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Background: This study aims to investigate brain gray matter density (GMD) changes in adolescents with

Internet addiction (IA) using voxel-based morphometry (VBM) analysis on high-resolution T1-weighted

structural magnetic resonance images.

Methods: Eighteen IA adolescents and 15 age- and gender-matched healthy controls took part in this

study. High-resolution T1-weighted magnetic resonance imaging scans were performed on the two

groups. VBM analysis was used to compare the GMD between the two groups.

Results: Compared with healthy controls, IA adolescents had lower GMD in the left anterior cingulate

cortex, left posterior cingulate cortex, left insula, and left lingual gyrus.

Conclusions: Our findings suggested that brain structural changes were present in IA adolescents, and this

finding may provide a new insight into the pathogenesis of IA.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Recently, Internet addiction (IA) has been considered a seri-

ous public health issue [1]. IA is a compulsive–impulsive spectrum

disorder that involves online and/or offline computer usage and

consists of three subtypes, namely, excessive gaming, sexual pre-

occupations, and e-mail/text messaging [2–4]. These variants share

four components: excessive use, withdrawal, tolerance, and neg-

ative repercussions [5,6]. Several countries in Asia, particularly

China, South Korea, and Taiwan, have been reported to have the

highest incidence of computer or Internet addiction among young

people [7]. A survey among 5135 adolescents from 16 middle

schools of 6 districts of Shanghai reported that the rate of Inter-
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net use among the surveyed adolescents was 94.32%, wherein the

incidence rate of Internet addiction was 8.78% [8]. Data from the

China Internet Network Information Center, as of 30 June 2005,

showed that 103 million people had gone online, 15.8% of whom

were teenagers below 18 years old [9].

Like other addictions, IA has been linked to a lot of problems,

such as little sleep, limited physical activity, and disrupted studies.

Furthermore, IA is resistant to treatment, entails significant risks

[10], and has high relapse rates. Moreover, it makes comorbid dis-

orders less responsive to therapy [5]. About 86% of IA cases are

afflicted with other disorders based on the Diagnostic and Statisti-

cal Manual of Mental Disorders-Version IV (DSM-IV) diagnosis [5].

For these reasons, the problem of IA has attracted much attention

from psychiatrists, educators, and the public alike.

Voxel-based morphometry (VBM) is a fully automated alterna-

tive to the techniques that require volumetric samples to detect

the differences between groups [11]. Compared with traditional

morphometric approaches which rely on measuring brain volumes

manually, VBM is a time-saving technique. In addition, it is not

specific to particular brain regions. This measure was developed to

detect group differences in the relative concentration of gray mat-

ter (GM) tissues across the whole brain in a voxel-wise manner

[11,12]. Currently however, there are only a few brain Magnetic

Resonance (MR) imaging studies on IA. In relation to this, the aim

of this study is to detect the possible brain morphology changes in

IA in adolescents and its mechanism.
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2. Methods

2.1. Subjects

All the subjects came from the Department of Child and Adoles-

cent Psychiatry Shanghai Mental Health Center. Eighteen subjects

(2 females and 16 males, mean age = 17.23 ± 2.60) whose behaviors

correspond to DSM-IV criteria for IA according to the modified Diag-

nostic Questionnaire for Internet addiction (YDQ) criteria by Beard

and Wolf [6] were imaged. Eighteen age- and gender-matched

healthy individuals with no personal or family history of psychi-

atric disorders were also imaged as the control group. All the IA

subjects and control groups were right-handed. Three healthy sub-

jects were abandoned for their poor imaging quality, so only fifteen

members of the control group (2 females, mean age = 17.81 ± 2.58)

and 18 IA subjects were used in the VBM analysis. This study was

approved by the local Ethics Committee of RenJi Hospital, and full,

written, and informed consent was obtained from all the parents

before the MR examinations.

The diagnostic questionnaire for Internet addiction was adapted

from DSM-IV criteria for pathological gambling by Young [13].

Young’s Diagnostic Questionnaire (YDQ) consisting of eight “yes”

or “no” questions was translated to Chinese. It includes the follow-

ing questions: (1) Do you feel absorbed in the Internet (remember

previous online activity or the desired next online session)? (2) Do

you feel satisfied with Internet use if you increase your amount

of online time? (3) Have you failed to control, reduce, or quit

Internet use repeatedly? (4) Do you feel nervous, temperamen-

tal, depressed, or sensitive when trying to reduce or quit Internet

use? (5) Do you stay online longer than originally intended? (6)

Have you taken the risk of losing a significant relationship, job,

educational or career opportunity because of the Internet? (7)

Have you lied to your family members, therapist, or others to hide

the truth of your involvement with the Internet? (8) Do you use

the Internet as a way of escaping from problems or of relieving

an anxious mood (e.g., feelings of helplessness, guilty, anxiety, or

depression)? Young asserted that five or more “yes” responses to

the eight questions indicate a dependent user. Later, Beard and Wolf

[6] modified the YDQ criteria. Respondents who answered “yes”

to questions 1 through 5 and at least any one of the remaining

three questions were classified as suffering from Internet addic-

tion.

A basic information questionnaire was used to collect demo-

graphic information such as gender, age, and year in high school.

2.2. Data acquisition

MR imaging was performed on a 3T MR scanner (3T Achieva,

Philips). The optimized MPRAGE pulse sequences for gray matter/

white matter contrast (TR = 331 ms, TE = 4.6 ms, FOV = 256 mm ×

256 mm, slice thickness = 1 mm, gap = 0, slices = 155, matrix =

256 × 256) were scanned.

2.3. Data analysis

Image analysis was performed with the optimized VBM

approach by SPM2 (Welcome Department of Cognitive Neurol-

ogy, http://www.fil.ion.ucl.ac.uk/spm). Optimized VBM consists of

two main steps including the construction of a study-specific brain

template and tissue priors, as well as the anatomical properties

of the study groups. First, the images from all subjects were nor-

malized to the Montreal Neurological Institute (MNI) template

and were segmented into gray matter, white matter, and cerebral

spinal fluid (CSF). Then the customized template and tissue priors

were constructed. After this, all images were segmented again with

the customized template and tissue priors. Finally, the segmented

images were smoothed with a 12 mm full-width half-maximum

Gaussian kernel for the subsequent statistical analysis.

2.4. Statistical analysis

Voxel-wise comparisons of GMD were performed between the

groups using the two-sample t-test with SPM2. The significance of

group differences was estimated by the theory of random Gaussian

fields, and significance levels were set at P < 0.05 (FDR corrected),

while the cluster size was set at >100 voxels. We only found signif-

icant change in the control group > IA group in the GMD map.

3. Result

As shown in Table 1 and Fig. 1, the VBM of the MRI data illus-

trated that the IA group had lower GMD in the left anterior cingulate

cortex (ACC), left posterior cingulate cortex (PCC), left insula, and

left lingulate gyrus. No significant difference was found in the white

matter change between the two groups.

4. Discussion

We supposed that some special changes in brain structure may

be associated with the behavioral and emotional problems of IA

adolescents. The use of VBM has allowed the detection of struc-

tural changes in gray matter and white matter in some psychiatric

disorders [14–16]. Previous studies suggested the reported struc-

tural changes reflected the underlying pathology of the disease and

may determine clinical phenomenology especially in “idiopathic”

disease [14]. VBM permitted rapid voxel-wise comparison of local

concentrations of gray and white matter regions between subject

cohorts without the need for a priori selection of the region of inter-

est (ROI) [17]. We found gray matter change between the IA and

control groups. Compared with the control group, IA adolescents

showed lower gray matter volume in left ACC, left PCC, left insula,

and left lingulate gyrus.

The regions where reductions in GM were found between the

IA and control groups were conceptually linked by the areas which

are responsible for modulating emotional behavior. Although we

do not know the exact histological change, some studies suggested

the histopathological correlates of these volume reductions which

include loss of synaptic contacts, increased neuronal density, and

reductions in glial cells and glial markers [18]. The volumetric

change in left ACC, left PCC, and insula should influence the func-

tion of these areas. This was in line with the clinical psychological

features of the IA group. As shown by other studies, IA adolescents

often had more behavioral or emotional problems [19–23].

Recently, the insula has been highlighted as a region that plays

a crucial part in addiction. Many studies have shown that activ-

ity within the insula is correlated with the subject’s ratings of urge

[24–27]. Naqvi and Antoine’s study [24] provided the first evidence

in humans that the insula played a crucial part in addiction. The

results of their study suggested that the insula was a region that

integrated the interoceptive state into conscious feelings and into

decision-making processes that involve certain risks and rewards.

Functional imaging data, together with the lesion and inactivation

findings in humans and rats, provide evidence that the insula is

necessary for the explicit motivation to take drugs, and this func-

tion is common among drug abusers [28,29]. The idea that insula

dysfunction underlies drug addiction is also supported by a study

showing that chronic cocaine users have reduced gray/white mat-

ter ratios in the insula [30]. This finding is of note because of the

well-known increase in the prevalence of cigarette smoking among

schizophrenics, who also have a reduction in insula gray matter

[31]. Therefore, our study’s result is in agreement with previous

http://www.fil.ion.ucl.ac.uk/spm
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Table 1

Significant differences in GM density between the IA and control groups.

Cluster-level T scores Z scores Coordinates Location

X Y Z

431 6.09 4.87 −10 29 20 Anterior cingulate cortex (L)

2264 5.86 4.75 −32 −56 6 Lateral ventricle (L)

5.54 4.56 −25 −63 5 Extra-nuclear (L)

5.3 4.42 −19 −68 8 Posterior cingulate cortex (L)

290 5.49 4.53 −37 −29 22 Insula (L)

147 4.84 4.13 −3 −88 11 Lingual gyrus (L)

L: left.

findings and supported that the insula played a great role in addic-

tion.

It is a known fact that the cingulated gyrus is the key part

of the limbic system. This is in charge of controlling emotions,

mood, motivation, and other emotional states [32]. The cingulate

gyrus provides a pathway from the thalamus to the hippocampus,

which is seemingly responsible for focusing attention on emo-

tionally significant events and regulating aggressive behavior. The

anterior cingulated region has been implicated in motor control,

cognition, and arousal/drive state [33]. On the other hand, the

posterior cingulated regions participate in visual-spatial and sen-

sorimotor processes [32]. The posterior cingulated, which is also

a part of a larger “default system” of cortical areas, has been

implicated in self-referential functions [34]. Dysfunction within

and between structures in this circuit may induce disturbances

in the emotional behavior in humans. Goldstein et al. [35] found

Fig. 1. Regions of decreased GM shown on the template in the left anterior cingulate cortex (A), left posterior cingulate cortex (B), left insula (C), and left lingual gyrus (D) in

IA subjects compared with the controls.
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among cocaine users that the more classical color-word Stroop

design had bilateral activations in the caudal-dorsal ACC (cdACC)

and hypoactivations in the rostro-ventral ACC/medial orbitofrontal

cortex (mOFC) (rACC/mOFC). This neural network also appears to

participate in the executive cognitive function (ECF) which governs

the resolution of conflict, response inhibition, performance moni-

toring, implementation of control, and error monitoring. Disruption

of these functions could impair an individual’s ability to monitor

and inhibit inappropriate behavior.

It was more difficult to interpret gray matter volume decreased

in IA group as compared to healthy subjects in left lingual gyrus.

This visual associative area has been less commonly implicated in

articles about schizophrenia [36,37]. However, as mentioned above,

Mane et al. [36] observed an excessive increase volume in bilateral

lingual gyrus and were inversely related to functional outcome in

schizophrenia. Up to now, we cannot determine the definite mean-

ing of this finding in IA adolescent.

5. Conclusion

To our knowledge, this was the first study that reported the mor-

phometric abnormalities in IA adolescents in the regions of GM

of the left ACC, left PCC, left insula, and left lingual gyrus. These

findings provide new insights into the pathogenesis of IA.
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