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Abstract

Psychobehavioral intervention is an effective treatment of Internet Addiction, including Internet 

gaming disorder (IGD). However, the neural mechanisms underlying its efficacy remain unclear. 

Cortical-ventral striatum (VS) circuitry is a common target of psychobehavioral Interventions in 

drug addiction, and cortical-VS dysfunction has been reported in IGD, hence, the primary aim of 

study was to investigate how the VS circuitry responds to psychobehavioral Interventions in IGD. 

In a cross-sectional study, we examined resting-state functional connectivity (rsFC) of the VS in 

74 IGD subjects (IGDs) and 41 healthy controls (HCs). In a follow-up Craving Behavioral 

Intervention (CBI) study, of the 74 IGD subjects, 20 IGD subjects received CBI (CBI+) and 16 

IGD subjects did not (CBI-). All participants were scanned twice with similar time interval to 

assess the effects of CBI. IGD subjects showed greater rsFC of the VS to left inferior parietal 

lobule (lIPL), right inferior frontal gyrus (rIFG) and left middle frontal gyrus (lMFG), in positive 

association with the severity of IGD. Moreover, compared to CBI-, CBI+ showed significantly 

greater decrease in VS-lIPL connectivity, along with amelioration in addiction severity following 

the intervention. These findings demonstrated that functional connectivity between VS and lIPL, 

each presumably mediating gaming craving and attentional bias, may be a potential biomarker of 

the efficacy of psychobehavioral intervention. These results also suggested that noninvasive 
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techniques such as transcranial magnetic or direct current stimulation targeting the VS-IPL 

circuitry may be used in the treatment of Internet gaming disorders.

Keywords

Internet gaming disorder; ventral striatum; craving behavioral intervention; resting-state functional 
connectivity; inferior parietal lobule; attentional bias

INTRODUCTION

Internet gaming disorder (IGD) is defined as an inability to control excessive Internet game 

playing, with notable functional impairment in academic, social, and occupational settings 

(Ha et al., 2006). Although yet to be firmly established as a diagnosis, IGD has been found 

to share similar neuropsychological (i.e., development of euphoria, craving, and tolerance) 

and pathogenetic processes with substance use disorders as well as pathological gambling 

(Grant et al., 2010; Ko et al., 2009a; Ko et al., 2013), and has been included in the section of 

the DSM-5 on disorders deserving further studies (American Psychiatric Association 2013). 

As a behavioral addiction and relatively free from the confounding effects of substance use, 

IGD offers an ideal model to study the neural mechanisms of addiction (Cho et al., 2014). 

Meta-analyses showed that psychobehavioral intervention is an effective treatment for 

Internet (Winkler et al., 2013) and online gaming addiction (Lemos et al., 2014). However, 

the neural mechanisms underlying the efficacy of psychobehavioral Interventions in IGD 

remain unclear.

Craving is critical to the development and maintenance of addiction (Tiffany & Wray, 2012), 

and may serve as a mediator explaining how treatment works on reducing addictive 

behaviors (Witkiewitz et al., 2011). The cortical-VS circuitry, a significant component of the 

“craving pathways” (Volkow et al., 2004), responds to the acute reinforcing effects of online 

gaming and the memory of the conditioned responses (Ko et al., 2013). Altered cortical-VS 

connectivity has been reported not only for IGD (Hong et al., 2015; Kühn & Gallinat, 2015; 

Lin et al., 2015a; Lorenz et al., 2013) but also in individuals with drug addiction (Forbes et 

al., 2014; Schmidt et al., 2015; Wilcox et al., 2011) and pathological gambling (Gelskov et 

al., 2016; Peters et al., 2013; van Holst et al., 2014). For instance, pathological computer 

gamers demonstrated higher functional connectivity between frontal cortical regions and 

ventral striatum, implicating a link between craving and cognitive control (Lorenz et al., 

2013).

Changes in cortical striatal functions have been observed following behavioral interventions 

in individual with drug or behavioral addiction. A previous study reported a change of 

striatal activity following family therapy in individuals with IGD (Han et al., 2012). Multiple 

studies of the neural mechanisms of psychobehavioral Interventions for drug addiction also 

suggested the cortical-ventral striatum circuitry is a major target of cognitive therapy 

(Konova et al., 2013), cue-exposure based extinction training (Vollstädt-Klein et al., 2011), 

and mindfulness-oriented recovery enhancement (Garland et al., 2014). Thus, one may posit 

that the VS circuitry may be compromised in IGD and remediation of this circuit function 

underlies the therapeutic efficacy of psychobehavioral Interventions.
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Resting-state functional connectivity (rsFC) identifies networks of brain regions exhibiting 

synchronous fluctuations in inherent activity (Fox & Raichle, 2007). Recent work has 

employed rsFC analyses to characterize cerebral connectivity of sub-cortical nuclei (Chiang-

shan et al., 2014). Importantly, rsFC analysis has shown validity in probing altered 

functional integration of cortico-striatal circuitry in Internet addiction disorder (Hong et al., 

2015; Lin et al., 2015a).

Here, we developed a psychobehavioral intervention (Craving Behavioral Intervention or 

CBI), aimed at reducing craving and based on the craving framework of boundary conditions 

(McCarthy et al., 2010). In the latter conceptual framework craving occurs in response to 

drug, drug-related cues, and negative emotional states (Curtin et al., 2006); and fulfillment of 

psychological needs through Internet use may lead to a habitual desire for continued Internet 

use (Suler, 1999). Our goals were to evaluate whether and how rsFC of the VS is altered in 

IGD and how the altered patterns of connectivity respond to the CBI.

MATERIALS AND METHODS

Participants, clinical assessments

This study was part of a larger study aiming to develop and evaluate efficient intervention 

for IGD, please see the flow chart in Supplementary Material Figure S1 for study 

procedures. In this paper we focused on the fMRI data in relation to CBI. It was conducted 

under a protocol approved by the Institutional Review Board of the State Key Laboratory of 

Cognitive Neuroscience and Learning at Beijing Normal University (BNU). All participants 

signed written informed consent prior to the study and were financially compensated for 

their participation.

The study was posted on our lab website or advertised via flyers at local universities. Given 

the higher prevalence of IGD in men than in women (Ko et al., 2009b), a total of 701 male 

college students were screened through online questionnaires and telephone interviews. The 

IGD subjects met the following criteria: a score of the Chinese Internet Addiction Scale 

(CIAS; Chen et al., 2003) was higher than 67 (Ko et al., 2009b); more than half of the time 

spent online was on games (Lin et al., 2015b); and the time spent on Internet gaming per 

week was not less than 14 hours (with at least 2 hours spent on Internet gaming every day), 

as assessed by a semi-structured interview (Zhang et al., 2015). The HC met the following 

criteria: CIAS ≤ 60 and never having spent more than 2 hours per week on Internet gaming 

(Zhang et al., 2015).

Additional criteria for all of the participants included: 18–30 years of age; right-handed 

only; eligibility for MRI as assessed using the BNU imaging center for brain research 

screening form; a score ≤ 6 on the Fagerstrom Test for Nicotine Dependence (FTND; 

Fagerstrom, 1978); a score ≤ 9 on the Alcohol Use Disorder Identification Test (AUDIT-C; 

Bush et al., 1998); no history of other psychiatric or neurological illness, no current or 

previous use of illegal substances or gambling, and currently not taking any psychotropic 

medications.
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Cross-sectional study

Seventy-six IGD subjects and 41 gender, age, and education matched HCs participated in 

functional magnetic resonance imaging (fMRI) in the first, cross-section study. Two IGD 

subjects had excessive head motion and were excluded from analyses, so the final dataset 

contained 74 IGD subjects and 41 HC, who were matched on gender, age, and education. 

Participants were also evaluated with the Beck Anxiety Inventory (BAI; Beck et al., 1988), 

Beck Depression Inventory (BDI; Beck et al., 1961), Barratt Impulsiveness Scale-version 11 

(BIS-11; Barratt & Pritchard, 1985) and subjective craving of Internet (gaming), an 8-item 

Likert scale adapted from the Questionnaire of Smoking Urges (QSU-brief; Cox et al., 

2001).

Follow-up Craving Behavioral Intervention (CBI) study

Forty-four of the 74 IGD subjects participated in the follow-up intervention study voluntarily 

and opted whether to receive the intervention or not, among whom 25 agreed to receive CBI 

therapy (CBI+) and 19 did not (CBI-). Individuals in both CBI+ and CBI- were specifically 

instructed that they do not contact each other throughout the intervention. The CBI is a 

behavioral intervention program developed to reduce craving for internet gaming, based on 

theories of the craving framework of boundary conditions (McCarthy et al., 2010) and the 

fulfillment of psychological needs for Internet use (Suler, 1999).

In the CBI+ group, participants were grouped by 8 to 9 subjects to receive six sessions of 

CBI, conducted weekly with each session lasting for 2.5 hours. The topic of each session 

respectively was: 1) perceiving subjective craving and mindfulness training for gaming-cue-

induced craving and tension; 2) recognizing and testing irrational beliefs regarding craving; 

3) detecting craving and training in mindfulness to relieve craving-related negative 

emotions; 4) training on coping with cravings and altering participants’ fulfillment of 

psychological needs; 5) time management and skills training to cope with craving; 6) 

reviewing, practicing, and implementing skills. In addition, mindfulness training was 

administrated for about 20 minutes at the end of each session, and self-administered 

whenever they experienced craving beyond the intervention as an assignment. The 

intervention as employed in our previous study (Zhang et al., 2016) is described in detail in 

the Supplementary Material.

Following the intervention (or no intervention), both CBI+ and CBI- were scanned again. 

Five CBI+ and 3 CBI- subjects were excluded from data analyses because of excessive head 

motion (translation > 3.0 mm or rotation > 3°), so the final dataset contained 20 subjects in 

CBI+ and 16 subjects in CBI-. There were no differences in IGD severity (CIAS: F(2,71)) = 

1.43, p = .247, partial η2 = .04; Time spent on Internet gaming: F(2,71)) = .77, p = .469, 

partial η2 = .02) or rsFC of VS (no voxels survived whole-brain search) between CBI+ and 

CBI- and those who did not participate in follow-up CBI study.

Image acquisition

MR imaging was conducted with a Siemens Trio 3-Tesla scanner (Siemens, Erlangen, 

Germany). The resting-state functional imaging data comprised 200 continuous echo-planar 

imaging (EPI) whole-brain functional volumes: repetition time (TR) = 2000 ms; echo time 
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(TE) = 30 ms; flip angle (FA) = 90°; slice number = 33; field of view (FOV) = 200× 200 

mm; matrix size = 64 × 64; voxel size = 3.1× 3.1 × 3.5 mm3; gap = 0.7 mm. The subjects 

were instructed to keep their eyes open looking at a black screen, remain motionless, stay 

awake, and not to think of anything in particular.

Preprocessing

Data were preprocessed using DPARSF version 3.0 (Yan & Zang, 2010; http://rfmri.org/

DPARSF). To allow the magnetization to approach a dynamic equilibrium and participants 

to get used to scanning noise, the first 10 volumes were discarded. Slice time correction was 

applied to the EPI data. Participants who had a head motion exceeding 3.0 mm in translation 

or 3° in rotation were excluded. Further, we used Fristion’s 24-parameter model (Yan et al., 

2013) to reduce the confounds of head motion. We also covaried signals from the 

cerebrospinal fluid and white matter to reduce the effect of physiological artifacts. EPI data 

were normalized to the Montreal Neurological Institute (MNI) space, smoothed with a 

spatial filter of 4 mm full width at half maximum (FWHM) Gaussian kernel, and band-pass 

filtered (0.01–0.08 Hz).

Seed region: VS and rsFC

To investigate the rsFC of VS, we used WFU-PickAtlas (Maldjian et al., 2003) Tool V3.0.4 

to define a bilateral spherical ROI of 3.5mm in radius: VS (±9,9,-8, Figure1(A)), 

corresponding to the inferior VS (VSi) on the basis of a large-scale meta-analysis of striatal 

connectivity, as reported by Di Martino et al. (2008). RsFC was assessed using REST 

version 1.8 (Song et al., 2011; http://restfmri.net/forum/REST_V1.8), by computing whole 

brain correlations with the mean time series of the VS seed. Voxel-wise correlation 

coefficients were converted to z-scores via Fisher’s r-to-z transform.

Statistical Analyses

We performed voxel-wise two sample t-tests on the Z-score maps to compute the group 

difference map, with correction for multiple comparison by means of a Monte Carlo 

simulation using REST version 1.8 (Song et al., 2011; http://restfmri.net/forum/REST_V1.8) 

in which the smoothing kernel was estimated based on the t map. We reported the results at 

height threshold of P< .01 and cluster P< .01 (cluster size > 244 voxels), equivalently a 

family-wise-error rate of 1% across the whole brain. The brain regions that showed altered 

connectivity to the VS were identified as regions of interest (ROIs) to extract the magnitude 

of altered functional connectivity. Pearson correlations were performed between the 

magnitude of connectivity of the ROIs to the VS and CIAS/craving/BIS-11 score/time spent 

on Internet gaming per week across groups or within IGD/HC.

To examine the effect of CBI on clinical assessments and the potential neural markers of 

IGD, we conducted a 2 (intervention: CBI+ /CBI-) by 2 (session: pretest/posttest) repeated 

measures analysis of variance on the score of craving, CIAS and the time spent on Internet 

gaming, and on the altered rsFC, separately. Simple effect analyses were conducted 

following the identification of significant interactions.
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RESULTS

Participant characteristics

Compared to HC, IGD individuals had significantly higher score on CIAS, craving, anxiety, 

depression, BIS-11, and more time spent on Internet gaming (p’s ≤ .001; Table 1), and 

higher proportion of cigarette user (p = .029; Table 1). There were no significant differences 

between CBI+ and CBI- on any of the clinical assessments (Table 1). The head motion was 

not significantly different between IGD subjects and HCs, or between CBI+ and CBI- (Table 

1).

Difference in rsFC of VS across whole brain: IGD vs. HC

Compared to HC, IGD individuals showed a significantly higher rsFC of VS to the left 

inferior parietal Lobule (lIPL), right inferior frontal gyrus (rIFG) and left middle frontal 

gyrus (lMFG) (Table 2). To examine whether the identified clusters remained independent of 

the head motion, we applied the scrubbing 0.5 on frame-wise displacement (FD) of Power 

(FD Power; Power et al., 2012; Power et al., 2014), and the results remained similar 

(Supplementary Material Table S1). The smoking status (smoker vs. nonsmoker, smoker=1, 

nonsmoker=0) or anxiety and depression (BAI/BDI scores) were also covaried in separate 

analyses, and the main results stood (Supplementary Material Table S2 and Table S3), 

suggesting that difference in smoking or anxiety and depression cannot fully explain the 

group difference in rsFC of VS.

Correlation between clinical assessments and altered rsFC

Across groups, score of CIAS, craving and BIS-11 were both positively correlated with the 

rsFC between VS and rIFG/lIPL/lMFG (Supplementary Material Table S4). In the IGD 

group, only BIS-11 was positively correlated with the ROI-wise rsFC between VS and lIPL/

lMFG (r=.26, p= .03; r = .31, p = .01; Figure 1 (C) and 1 (D)).

The effect of intervention on clinical assessments

There were significant interactions between intervention (CBI+ vs. CBI-) and session 

(pretest vs. posttest) on score of CIAS and the time spent on Internet gaming (F(1,34) = 

26.60, p < .001, partial η2 = .43; F(1,34) = 7.07, p = .012, partial η2 = .17). Simple effect 

analyses (Figure 2 (A–B), Supplementary Material Table S5) suggested that CBI+ showed 

significant decrease in CIAS score and the time spent on Internet gaming in posttest versus 

pretest (F(1,34) = 96.49, p< .001, partial η2 = .74; F(1,34) = 18.49, p< .001, partial η2 = .35), 

whereas CBI- showed no changes (F(1,34) = 3.49, p = .071, partial η2 = .09; F(1,34) = .08, p 
= .782, partial η2 = .00). There also was a marginally significant interaction on score of 

craving (F(1,34) =3.94, p =.055, partial η2 = .10); the score of craving decreased in both CBI

+ and CBI- (F(1,34) =80.38, p < .001, partial η2 = .70; F(1,34) = 28.68, p < .001, partial η2 = .

46), but the decrease in CBI+ was marginally significant larger than in CBI- (Figure 2 (C); 

Supplementary Material Table S5).
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The effect of intervention on rsFC of VS

In pretest, CBI+ and CBI- did not differ in VS-lIPL/rIFG/lMFG connectivity (F(1,34) = .79, p 
= .382; F(1,34) = .56, p = .461; F(1,34) = .35, p = .556). There was a significant interaction 

between session and intervention on rsFC between VS and lIPL (F(1,34) = 4.95, p = .033, 

partial η2 = .13). Simple effect analyses (Figure 2 (D), Supplementary Material Table S5) 

suggested that CBI+ showed significant decrease in VS-lIPL connectivity in posttest 

compared with pretest (F(1,34) = 13.89, p = .001, partial η2 = .29), whereas CBI- showed no 

changes (F(1,34) = .12, p = .730, partial η2 = .00). The lIPL clusters, survived when 

controlling for head motion or covarying for smoking or anxiety and depression in separate 

models (Supplementary Material Table S1–3), were also identified as regions of interest 

(ROIs) to compute their functional connectivities to VS, and then to examine the effect of 

CBI using repeated ANOVA. The results also showed significant interactions between 

session and intervention on these VS-lIPL connectivities (scrubbing FD Power ≥ 0.5: F(1,34) 

= 4.30, p = .046, partial η2 = .11; covarying for smoking: F(1,34) = 5.57, p = .024, partial η2 

= .14; covarying for anxiety and depression (F(1,33) = 4.23, p = .047, partial η2 = .11; 

Supplementary Material Table S6). Although the rsFC between VS and lMFG showed a 

similar trend with VS-lIPL connectivity (Supplementary Material Table S5, Supplementary 

Material Figure S2 (A)), the interaction between session and intervention on VS-lMFG 

connectivity was marginally significant (F(1,33) = 3.75, p = .061, partial η2 = .09). While 

there was no significant interaction on rsFC between VS and rIFG (F(1,34) = .03, p = .866, 

partial η2 = .00), because the strength of VS-rIFG decreased both in CBI+ and CBI- 

(Supplementary Material Table S5, Supplementary Material Figure S2 (B)).

DISCUSSION

To the best of our knowledge, the current study was the first to investigate the effect of 

psychobehavioral intervention on rsFC of the VS in individuals with IGD. The IGD group 

had a significant stronger rsFC between VS and lIPL/rIFG/lMFG, and the strength of VS-

lIPL connectivity reduced significantly after CBI.

In the cross-sectional study, IGD group showed greater rsFC between VS and lIPL/rIFG/

lMFG, namely higher synchronous fluctuations in inherent activity among these regions, 

These clusters also stood when controlling for the head motion, smoking or anxiety and 

depression separately, demonstrating that altered cortico-striatal connectivity can distinguish 

IGD from HC. Previous work showed that direct stimulation of the VS could elicite craving 

(Ko et al., 2013) and modulate reinforcement learning and decision-making (Belin et al., 

2009). The inferior parietal lobule (IPL) is involved in self-referential processing (Buckner 

et al., 2008) and attentional bias towards salient stimuli including rewards and drug cues 

(Claus et al., 2013), which could precipitate craving and drug seeking (McBride et al., 

2006). The greater rsFC between VS and lIPL was thus consistent with reward-related 

responses including “craving for games” in IGD, as reported by Claus et al. (2013). Further, 

the positive correlations between VS-lIPL connectivity and the score of CIAS, craving and 

BIS-11 were in accord with a correlation between nicotine dependence and cue-induced 

activation of lIPL in cigarette smokers (Yalachkov et al., 2013).
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The inferior frontal gyrus (IFG) and middle frontal gyrus (MFG) integrate affective 

information from the VS (Skinner & Aubin, 2010) and maintain a link of sensory inputs to 

memories to generate goal-directed actions (Bonson et al., 2002). Thus, the higher rsFC 

between VS and rIFG/lMFG may support a link between reward anticipation and motivation 

to “play games” in IGD (Ko et al., 2009a). The latter findings are in accord with increased 

rsFC strength in striatal-frontal circuitry in positive correlations with impulsivity, craving 

score and cocaine use in pathological computer game players, pathological gamblers and 

cocaine users (Hu et al., 2015; Koehler et al., 2013; Lorenz et al., 2013).

In the follow-up intervention study, we investigated the effect of CBI on clinical outcomes 

and the strengths of rsFC between VS and lIPL/rIFG/lMFG. We found that CBI+ showed a 

greater decrease in CIAS score and the time spent on Internet gaming, consistent with earlier 

work of psychobehavioral intervention in Internet addiction (Lemos et al., 2014; Winkler et 

al., 2013). As for the interaction of intervention (CBI+/CBI-) and session (pretest/posttest) 

on craving score, it was only marginally significant. Of note, there were 24 additional 

participants who were involved in the CBI intervention but did not receive fMRI scans, and 

in this larger sample a significant interaction on craving score was found for CBI 

intervention (F(1,58) = 5.84, p = .019, partial η2 = .09). Moreover, with the potential outlier 

- subject 122 - removed (Supplementary Material Figure S3), the CBI+ decreased 

significantly in craving (F(1,33) = 6.60, p = .015, partial η2 = .17; Supplementary Material 

Figure S4, Table S7).

There was a significant interaction of intervention (CBI+/CBI-) and session (pretest/posttest) 

on rsFC between VS and lIPL: the strength of VS - lIPL rsFC in CBI+ but not CBI- was 

reduced, suggesting that the altered connectivity was partially reversible with Interventions. 

In support, mindfulness training has shown efficacy in decreasing craving (Bowen et al., 

2009) and cue-related attentional bias (Garland et al., 2012), with VS and IPL activity 

remediated by psychobehavioral interventions in drug addicts (Garland et al., 2014; Konova 

et al., 2013; Vollstädt-Klein et al., 2011). Further, striatal connectivity was discovered to be 

associated with cocaine relapse and impulsive decision making (Contreras-Rodríguez et al., 

2015; Schmaal et al., 2014). The effect of CBI also remained significant on the rsFC 

between VS and lIPL cluster which was identified when controlling for the head motion, 

smoking or anxiety and depression separately. Thus, VS-lIPL connectivity may be a stable 

biomarker for the efficacy of psychobehavioral Interventions in IGD. On the other hand, VS-

rIFG/lMFG, especially the VS-rIFG connectivity, which decreased significantly in both CBI

+ and CBI-, may not represent specific makers of psychobehavioral Interventions.

To demonstrate the regional specificity of the current findings, we repeated the same 

analyses for the supplementary motor area (SMA), a motor area not typically implicated in 

craving, from the Automated Anatomical Labeling (AAL) atlas (Tzourio-Mazoyer et al., 

2002) as a control region. No group differences in cross sectional study or significant 

interaction between session and intervention in the follow-up study were found. Besides, to 

investigate the effect of threshold on the findings, we repeated the same analyses with the 

threshold of voxel level p < .005 combined with cluster level p < .05, and the threshold of 

voxel level p < .001 combined with cluster level p < .05. The main group differences 

(Supplementary Material Table S8–9) and CBI effect both remained significant (the VS-lIPL 
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connectivity was significantly decreased in CBI+ group but not in CBI- group; 

Supplementary Material Table S10), although the interaction was only marginally significant 

(voxel level p < .005; F(1,34) = 4.01, p = .053, partial η2 = .11) and not significant (voxel 

level p < .001; F(1,34) = 2.07, p = .160, partial η2 = .06). Thus, although the findings 

appeared to be largely reliable, more work is needed to verify these findings.

Given the important role in gaming craving and attentional bias of VS and IPL (Claus et al., 

2013; Ko et al., 2009a), these results can be explained in terms of previous theories of 

addiction. For example, the incentive sensitization theory of addiction held that long-term 

drug use could change the Nucleus Accumbens (NAcc)-related functions and increase the 

sensitivity to the drug-related stimuli (attentional bias), precipitating memory bias and 

positive expectancies and leading to “wanting” (craving) and drug-seeking (Franken, 2003). 

In addition, cognitive-behavioral model of pathological Internet use considered maladaptive 

cognition (such as “they thought they could only do well in and realize their values through 

Internet gaming”) and reinforcement of Internet experience as key factors to Internet 

addiction (Davis, 2001). Considered with these theories, individuals with IGD have 

increased motivation and attentional bias to gaming and gaming related cues, as manifested 

in the altered connectivity linking reward processing (VS) and attentional bias (IPL). 

psychobehavioral Interventions may reduce attentional bias and craving through changes in 

the rsFC between VS and lIPL.

Limitations

There were several limitations to consider in this study. First, we recruited only male 

participants, so further studies with female participants are needed to confirm and/or extend 

the current results. Second, although the main findings stood when smoking status was 

accounted for, one cannot rule out the potential impact of cigarette and alcohol use on the 

current results. Third, because IGDs participated in the follow-up CBI study (CBI+ /CBI-) 

voluntarily, we could not exclude the effects of motivation to reduce Internet gaming as a 

confound to the current findings. This along with other clinical characteristics that are 

known to impact VS functions need to be examined in more detail in future studies of IGD.

Implications

The current study has implications for both assessment and treatment of IGD. Motivation 

and attentional bias play important roles in the development and maintenance of IGD, and 

behavioral interventions targeting these factors are likely to be effective in the treatment of 

IGD. In particular, psychobehavioral intervention that focus on reducing craving and altering 

the fulfillment of psychological needs can be successful in reducing attentional bias and 

relapse. The VS-IPL connectivity is a potential biomarker of the efficacy of 

psychobehavioral intervention. One may speculate that noninvasive techniques such as 

transcranial magnetic stimulation and transcranial direct current stimulation to target this 

circuitry may be used in the treatment of Internet gaming and other behavioral addictions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Group differences in resting-state functional connectivity (rsFC) of the ventral striatum (VS) 

(pcorrected<.01), and the correlation with score of impulsivity in IGD. (A) VS seed in a 

coronal section (with MNI coordinates ±9, 9, −8). (B) The IGD subjects had significantly 

higher VS connectivity with three brain regions: rIFG (right inferior frontal gyrus), lMFG 

(left middle frontal gyrus), and lIPL (left inferior parietal lobule). Clusters are color-coded 

based on uncorrected P-values. IGD: individuals with Internet gaming disorder. (C) Scatter 

plot depicting positive correlation between score of BIS-11 and rsFC of VS with lIPL and 

(D) lMFG in IGD. BIS-11: Barratt Impulsiveness Scale-version 11; VS- lIPL Connectivity: 

the strength of rsFC between VS and lIPL; VS-lMFG Connectivity: the strength of rsFC 

between VS and lMFG. Lines represent the best-fit regressions.
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Figure 2. 
Repeated measures ANOVA on CIAS score, the time spent on Internet gaming, craving 

score and resting-state functional connectivity (rsFC) between ventral striatum (VS) and left 

inferior parietal Lobule (lIPL) Cluster. (A) A significant interaction between intervention 

(CBI+/CBI-) and session (pretest/posttest) on score of CIAS; CIAS: Chen Internet addition 

scale; (B) A significant interaction between intervention (CBI+/CBI-) and session (pretest/

posttest) on the time spent on Internet gaming; (C) A marginally significant interaction 

between intervention (CBI+/CBI-) and session (pretest/posttest) on score of craving; (D) A 

significant interaction between intervention (CBI+/CBI-) and session (pretest/posttest) on 

Zhang et al. Page 15

Addict Biol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



VS-lIPL Connectivity, VS-lIPL Connectivity: the strength of rsFC between VS and lIPL. 

CBI+: Internet gaming disorder subjects with CBI; CBI-: Internet gaming disorder subjects 

without CBI. Black circles: the mean value of CBI+ in pretest/posttest; black square: the 

mean value of CBI- in pretest/posttest; Error bars indicated the standard errors of the mean.
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