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Abstract

Backgrounds: More males than females play video games and develop problems with gaming. However, little is known
regarding how males and females who game on the Internet may differ with respect to neural responses to gaming cues.
Methods: Behavioral and functional magnetic resonance imaging (fMRI) data were recorded from 40 female and 68 male
Internet gamers. This study included three components including participation in a pre-gaming cue-craving task, 30 min of
online gaming and a post-gaming cue-elicited-craving task. Group differences were examined at pre-gaming, post-gaming
and post- us pre-gaming times. Correlations between brain responses and behavioral performance were calculated. Results:
Gaming-related cues elicited higher cravings in male vs female subjects. Prior to gaming, males demonstrated greater
activations in the striatum, orbitofrontal cortex (OFC), inferior frontal cortex and bilateral declive. Following gaming, male
subjects demonstrated greater activations in the medial frontal gyrus and bilateral middle temporal gyri. In a post-pre
comparison, male subjects demonstrated greater thalamic activation than did female subjects. Conclusions: Short-term
gaming elicited in males vs females more craving-related activations to gaming cues. These results suggest neural
mechanisms for why males may be more vulnerable than females in developing Internet gaming disorder.
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Introduction performance (Petry and O’Brien, 2013; Petry et al., 2015; Brand

Internet gaming disorder (IGD) refers to the problematic and
excessive use of online games. IGD is associated with negative
health measures including impaired physical and psychological
states, social deficits, inefficient work and poor academic

et al., 2016; Dong et al., 2017a). The American Psychiatric Asso-
ciation has included IGD in Section III of DSM-5 as warranting
more clinical research (American Psychiatric Association, 2013).
Diagnostic criteria for IGD were proposed based on other
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addictions, especially gambling disorder (Petry et al, 2014)
and the existence of formal criteria may facilitate research of
IGD.

Online gaming is enjoyable to many with only a small
percentage of gamers developing IGD (Griffiths, 2010; King
et al, 2011; Kuss and Griffiths, 2012). According to a cross-
cultural survey, more than two of three who played games
did not report any IGD criteria, with only a small propor-
tion of people qualifying for a diagnosis of IGD (0.3-1.0%;
Przybylski et al, 2017). Individuals who play online games
regularly without experiencing impaired control or exhibit-
ing cravings for gaming may be defined as demonstrating
recreational game use (RGU; Dong et al, 2017a; Dong et al,
2017b).

Most individuals with IGD are male (Dong et al., 2013a; Wang
et al,, 2016). Although some prior studies have suggested that
a minority of female and a majority of male adolescents play
videogames (Desai et al, 2010), some recent studies suggest
the gap is narrowing. For example, one study found that 87.4%
of male and 45.6% of female adolescents in China played
online games; however, the proportion of males with IGD was
considerably higher in males as compared with that in females
(6.3% boys, 2.4% girls; Li et al., 2015). Similar findings have also
been observed in Korea (Ha and Hwang, 2014), Taiwan (Ko
et al) and elsewhere (Borgonovi, 2016). In addition, gender-
related differences in IGD do not appear linked to skill levels
in gaming, as studies suggest that female and male gamers
have comparable gaming skills (Shen et al, 2016). As there
are relatively few females with IGD, some studies have only
included male subjects, generating a relative deficit in our
understanding of the characteristics of females with IGD (Dong
and Potenza, 2016; Weinstein et al.,, 2017). Such a deficit also
extends to video gaming more broadly, although some studies
have suggested that non-IGD levels of gaming are linked to
negative health measures (e.g. aggression and depression) in
females but not in males (Desai et al., 2010). Given that gaming
is highly prevalent, understanding gender-related differences
in brain and behavioral factors relating to online gaming has
important public health implications, as well as potentially
providing insight into IGD.

Motivation is an important factor to consider in behaviors
and the progression to addiction. Craving reflects a strong moti-
vation, is an important feature of addictions and is included
as an inclusionary criterion for substance-use disorders but not
for gambling disorder or IGD (American Psychiatric Associa-
tion, 2013). Craving reflects a motivational state that promotes
seeking drugs in drug addictions (Sinha and Li, 2007; Sayette,
2016) and is also relevant to behavioral addictions like gambling
(Potenza et al., 2003) and IGD (Dong et al., 2017a). Craving may
shift people’s attention toward addiction-related cues (Tiffany,
1990; Sayette, 2016) and influence the evaluation of addiction-
related information (Sayette et al., 2010), motivating individuals
to pursue immediate satisfaction rather than long-term rewards
(Wilson et al.,, 2014; Balodis and Potenza, 2015; Berridge and
Kringelbach, 2015; Piper, 2015; Dong and Potenza, 2016). For
these reasons, craving is a target for behavioral therapies like
cognitive-behavioral therapy (Potenza et al., 2013). As gender-
related differences in the neural correlates of craving involv-
ing corticostriatal-limbic circuitry have been observed in both
substance and behavioral addictions (Potenza et al., 2012; Kober
et al.,, 2016), study of these processes as related to gaming war-
rants direct examination.

Gender-related differences in individuals with RGU may
provide insight into those in IGD, as is the case for other

behavioral addictions. For example, gender-related preferences
in forms of gambling in recreational gambling (Potenza
et al, 2006) appear reflected in a gender-specific fashion to
gambling problems in problematic gambling (Potenza et al.,
2001). Additionally, such gender-related differences have been
proposed to relate to gender-related differences in addiction
progression (Zakiniaeiz et al., 2016; Zakiniaeiz et al., 2017).
Multiple studies have suggested that women may progress
more rapidly from behavioral initiation to addiction (Bobzean
et al., 2014; Moran-Santa Maria et al., 2014; Becker et al., 2017),
with similar findings observed in rats (Hu et al., 2004). Together,
these findings highlight the relevance of studying gender-related
differences in RGU.

Based on the descriptions above, we sought to investigate
in the current study gender-related differences in the neural
correlates related to craving when individuals with IGD or RGU
are exposed to gaming-related cues and changes in craving that
occur following gaming. We first asked individuals with RGU to
finish a cue-craving task, in which gaming-related cues could be
observed; then they were asked to play online games for about
half an hour (one round); after that, the craving measures were
assessed again. We then assessed gender-related differences in
craving at pre- and post-gaming times and how these differed in
post- us pre-gaming.

Gender-related differences in cues eliciting craving have
been reported for other behavioral addictions. For exam-
ple, men with gambling disorders tend to be triggered by
gambling-related cues (e.g. gambling advertisements) whereas
women with gambling disorders appear triggered by negative
mood states (Grant and Kim, 2002; Hardee et al, 2017).
Given that males have been proposed to seek behaviors
with addictive tendencies for positive reinforcement moti-
vations whereas females are more likely to do so for neg-
ative reinforcement motivations (Zakiniaeiz et al,, 2017), we
hypothesized that males would show higher cravings than
females when viewing the same gaming-related cues and
that differences would be observed with respect to increased
brain responses in reward system-related (corticostriatal-
limbic) brain regions, as has been observed in studies of
cue-elicited craving in substance addictions (Potenza et al.,
2012).

In addition, our previous studies have shown that gaming
behaviors enhanced IGD subjects’ cravings for gaming-related
cues, suggesting that gaming behaviors promoted more gaming
craving in IGD, which suggest a possible mechanism underlying
craving in and maintenance or progression of IGD (Dong et al.,
2017b). Thus, we anticipated that a brief exposure to gaming
would increase craving rather than decrease it. We based this
belief not only on prior research findings (Dong et al., 2017a), but
also experience that for individuals who game on the Internet,
gaming sessions may last for hours. As such, a brief exposure
was anticipated to elevate craving rather than satisfy it. We
also believed that males would be more likely than females
to experience cue-induced craving, consistent with findings
in substance and gambling addictions (Potenza et al, 2012;
Zakiniaeiz et al, 2017). These differences may relate to ten-
dencies for positive reinforcement motivations being stronger
in males and negative reinforcement tendencies stronger in
females. Given that we proposed that gaming cues are related
to positive motivations, we hypothesized that gaming would
enhance greater subjective cravings in male as compared
with female subjects and would be related to greater changes
in reward system-related brain activations post-gaming as
compared with pre-gaming.
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Table 1. Demographic information and group differences
Female N=40 Male N=68 T P

Age (Mean +s.d.) 21.62 +1.96 22.80 +£2.22 2.771 0. 007**
BDI score (Mean =+ s.d.) 2.31+0.80 222 +£0.81 0.445 0.784
IAT score (Mean =+ s.d.) 33.13 + 16.05 31.32 +15.12 1.112 0.101
DSM-5 score (Mean + s.d.) 2.64 +£2.08 2.87 £2.01 0.561 0.576
Game playing per week (h) (Mean + s.d.) 12.18 +7.22 11.99 + 8.60 0.794 0.464
Gaming history (months) 18.32 + 4.86 20.46 + 5.27 1.355 0.093
Self-reported craving 35.14 +£ 6.35 34.75 +7.49 0.824 0.427

Note: BDI, Beck Depression inventory; IAT, internet addiction test. **P < 0.01.

Methods and Materials
Ethics

The experiment conforms to the Code of Ethics of the World
Medical Association (Declaration of Helsinki). The Human Inves-
tigations Committee of Zhejiang Normal University approved
this research. All subjects were university students and were
recruited through advertisements. All subjects provided written
informed consent before scanning.

Participant selection

Data were collected from 68 male subjects and 40 female
subjects. Table 1 shows the demographic information from the
two groups. All participants were right-handed, had normal or
corrected-to-normal vision and completed a structured psychi-
atric interview (MINI; Lecrubier et al., 1997) that was performed
by an experienced psychiatrist and lasted ~15 min following
subjects completing portions of the MINI. All participants were
free of Axis-I psychiatric disorders assessed via the MINI. We
further assessed depression with the Beck Depression Inventory
(BDI; Beck et al., 1961) and only participants scoring less than 5
were included (Table 1).

Controlling for gaming experience and familiarity

All subjects in the current study had RGU as defined previously
(Dong et al., 2017a). Briefly, subjects needed to satisfy that they
had been playing online games for a minimum of 1 year with-
out meeting the criteria of IGD (fewer than five of nine of the
proposed DSM-5 criteria for IGD) (Petry et al., 2014) and score
less than 50 on Young’s IAT test (IAT, www.netaddiction.com).
Individuals with RGU were required to play online games for at
least 5 of 7 days in a week and for more than 7 h per week. We
only recruited subjects who regularly played League of Legends
(LOL; Riot Games, Inc.) and played the game for at least 1 year.
Additionally, we measured the subjects’ cravings for gaming in
participant selection step using a questionnaire modified from
smoking urges (Cox et al., 2001). Anyone who scored higher than
50 was excluded. We referenced their academic performance (as
all subjects were university students) to help ensure that they
were not addicted.

Materials

The craving-eliciting and comparison cues we used included 120
pictures that were divided into two categories: gaming-related
and typing-related pictures (Neutral baseline). A total of 50% of
all pictures within each category contained a face and the other

half contained a hand. As shown in Figure 1A and B, in gaming-
related stimuli, one is displayed playing a game on a computer,
with some stimuli showing faces and others showing hands.
In the typing-related pictures, background imagery was similar
except that somebody is typing rather than gaming.

Controlling for picture complexity

Subjects were instructed to finish a relatively easy cognitive task
when seeing the stimuli (identifying the images as being with or
without faces). We selected this approach in order that the cogni-
tive task not focus directly on the gaming aspects of the stimuli.
According to these criteria, we selected the stimuli used in the
current study. All pictures were taken in our laboratory with
the same setting (white background, a white desk with a black
screen). The genders of individuals in the pictures were also
balanced within each category and type. The pictures showed
only single sides of faces in order to exclude potential effects of
emotions on the faces of individuals in the cues. No accessories
were contained in the images of the hands or faces. The only
differences between gaming-related stimuli and typing-related
stimuli involved the on-screen material.

Cue-reactivity task

Participants were told that they would be paid a guaranteed
50 ¥ (~$8) for participation and, to encourage their motivation
to respond accurately, were told they would be rewarded with
additional 0-50 ¥ based on their task performance (Accuracy
rates *50).

The cue-reactivity task we used in pre- and post-gaming
scans (Figure 1A) has been used previously (Dong et al., 2017a;
Dong et al., 2017b) and is described briefly below. In one typi-
cal trial, a fixation was presented first for 500 ms and during
the response stage, a stimulus was presented with a response
needed: participants were asked to answer whether there is a
face in the picture and to select ‘yes’ or ‘no’ via button press
(1, yes; 2, no; with counter-balancing between subjects). The
stimulus turned black after key pressing and lasted for 4000 ms
(the response time). A jittered black screen was presented for
duration of 1500-3500 ms. No feedback was given about their
responses.

In the subsequent evaluation stage, subjects were asked to
evaluate the level of their craving [on a scale from 1 (low)-5
(high)] for the relevant stimuli. This process lasted for up to
4000 ms and was terminated by a button press. Another jitter
ranging from 1500-3500 ms appeared preceding the next trial.
Analyses focused on the ‘response’ stage.
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Fig. 1. The fMRI task. (A) In one trial of the task, a fixation was presented first for 500 ms, and then a ‘response’ stage lasted for up to 4000 ms. Participants were asked
to answer whether or not there were faces in the pictures and press the relevant keys. A jittered black screen was presented for 1500-3500 ms. After this, the evaluation
stage followed, in which subjects were asked to evaluate the level of their cravings (0-5) for the relevant behaviors (playing games or typing). This process lasted for up
to 4000 ms and was terminated by a button press. After another jitter ranging from 1500-3500 ms, the next trial ensued. (B) Examples of the four types of trials used in
the current study. Face_Gaming: Gaming pictures with faces; Face_Typing: typing pictures with faces; Gaming: gaming pictures; Typing: typing pictures.

The functional magnetic resonance imaging (fMRI) task at the
pre- and post-gaming times was of the same type but differed in
content in order to avoid/minimize possible ‘repetition effects’.
We designed two copies of the task with different items (Copies
A and B). Half of each group of participants participated in an
‘A-B’ sequence and the other half received a ‘B-A’ sequence in
their pre- and post-gaming scans.

In the scanner, subjects were asked to play LOL for one
round. In general, one round of LOL takes about 20-40 min.
To control for time spent in the scanner, subjects were
instructed to try to finish the game in 25 min, with notifications
provided at 20 and 25 min and termination of the game at
30 min. Using this method, all subjects finished within 30 min
(mean + s.d. = 25.21 + 2.76; Female: 26.48 + 2.94; Male:
24.85 + 2.56; t = 0.423, P > 0.05). To promote subjects’ familiarity
with their gaming experiences, participants were asked to log
into the game with their own account.

Data collection

Structural images were collected using a T1-weighted three-
dimensional spoiled gradient-recalled sequence covering the
whole brain (176 slices; repetition time=1700 ms, echo time
(TE) = 3.93 ms, slice thickness = 1.0 mm, skip = 0 mm, flip
angle = 15, inversion time = 1100 ms, field of view = 2404240 mm,
in-plane resolution = 256%256). fMRI was performed on a 3T
scanner (Siemens Trio, Erlangen, Germany) with a gradient-echo
EPI T2x-weighted-sensitive pulse sequence in 33 slices (inter-
leaved sequence, 3 mm thickness, TR = 2000 ms, TE = 30 ms, flip
angle 90°, field of view 220 x 220 mm?, matrix 64 x 64) (Dong et
al., 2013b). Stimuli were presented using an Invivo synchronous
system (www.invivocorp.com) through a screen in the head coil,
enabling participants to view the stimuli. The whole experiment
lasted for slightly more than an hour [pre- and post-test (14 min
each); T-1 structural (6 min); prepare for scanning and the time
between different tasks (6 min); gaming (~30 min)].

Data pre-processing

The functional data were analyzed using SPM12 (http://
www.filion.ucl.ac.uk/spm) and Neuroelf (http://neuroelf.net),

as described previously (DeVito et al, 2012; Krishnan-Sarin
et al., 2013). Images were slice-timed, reoriented and realigned
to the first volume, with T1-co-registered volumes used to
correct for head movements (No head motion difference was
found between groups; see details from Supplementary Table
S1). Images were then normalized to montreal neurological
institute (MNI) space and spatially smoothed using a 6 mm
FWHM Gaussian kernel. No subjects were removed from
analysis because of head motion (the exclusion criteria were
2 mm in directional movement or 2° in rotational movement
during the whole run of the cue-elicited-craving task). A
general linear model (GLM) was applied to identify blood
oxygen level dependence (BOLD) activation in relation to brain
activities. Different types of trials (gaming related, typing
related, incorrect or missed) were separately convolved with
a canonical hemodynamic response function to form task
regressors. The duration of each trial was 4000 ms. The
GLMs included a constant term per run. Six head-movement
parameters derived from the realignment stage and the age of
subjects, game time were included to exclude motion-related
variances. A GLM approach was used to identify voxels that
were significantly activated for each event during the ‘response’
stage.

Male-female comparisons

In the current study, we focused on three comparisons: gender-
related differences at pre-gaming, gender-related differences
at post-gaming and gender-related differences in the post- vs
pre-gaming comparison. For pre- or post-gaming times, sim-
ple t-tests were performed between different subjects (pre/-
post (male gaming-related stimuli — male typing-related stimuli) — pre/post
(female gaming-related stimuli — female typing-related stimuli)~ The pOSt' Us
pre-gaming comparisons were analyzed using a voxel-wise 2x2
(Factor 1, male, female; Factor 2: post- and pre-gaming) repeated-
measures analysis. Family-wise error (FWE) thresholds were
determined using AlphaSim and all comparisons were corrected
using AlphaSim. Significant clusters (FWE corrected, P < 0.001)
were thresholded at P < 0.001, two-tailed, uncorrected, with an
extent of at least 30 voxels. All of these steps were performed
using NeuroElf.
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Fig. 2. Gaming-related cue-elicited cravings in males and females at pre- and
post-gaming times.

Correlation analyses

We first compared the brain activation between different groups
and then took the surviving clusters as region of interest (ROIs)
to correlate with behavioral measures. For each ROI, a represen-
tative BOLD beta value was obtained by averaging the signal of
all the voxels within it.

Results
Behavioral performance

Response times to gaming cues did not differ between males
and females at pre-gaming (male, 1252.35 + 321.15; female,
1154.65 + 268.77; t = 1.607, P = 0.111) and post-gaming (male,
1147.05 + 33.44; female, 1106.31 + 279.38; t = 0.674, P = 0.502)
times. As the current task is relatively simple, accuracy within
each gender group reached about 100%.

Cue-elicited craving. Gaming-related cues elicited higher crav-
ings in males as compared with females at a trend level prior
to gaming (t = 1.811, P = 0.073) and reached significance fol-
lowing gaming (t = 2.322, P = 0.028), although gaming did not
resultin significantly increased craving from pre- to post-gaming
in either males (t = 1.208, P = 0.235) or females (t = 1.238,
P = 0.220) and no interaction was found (F = 0.134, P = 0.715;
Figure 2).

Imaging results

Cue-induced brain responses before gaming. Differences in the
neural correlates of responses to gaming cues between males
and females were calculated. Group differences prior to gaming
showed that males demonstrated greater activation in the
right striatum, right (OFC), left inferior frontal gyrus, right
middle occipital gyrus and bilateral declive (Figure 3A; Table 2).
Extracted beta weights from the striatal ROI showed that
regional activation was greater in males than in females
(Figure 3B) and was positively associated with gaming cue-
induced craving in males (r = 0.327, P < 0.006) but not females
(r=0.233,P < 0.172; Figure 3C).

G.Dongetal. | 1207

Cue-induced brain responses after gaming. At post-gaming, male
as compared with female participants demonstrated greater
activation of the medial frontal gyrus (MFG), left anterior cingu-
late gyrus and bilateral middle temporal gyrus (MTG) (Figure 4A;
Table 2). Beta weights extracted from the medial frontal gyral ROI
showed that regional activation was greater in males than in
females (Figure 4B) and was positively associated with gaming
cue-induced craving in males (r = 0.288, P < 0.016) and females
(r = 0.445, P < 0.004; Figure 4C).

Cue-induced brain responses at post- vs pre-gaming. The 2x2
(groupx post_pre gaming) ANOVA identified the left thalamus
and right cuneus, with males showing greater changes in
activation from pre- to post-gaming than in females (Figure 5A
and B; Table 2). Positive correlations were found between
changes in brain activations in the thalamus and cue-induced
craving at post-gaming times in males (r = 0.320, P < 0.007) but
not females (r = 0.162, P < 0.324; Figure 5C).

Discussion

Our a priori hypotheses were largely supported in males as
compared with females with RGU-demonstrated greater craving
to gaming cues, particularly following gaming. Furthermore,
activation of corticostriatal-limbic circuitry was greater in males
than in females in several identified regions and appeared to
correlate more consistently with craving responses in males as
compared with that in females. The implications of the specific
findings are described below.

Gaming cues elicited greater craving in males

Before gaming, males demonstrated greater activation of
the right striatum, a region implicated in reward processing
(Berridge and Kringelbach, 2015). Activity in the ventral striatum
may influence motivated or goal-directed behaviors (Ikemoto
et al., 2015; Sayette, 2016) and reward processing including in
addictions (Balodis and Potenza, 2015; Cheng et al., 2016; Tobler
et al., 2016; Yang et al., 2017). The striatum may also be activated
when individuals are exposed to stimuli related to addictions
(Balodis et al.,, 2012; Worhunsky et al., 2014). Studies of IGD
subjects also suggest the involvement of the striatum when
exposed to gaming cues (Ko et al, 2009; Sun et al., 2012; Liu
et al, 2016). In the current study, the greater activation by
males as compared with that of females, as well as the positive
correlation in males between striatal activation and self-
reported craving to cue exposure, suggest that males may be
more sensitive to gaming-related cues than females.

The right OFC was also activated more robustly in males as
compared with females when they were exposed to gaming-
related cues. The OFC may mediate drug-seeking and drug-
relapse behaviors in drug addictions (Volkow and Fowler, 2000;
Schoenbaum et al., 2006). Greater reactivity in the OFC has been
linked to cocaine (Balodis et al., 2016; Kober et al., 2016), metham-
phetamine (Volkow et al., 2001) and heroin (Volkow and Fowler,
2000) addictions in response to drug-associated cues. In the
current study, the brain responses in male subjects (higher OFC
activation to gaming-related cues) suggest that they may
demonstrate a more addiction-like response to cues that may
predispose them to developing IGD. However, this explanation
is speculative and needs direct examination, especially in
longitudinal studies.
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Fig. 3. Gender-related differences in craving in response to gaming-related cues prior to gaming. (A) Prior to gaming, males as compared with females demonstrated
greater brain activations in the striatum, bilateral declive, OFC and inferior frontal gyrus. (B) Beta weights from the striatal ROI showing cue-elicited activation in males

and females. (C) A positive correlation between beta weights from the striatal ROI and subjective craving was observed in males but not females.

Gaming-related cues activated
non-corticostriatal-limbic regions in male as compared
with female subjects prior to gaming

Besides the traditional reward-related (corticostriatal-limbic)
brain regions identified at pre-gaming time, the declive demon-
strated greater activation in males as compared with females
when exposed to gaming-related cues. The declive is a part of
the cerebellum and has been implicated in automatic motor
control, motor adaptation and the acquisition of new motor
skills (Ramnani, 2014; Takakusaki, 2017). Sports studies have
shown that automatic processing is accompanied by improved
performance, with extra attention potentially disrupting optimal
performance (Wulf and Prinz, 2001; Wu et al, 2015). When
a movement becomes automatic, neural efficiency may be
increased by the strengthening of connections within specific
neural networks (Balsters and Ramnani, 2011; Wu et al., 2015).
In the current study, the higher brain responses in the declive
in males when exposed to gaming-related cues suggests that
gaming cues may be activating automatic or well-established

brain responses for potential game playing, which may relate
to greater gaming craving when seeing gaming-related cues.
However, alternate possibilities exist, particularly as the declive
has been implicated in other functions including reward
processing.

Gaming-related cues elicited greater neural responses
in male as compared with female subjects at
post-gaming

Following gaming, several brain regions in the prefrontal
cortex (PFC), including the MFG, demonstrated gender-related
differences, with males again showing greater activation than
females. Again, these brain regions have been implicated in cue-
elicitation studies of drug addictions. PFC activation, including
within the MFG, has been reported in individuals with tobacco-,
alcohol- and opioid-use disorders (Goldstein and Volkow, 2011,
Schmidt et al., 2013). Similarly, PFC activations have also been
observed in behavioral addictions. Excessive online gamers
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Table 2. Brain responses to gaming-related cues in male as compared with female participants

Cluster number x,y, z% Peak intensity Cluster size® Region® Brodmann'’s
area

Pre-Gaming

1 42,-84,18 4.239 72 R middle occipital gyrus 19

2 3,45,-24 4.108 37 R OFC 11

3 —24.24 -24 4.094 64 L inferior frontal gyrus 47

4 33,-60,-12 3.888 86 R declive

5 33,-18,-9 3.787 34 R striatum

6 -57,-60,-24 3.518 51 L declive

Post-Gaming

1 18_15_48 4.354 32 R MFG 32

2 -60,-51,-18 3.566 58 LMTG 37

3 57,-57,6 3.375 49 RMTG 39

4 -6,-27,42 3.287 51 L cingulate gyrus 31

(Post-Gaming)-

(Pre-Gaming)

1 -9,-33,-12 4.065 46 L thalamus

2 9,-93,9 3.452 38 R cuneus 17

a Peak MNI coordinates.

b Number of voxels. Alphasim correction, P < 0.001; Cluster size > 30 contiguous voxels.
€ The brain regions were referenced to the software Xjview (http://www.alivelearn.net/xjview8) and verified through comparisons with a brain atlas.

demonstrated BOLD activations in medial and dorsolateral PFC
when viewing gaming pictures, and these activations were
correlated with gaming urges (Ko et al.,, 2009). PFC activation
has also been observed in individuals with gambling disorder
(Crockford et al., 2005). Dysfunctional activity in the PFC during
response inhibition has been suggested as a hallmark feature
of addictions (Goldstein and Volkow, 2011). In the current study,
the finding that males as compared with females with RGU
showed increased greater PFC activation suggests that RGU
males in particular may share this neural feature. However, the
significant correlations between regional activation and self-
reported craving in both males and females suggest that this
region may be important across gender groups for gaming, and
possibly transitions to IGD, although those possibilities warrant
direct examination.

At post-gaming, higher bilateral MTG activation was also
observed in males as compared with that in females. Although
the involvement of the MTG was not hypothesized a priori,
several possible explanations exist. Studies have suggested a
role for the MTG in the retrieval of stored long-term memories,
including conceptual knowledge (Brod et al., 2016; Lempert et al.,
2017), context memory/recollection and item memory/familiar-
ity (Squire et al., 2007; Meunier and Barbeau, 2013), autobiograph-
ical memory (Dede et al., 2016) and episodic memory (Thakral
et al). In addition, lesions to this region may lead to severe deficits
in memory retrieval (Lau et al., 2008; Binder et al., 2009). At post-
gaming, subjects have recently played LOL for about 25 min prior
to the exposure to gaming-related cues. Thus, the higher MTG
activation in males as compared with females suggests that the
gaming-related stimuli may have elicited more gaming-related
memories, and this possibility warrants direct examination in
future studies.

Gaming and cue-elicited brain activations

From pre- to post-gaming cue exposure, gender-related dif-
ferences in brain activations were observed across time with
respect to thalamic activation. The thalamus acts as a relay
which is responsible for reciprocal connections with the cerebral

cortex. Thus, it contributes to many functions and behaviors
(Schiff, 2008) and has been implicated in motivational drives
related to addiction (Chambers et al., 2003). A recent optogenetics
study has identified that the thalamus through input to the
nucleus accumbens influences opiate withdrawal-induced
physical signs and aversive memories (Zhu et al, 2016). In
addition, cocaine (Neumann et al., 2016) or methamphetamine
(Lietal, 2017) may induce synaptic alternations in thalamus-to-
nucleus accumbens projections. In the current study, gaming
increased the males’ thalamic responses to gaming cues
more than the females’, with the positive correlation between
thalamic activation and self-reported cravings during post-
gaming exposure in males only suggesting a more prominent
role for the thalamus in males than in females. Taken together,
the findings suggest a cue-related biological mechanism linked
to craving that may be particularly relevant for males. The
extent to which that this may represent a biomarker for
male vulnerability in developing IGD warrants additional
examination.

Limitations

Several limitations warrant mention. First, as gaming pictures
were used as stimuli, the evoking effect may not be as strong
or robust as for other stimuli, particularly as the pictures are
static and most gaming is active. Second, in order to control
for the potential effects from different types of games, only one
game was used in the current study, and different types of games
may generate different effects. Given the popularity of the LOL
game at the time of the study, particularly among both males
and females and the importance for the experimental design to
select appropriately stimulating gaming cues, the current study
focused on the LOL. The extent to which the findings extend to
other groups engaging predominantly on other Internet games
warrants additional study. Third, as all subjects were exposed
to gaming, test/retest effects cannot be excluded, although the
use of novel stimuli before and after gaming mitigates against
this possibility. Fourth, in the current study, the males were older
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Fig. 4. Gender-related differences in craving in response to gaming-related cues after gaming. (A) Following gaming, males as compared with females demonstrated
greater brain activations in the MFG and bilateral middle temporal gyrus. (B) Beta weights from the MFG ROI showing cue-elicited activation in males and females.
(C) A positive correlation between beta weights from the MFG ROI and subjective craving was observed in males and females.

than the females. Although we included age as a covariate in the
current study, the age difference warrants further consideration
in future studies, with respect to the models being tested in the
current study. Fifth, we recruited 40 female participants in the
current study. While the number of females is fewer than that
of males in the study, 40 subjects are currently considered to
constitute a reasonable sample size for a group in fMRI studies.
Nonetheless, the gender-related imbalance is also a limitation of
the current study. Sixth, by including gaming and typing stimuli
that each included or excluded faces, there exists the possibility
that social content may vary across cues. As these were balanced
across gaming and non-gaming cues, we believe that this aspect
that is important for validity checking is controlled for across
gaming and non-gaming cues. Future studies should examine
the extent to which social context may influence craving and
other responses in gaming and IGD. Seventh, there were no
significant changes in craving from pre- to post-gaming sessions
in either gender group separately or by gender over time and
there may be multiple reasons for this observation. First, the
smaller number of female participants may have limited our
ability to observe such gender-related differences. Second, the
assessment that we used to assess craving may have been rela-

tively blunt. We used a 5-level Likert scale (from 1-5), which may
be relatively less sensitive than perhaps a 9-point scale. Third,
there may be individual differences in craving responses (for
example, some individuals may have found that a brief session
of gaming may have partially satisfied their craving rather than
increased it). This last possibility may speak to the observed
correlations which arguably rely more strongly on individual
differences in response than group effects per se.

Conclusions

The current study found that (i) gaming-related cues elicited
more craving in males with RGU than in females with RGU;
(ii) gaming cues activated corticostriatal-limbic brain regions, as
well as others, to a greater extent in males than in females; and
(iii) brain activations to gaming cues tended to correlate more
consistently with craving responses in males as compared with
females, particularly in subcortical brain regions. These results
suggest potential biological mechanisms for male vulnerability
in developing IGD and further examination in longitudinal stud-
ies are warranted to investigate this possibility.
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gaming was observed in males but not females.
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