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A B S T R A C T

Background: Male predominance is a well-known feature of Internet gaming disorder (IGD), with a reported
male to female ratio of 3:1. Because of the overwhelming focus on males, little is known about the neural basis of
sex differences in IGD, especially neuroanatomical features. Thus, investigations on sex differences with an
adequate sample size are critical for improving the understanding of biological mechanisms underlying IGD.
Methods: Structural magnetic resonance imaging data were acquired from 62 IGD subjects (29 males, 33 fe-
males) and 71 recreational game users (RGUs) (37 males, 34 females) with well-matched age and education
levels. Group-by-sex interaction in cortical thickness was analyzed, and the correlations between cortical
thickness and addiction severity were calculated.
Results: We detected a group-by-sex interaction in the bilateral rostral middle frontal gyri (MFG), left superior
frontal gyrus (SFG), left supramarginal gyrus (SMG), right posterior cingulate cortex (PCC), and right superior
parietal lobule (SPL). Post-hoc analyses revealed that, compared with same-sex RGUs, male IGD subjects had
increased cortical thickness and female IGD subjects had reduced cortical thickness beside their right PCC. By
contrast, male IGD subjects had reduced cortical thickness and female IGD subjects had increased cortical
thickness in their right PCC. Moreover, only females showed significant negative correlations between the
cortical thickness and their self-reported cravings and Internet addiction test scores.
Conclusions: For female IGD subjects, the reduced cortical thickness, combined with the negative correlations of
addiction severities, suggests the great effect created by IGD in the brain regions. Males and females may be
affected differently by IGD, with females being more vulnerable to it.

1. Introduction

Unlike substance addiction, Internet gaming disorder (IGD) has
been conceptualized as a type of behavioral addiction because no
chemical intake is involved (Dong and Potenza, 2014, 2016; Dowling,
2014; Petry et al., 2015; Rehbein et al., 2015). In 2013, the Diagnostic
and Statistical Manual of Mental Disorders-5 (DSM-5) committee gener-
ated criteria for diagnosing IGD and appealed for further studies on the
disorder (Cooper and Michels, 1980; Griffiths et al., 2014; Petry et al.,
2015). Natural and social science researchers have demonstrated that
addiction and its consequences differ in terms of biological sex and
gender (Becker and Hu, 2008; Becker and Koob, 2016; Becker et al.,
2012; Hartwell and Ray, 2013). However, neurological effects or be-
havioral alterations within IGD subjects, as modulated by sex, are still

unknown.
Structural imaging of the brains of IGD subjects has demonstrated

an abnormal gray matter volume (GMV) in many brain regions. In
general, these abnormal brain regions are involved in cognitive control
and reward/loss processing, but the results have not been entirely
consistent (Hong et al., 2013b; Lee et al., 2017; Lin et al., 2015; Yuan
et al., 2013; Yuan et al., 2011; Zhou et al., 2011). Previous studies have
found that individuals with IGD showed low gray matter density (GMD)
in the dorsolateral prefrontal cortex (DLPFC), superior parietal cortex
(SPC), and orbitofrontal cortex (OFC), which are related to executive
controls (Wang et al., 2015; Weng et al., 2013; Yuan et al., 2011). Other
studies detected decreased GMD in the insula and posterior cingulate
cortex (PCC), which is related to reward/loss processing (Lin, 2015;
Zhou et al., 2011). All these studies used voxel-based morphometry
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(VBM), which involves voxel-wise tissue classification, normalization to
a standard atlas, and statistical comparisons to determine differences in
cortical volume. Although volume represents one dimension of cortical
macrostructure, VBM does not account for the complex folding patterns
of the cortex or variations in its columnar architecture. In contrast to
VBM, surface-based algorithms model sulci and gyri topologies and
provide measures of cortical thickness (Fischl and Dale, 2000). By using
a similar surface-based modeling, Makris et al. (2008) presented cor-
tical thinning in cocaine-dependent subjects in a reward network in the
brain. The reward network comprises the orbitofrontal, insula, cingu-
late, and DLPFC. Durazzo et al. (2011) demonstrated cortical thinning
in similar brain regions in alcoholics (ALCs) compared with controls.
Yuan et al. (2013) found a thinning of the cortex in the left lateral OFC
in adolescents and young adults with IGD compared with healthy
controls. In another study, Hong et al. (2013a) focused on the changes
in OFC, which was implicated in the pathology of drug and behavioral
addictions. The results demonstrated that male adolescents with IGD
had significantly reduced cortical thickness in the right lateral OFC but
not the left lateral OFC, which contradicted the findings of Yuan's study.
Our previous study also found a thinning in the cortex of the left lateral
OFC (Wang et al., 2018).

Another possible important reason for the inconsistent results is that
most brain morphometry studies focus on male addiction. Although
previous studies have tried to control the influence of sex differences by
using same-sex subjects, evidence suggest that sex is an important
modulator of drug-related behavior, brain structure, and function
(Greenfield et al., 2010; Volkow et al., 2011). Sex differences in cortical
thickness have been observed in healthy controls (Sowell et al., 2007).
Furthermore, alterations in brain structure and function differ in female
compared with male substance users. For example, Tanabe et al. (2013)
detected differences in the insula morphology of substance-dependent
individuals (SDI) and controls, and the differences were modulated by
sex. Compared with same-sex healthy controls, female SDI had smaller
insula, whereas male SDI had larger insula. Kogachi et al. (2015) found
that male methamphetamine (meth) users had larger right superior
frontal gyrus (SFG), compared with female meth users. Male meth users
with large frontal volumes and female meth users with small frontal
cortices had greater cognitive impulsivity. Previous studies have also
detected a correlation between sex differences among cocaine-depen-
dent (CD) patients, revealing lower GMV (Rando et al., 2013) and
greater motivation for cocaine among female patients (Kerstetter et al.,
2013). Medina et al. (2008) found that compared with healthy same-sex
controls, the prefrontal cortex volume in young female alcohol users
was smaller than that in young male alcohol users. Sawyer et al. (2017)
revealed a significant gender interaction in the association between
alcoholism and total reward network volumes, with ALC men having
smaller reward network volumes than their non-ALC control (NC)
counterparts and ALC women having larger reward network volumes
than NC women. Men and women are also known to have different
vulnerabilities and treatment responses to drugs and alcohol
(Greenfield et al., 2010). Compared with men, women tend to progress
more rapidly from initial experience to addiction (Bobzean et al.,

2014). The rapid escalation after the initiation of behavior or drug use
in women has been replicated in other drugs of abuse
(Richmondrakerd et al., 2016). In addition, sex differences influence
dependence and addiction and the side effects of drugs (Sanchis-
Segura and Becker, 2016). Women appear to be more vulnerable to the
side effects induced by medications used to treat substance use dis-
orders compared with men (Agabio et al., 2016). Therefore, a better
understanding of sex differences in addiction problems can help further
improve clinical efficiency in intervention and treatment. The purpose
of this study is to investigate the sex differences of cortical thickness in
young adults by using an advanced surface-based method for a precise
thickness measurement of the complex cerebral cortex structure and
localized regional mapping.

To the best of our knowledge, this is the first study to examine the
effects of sex differences in cortical thickness using a cortical surface
model in IGD patients. In this study, we mainly focused on two aspects
that may differentiate IGD patients from the controls: executive control
and reward processing (Dong and Potenza, 2014). Previous studies
have shown that sex differences exist in certain regions of the brain
involved in executive control, such as the DLPCE, ACC, and IFG (Ide
et al., 2014; Konova et al., 2016; Medina et al., 2008; Zanchi et al.,
2016). Therefore, we hypothesized that sex differences in cortical
thickness among IGD patients are found in the regions of the brain
involved in executive control, such as the OFC, and in the regions in-
volved in reward systems, such as the insula and PCC (Sawyer et al.,
2017; Tanabe et al., 2013).

2. Methods and materials

The study was approved by the Zhejiang Normal University
Subcommittee on Human Studies and conducted in accordance with the
Declaration of Helsinki. All participants provided written informed
consent prior to participation in the study.

2.1. Participants

We recruited 62 IGD subjects (29 males, 33 females) and 71 re-
creational game users (RGUs) (37 males, 34 females) through posters
and online advertisements (Table 1). All subjects fitted the following
criteria: must be right-handed university students, have normal or
corrected-to-normal vision, have no reported history of illegal drug use,
scored lower than 5 on the Beck Depression Inventory questionnaire
(Beck et al., 1967), and have no Axis-I psychiatric disorders as per as-
sessment from a 15-minute structured psychiatric interview (MINI)
(Lecrubier et al., 1997). On the day of the scanning process, all parti-
cipants were instructed to not use any addictive substance, including
tobacco and caffeinated drinks.

2.1.1. Definition and selection of the IGD group
The subjects who were categorized into the IGD group should satisfy

two criteria: First, they should have scored 50 or more on Young's
online IAT (62.89 ± 10.77). Second, they should have exhibited at

Table 1
Demographic information and group differences.

IGD (n=62) RGU (n=71) F P

M (n = 29) F (n = 33) M (n = 37) F (n = 34)
Age (mean±SD) 21.1± 1.43 20.7± 1.76 21.7±2.05 20.9± 1.99 1.695 0.171
IAT score (mean±SD) 63.6± 11.65 62.3± 10.07 41.3±10.05 38.1± 16.02 42.960 0.000
DSM-5 score (mean± SD) 5.7± 1.07 5.2±1.47 2.4± 1.34 2.7± 1.86 44.117 0.000
Game playing per week (hours) (mean± SD) 19.2± 9.70 20.4± 10.27 20.7±9.99 12.9± 8.01 5.019 0.003
Gaming history (months) (mean± SD) 25.7± 8.77 25.1± 9.30 24.1±3.31 30.2± 11.39 3.315 0.022
Educations (years) (mean± SD) 14.2± 2.42 14.4± 1.89 14.4±1.54 14.8± 1.95 0.581 0.628
Self-reported craving (mean±SD) 50.4± 16.18 53.2± 19.75 35.7±14.06 34.0± 20.38 10.231 0.000

IGD: Internet gaming disorder; RGU: recreational game user; IAT: Internet addiction test; DSM-5: Diagnostic and Statistical Manual of Mental Disorders-5.
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least five of the nine IGD diagnostic criteria in the DSM-5 (5.45±1.31)
(Petry et al., 2014).

2.1.2. Definition and selection of the RGU group
The RGUs are those who frequently play online games without de-

veloping game addiction. The selection criteria for the RGUs are con-
sistent with our previous study (Dong et al., 2017). First, the subjects
should have played online games as frequently as the IGD subjects (at
least five out of seven days and more than two hours per day in the last
years). Second, the RGU subjects should have no symptoms of physical
or psychological dependence on online gaming as confirmed by their
test scores (scored less than 50 on the Young's IAT and exhibited fewer
than four of the nine items in DSM-5 criteria of IGD).

2.2. Magnetic resonance imaging data acquisition

Magnetic resonance imaging (MRI) was conducted with a Siemens
Trio 3T scanner (Siemens, Erlangen, Germany). Whole-brain T1-
weighted MR images were collected via a T1-weighted three-dimen-
sional spoiled gradient-recalled sequence in 384 s (176 slices, repetition
time = 1700 ms, echo time = 3.93 ms, slice thickness = 1.0 mm,
skip = 0 mm, flip angle = 15, inversion time = 1100 ms, field of
view=240×240 mm, in-plane resolution=256×256). Head mo-
tions were minimized by filling the empty space around the subjects’
heads with sponge and fixing their lower jaws with tape.

2.3. Image data analysis

Cortical reconstruction was performed using the FreeSurfer software
package (Version 5.3.0, http://surfer.nmr.mgh.harvard.edu) based on
procedures described in previous publications (Dale et al., 1999; Fischl
and Dale, 2000; Fischl et al., 1999). Before the analysis of the cortical
thickness, we visually checked the quality of raw data and used the
TkMedit command (https://surfer.nmr.mgh.harvard.edu/fswiki/
FsTutorial/TroubleshootingDataV6.0) to modify errors. None of the
subjects’ scanned images were excluded due to excessive distortions or
artifacts.

2.4. Whole-brain analyses

Vertex-wise general linear modeling (GLM) using FreeSurfer's sta-
tistical tools Query, Design, Estimate, Contrast tested the main effects of
group, sex, and their interactions on cortical thickness based on
Desikan–Killiany atlas (Desikan et al., 2006). Moreover, age was en-
tered as covariates. The subjects’ cortical surface data were smoothed
with a 10 mm full-width-half-maximum Gaussian smoothing. A

statistical threshold of p≤ 0.001 was used for the correction of imaging
results according to previous studies on sex differences (Tanabe et al.,
2013). The average values of cortical thickness were then extracted to
conduct post-hoc analysis and specify the form of interaction.

2.5. Correlation analyses

Correlations were further conducted to investigate the relationship
between cortical thickness and IGD level (measured by craving ratings
and IAT scores). The average values of the cortical thickness with sig-
nificant differences were extracted to calculate the correlation coeffi-
cients. All tests were two tailed, and the level of significance was
p < .0083 (.05/6) (Bonferroni corrected).

3. Results

3.1. Demographic information and group differences (Table 1)

All groups were similar in age (F = 1.695, p = 0.171) and educa-
tion (F = 0.581, p = 0.628) but had significant differences in game
playing per week (hours) (F = 5.019, p = 0.003), gaming histories
(months) (F = 3.315, p = 0.022), IAT scores (F = 42.960, p = 0.000),
DSM-5 scores (F = 44.117, p = 0.000), and self-reported cravings
(F = 10.231, p = 0.000) (Table 1). After a simple-effect analysis, we
found that the IGD group's IAT and DSM scores and self-reported
cravings, regardless of gender, were higher than the RGU group. In
addition, the gaming histories of female RGUs were longer compared
with those of other groups, but their hours of game playing per week is
shorter.

3.2. Vertex-based analysis of interaction effect

Whole brain analyses indicated a group-by-sex interaction on the
bilateral rostral middle frontal gyri (MFG), left supramarginal gyrus
(SMG), SFG, right PCC, and superior parietal lobule (SPL) (Fig. 1 and
Table 2). Sex difference was found to have a main effect on SFG
thickness but no main effect on the groups (IGD and RGU). Further-
more, women were found to have thicker SFGs than men.

3.3. Simple-effect analysis

3.3.1. Bilateral rostral MFG
In the vertex-based analysis, bilateral rostral MFG showed a group-

by-sex interaction. In the left rostral middle frontal gyrus, female IGD
subjects show significantly reduced cortical thickness, but male IGD
subjects show relatively increased cortical thickness compared with the

Fig. 1. Vertex-based analysis of interactions after controlling for the age.
Group-by-sex interaction was found in the bilateral rostral MFG, left SMG, SFG, right PCC, and SPL (p ≤ 0.001).
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RGU subjects (Fig. 2a and b). In the right rostral middle frontal gyrus,
the female IGD subjects show significantly reduced cortical thickness,
whereas male IGD subjects show significantly increased cortical thick-
ness compared with the RGU subjects (Fig. 3a and b). In addition, low
craving scores were associated with thick bilateral rostral middle
frontal cortical thickness in the female group (left: r = −0.359,
p = 0.003) (Bonferroni corrected); right: r = −0.290, p = 0.018
(uncorrected)) but not in the male group (Figs. 2c and 3c).

3.3.2. Left SMG
In the vertex-based analysis, the left SMG showed a group-by-sex

interaction, with female IGD subjects showing significantly decreased
cortical thickness and male IGD subjects showing relatively increased
cortical thickness compared with the RGU subjects (Fig. 4a and b).

3.3.3. Left SFG
In the vertex-based analysis, the left SFG showed a group-by-sex

interaction, with female IGD subjects showing significantly decreased
cortical thickness and male IGD subjects showing relatively increased
cortical thickness compared with the RGU subjects (Fig. 5a and b).

3.3.4. Right PCC
In the vertex-based analysis, the right PCC showed a group-by-sex

interaction, with female IGD subjects showing significantly increased
cortical thickness and male IGD subjects showing relatively thinner
cortical thickness compared with the RGU subjects (Fig. 6a and b). In
addition, high IAT scores were associated with thick right PCC in the
female group (r = 0.283, p = 0.021) (uncorrected) (Fig. 6c).

3.3.5. Right superior parietal lobule
In the vertex-based analysis, the right SPL showed a group-by-sex

interaction with female IGD subjects showing significantly reduced
cortical thickness and male IGD subjects showing significantly in-
creased cortical thickness compared with the RGU subjects (Fig. 7a and
b). In addition, high IAT scores were associated with thick right su-
perior parietal cortical (SPC) in the male group (r = 0.307, p = 0.012)
(uncorrected) (Fig. 7c).

4. Discussions

The current study examined the group-by-sex interaction of brain
cortical thickness in IGD subjects. Our hypotheses were partially sup-
ported: (1) cortical thickness related to cognitive control and reward/
loss processes between men and women may be affected differently by
IGD, and (2) sex-specific brain alterations in females are associated with
self-reported cravings or scores on the Young's IAT.

Table 2
Cortical thickness comparison of interaction effect

Cortex Area Cluster size
(mm2)

Talairach coordinates max vertex p value

x y z
Left
rostral middle frontal

gyrus
62.17 −38.3 41.3 17.8 0.001

supra marginal gyrus 35.51 −56.1 −42.5 39.6 0.001
superior frontal gyrus 21.68 −13.0 25.1 31.0 0.001
Right
rostral middle frontal

gyrus
96.21 23.8 44.9 26.5 0.001

posterior cingulate
cortex

230.34 4.7 0.0 35.9 0.001

superior parietal
lobule

90.41 31.2 −52.3 38.7 0.001

Results from GLM testing for group-by-sex interaction, controlling for age.

Fig. 2. Group-by-sex interaction and association with self-reported craving scores in left rostral MFG.
(a) GLM analysis showing significant interaction effects (p=0.001) with the female IGD group showing smaller left rostral MFG thickness compared with the female
RGU group (p=0.016), whereas the male IGD group had larger thickness compared with the male RGU group (not significant). (b) Line chart showing the change
tendency of males and females. (c) Self-reported craving scores were significant and negatively associated with left rostral MFG thickness in the female group
(r=−0.359, p=0.003) (Bonferroni corrected).
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4.1. Sex difference in executive control-related brain regions

In the current study, we detected a group-by-sex interaction in the
bilateral rostral MFG, left SFG, SMG and right SPL.

Frontal executive function, including the ability of conceptualiza-
tion, mental flexibility, motor programming, sensitivity to interference,
inhibitory control, and environmental autonomy assessed by the
Frontal Assessment Battery (Dubois et al., 2000), was clearly predicted

by the volumetric changes of gray matter in the PFC in ALCs, especially
from the rostral MFG. In the current study, we detected a group-by-sex
interaction in the bilateral rostral MFG. In the left rostral MFG, the
female IGD subjects showed significantly reduced cortical thickness and
the male IGD subjects showed relatively increased cortical thickness
compared with the RGU subjects. In the right rostral MFG, the female
IGD subjects showed significantly reduced cortical thickness and the
male IGD subjects showed significantly increased cortical thickness

Fig. 3. Group-by-sex interaction and association with self-reported craving scores in right rostral MFG.
(a) GLM analysis showing significant interaction effects (p=0.001) with the female IGD group showing smaller right rostral MFG thickness compared with the
female RGU group (p=0.028), whereas the male IGD group had larger thickness compared with the male RGU group (p=0.012). (b) Line chart showing the change
tendency of males and females. (c) Self-reported craving scores were significant and negatively associated with left rostral MFG thickness in the female group (r=-
0.290, p=0.018) (uncorrected).

Fig. 4. Group -by-sex interaction in left SMG.
(a) GLM analysis showing significant interaction effects (p=0.001) with the female IGD group showing smaller left SMG thickness compared with the female RGU
group (p=0.003), whereas the male IGD group had larger thickness compared with the male RGU group (not significant). (b) Line chart showing the change
tendency of males and females.
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compared with the RGU subjects. Previous studies have also detected
increased cortical thickness in the MFG in male IGD subjects
(Yuan et al., 2013). The rostral MFG is partially located in the DLPFC
(Rajkowska and GoldmanRakic, 1995) and is reciprocally connected to
many brain regions (Fuster, 2008). Direct inputs and outputs to the
rostral MFG include the cingulate cortex, thalamus, orbital medial
prefrontal cortex, and posterior association cortex. Activities in the
rostral MFG have been shown to predict frontal executive performances

in ALC subjects (Durazzo et al., 2011). In addition, low craving scores
were associated with reduced bilateral rostral MFG thickness in the
female group in our study. Craving is an important feature of addiction
and has recently been included as an inclusionary criterion for sub-
stance-use disorders (Organization, 2013). Craving reflects a motiva-
tional state that promotes gaming-seeking cues (Dong et al., 2017).
Therefore, abnormal rostral MFG in the female IGD subjects may also
account for their lack of self-control, which might have led to their

Fig. 5. Group-by-sex interaction in left SFG.
(a) GLM analysis showing significant interaction effects (p=0.001) with the female IGD group showing smaller left SFG thickness compared with the female RGU
group (p=0.012), whereas the male IGD had larger thickness compared with the male RGU group (not significant). (b) Line chart showing the change tendency of
males and females.

Fig. 6. Group-by-sex interaction and association with self-reported craving scores in right PCC.
(a) GLM analysis showing significant interaction effects (p=0.001) with the female IGD group showing larger right PCC thickness compared with the female RGU
group (p=0.002), whereas the male IGD group had smaller thickness compared with the male RGU group (not significant). (b) Line chart showing the change
tendency of males and females. (c) IAT scores were significant and positive associated with right PCC thickness in the female group (r=0.283, p=0.021) (un-
corrected).
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gaming behaviors.
We also found a group-by-sex interaction in the SFG, with female

IGD subjects showing significantly decreased cortical thickness and
male IGD subjects showing relatively increased cortical thickness
compared with the RGU subjects (Fig. 5a and b). These results were
similar with previous studies on cocaine dependence (Ide et al., 2014),
which suggested that women may be particularly vulnerable to the
influences of cocaine on their SFG. The SFG can predict impulsiveness
and reduced inhibitory control with decreased cortical thickness
(Schilling et al., 2013). The SMG also plays a role in active saccadic
inhibition (Brown et al., 2006) and shows a group-by-sex interaction,
with female IGD subjects showing significantly decreased cortical
thickness and male IGD subjects showing relatively increased cortical
thickness compared with the RGU subjects. Thus, our current findings
contribute to the existing literature by highlighting a neural phenotype
on the sex differences of IGD.

Moreover, we detected differences in the right SPL of female and
male IGD subjects compared with the RGU subjects. Specifically, female
IGD subjects showed significantly reduced cortical thickness, whereas
male IGD subjects showed significantly increased cortical thickness
compared with the RGU subjects. Consistent with our findings, a pre-
vious study significantly found increased cortical thickness in the SPL of
heroin-dependent male individuals (Li et al., 2014). In addition, high
IAT scores were associated with reduced right SPL cortical thickness in
the male group. This finding shows that group-by-sex interaction in the
right SPL has an opposite impact on males and females. The brains of
males and females can differ from each other in more than one way
(Becker et al., 2016). Males and females are sometimes referred to as
“opposites,” and a bimodal distribution of traits exists that typify
“male” and “female” brains. The SPL was determined to contribute to
cognitive control (Durston et al., 2003; Ko et al., 2013) and visual at-
tention (Salmi et al., 2007), and its activities have been reported to be

associated with smoking cues among smokers (Mcclernon et al., 2009).
Furthermore, the gaming histories of the females in the RGU group

were longer than those from the other groups, but hours of game
playing per week was shorter. Females in the RGU group exhibited
better control on Internet gaming compared with the females in the IGD
group. We included a subsample comparison that is equated for game
time and history (see details from supplementary materials). The results
are basically consistent with the original results. We also investigated
the correlation of cortical thickness with gaming history and time but
yielded no significant results. Overall, the female subjects especially in
the IGD group showed reduced cortical thickness in bilateral rostral
MFG, SFG, SMG, and SPL whereas the male subjects in the IGD group
showed increased cortical thickness in right rostral MFG and SPL, which
is related to inhibition. Thinner and thicker cortices are abnormal when
compared with the RGU group, and different effects on female and male
subjects were observed. Moreover, female subjects may show great
influence on the brain regions. Thus, further studies are needed to
provide additional insights.

4.2. Sex difference in reward/loss processing-related brain regions

Our study detected that female IGD subjects show significantly in-
creased cortical thickness in the PCC and male IGD subjects show re-
latively reduced cortical thickness compared with RGU subjects (Fig. 6a
and b). In addition, increased IAT scores were associated with increased
right PCC cortical thickness in the female group. The results were op-
posite from previous studies on alcoholism and GMV (Sawyer et al.,
2017). Thus, more studies are needed to provide more insights on this
topic.

Our results also showed abnormal changes in the PCC, which is
unusual in the reward system. Previous studies have suggested that the
PCC is associated with the mechanisms of gaming cravings under cue

Fig. 7. Group-by-sex interaction and association with self-reported craving scores in right SPL.
(a) GLM analysis showing significant interaction effects (p=0.001) with the female IGD group showing smaller right SPL thickness compared with the female RGU
group (p=0.020), whereas the male IGD group had larger thickness compared with the male RGU group (p=0.030). (b) Line chart showing the change tendency of
males and females. (c) IAT scores were significant and positively associated with right SPL thickness in the male group (r= -0.307, p=0.012) (uncorrected).
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exposure, and it has a prominent role in the processing of emotionally
salient stimuli and modulation of memory by emotionally arousing
stimuli (Maddock and Richard, 1999). Furthermore, the PCC integrates
the reward outcome and motivational information of visual stimuli
(Pearson et al., 2011). Thus, our results suggest that PCC might be in-
volved in processing the emotional significance of gaming cues and
providing their rewarding significance only in female subjects.

4.3. Limitations

The present study has some advantages, such as the relative equal
sample size in all the groups, which allow us to control for a range of
possible confounders. However, limitations are also noted. First, data
from groups with no gaming experiences can be collected to identify the
differences between the three groups (healthy control, IGD, and RGU).
The results will be remarkable if a group of non-gamers is included.
Second, biological factors, such as genetics and hormonal status in fe-
males, could affect the findings, but they were not assessed in this
study. Third, the scale used to measure craving is self-reported; hence,
the findings may not reflect the actual degree of craving experienced by
the subjects due to subjective interpretation of variables or truthfulness.
Finally, the study did not assess cognitive functions indicated by per-
formance on cognitive tasks. Additional cognitive measurements, such
as reward and memory-related tasks, could complement the explana-
tions of imaging findings in future studies.

5. Conclusions

In conclusion, our results demonstrated that some features of sex
differences are exhibited in the brains of individuals with IGD. Sex
differences in IGD are associated with cortical regions involved in the
two domains of deficits in the disorder, namely cognitive control and
reward/loss processing. In addition, structural brain changes in the
bilateral rostral MFG and right SPL were associated with the self-re-
ported cravings and IAT scores of the female subjects. Overall, the
present study reveals that men and women may be affected differently
by IGD in some regions of the brain, indicating the possibility of the
differences in brain structure and development between males and fe-
males, with greater influence on the regions in females. Furthermore,
the current study is the first to identify sex-related structural brain
differences in IGD patients compared with RGUs and thus can be con-
sidered a starting point for future investigations on the topic.
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