. China-Youth-Internet-Association: Net Addiction among Chinese
Youth. Retrieved 17 February 2012, from http://www.zqwx.youth.
cn/web/zuizhong.jsp?id=853.

7. Gentile DA, Choo H, Liau A, et al. Pathological video game use
among youths: a two-year longitudinal study. Pediatrics. 2011;127:
e319–29.

8. Buckner RL, Krienen FM, Yeo BT. Opportunities and limitations of
intrinsic functional connectivity MRI. Nat Neurosci. 2013;16:832–7.

9. Chen K, Reiman EM, Huan Z, et al. Linking functional and structural
brain images with multivariate network analyses: a novel application
of the partial least square method. Neuroimage. 2009;47:602–10.

10. Hayempour BJ, Alavi A. Neuroradiological advances detect abnor-
mal neuroanatomy underlying neuropsychological impairments: the
power of PET imaging. Eur J Nucl Med Mol Imaging.
2013;40:1462–8.

11. Lin F, Zhou Y, Du Y, et al. Abnormal white matter integrity in
adolescents with internet addiction disorder: a tract-based spatial
statistics study. PLoS One. 2012;7:e30253.

12. Han DH, Lyoo IK, Renshaw PF. Differential regional gray matter
volumes in patients with on-line game addiction and professional
gamers. J Psychiatr Res. 2012;46:507–15.

13. Zhou Y, Lin FC, Du YS, et al. Gray matter abnormalities in Internet
addiction: a voxel-based morphometry study. Eur J Radiol.
2011;79:92–5.

14. Zhang Y, Chen Q, Du F, et al. Frightening music triggers rapid
changes in brain monoamine receptors: a pilot PET study. J Nucl
Med. 2012;53:1573–8.

15. Kim SH, Baik SH, Park CS, et al. Reduced striatal dopamine D2
receptors in people with Internet addiction. Neuroreport.
2011;22:407–11.

16. Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-International
Neuropsychiatric Interview (M.I.N.I.): the development and valida-
tion of a structured diagnostic psychiatric interview for DSM-IVand
ICD-10. J Clin Psychiatry. 1998;59 Suppl 20:22–33. quiz 34–57.

17. Tao R, Huang X, Wang J, et al. A proposed criterion for clinical
diagnosis of internet addiction. Med J Chin PLA. 2008;33:1188–91.

18. Tao R, Huang X, Wang J, et al. Proposed diagnostic criteria for
internet addiction. Addiction. 2010;105:556–64.

19. Volkow ND, Wang GJ, Telang F, et al. Low dopamine striatal D2
receptors are associated with prefrontal metabolism in obese subjects:
possible contributing factors. Neuroimage. 2008;42:1537–43.

20. Young KS. Internet addiction: the emergence of a new clinical
disorder. CyberPhsychology & Behavior. 1996;1:237–44.

21. Young KS. Caught in the Net. New York: Wiley; 1998.
22. Wang H, Zhou XL, Lu CY, et al. Problematic internet use in high

school students in Guangdong Province. China PLoS One.
2011;6:e19660.

23. Widyanto L, McMurran M. The psychometric properties of the
internet addiction test. Cyberpsychol Behav. 2004;7:443–50.

24. Haagsma MC, Pieterse ME, Peters O. The prevalence of problematic
video gamers in the Netherlands. Cyberpsychol Behav Soc Netw.
2012;15:162–8.

25. Ko CH, Yen JY, Chen CC, Chen SH, Yen CF. Gender differences and
related factors affecting online gaming addiction among Taiwanese
adolescents. J Nerv Ment Dis. 2005;193:273–7.

26. Hamacher K, Coenen HH, Stocklin G. Efficient stereospecific syn-
thesis of no-carrier-added 2-[18F]-fluoro-2-deoxy-D-glucose using
aminopolyether supported nucleophilic substitution. J Nucl Med.
1986;27:235–8.

27. Wong DF, Gjedde A, Wagner Jr HN, et al. Quantification of
Neuroreceptors in the living human brain. II. Inhibition

studies of receptor density and affinity. J Cereb Blood Flow
Metab. 1986;6:147–53.

28. Rorden C, Brett M. Stereotaxic display of brain lesions. Behav
Neurol. 2000;12:191–200.

29. Ishibashi K, Ishii K, Oda K, Mizusawa H, Ishiwata K. Competition
between 11C-raclopride and endogenous dopamine in Parkinson’s
disease. Nucl Med Commun. 2010;31:159–66.

30. Wang GJ, Volkow ND, Roque CT, et al. Functional importance of
ventricular enlargement and cortical atrophy in healthy subjects and
alcoholics as assessed with PET, MR imaging, and neuropsychologic
testing. Radiology. 1993;186:59–65.

31. Song XW, Dong ZY, Long XY, et al. REST: a toolkit for resting-state
functional magnetic resonance imaging data processing. PLoS One.
2011;6:e25031.

32. Hall H, Farde L, Halldin C, Lundkvist C, Sedvall G.
Autoradiographic localization of 5-HT(2A) receptors in the human
brain using [(3)H]M100907 and [(11)C]M100907. Synapse.
2000;38:421–31.

33. Devanand DP, Mikhno A, Pelton GH, et al. Pittsburgh compound B
(11C-PIB) and fluorodeoxyglucose (18 F-FDG) PET in patients with
Alzheimer disease, mild cognitive impairment, and healthy controls.
J Geriatr Psychiatry Neurol. 2010;23:185–98.

34. Green CS, Bavelier D. Action video game modifies visual selective
attention. Nature. 2003;423:534–7.

35. Granek JA, Gorbet DJ, Sergio LE. Extensive video-game experience
alters cortical networks for complex visuomotor transformations.
Cortex. 2010;46:1165–77.

36. Goldstein RZ, Volkow ND. Dysfunction of the prefrontal cortex in
addiction: neuroimaging findings and clinical implications. Nat Rev
Neurosci. 2011;12:652–69.

37. Volkow ND, Wang GJ, Fowler JS, Tomasi D. Addiction circuitry in
the human brain. Annu Rev Pharmacol Toxicol. 2012;52:321–36.

38. Egerton A, Mehta MA, Montgomery AJ, et al. The dopaminergic
basis of human behaviors: a review of molecular imaging studies.
Neurosci Biobehav Rev. 2009;33:1109–32.

39. Koepp MJ, Gunn RN, Lawrence AD, et al. Evidence for striatal
dopamine release during a video game. Nature. 1998;393:266–8.

40. Rice OV, Gatley SJ, Shen J, et al. Effects of endogenous neurotrans-
mitters on the in vivo binding of dopamine and 5-HT radiotracers in
mice. Neuropsychopharmacology. 2001;25:679–89.

41. Schoenbaum G, Takahashi Y, Liu TL, McDannald MA. Does the
orbitofrontal cortex signal value? Ann N Y Acad Sci.
2011;1239:87–99.

42. Soloff PH, Meltzer CC, Becker C, et al. Impulsivity and prefrontal
hypometabolism in borderline personality disorder. Psychiatry Res.
2003;123:153–63.

43. Volkow ND. What do we know about drug addiction? Am J
Psychiatry. 2005;162:1401–2.

44. Volkow ND, Chang L, Wang GJ, et al. Low level of brain dopamine
D2 receptors in methamphetamine abusers: association with metabo-
lism in the orbitofrontal cortex. Am J Psychiatry. 2001;158:2015–21.

45. Innis RB, Cunningham VJ, Delforge J, et al. Consensus nomencla-
ture for in vivo imaging of reversibly binding radioligands. J Cereb
Blood Flow Metab. 2007;27:1533–9.

46. Hayashi T, Ko JH, Strafella AP, Dagher A. Dorsolateral prefrontal
and orbitofrontal cortex interactions during self-control of cigarette
craving. Proc Natl Acad Sci U S A. 2013;110:4422–7.

47. Kober H, Mende-Siedlecki P, Kross EF, et al. Prefrontal-striatal
pathway underlies cognitive regulation of craving. Proc Natl Acad
Sci U S A. 2010;107:14811–6.

48. Desgranges B, Baron JC, Lalevée C, et al. The neural substrates of
episodic memory impairment in Alzheimer’s disease as revealed by
FDG-PET: relationship to degree of deterioration. Brain.
2002;125:1116–24.

Eur J Nucl Med Mol Imaging (2014) 41:1388–1397 1397

http://www.zqwx.youth.cn/web/zuizhong.jsp?id=853
http://www.zqwx.youth.cn/web/zuizhong.jsp?id=853

	PET imaging reveals brain functional changes in internet gaming disorder
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods and materials
	Subjects
	Procedures
	Data acquisition and analysis

	Results
	Glucose metabolic changes: between-group differences (internet gaming disorder vs. normal volunteer)
	Glucose metabolic changes: within-group differences (internet gaming task vs. resting state)
	Monoamine receptor changes: between-group differences
	Monoamine receptor changes: self-controlled comparison
	Correlation between monoamine receptor changes and history of internet gaming disorder
	Correlation between monoamine receptor and glucose metabolism

	Discussion
	References


