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Abstract: Internet gaming disorder (IGD) has been included in the 2013 Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) as a condition in need of further study, and gaming disorder was
recognized by the World Health Organization as a mental disorder in the International Classification
of Disease (ICD-11) of 2018. IGD has different characteristics in the two sexes and is more prevalent
in males than females. However, even if the female gamer population is constantly growing, the
majority of available studies analyzed only males, or the data were not analyzed by sex. To better

elucidate sex differences in IGD, we selectively reviewed research publications that evaluated IGD

check for

updates separately for males and females collected in approximately one hundred publications over the past

Citation: Marraudino, M.; Bonaldo, 20 years. The available data in this narrative review indicate that IGD is strongly dimorphic by sex

B.; Vitiello, B.; Bergui, G.C.; Panzica,

G. Sexual Differences in Internet
Gaming Disorder (IGD): From
Psychological Features to

Neuroanatomical Networks. . Clin.

for both its psychological features and the involvement of different brain areas. Impulsivity, low
self-control, anxiety, emotion dysregulation, and depression are some of the psychological features
associated with IGD that show a sex dimorphism. At the same time, IGD and its psychological
alterations are strongly correlated to dimorphic functional characteristics in relevant brain areas, as
evidenced by fMRI. More research is needed to better understand sex differences in IGD. Animal
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models could help to elucidate the neurological basis of this disorder.
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1. Introduction

In the current highly digitalized world, gaming represents not only a recreational
activity but also a potential threat when a person loses touch with reality, substituting
gaming for social, occupational, or other recreational activities [1]. In 2013, the American
Psychiatric Association (APA) included the internet gaming disorder (IGD) in the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [2]. In 2014, the World Health
Organization (WHO) identified gaming disorder (GD) as a public health problem [2], and,
in 2019, recognized it as a medical disorder to be included in the official list of health
risks [3].
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1.1. Diagnostic Criteria
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Considering the paucity of clinical studies on IGD, one of the trickiest points to discuss

is which are the best diagnostic criteria to apply in clinical practice [4]. In June 2018,
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online (i.e., over the internet, reported as “predominantly online”, 6C51.0 ICD-11) or offline
(‘digital gaming’ or ‘video-gaming’, reported as “predominantly offline”; 6C51.1 ICD-11)
gaming behavior (WHO, 2018).

According to both DMS-5 [2] American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders (DSM—5®®) ; American Psychiatric Publishing: Arlington, VA,
USA, 2013] and ICD-11 [6C51, Gaming disorder, ICD-11], GD is characterized by a pattern
of repetitive or persistent gaming behavior, which has to continue over a period of at least
12 months [4,5]. In Table 1, we recapitulate the diagnostic criteria included in DMS-5 (left
column) and ICD-11 (right column).

Table 1. Diagnostic criteria for DSM-5 and ICD-11. Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) included in 2013 internet gaming disorder (IGD) as a condition for further study (left
column), and in 2018, the World Health Organization included gaming disorder (GD) as a mental
disorder in the International Classification of Disease (ICD-11) (right column).

DMS-5 ICD-11

1. Preoccupation

2. Withdrawal 1. Impaired control

3. Tolerance Impairment—Personal
Impairment—Social

4. Unsuccessful attempts Impairment—Education

5. Loss of interests Impairment—Work

6. Continued use Impairment—Financial

7. Deception

8. Escape 2. Increasing priority

9 Jeopardized life 3. Continuation

To obtain a DSM-5 diagnosis of IGD, a patient must exhibit at least five out of nine
symptoms, whereas, for an ICD-11 diagnosis of GD, all of the three criteria must be
present [4,6]. The more stringent criteria for the IGD in the DSM-5 result in lower prevalence
rates of IGD than GD. The threshold for IGD seems to be significantly higher than that
for other addictions. For example, substance use disorders require only two out of eleven
additional symptoms for diagnosis, whereas up to four out of nine symptoms are required
for IGD [7].

1.2. Epidemiology

The prevalence of IGD worldwide seems to vary from country to country [8]. As
described by Mihara and Higuchi [9], variable diagnostic criteria, assessment tools, and a
different selection of the cohorts considerably limit the comparability of available studies,
since a ‘gold standard’ for IGD has not been universally included yet [9]. In a very
recent scoping review, to describe the prevalence of GD and IGD in the literature, the
authors described 35 methods used to identify people with IGD, whereas no methods for
GD were identified [10]. Depending on the selected study, although the most common
methods of diagnosing IGD appear to be DSM-5 criteria and Internet Gaming Disorder
Scale-Short Form (IGDS9-SF) [11], the prevalence of IGD using DSM-5 criteria can vary
from 0.21% to 57.5% in the general population, from 3.20% to 91.00% in the population
recruited for the IGD problem, and from 50.42% to 79.25% in samples with severe IGD
symptoms [10]. Most of the studies were conducted among Asian countries’ populations,
which seem to have a higher prevalence of IGD compared to non-Asian countries [8], but
methodological differences between studies still make it difficult to properly compare
studies [9]. Furthermore, for some geographical areas, such as Africa or South-East Asia,
there are no studies in the literature that offer data on the prevalence of IGD.
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Most studies have described a higher prevalence of IGD among young people than
among the elderly, citing adolescence as “age at risk” [9,12,13]. However, several studies
have identified, as new regular players, adults (between 18 and 29 years old) with spe-
cific characteristics, such as independence from parents and with fewer responsibilities
than the elderly [14], being unmarried and unemployed, and with high rates of suicide
attempts [15-17].

The prevalence is usually higher in males than females (Figure 1) [8,9,18]. Darvesh et al. [10]
reviewed 160 studies that used 35 different methods to diagnose IGD; these studies, con-
ducted from general, clinical, and severe populations, highlight a prevalence range for
males in the general population (0.21-57.50%) not undergoing treatment for IGD, and
a strong male prevalence in severe cases (undergoing interventions, 50.42-79.25%), but
these last data were based on only two studies. Regarding females, no studies were found
for severe cases, but the prevalence in the general population seems to be from 0.25% to
26.09% in 21 analyzed studies. Furthermore, large numbers of psychopathologies have
been displayed as comorbid to IGD [12], as we will discuss below. In particular, IGD-
affected patients show symptoms linked to anxiety, depression, and attention deficit and
hyperactivity disorder (attention deficit hyperactivity disorder, ADHD), and some studies
also described association with social phobia, social anxiety, and obsessive-compulsive

symptoms [12,19].
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Figure 1. Internet gaming disorder prevalence in males and females. IGD prevalence (express as %)

in a male and female general population obtained by the raw data provided in the study or by the
average of these when the percentage of the prevalence of internet gaming addicted was extracted by
sex in multiple studies. For the creation of this figure, only studies were used that analyzed males
and females separately, in an age group between adolescence and adulthood.
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1.3. IGD and Cultural Factors

The cultural factors that influence different societal attitudes toward males and females
and contribute to their accepted roles also have an impact on the use of video games and,
therefore, on sexual dimorphism [20,21]. The prevalence and type of addictive behaviors
vary across cultures [22]. The different cultural roles and expectations for males and females
are reflected in the content of video games, which tend to be more designed for males. Since
adolescence, female behavior tends to be more attracted towards social media, whereas
males are more likely to engage in video games, possibly due to the stronger masculine
attitude toward the competition intrinsic in these activities (Leonhardt et al., 2021). The
relationship between culture and IGD is complex, influenced by many contextual social and
economic factors, and likely mediated by the presence of other related psychopathological
manifestations, such as social withdrawal [23].

The prevalence of behavioral addictions, such as IGD, is markedly greater in individu-
alistic cultures, in which individuality, independence, and competitiveness can probably
alter the social connection that leads to increased isolation, and therefore pathological
dependencies to temper the way an individual feels [24]. If, then, the variable gender
(understood as biological sex) is also inserted in the culture-IGD relationship, the question
becomes even more complicated. If, in general, it appears that the risk of IGD is higher in
adolescent males [25], when considering cultures that include hierarchy while maintaining
autonomy and social independence (such as USA), then it appears that the gender differ-
ence and the risk of IGD are neutralized, as the tendencies for success and ranking will be
less defined [26].

1.4. Historical Background

The interest in IGD is relatively recent, as previously anticipated: only in 2019 did the
WHO recognize it as a medical disorder and include it in the official list of health risks.
The very first work reported by Pubmed, in which Michael OReilly states that internet
addiction could cause “the same kind of social problems as other established addictions”,
is dated to 1996 [27]. The first works on the IGD do not differentiate the subjects studied by
sex; most of the time, they focuses on males or do not specify. We have to wait until the end
of the second decade of the 2000s to find papers in which a differentiated male population
is recognized from a female one.

2. Objectives

Here, we present a narrative review of the current knowledge on sexual dimorphism
in IGD, discussing in particular those studies that take into account both males and females,
with particular attention to psychological and neuroanatomical alterations. Although
ICD-11 classification is more recent and actually recognizes GD as a medical disorder, most
of the available literature still uses the DMS-5 classification. Therefore, as of now, we will
adopt the DSM-5 terminology IGD.

To develop this narrative review, we selectively reviewed research publications over
the period 2001-2021 that had reported on IGD or GD for males and females. To carry this
out, we selected all PubMed publications that included in the title, abstract, and MeSH
terms the words IGD, gaming disorders, internet addiction, dimorphism, sex, or gender.
Due to the focus on the sexual dimorphism, we have further selected within this group of
articles those clearly reporting comparisons among sexes or at least clearly identifying the
sex of the subjects. All papers reporting neuroanatomical alterations were also included.
Approximately one hundred publications were selected as most relevant, in the authors’
view, to the review aims.

3. Sexual Dimorphism in IGD

In the IGD, there is a strong presence of sexual dimorphisms among problematic
players, starting with the choice of video games: females prefer simulation games, whereas
males prefer action games [28]. Studies show that males play mainly with shooting and
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role-playing games and are more attracted than females to violent and competitive elements
without social interactions [29]. However, available studies on IGD have a strong limitation
in common: the analyzed subjects are almost all males, and the data regarding females
are very few. The possible explanation is that this disorder is more common in males than
in females [25], partly because most video games were probably designed by males for
males [30]. Furthermore, males have greater internet addiction during adolescence, when
the time spent playing video games increases, whereas females develop greater use of the
internet at an older age, where they can generate an addiction to social networks [31]. In
general, it appears that females spend more time on the internet than males, but more
for using social media (e.g., Email, Facebook, Twitter) than for gaming [32-34]. This may
further explain why males have greater problems associated with multiplayer games than
females [35].

A recent study of Lopez-Fernandez and colleagues [36] describes the female gamer
profile and strongly underlines the importance of measures to diagnose IGD appropriately
in both sexes. Indeed, over the past decade, the view on females has completely changed
from non-players to moderate-strong players [37]. This is reflected in recent studies that
have recruited participants from gaming groups who had a high prevalence of females.
The female player stereotype of someone with a lower play competency and motivation
compared to male players is receding [38]. The female population of gamers who enjoy
playing the most popular online games is steadily growing [36].

4. Psychological Factors and Personality Traits Sexually Dimorphic in IGD

IGD includes individuals of heterogeneous sex, age, education, and culture. Several
psychological factors, personality traits, and other psychological disorders appear to in-
crease the risk of IGD. Impulsivity, poor self-control, anxiety, and the pursuit of desired
appetitive goals are psychological features that have been found to be associated with
IGD [39]. Female gamers seem to be more likely to develop poor mental health [34] and
more psychiatric comorbidities than males [40].

4.1. Impulsivity and Poor Self-Control

Impulsivity and poor self-control are also found in other addiction behavior, such as
gambling and substance abuse [41]. Several studies show that male gamers with higher
levels of impulsivity are more at risk of developing IGD [42—44]. In particular, impulsivity
appears to be related to addiction to networking sites or the use of smartphones, whereas
low self-control and anxiety are factors that increase the chances of general internet use
and video game addiction [45]. Compared to non-problematic gamers, problematic gamers
showed signs of emotional dysregulation, such as a difficulty in describing feelings, the
tendency of individuals to focus their attention on the outside, and higher scores on an
alexithymia subscale, which expresses an emotional unawareness, lack of social attachment,
and poor interpersonal relationship [28]. As they grow up, these young adults develop
an adaptation by finding in games a way to alleviate the emotional dysregulation asso-
ciated with alexithymia, without being able to find an alternative way to express their
emotions [46]. A recent report by Bonnaire and Baptista [28] shows that this aspect of IGD is
dimorphic: alexithymia is a risk factor for IGD only in males, confirming previous data sup-
porting sex differences in the emotional expression and experience [47]. Male gamers have
more than doubled the risk of having IGD if they are also alexithymic, young, and have
high anxiety and depression scores [28]. The authors hypothesize that alexithymia may
be a constant personality trait in male players, presenting a risk factor for IGD, whereas,
in female gamers, it is a consequence of psychological distress, depression being the real
female risk factor for IGD [28]. However, in this study of 429 participants (with a mean
age of 20.7 years), only 28.7% were females. Therefore, if alexithymic females were not
identified by the authors, this could depend on the sample size of the participants. It will
take several reruns to obtain more convincing data.
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Closely associated with impulsivity is hyperactivity (ADHD), one of the disorders
that, more than others, has been shown to increase the risk of a player experiencing
symptoms of IGD [43,48-50]. ADHD is a developmental condition defined by a “persistent
pattern of inattention and/or hyperactivity-impulsivity that interferes with functioning
or development” (APA, 2013). ADHD has a male prevalence: affected males have more
externalized symptoms of hyperactivity and impulsivity, whereas inattention prevails in
females. Interestingly, both hyperactivity—impulsivity and IGD could arise from a deficit
in self-control, and it seems that male players with attention deficit and hyperactivity—
impulsivity have a higher IGD risk [51]. As well described by Stavropoulos et al. [51], IGD
may be bi-directionally associated with ADHD. Whereas some reports have suggested that
ADHD features are predictors of IGD, others have shown that IGD behaviors emphasize
ADHD symptoms [50,52], and that excessive gambling could be a way of escaping reality
in people with ADHD [53]. An interesting study by Yen et al. [54] found that attention
deficit and impulsivity were the two most commonly associated symptoms linking ADHD
and IGD in college students, and that this association was stronger in females than males.

4.2. Hostility and Social Phobia

Hostility [55] and social phobia [56] are possible risk factors of IGD. A study reported
that their presence was common among individuals with gaming disorder [57], and another
study in female players suggested that hostility and social phobia could explain an increased
irritability and low propensity to share thoughts and time with other female players [36].
The study of Ko et al. [58] reports that social phobia, as well as depression, are predictors
of subsequent internet addiction among females, but not males. Furthermore, it appears
that loneliness may influence the rise of instant messaging [59], on which, females are
more dependent. This sex difference was not found in adolescents [34]; the authors
explained this incompatibility with the use of a questionnaire that was too broad to detect
the consequences of poor mental health.

4.3. Depression

Another important psychological factor associated with IGD is depression [60], which
affects females more frequently than males [60-62]. Several studies have found an associa-
tion between the presence of depression in adulthood and a history of emotional trauma
in childhood [63,64]. In Korean adults, IGD, as compared to other mental disorders, such
as alcohol addiction and anxiety, showed a strong association with depression and other
related negative emotions, such as sadness, nervousness, and anger [15]. In this same study,
although the authors report a percentage of 32.4% of the IGD females analyzed (out of a
sample of 1401 adult individuals), the analysis of the multivariate logistic regression of
psychiatric comorbidities is analyzed with adjustments (for age, sex, years of education,
marital status, and all variables above), but without distinguishing between internet gam-
ing addicted and non-addicted [15]. Furthermore, a recent study reported that depression
is not only a risk factor for IGD, but also that individuals who have become addicted to
video games and experienced emotional abuse and/or abandonment as children have
a high rate of depression [64]; however, the group of females was too small to evaluate
the effects in terms of sexual differences. These data support the idea that IGD may be a
“maladaptive coping mechanism when dealing with emotional disorders and/or traumatic
life events” [64].

4.4. Aggressive Behavior

Another interesting sex-dependent psychological manifestation in IGD players is
aggressive behavior [65]. Overall, IGD teenagers demonstrated a close association between
gambling addiction and aggression [66], with high hostility scores, involvement in fights,
and arguments with peers and teachers within the previous year [67]. The use of violent
games seems to arouse aggressive emotions [68], and many popular video games have
different levels of graphic violence [69]. IGD males seem to exhibit more aggressive feelings
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than females; in fact, violent video games are associated with aggressive behavior and
offline delinquency and, unlike females, males present a more hostile view of the world [70].
For this reason, many violent video games promote sexual objectification through the use
of male avatars. It appears that female players, even if they change sex in the game, do not
respond to the violence with aggressive behavior, but perceive violence to be part of the
games they play [36].

5. Sexual Dimorphism in the Brain of IGD Gamers

Several functional magnetic resonance imaging (fMRI) studies have analyzed the
presumed brain regions involved in IGD. However, they have limitations mainly related to
the subjects that were studied, because they were almost all males or, even when both sexes
were considered, the analyses usually did not consider sex [71-73]. The studies that have
evaluated males and females separately, taking into account a possible sexual dimorphism
in the different brain areas of interest in IGD, are very few [74-76]. Neuroimaging studies
performed in both sexes showed that changes in resting-state activity were associated
with IGD in brain regions responsible for attention and control, decision-making, and
sensory-motor coordination (e.g., prefrontal cortex, PFC) [77], parietal cortex, posterior
cingulate cortex (PCC), and cortical-ventral striatum circuitry [78,79] (reported in Table 2).

Table 2. Neuroanatomical regions affected in male and female IGD. Studies analyzed internet gaming
disorder (IGD)-affected individuals, both males and females, and controls. For each study, analyzed
neuroanatomical regions, size of the samples, male-to-female ratio, presence of sex-by-group analy-
sis, race/geographical origins of the participants, mean (+standard deviation) of the participants,
employed methods, and observed effects are reported. Internet-gaming-disorder-affected individuals
(IGD), controls (Ctrl), gray matter (GM), white matter (WM), functional magnetic resonance imag-
ing (fMRI), functional connectivity (FC), regional homogeneity (ReHo), voxel-based morphometry
analysis (VBMA), tract-based spatial statistics (TBSS), fractional anisotropy (FA), diffusional kurtosis
imaging (DKI), voxel-mirrored homotopic connectivity (VMHC), right (r), left (1), bilateral (b), inferior
(i), superior (s), middle (M), median (m), cingulate gyrus (CG), para-hippocampus (pHIPP), frontal
lobe (FL), frontal gyrus (FG), post-central gyrus (PCG), occipital gyrus (OG), temporal gyrus (TG),
orbitofrontal cortex (OFC), supplementary motor area (SMA), external capsule (EC), parietal lobule
(PL), parietal gyrus (PG), lateral lingual gyrus (LLG), paracentral lobule (PCL), cingulate cortex (CC),
fusiform gyrus (FFG), posterior cingulate cortex (PCC), anterior cingulate cortex (ACC), dorsal lateral
prefrontal cortex (DLPFC), rostral middle frontal gyrus (RMFG), supramarginal gyrus (SMG).

Neuro Sample Sex-by- Race/ Observed
Anatomical (IGD/ M/F Group- Geographical Age Methods References
. . . Effects
Region Ctrl) Analysis Regions
Cerebellum,
brainstem, rCG
! . 11/8 fMRI to
bpHIPP, rFL, ISFG, 19/19 IGD No Chinese n.c measure 1 ReHo [80]
left pre-cuneus, 11/8 Ctrl ReH
fPCG, rtMOG, 1ITG, ero
ISTG, MTG
GM atrophy in
MRI(VBMA e RS
rOFCR, bilateral and TBSS) to ’
insula, rSMA, right 4/13 1625430 measureGM | ANdTSMA
sula, ' 118 17/17 IGD No Chinese : : easure | FA in WM of [81]
genu of corpus 2/15 Ctal 1554 £3.2 density and rioht senu of
callosum, bFL, rEC WM density ght genu
corpus
changes

callosum, bFL
rEC
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Table 2. Cont.

Neuro Sample Sex-by- Race/ Observed
Anatomical (IGD/ M/F Group- Geographical Age Methods References
. . . Effects
Region Ctrl) Analysis Regions
1 EC in the
bilateral
13/4 cerebellum
Cerebellum, TG 1694 + 2.7 fMRI to .
. o 17 /24 IGD No n.c posterior lobe [82]
iPL, iPG 16/8 Ctrl 15.87 +£2.7 detect FC and mTG
J FC in the
biPL and riTG
Right anterolateral
cerebellum, risTG, MRI
rSMA, MOG, right 15/3 followed by | GM diffusion
pre-cuneus, PCG, 18/21 IGD No ne 20.5+ 3.5 DKI in the in all analvzed 83]
riFG, ILLG, IPCL, 18/3 Cirl : 21.95+24  detection of A
1aCC, mCC, bFFG, GM egrons
insula, PCC, diffusion
thalamus
} GM volume
of the bilateral
ACC,
pre-cuneus,
SMA, SPL, left
MRI to DLPFC, left
Cerebellum, ACC, 18/10 measure GM insula, and
SMA, sPL, 188 +£1.3 bilateral
. 28/28 IGD No n.c volume, FC [84]
precuneus, insula, 20/8 Ctrl 193+ 2.6 and VMHC cerebellum
DLPFEC, FG } VMHC
method
between the
left and right
sFG (orbital
part), iFG
(orbital part),
mFG and sFG
Striatal nuclei 23/4 dfé\z[eIg ;OC 1 volumes
(caudate, putamen, 179 + 0.9 caudate and
27/30 IGD No n.c and to [85]
and nucleus 183+ 1.6 nucleus
22/8 Ctrl measure
accumbens) accumbens
volumes
J} FA in the
salience
network, right
ACC. DLPEC 28/25 1175131 N n 193 +2.1 fMRI to e)fz?ttliiaxlle [86]
’ ° € 19.7 £ 3.8 detect FC network tracts,
16/9 Ctrl
and between-
network (the
ACC-right
DLPEC tracts)
1 activation in
the right SPL,
11/8 right insular
sPL, precuneus, 214+1.0 Task-state in lobe, right
CG, sTG, brainstem 19/19 11}%2 trl No n.c 20.8 +1.1 fMRI precuneus, 871
rCG, right STG,
and left
brainstem.
36/28 Resting-state ibmteractlclylns
. IGD 2577 £22 MRIto | Setveen e
PCC, mPFC, iPL 64/63 41/22 No n.c 23.085 4 2.5 detect eft IPL-mPFC- [75]
.. PCC
Ctrl connectivity

(Tinhibition)
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Neuro Sample Sex-by- Race/ Observed
Anatomical (IGD/ M/F Group- Geographical Age Methods Eff References
. . . ects
Region Ctrl) Analysis Regions
: J ReHo in
23/23 1jPCC, 1 ReHo
rPCC, IMOG, 1658 IGD Ves e 230+ 1.1 i\:ﬁg’e in %%% and 551
rMTG, and rPCG 29/29 ’ 227 +1.4 .
Crl ReHo : | ReHo in
IMOG and
MTG
: L FC
between
DLPFC and
sFG
DLPFC, striatum, 29/25 Ztilcaﬁlegw aerirrl1
thalar;nus and ' 54/65 IGD Yes n.c 2114+24 fMRI to thala- [76]
X 34/31 : 21.17 £ 2.1 evaluate FC .
insula Ctrl mus/insula
: TFC
between
striatum and
thala-
mus/insula
: 1 bRMFG,
29/33 Structural  SRG, 1SMG |
bRMFG, sFG, 62/71 IGD Yes ne 21.1+14 evaluate rPCC [89]
ISMG, rPCC, rsPL 37/34 o 20.7 £ 1.8 cortical : | bBRMFG,
Ctrl thickness sFG, ISMG
1+ rPCC

5.1. The Prefrontal Region

The frontal lobe plays a key role in future planning, including self-management and
decision-making. PFC structural and functional abnormalities have been, in fact, related to
a high impulsivity, a trait that may contribute to the altered inhibitory control associated
with IGD [77]. Imaging studies have characterized how both the structures and functions
of the frontal lobe are altered in association with impaired inhibitory control in individuals
with gaming addiction [80,90]. Dieter et al., in an fMRI study, reported a correlation
between the functional alterations in PFC and a high impulsivity in IGD [91], which is also
confirmed by the work of Han and colleagues [92]. The authors, using resting-state fMRI,
demonstrated that lower functional connectivity between the left medial orbitofrontal
cortex and the putamen in a group of gaming addicts was significantly correlated with
the Barratt Impulsiveness Scale-11 (BIS-11, a scale that evaluates the behavioral inhibition
function of IGD), thus associating alterations of prefrontal-striatal circuits with impulsive
behavior [92].

The prefrontal region includes the dorsolateral prefrontal cortex (DLPFC) and is
connected to the striatum; many studies correlate these areas with the duration of gaming,
cognitive impairments, and the severity of IGD [85,93]. In particular, in young adult males,
Li and colleagues, combining regional gray matter volume (rGMV) analysis and resting-
state functional connectivity, showed a relationship between rGMYV in right DLPFC and
the severity of IGD and cognitive inhibitory control [72]. Additionally, another study in
males by Choi et al. reports the association between lower gray matter density in the left
DLPFC and more severe symptoms in internet gaming groups, such as more depression
and impulsivity, and more time spent in gaming [73]. The authors hypothesize the left
DLPEC as a potential biomarker for the depression modality present in IGD, because
addicted individuals with an altered left DLPFC (the region more responsive to positive
emotions than the right DLPFC) may not be able to respond to pleasant stimuli [73].

Only two studies analyzed the sexual dimorphism in DLPFC, associating this region
with the desire to play. Dong and colleagues, using fMRI, compared the pre- and post-
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game phases, showing less involvement of the left DLPFC in all players, and mostly in
females. Furthermore, addicted females had higher activation in the caudate than females
engaged in recreational play (RGU) [94]. These results suggest that females are less prone to
developing an addiction to internet game playing than males, but, when this does happen,
addicted females may have an impairment in their executive control and an increased
desire for gaming, which makes it harder to stop gaming [94]. In a more recent study,
Dong et al. [76] analyzed functional connectivity and observed a sexual difference. In fact,
during the game, and only in males, the activity between the DLPFC and superior frontal
gyrus decreases, but increases between the striatum and thalamus., whereas, during the
mandatory break, the functional connectivity seems to be relevant for both sexes, and, in
particular, for addicted females. This could explain once again why males develop IGD
more often than females, and why it can be difficult for addicted people to quit gaming [76].

5.2. Posterior Cingulate Cortex (PCC)

Together with the medial prefrontal cortex (mPFC), the posterior cingulate cortex
(PCC) is a key component of the default mode network (DMN). Indeed, PCC is extremely
important in connecting the DMN to task-related networks [95,96]. Several studies show
that, in IGD, there is a decreased functional connectivity (rsFC) between the DMN-related
regions, including the PCC, during the resting state [79,97]. A recent study [75] described
that IGD patients show a reduced coupling from the mPFC to the PCC compared to RGU
and that there is an increase in the directional inhibition of the left IPL (inferior parietal
lobule)-mPFC-PCC neural pathway. Furthermore, higher fractional anisotropy, both in
the PCC and in the thalamus, has been found to be associated with a greater severity of
IGD [76]. These results confirm the notion that the PCC is a fundamentally driven hub that
is necessary to integrate information and to project it to major brain structures, and that the
dysregulation of the pathway from the mPFC to the PCC could be a useful biomarker to
distinguish IGD patients from healthy individuals [75]. The decrease in rsFC between the
PCC and supplementary motor area has already been proposed as neurological evidence
of the efficacy of behavioral interventions for IGD [98]. Indeed, the PCC is indispensable
for the coupling of executive control and the coordination of the endogenous activity of the
brain during the resting state, which are necessary for attention and self-monitoring [95,96].

According to Wang et al. [75], in IGD, the cognitive function is impaired only in affected
males. In these subjects, the right PCC has a lower regional homogeneity compared to RGU:
this is linked to the decline of regional synchronization in the PCC during the resting-state
and it is negatively correlated with the Internet Addiction Test (IAT) score. Interestingly,
Hoeft et al. [74] have previously reported that, in healthy subjects, males show greater
activation and functional connectivity in the limbic system during play than females: this
could be associated with a weakened function of risk assessment of internet gaming or
with a compensatory mechanism of the weakened risk assessment function. The decrease
in PCC’s regional homogeneity itself, which is higher in males [75], may be involved in
the immersion of the internet gaming, meaning that males with IGD are more likely to be
immersed [95], and may be linked to gaming motivation: stronger participation motivation
is highlighted in the questionnaire on motivation in males with IGD compared to females,
whereas females show higher entertainment motivation [75]. Therefore, motivation seems
to be a key factor to consider in improving the studying of sex-related differences in IGD.
Moreover, the male mesocorticolimbic system is more activated during game playing
in males, which displays a higher motivational state [74]. Instead, as hypothesized by
Wang and colleagues, females seem to be more vulnerable to IGD than males [89]. Using
structural MRI, the authors found that, in females with IGD, there is an increased cortical
thickness in the right PCC, with a negative correlation with cravings and self-reported ITA
scores [89].
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5.3. Brain Regions Involved in Visual Processing and Cognitive Control

In addition to what has been previously described, subjects with IGD show higher
activation in the inferior parietal lobule (IPL) and in the middle occipital gyrus (MOG) [99],
which are areas that, together with DLPFC, are involved in visual processing and cognitive
control during gaming [98]. Furthermore, a decrease in the volume of gray matter in the in-
ferior temporal gyri, the middle occipital gyrus (MOG), and the inferior occipital gyrus was
also observed [100]. Unfortunately, these studies are of limited value, as they were mainly
performed in male subjects, while, recently, Wang et al. [75] have shown that audiovisual
functions are affected differently by IGD in males and females. The left middle occipital
gyrus (IMOG) and the right middle temporal gyrus (rMTG) in IGD-affected males display a
higher regional homogeneity (ReHo) than in RGU males, whereas, in IGD-affected females,
the ReHo is lower in these regions than in the RGU females [75]. The IMOG, located in the
occipital lobe, is fundamental for the processing of the visual and visual-spatial informa-
tion, color resolution, and motion perception [101], whereas the rMTG, located in the lateral
of the temporal lobe, is fundamental for the processing of auditory information [102-104].
Interestingly, sex differences in ReHo are present not only in the IGD groups but also
between males and females of the RGU groups [75]. This observation is also supported by
previous studies, which demonstrated that (I) the audiovisual area is sex-different [105],
(IT) different strategies for managing auditory information can be highlighted thanks to
sex-different local BOLD signal patterns in temporal-lobe regions [106], and (III) males and
females show regional-specific differences in spontaneous brain activity in areas involved
in the primary visual network [107].

Sex-related differences in IGD patients have also been found in the right postcentral
gyrus (PG), which, as the primary somatosensory cortex, is involved in the management
of tactile information [108]. Although some studies have already been published [109],
the role of PG in the addiction pathway is still unclear. One hypothesis is that the players’
response to game information may involve keystrokes, which could be linked to changes in
the right PG and, therefore, this region may also represent an interesting target for studies
of sex differences in the IGD [110].

5.4. Mesocorticolimbic Reward System

Another important target for IGD is the mesocorticolimbic reward system, including
the nucleus accumbens (NAc) and the orbitofrontal cortex (OFC), which are part of the
brain dopaminergic system. Few works have demonstrated the important role of dopamine,
but only in male video game players. In 1998, Koepp et al. [71], using positron emission
tomography (PET), demonstrated an increase in the release and binding of dopamine in the
ventral striatum in video game players. In 2006, using near-infrared spectroscopy (NIRS),
another study demonstrated a decrease in activity in the dorsal prefrontal cortex [111],
which modulates dopamine release in the limbic system [112]. In this scenario, dopamine
plays an important role as a processor of salient stimuli (e.g., gaming pictures) [113],
because salient information acts on dopamine neurons, decreasing the sensitivity of natural
stimuli and obtaining a dysfunctional reward [114,115], which may be associated with the
depression mode present in individuals with IGD [73]. The first fMRI study of computer
video game players examined the sexual dimorphism in neural systems related to reward
and addiction and showed that sexual differences existed in the NAc and OFC [74]. The
authors demonstrated that, during an implicit space-infringement task, males show a
higher activation and functional connectivity than females, speculating that the overlap
with neural processes underlying addiction may explicate the greater male inclination to
play video games in a repetitive manner [74].

6. Correlation of Neural Sexual Dimorphisms between IGD and Substance Abuse

There are sex difference in substance abuse, such as alcohol, cocaine, nicotine, and
smoking, as well as in IGD. Females are more inclined to develop a state of dependence,
anxiety, and depression following cocaine and gambling addiction [116]. In general, many
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studies reported a strong correlation between alterations in the mPFC and substance
abuse [72,117,118]. An imaging study showed that cocaine-dependent females consistently
presented higher PFC activity than males [119]. Problems in making good decisions
characterize addictions, including IGD, in which individuals have deficits in impulse
control. The neuronal network that involves the prefrontal-striatal circuits (which includes
OFC-, anterior cingulate cortex (ACC)-, inferior frontal gyrus (IFG)-, and DLPFC-striatal
circuits) is an important target in these pathological conditions [113]. Jin et al. [120],
using voxel-based morphometric and functional connectivity, showed that the regions
of prefrontal-striatal circuits are effectively altered in IGD. In this study, participants
were young adults with IGD, but with a low representation of females, as indicated by a
16/9 male/female ratio.

Other brain regions relevant to IGD and other addictions showed a strong sexual
dimorphism: the superior frontal gyrus (SFG) and PCC were found to be more active in
tobacco-addicted females than in males [121], and, again, in methamphetamine (METH)-
addicted females, the right SFG was smaller and NAc larger than in addicted males,
which, according to the authors, is suggestive of an estrogen-mediated neuroprotective
glial response [122]. In the same study, Kogachi and colleagues pointed out that the larger
superior frontal cortex (associated with a greater cognitive impulsivity) in male METH users
(possibly caused by a decreased dendritic pruning during adolescence) could contribute
to their impulsive behavior and drug addiction [122]. This was reported in IGD-addicted
male adolescents who have a highly impulsive behavior, connecting, again, sex differences
with IGD and substance abuse. Further, the association between different morphology
and sex addiction also involves the insula, another important region of the limbic system,
which controls anxiety, avoidance learning, and drug cravings [123]. The authors, using
the morphometric analysis correlated to the decision-making performance, show that, in
tobacco- and alcohol-dependent females, the volume of the insula is smaller than in males.

7. Limitations in IGD Human Studies

The studies reviewed here have several limitations, mostly due to the characteristics
of the clinical samples used in the available studies. As often pointed out in this review,
one of the problems is a poor consideration of the sex of the analyzed participants. Many
studies recruited only male participants, or, when males and females are recruited, the
data were then not analyzed separately by sex. It will therefore be necessary in future
studies to increase the number of female participants to confirm the current results and
to better understand the data on sexual dimorphism in IGD. Another important aspect is
the age of the participants. In general, studies have been limited to adolescents or college
students, but many observations show that IGD can also occur in young adults or adults.
Furthermore, age is an important factor that has a different effect on the development of
IGD in both sexes: males develop gaming addiction during adolescence, whereas females
develop it later in life. Thirdly, in these studies, the different potential variables analyzed,
such as the demographic distribution, culture, IQ, economic status, and family status, are
very few, but they could have a great impact on IGD (as reported in Table 1, the large
majority of studies were performed in China).

Another limitation relates to the recruitment method: many data come from online
sources interested in the virtual game culture, where participants fill in the questionnaires
administered online and independently answer all of the questions presented, including
those relating to their sex or psychological state.

A major limitation in the currently available IGD studies is the concept of a ‘control
group’. In many cases, the individuals used as controls are game users for recreational
purposes (RGU), which limits the generalizability of the data and does not explain well the
possible psychological or neuroanatomical changes reported in users addicted to gaming.
To get around this problem, a third group composed exclusively of individuals of both
sexes with no internet gaming experience should be added to the RGU group. Another
limitation observed in some studies is the small size of the analyzed sample, especially in
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the rare cases where both sexes are present. This may increase the risk of false negatives,
but also does not emphasize the real differences that may exist in male and female IGD.

Particularly, in many studies that assessed the psychological characteristics, only a sin-
gle measure was used or a single psychological factor was evaluated as a predictor of IGD.
This is an important limitation given the considerable heterogeneity of game users with
respect to psychological features. Moreover, many individuals may present pathological
alterations even before developing the IGD, while others may manifest them as a conse-
quence of IGD. In addition, many other variables can be associated to psychological factors,
such as the type of game played, the age, and the sex of the player. More comprehensive
studies are needed in the future to identify which psychological factors could be used
as predictors of IGD and the possible differential role of sex. Finally, the most important
goal in human studies is to identify unique and common diagnostic criteria for IGD by
studying the various factors that we have previously reported. Today, nine criteria are used
for the clinical diagnosis of IGD according to the DSM-5 definition, but, of these criteria,
seven are common with gambling disorder and five with substance abuse disorder [124].
The identification of specific criteria for IGD could help to identify the disorder and, also
through the use of scales, such as the Gaming Addiction Scale (GAS), could allow for its
prevalence to be better estimated.

8. Beyond Human Study: The Animal Model for the Study of IGD

In this initial phase of investigation into the psychological and neuroanatomical corre-
lates of the IGD, an animal model could be a useful support to better understand the circuits
involved and to identify possible approaches to diagnosing, preventing, and treating. An
animal model would obviate and address some of the limitations of human research that
were described in the previous paragraph. It is possible to hypothesize an animal model of
IGD starting from studies that have proposed animal models for other addictions (gambling
disorder), or by the application of technologies, such as touch-screens, that have been used
in research on memory and learning. Gambling disorder is another addictive disorder that
shares many psychological and neuroanatomical alterations with IGD. The first animal
model for slot machine gambling was designed by Weatherly and Derenne (2007) and
further improved by Peters et al. to include near-winning trials [125]: the apparatus with
a ‘spin’ level has light stimuli and a food dispenser used as a reinforcement. Following
Pavlovian conditioned reinforcement, food is used in the animal model to reward winning
trials as an analog of slot machine credits for humans. Instead of food, another animal
model for gambling disorder uses intracranial self-stimulation as a reward [126,127], thus
eliminating potential feeding-related confounders. For the study of gambling behavior,
these animal models have been fundamental to advance the knowledge of the neural and
psychological basis of the disorder, but also to study possible pharmacologic strategies.

Similarly, an animal model for IGD brain examination and analysis could be important
for understanding the sexual dimorphism and the presumptive role of hormones in this
disorder, and the possible involvement of neurotransmitters and neuropeptides, such as
dopamine, oxytocin, or vasopressin, and their receptors. Moreover, an animal model could
provide a solid basis for the development of future studies on possible familiar (as maternal
care) and environmental factors that may interfere with IGD, but also possible drug treat-
ments. Furthermore, an interesting new apparatus that features a touchscreen platform is
only currently being used to study learning and working memory through many cognitive
tests that are very similar to touchscreen devices used daily by humans [128]. As underlined
by the authors, the use of this apparatus develops a loss of stress in animals and has great
translational potential, especially in animal models of psychiatric and neurodegenerative
diseases. Another possible application of this methodology with new setups adapted to
the IGD, together with the knowledge of animal models for addictive disorders, could be a
good starting point for developing an animal model IGD.
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9. Conclusions

Internet gaming disorder (IGD) is a clinically identifiable disorder, but the risk of
developing this disorder is not easy to understand due to the lack of clear predictive signals
and the presence of many potentially contributing factors. The claim that males are at
greater risk for IGD than females is not supported by clear-cut evidence. The purpose of the
review was to highlight sexual differences in the IGD and psychological and behavioral, as
well as neurobiological, differences between IGD patients and non-IGD subjects. Analysis
of the literature has evidenced some important limitations in the existing literature. Very
few studies analyzed the data by sex or, when they did so, used small samples. Most of the
studies examined psychological factors, whereas studies of the involved circuits with the
fMRI technique are still few. The examined cohorts come largely from East Asia populations
or undefined populations (see Table 2), thus limiting generalization, since cultural and
social differences probably play an important role in the development of this disorder.

Despite such limitations, the data currently available from research in humans confirm
the existence of sex differences in the attitude towards internet games, the development of
the IGD, and the age in which these differences first appear. There are also sex differences
in the circuits that control attention, decisions, and sensory-motor coordination, in both
their structure and the differentiated responses.

On the whole, considering both the evidence and the limitations, it seems of extreme
interest to develop animal models that can complement human studies, as already im-
plemented for addiction studies. In our opinion, a significant effort must be made to
develop these models to better clarify the neural circuits and sex differences linked to IGD.
The development of animal models will also be important to test different environmental
situations and putative pharmacological interventions.

Author Contributions: All the authors searched the bibliography. M.M. and B.B. wrote the first
draft, and all of the other authors checked for specific parts of the manuscript. G.C.B., B.V. and G.P.
coordinated the final manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Ministero dell'Istruzione, dell’'Universita e della Ricerca—
MIUR project Dipartimenti di Eccellenza 2018-2022 to Department of Neuroscience Rita Levi Montal-
cini, Fondazione CRT (grant 2019.0869 to GCP), University of Torino (Ricerca locale to GCP), and
Cavalieri-Ottolenghi Foundation, Orbassano, Italy. M.M. was a fellow of G.C. Bergui (2018-2020) and
is now a fellow of the Fondazione Umberto Veronesi (2021-2022).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. van den Brink, W. ICD-11 Gaming Disorder: Needed and just in time or dangerous and much too early? J. Behav. Addict. 2017, 6,
290-292. [CrossRef] [PubMed]

2. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association:
Arlington, VA, USA, 2013.

3.  WHO. Gaming Disorder. 2018. Available online: http://www.who.int/features/qa/gaming-disorder/en/ (accessed on 14
December 2021).

4. Jo, XS, Bhang, S.Y,; Choi, ].S.; Lee, HK,; Lee, S.Y.; Kweon, Y.S. Clinical Characteristics of Diagnosis for Internet Gaming Disorder:
Comparison of DSM-5 IGD and ICD-11 GD Diagnosis. J. Clin. Med. 2019, 8, 945. [CrossRef] [PubMed]

5. King, D.L.; Chamberlain, S.R.; Carragher, N.; Billieux, J.; Stein, D.; Mueller, K.; Potenza, M.N.; Rumpf, H.].; Saunders, J.; Starcevic,
V.; et al. Screening and assessment tools for gaming disorder: A comprehensive systematic review. Clin. Psychol. Rev. 2020, 77,
101831. [CrossRef]

6. Ko, C.H;; Lin, H.C,; Lin, P.C.; Yen, J.Y. Validity, functional impairment and complications related to Internet gaming disorder in
the DSM-5 and gaming disorder in the ICD-11. Aust. N. Z. J. Psychiatry 2019, 54, 707-718. [CrossRef] [PubMed]

7. Sussman, C.J.; Harper, ] M,; Stahl, J.L.; Weigle, P. Internet and Video Game Addictions: Diagnosis, Epidemiology, and Neurobiol-

ogy. Child Adolesc. Psychiatr. Clin. 2018, 27, 307-326. [CrossRef]


http://doi.org/10.1556/2006.6.2017.040
http://www.ncbi.nlm.nih.gov/pubmed/28816496
http://www.who.int/features/qa/gaming-disorder/en/
http://doi.org/10.3390/jcm8070945
http://www.ncbi.nlm.nih.gov/pubmed/31261841
http://doi.org/10.1016/j.cpr.2020.101831
http://doi.org/10.1177/0004867419881499
http://www.ncbi.nlm.nih.gov/pubmed/31631668
http://doi.org/10.1016/j.chc.2017.11.015

J. Clin. Med. 2022, 11, 1018 15 0f 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

31.

32.

Bouna-Pyrrou, P.; Aufleger, B.; Braun, S.; Gattnar, M.; Kallmayer, S.; Wagner, H.; Kornhuber, J.; Muhle, C.; Lenz, B. Cross-Sectional
and Longitudinal Evaluation of the Social Network Use Disorder and Internet Gaming Disorder Criteria. Front. Psychiatry 2018,
9, 692. [CrossRef]

Mihara, S.; Higuchi, S. Cross-sectional and longitudinal epidemiological studies of Internet gaming disorder: A systematic review
of the literature. Psychiatry Clin. Neurosci. 2017, 71, 425-444. [CrossRef]

Darvesh, N.; Radhakrishnan, A.; Lachance, C.C.; Nincic, V.; Sharpe, J.P.; Ghassemi, M.; Straus, S.E.; Tricco, A.C. Exploring the
prevalence of gaming disorder and Internet gaming disorder: A rapid scoping review. Syst. Rev. 2020, 9, 68. [CrossRef]

Pontes, HM.; Griffiths, M.D. Measuring DSM-5 internet gaming disorder: Development and validation of a short psychometric
scale. Comput. Hum. Behav. 2015, 45, 137-143. [CrossRef]

Gonzalez-Bueso, V.; Santamaria, J.J.; Oliveras, I.; Fernandez, D.; Montero, E.; Bano, M.; Jimenez-Murcia, S.; Del Pino-Gutierrez,
A.; Ribas, ]. Internet Gaming Disorder Clustering Based on Personality Traits in Adolescents, and Its Relation with Comorbid
Psychological Symptoms. Int. |. Environ. Res. Public Health 2020, 17, 1516. [CrossRef]

van den Eijnden, R.; Koning, I.; Doornwaard, S.; van Gurp, E; Ter Bogt, T. The impact of heavy and disordered use of games and
social media on adolescents’ psychological, social, and school functioning. J. Behav. Addict. 2018, 7, 697-706. [CrossRef] [PubMed]
Sussman, S.; Arnett, J.]. Emerging Adulthood: Developmental Period Facilitative of the Addictions. Eval. Health Prof. 2014, 37,
147-155. [CrossRef] [PubMed]

Kim, D.J.; Kim, K; Lee, H.W.; Hong, ].P.; Cho, M.].; Fava, M.; Mischoulon, D.; Heo, ].Y.; Jeon, H.J. Internet Game Addiction,
Depression, and Escape From Negative Emotions in Adulthood: A Nationwide Community Sample of Korea. |. Nerv. Ment. Dis.
2017, 205, 568-573. [CrossRef] [PubMed]

Adams, B.L.M.,; Stavropoulos, V.; Burleigh, T.L.; Liew, L.W.L.; Beard, C.L.; Griffiths, M.D. Internet Gaming Disorder Behaviors in
Emergent Adulthood: A Pilot Study Examining the Interplay Between Anxiety and Family Cohesion. Int. |. Ment. Health Addict.
2019, 17, 828-844. [CrossRef]

Burleigh, T.L.; Stavropoulos, V.; Liew, LW.L.; Adams, B.L.M.; Griffiths, M.D. Depression, Internet Gaming Disorder, and the
Moderating Effect of the Gamer-Avatar Relationship: An Exploratory Longitudinal Study. Int. ]. Ment. Health Addict. 2018, 16,
102-124. [CrossRef]

Dong, G.; Wang, L.; Du, X.; Potenza, M.N. Gender-related differences in neural responses to gaming cues before and after
gaming: Implications for gender-specific vulnerabilities to Internet gaming disorder. Soc. Cogn. Affect. Neurosci. 2018, 13,
1203-1214. [CrossRef]

Carli, V.; Durkee, T.; Wasserman, D.; Hadlaczky, G.; Despalins, R.; Kramarz, E.; Wasserman, C.; Sarchiapone, M.; Hoven, C.W,;
Brunner, R.; et al. The association between pathological internet use and comorbid psychopathology: A systematic review.
Psychopathology 2013, 46, 1-13. [CrossRef]

Leonhardt, M.; Overa, S. Are There Differences in Video Gaming and Use of Social Media among Boys and Girls?—A Mixed
Methods Approach. Int. ]. Environ. Res. Public Health 2021, 18, 6085. [CrossRef]

Snodgrass, J.G.; Zhao, W.; Lacy, M.G.; Zhang, S.; Tate, R. The cross-cultural expression of internet gaming distress in North
America, Europe, and China. Addict. Behav. Rep. 2019, 9, 100146. [CrossRef]

Wilsnack, R-W.; Vogeltanz, N.D.; Wilsnack, S.C.; Harris, T.R.; Ahlstrom, S.; Bondy, S.; Csemy, L.; Ferrence, R.; Ferris, J.; Fleming, J.;
et al. Gender differences in alcohol consumption and adverse drinking consequences: Cross-cultural patterns. Addiction 2000, 95,
251-265. [CrossRef]

Stavropoulos, V.; Anderson, E.E.; Beard, C.; Latifi, M.Q.; Kuss, D.; Griffiths, M. A preliminary cross-cultural study of Hikikomori
and Internet Gaming Disorder: The moderating effects of game-playing time and living with parents. Addict. Behav. Rep. 2019, 9,
100137. [CrossRef] [PubMed]

Mackinnon, S.P.; Couture, M.E.; Cooper, M.L.; Kuntsche, E.; O’Connor, R.M.; Stewart, S.H.; Team, D. Cross-cultural comparisons
of drinking motives in 10 countries: Data from the DRINC project. Drug Alcohol. Rev. 2017, 36, 721-730. [CrossRef]

Griffiths, M.D.; Hunt, N. Dependence on computer games by adolescents. Psychol. Rep. 1998, 82, 475-480. [CrossRef] [PubMed]
Stavropoulos, V.; Baynes, K.L.; O'Farrel, D.L.; Gomez, R.; Mueller, A.; Yucel, M.; Griffiths, M. Inattention and Disordered Gaming;:
Does Culture Matter? Psychiatr. Q. 2020, 91, 333-348. [CrossRef] [PubMed]

OReilly, M. Internet addiction: A new disorder enters the medical lexicon. CMA]J 1996, 154, 1882-1883.

Bonnaire, C.; Baptista, D. Internet gaming disorder in male and female young adults: The role of alexithymia, depression, anxiety
and gaming type. Psychiatry Res. 2019, 272, 521-530. [CrossRef]

Hartmann, T.; Klimmt, C. Gender and computer games: Exploring females’ dislikes. ]. Comput.-Med. Comm. 2006, 11,
910-931. [CrossRef]

Kuss, D.J.; Griffiths, M.D. Internet Gaming Addiction: A Systematic Review of Empirical Research. Int. |. Ment. Health Addict.
2012, 10, 278-296. [CrossRef]

Kuss, D.J.; Griffiths, M.D. Social Networking Sites and Addiction: Ten Lessons Learned. Int. ]. Environ. Res. Public Health 2017,
14, 311. [CrossRef]

Dufour, M.; Brunelle, N.; Tremblay, J.; Leclerc, D.; Cousineau, M.M.; Khazaal, Y.; Legare, A.A.; Rousseau, M.; Berbiche, D.
Gender Difference in Internet Use and Internet Problems among Quebec High School Students. Can. . Psychiatry 2016, 61,
663-668. [CrossRef]


http://doi.org/10.3389/fpsyt.2018.00692
http://doi.org/10.1111/pcn.12532
http://doi.org/10.1186/s13643-020-01329-2
http://doi.org/10.1016/j.chb.2014.12.006
http://doi.org/10.3390/ijerph17051516
http://doi.org/10.1556/2006.7.2018.65
http://www.ncbi.nlm.nih.gov/pubmed/30264607
http://doi.org/10.1177/0163278714521812
http://www.ncbi.nlm.nih.gov/pubmed/24492245
http://doi.org/10.1097/NMD.0000000000000698
http://www.ncbi.nlm.nih.gov/pubmed/28598958
http://doi.org/10.1007/s11469-018-9873-0
http://doi.org/10.1007/s11469-017-9806-3
http://doi.org/10.1093/scan/nsy084
http://doi.org/10.1159/000337971
http://doi.org/10.3390/ijerph18116085
http://doi.org/10.1016/j.abrep.2018.100146
http://doi.org/10.1046/j.1360-0443.2000.95225112.x
http://doi.org/10.1016/j.abrep.2018.10.001
http://www.ncbi.nlm.nih.gov/pubmed/31193743
http://doi.org/10.1111/dar.12464
http://doi.org/10.2466/pr0.1998.82.2.475
http://www.ncbi.nlm.nih.gov/pubmed/9621722
http://doi.org/10.1007/s11126-019-09702-8
http://www.ncbi.nlm.nih.gov/pubmed/31900821
http://doi.org/10.1016/j.psychres.2018.12.158
http://doi.org/10.1111/j.1083-6101.2006.00301.x
http://doi.org/10.1007/s11469-011-9318-5
http://doi.org/10.3390/ijerph14030311
http://doi.org/10.1177/0706743716640755

J. Clin. Med. 2022, 11, 1018 16 of 19

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Fortson, B.L.; Scotti, ].R.; Chen, Y.C.; Malone, J.; Del Ben, K.S. Internet use, abuse, and dependence among students at a
southeastern regional university. J. Am. Coll. Health 2007, 56, 137-144. [CrossRef] [PubMed]

Ciarrochi, J.; Parker, P,; Sahdra, B.; Marshall, S.; Jackson, C.; Gloster, A.T.; Heaven, P. The development of compulsive internet use
and mental health: A four-year study of adolescence. Dev. Psychol. 2016, 52, 272-283. [CrossRef] [PubMed]

Desai, R.A.; Krishnan-Sarin, S.; Cavallo, D.; Potenza, M.N. Video-gaming among high school students: Health correlates, gender
differences, and problematic gaming. Pediatrics 2010, 126, e1414-e1424. [CrossRef] [PubMed]

Lopez-Fernandez, O.; Williams, A.].; Kuss, D.]. Measuring Female Gaming: Gamer Profile, Predictors, Prevalence, and Character-
istics from Psychological and Gender Perspectives. Front. Psychol. 2019, 10, 898. [CrossRef] [PubMed]

Royse, P; Lee, J.; Undrahbuyan, B.; Hopson, M.; Consalvo, M. Women and games: Technologies of the gendered self. New Media
Soc. 2007, 9, 555-576. [CrossRef]

Shen, C.H.; Ratan, R.; Cai, Y.D.; Leavitt, A. Do Men Advance Faster Than Women? Debunking the Gender Performance Gap in
Two Massively Multiplayer Online Games. J. Comput.-Med. Comm. 2016, 21, 312-329. [CrossRef]

Rho, M.].; Lee, H.; Lee, T.H.; Cho, H.; Jung, D.].; Kim, D.J.; Choi, LY. Risk Factors for Internet Gaming Disorder: Psychological
Factors and Internet Gaming Characteristics. Int. |. Environ. Res. Public Health 2017, 15, 40. [CrossRef] [PubMed]

Tang, C.S.; Koh, Y.Y. Online social networking addiction among college students in Singapore: Comorbidity with behavioral
addiction and affective disorder. Asian . Psychiatry 2017, 25, 175-178. [CrossRef]

Yen, ].Y.; Ko, C.H,; Yen, C.E; Chen, S.H.; Chung, W.L.; Chen, C.C. Psychiatric symptoms in adolescents with Internet addiction:
Comparison with substance use. Psychiatry Clin. Neurosci. 2008, 62, 9-16. [CrossRef]

Ding, W.N.; Sun, ].H.; Sun, YW.; Chen, X,; Zhou, Y.; Zhuang, Z.G.; Li, L.; Zhang, Y.; Xu, J.R.; Du, Y.S. Trait impulsivity and
impaired prefrontal impulse inhibition function in adolescents with internet gaming addiction revealed by a Go/No-Go fMRI
study. Behav. Brain Funct. 2014, 10, 20. [CrossRef]

Rikkers, W.; Lawrence, D.; Hafekost, J.; Zubrick, S.R. Internet use and electronic gaming by children and adolescents with
emotional and behavioural problems in Australia—Results from the second Child and Adolescent Survey of Mental Health and
Wellbeing. BMC Public Health 2016, 16, 399. [CrossRef] [PubMed]

Yen, J.Y,; Liu, T.L.; Wang, PW.; Chen, C.S.; Yen, C.F; Ko, C.H. Association between Internet gaming disorder and adult
attention deficit and hyperactivity disorder and their correlates: Impulsivity and hostility. Addict. Behav. 2017, 64, 308-313.
[CrossRef] [PubMed]

Loton, D.; Borkoles, E.; Lubman, D.; Polman, R. Video Game Addiction, Engagement and Symptoms of Stress, Depression and
Anxiety: The Mediating Role of Coping. Int. ]. Ment. Health Addict. 2016, 14, 565-578. [CrossRef]

Sroufe, L.A. Psychopathology as an outcome of development. Dev. Psychopathol. 1997, 9, 251-268. [CrossRef] [PubMed]
Nolen-Hoeksema, S. Emotion Regulation and Psychopathology: The Role of Gender. Annu. Rev. Clin. Psychol. 2012, 8, 161-187.
[CrossRef] [PubMed]

Ferguson, C.J.; Coulson, M.; Barnett, J. A meta-analysis of pathological gaming prevalence and comorbidity with mental health,
academic and social problems. J. Psychiatr. Res. 2011, 45, 1573-1578. [CrossRef]

Lemmens, ].S.; Valkenburg, P.M.; Peter, J. The effects of pathological gaming on aggressive behavior. J. Youth Adolesc. 2011, 40,
38-47. [CrossRef]

Vadlin, S.; Aslund, C.; Hellstrom, C.; Nilsson, K.W. Associations between problematic gaming and psychiatric symptoms among
adolescents in two samples. Addict. Behav. 2016, 61, 8-15. [CrossRef]

Stavropoulos, V.; Adams, B.L.M.; Beard, C.L.; Dumble, E.; Trawley, S.; Gomez, R.; Pontes, H.M. Associations between attention
deficit hyperactivity and internet gaming disorder symptoms: Is there consistency across types of symptoms, gender and
countries? Addict. Behav. Rep. 2019, 9, 100158. [CrossRef]

Hyun, G.J.; Han, D.H;; Lee, Y.S.; Kang, K.D.; Yoo, S.K.; Chung, U.-S.; Renshaw, P.F. Risk factors associated with online game
addiction: A hierarchical model. Comput. Hum. Behav. 2015, 48, 706-713. [CrossRef]

Weinstein, A.; Weizman, A. Emerging association between addictive gaming and attention-deficit/hyperactivity disorder. Curr.
Psychiatry Rep. 2012, 14, 590-597. [CrossRef] [PubMed]

Yen, J.Y,; Yen, C.E; Chen, C.S.; Tang, T.C.; Ko, C.H. The association between adult ADHD symptoms and internet addiction
among college students: The gender difference. Cyberpsychol. Behav. 2009, 12, 187-191. [CrossRef] [PubMed]

Stavropoulos, V.; Kuss, D.J.; Griffiths, M.D.; Wilson, P.; Motti-Stefanidi, F. MMORPG gaming and hostility predict Internet Addic-
tion symptoms in adolescents: An empirical multilevel longitudinal study. Addict. Behav. 2017, 64, 294-300. [CrossRef] [PubMed]
Sioni, S.R.; Burleson, M.H.; Bekerian, D.A. Internet gaming disorder: Social phobia and identifying with your virtual self. Comput.
Hum. Behav. 2017, 71, 11-15. [CrossRef]

Kuss, D.J.; Lopez-Fernandez, O. Internet addiction and problematic Internet use: A systematic review of clinical research. World J.
Psychiatry 2016, 6, 143-176. [CrossRef]

Ko, C.H;; Yen, J.Y; Yen, C.F,; Lin, H.C.; Yang, M.]. Factors predictive for incidence and remission of internet addiction in young
adolescents: A prospective study. Cyberpsychol. Behav. 2007, 10, 545-551. [CrossRef]

van den Eijnden, R.J.; Meerkerk, G.J.; Vermulst, A.A ; Spijkerman, R.; Engels, R.C. Online communication, compulsive Internet
use, and psychosocial well-being among adolescents: A longitudinal study. Dev. Psychol. 2008, 44, 655-665. [CrossRef]

Laconi, S.; Pires, S.; Chabrol, H. Internet gaming disorder, motives, game genres and psychopathology. Comput. Hum. Behav. 2017,
75, 652-659. [CrossRef]


http://doi.org/10.3200/JACH.56.2.137-146
http://www.ncbi.nlm.nih.gov/pubmed/17967759
http://doi.org/10.1037/dev0000070
http://www.ncbi.nlm.nih.gov/pubmed/26595355
http://doi.org/10.1542/peds.2009-2706
http://www.ncbi.nlm.nih.gov/pubmed/21078729
http://doi.org/10.3389/fpsyg.2019.00898
http://www.ncbi.nlm.nih.gov/pubmed/31105622
http://doi.org/10.1177/1461444807080322
http://doi.org/10.1111/jcc4.12159
http://doi.org/10.3390/ijerph15010040
http://www.ncbi.nlm.nih.gov/pubmed/29280953
http://doi.org/10.1016/j.ajp.2016.10.027
http://doi.org/10.1111/j.1440-1819.2007.01770.x
http://doi.org/10.1186/1744-9081-10-20
http://doi.org/10.1186/s12889-016-3058-1
http://www.ncbi.nlm.nih.gov/pubmed/27178325
http://doi.org/10.1016/j.addbeh.2016.04.024
http://www.ncbi.nlm.nih.gov/pubmed/27179391
http://doi.org/10.1007/s11469-015-9578-6
http://doi.org/10.1017/S0954579497002046
http://www.ncbi.nlm.nih.gov/pubmed/9201444
http://doi.org/10.1146/annurev-clinpsy-032511-143109
http://www.ncbi.nlm.nih.gov/pubmed/22035243
http://doi.org/10.1016/j.jpsychires.2011.09.005
http://doi.org/10.1007/s10964-010-9558-x
http://doi.org/10.1016/j.addbeh.2016.05.001
http://doi.org/10.1016/j.abrep.2018.100158
http://doi.org/10.1016/j.chb.2015.02.008
http://doi.org/10.1007/s11920-012-0311-x
http://www.ncbi.nlm.nih.gov/pubmed/22843540
http://doi.org/10.1089/cpb.2008.0113
http://www.ncbi.nlm.nih.gov/pubmed/19072077
http://doi.org/10.1016/j.addbeh.2015.09.001
http://www.ncbi.nlm.nih.gov/pubmed/26410795
http://doi.org/10.1016/j.chb.2017.01.044
http://doi.org/10.5498/wjp.v6.i1.143
http://doi.org/10.1089/cpb.2007.9992
http://doi.org/10.1037/0012-1649.44.3.655
http://doi.org/10.1016/j.chb.2017.06.012

J. Clin. Med. 2022, 11, 1018 17 of 19

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Wang, H.R.; Cho, H.; Kim, D.J. Prevalence and correlates of comorbid depression in a nonclinical online sample with DSM-5
internet gaming disorder. J. Affect. Disord. 2018, 226, 1-5. [CrossRef]

Norton, A.R.; Abbott, M.]. Bridging the Gap between Aetiological and Maintaining Factors in Social Anxiety Disorder: The
Impact of Socially Traumatic Experiences on Beliefs, Imagery and Symptomatology. Clin. Psychol. Psychother. 2017, 24,
747-765. [CrossRef]

Saleh, A.; Potter, G.G.; McQuoid, D.R; Boyd, B.; Turner, R.; MacFall, ].R.; Taylor, W.D. Effects of early life stress on depression,
cognitive performance and brain morphology. Psychol. Med. 2017, 47, 171-181. [CrossRef] [PubMed]

Kircaburun, K.; Griffiths, M.D.; Billieux, J. Psychosocial factors mediating the relationship between childhood emotional trauma
and internet gaming disorder: A pilot study. Eur. ]. Psychotraumatol. 2019, 10, 1565031. [CrossRef] [PubMed]

Finseras, T.R.; Pallesen, S.; Mentzoni, R.A.; Krossbakken, E.; King, D.L.; Molde, H. Evaluating an Internet Gaming Disorder Scale
Using Mokken Scaling Analysis. Front. Psychol. 2019, 10, 911. [CrossRef] [PubMed]

Lemmens, ].S.; Valkenburg, PM.; Peter, ]. Development and Validation of a Game Addiction Scale for Adolescents. Media Psychol.
2009, 12, 77-95. [CrossRef]

Hauge, M.R,; Gentile, D.A. Video game addiction among adolescents: Associations with academic performance and aggression.
In Proceedings of the 2003 Society for Research in Child Development Bien-Nial Conference, Tampa, FL, USA, 24-27 April 2003.
Anderson, C.A.; Bushman, B.J. Effects of violent video games on aggressive behavior, aggressive cognition, aggressive affect,
physiological arousal, and prosocial behavior: A meta-analytic review of the scientific literature. Psychol. Sci. 2001, 12,
353-359. [CrossRef]

Smith, S.L.; Lachlan, K.; Tamborini, R. Popular Video Games: Quantifying the Presentation of Violence and Its Context. J.
Broadcasting Electron. Media 2003, 47, 58-76. [CrossRef]

Anderson, C.A; Dill, K.E. Video games and aggressive thoughts, feelings, and behavior in the laboratory and in life. J. Pers. Soc.
Psychol. 2000, 78, 772-790. [CrossRef]

Koepp, M.J.; Gunn, R.N.; Lawrence, A.D.; Cunningham, V.J.; Dagher, A.; Jones, T.; Brooks, D.J.; Bench, C.J.; Grasby, PM. Evidence
for striatal dopamine release during a video game. Nature 1998, 393, 266-268. [CrossRef]

Li, WW.,; Li, Y.D.; Yang, W.J.; Zhang, Q.L.; Wei, D.T.; Li, W.E; Hitchman, G.; Qiu, ]J. Brain structures and functional connectivity
associated with individual differences in Internet tendency in healthy young adults. Neuropsychologia 2015, 70, 134-144. [CrossRef]
Choi, J.; Cho, H.; Kim, J.Y,; Jung, D.J.; Ahn, K.J.; Kang, H.B.; Choi, ].S.; Chun, ] W,; Kim, D.J. Structural alterations in the prefrontal
cortex mediate the relationship between Internet gaming disorder and depressed mood. Sci. Rep. 2017, 7, 1245. [CrossRef]
Hoeft, F.; Watson, C.L.; Kesler, S.R.; Bettinger, K.E.; Reiss, A.L. Gender differences in the mesocorticolimbic system during
computer game-play. J. Psychiatr. Res. 2008, 42, 253-258. [CrossRef] [PubMed]

Wang, M.; Zheng, H.; Du, X.; Dong, G. Mapping Internet gaming disorder using effective connectivity: A spectral dynamic causal
modeling study. Addict. Behav. 2019, 90, 62-70. [CrossRef] [PubMed]

Dong, G.; Wang, Z.; Wang, Y.; Du, X.; Potenza, M.N. Gender-related functional connectivity and craving during gaming and
immediate abstinence during a mandatory break: Implications for development and progression of internet gaming disorder.
Prog. Neuropsychopharmacol. Biol. Psychiatry 2019, 88, 1-10. [CrossRef]

Weinstein, A.; Livny, A.; Weizman, A. New developments in brain research of internet and gaming disorder. Neurosci. Biobehav.
Rev. 2017, 75, 314-330. [CrossRef]

Chen, C.Y.; Huang, M.E; Yen, ].Y.; Chen, C.S; Liu, G.C.; Yen, C.E,; Ko, C.H. Brain correlates of response inhibition in Internet
gaming disorder. Psychiatry Clin. Neurosci. 2015, 69, 201-209. [CrossRef]

Wang, L.; Shen, H.; Lei, Y.; Zeng, L.L.; Cao, F; Su, L,; Yang, Z; Yao, S.; Hu, D. Altered default mode, fronto-parietal and salience
networks in adolescents with Internet addiction. Addict. Behav. 2017, 70, 1-6. [CrossRef]

Liu, J.; Gao, X.P; Osunde, I; Li, X.; Zhou, S.K.; Zheng, H.R.; Li, L.]. Increased regional homogeneity in internet addiction disorder:
A resting state functional magnetic resonance imaging study. Chin. Med. J. 2010, 123, 1904-1908.

Weng, C.B.; Qian, R.B.; Fu, X.M; Lin, B.; Han, X.P; Niu, C.S.; Wang, Y.H. Gray matter and white matter abnormalities in online
game addiction. Eur. J. Radiol. 2013, 82, 1308-1312. [CrossRef]

Ding, W.N,; Sun, J.H.; Sun, YYW.; Zhou, Y.; Li, L.; Xu, ].R.; Du, Y.S. Altered Default Network Resting-State Functional Connectivity
in Adolescents with Internet Gaming Addiction. PLoS ONE 2013, 8, €59902. [CrossRef]

Sun, Y.W,; Sun, ].H.; Zhou, Y.; Ding, W.N.; Chen, X.; Zhuang, Z.G.; Xu, J.R;; Du, Y.S. Assessment of in vivo microstructure
alterations in gray matter using DKI in internet gaming addiction. Behav. Brain Funct. 2014, 10, 37. [CrossRef]

Wang, HM.; Jin, C.W,; Yuan, K,; Shakir, TM.; Mao, C.P,; Niu, X.; Niu, C.; Guo, L.P; Zhang, M. The alteration of gray matter volume
and cognitive control in adolescents with internet gaming disorder. Front. Behav. Neurosci. 2015, 9, 64. [CrossRef] [PubMed]
Cai, C.X,; Yuan, K;; Yin, ]J.S.; Feng, D.; Bi, Y.Z,; Li, Y.D.; Yu, D.H,; Jin, CW.; Qin, W,; Tian, J. Striatum morphometry is
associated with cognitive control deficits and symptom severity in internet gaming disorder. Brain Imaging Behav. 2016, 10, 12-20.
[CrossRef] [PubMed]

Yuan, K.; Qin, W.; Yu, D.H,; Bi, Y.Z,; Xing, L.H,; Jin, C.W,; Tian, . Core brain networks interactions and cognitive control in internet
gaming disorder individuals in late adolescence/early adulthood. Brain Struct. Funct. 2016, 221, 1427-1442. [CrossRef] [PubMed]
Liu, J.; Li, W.H.; Zhou, SK,; Zhang, L.; Wang, Z.Y.; Zhang, Y,; Jiang, Y.B.; Li, L.J. Functional characteristics of the brain in college
students with internet gaming disorder. Brain Imaging Behav. 2016, 10, 60-67. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jad.2017.08.005
http://doi.org/10.1002/cpp.2044
http://doi.org/10.1017/S0033291716002403
http://www.ncbi.nlm.nih.gov/pubmed/27682320
http://doi.org/10.1080/20008198.2018.1565031
http://www.ncbi.nlm.nih.gov/pubmed/30693081
http://doi.org/10.3389/fpsyg.2019.00911
http://www.ncbi.nlm.nih.gov/pubmed/31080426
http://doi.org/10.1080/15213260802669458
http://doi.org/10.1111/1467-9280.00366
http://doi.org/10.1207/s15506878jobem4701_4
http://doi.org/10.1037/0022-3514.78.4.772
http://doi.org/10.1038/30498
http://doi.org/10.1016/j.neuropsychologia.2015.02.019
http://doi.org/10.1038/s41598-017-01275-5
http://doi.org/10.1016/j.jpsychires.2007.11.010
http://www.ncbi.nlm.nih.gov/pubmed/18194807
http://doi.org/10.1016/j.addbeh.2018.10.019
http://www.ncbi.nlm.nih.gov/pubmed/30366150
http://doi.org/10.1016/j.pnpbp.2018.04.009
http://doi.org/10.1016/j.neubiorev.2017.01.040
http://doi.org/10.1111/pcn.12224
http://doi.org/10.1016/j.addbeh.2017.01.021
http://doi.org/10.1016/j.ejrad.2013.01.031
http://doi.org/10.1371/journal.pone.0059902
http://doi.org/10.1186/1744-9081-10-37
http://doi.org/10.3389/fnbeh.2015.00064
http://www.ncbi.nlm.nih.gov/pubmed/25852507
http://doi.org/10.1007/s11682-015-9358-8
http://www.ncbi.nlm.nih.gov/pubmed/25720356
http://doi.org/10.1007/s00429-014-0982-7
http://www.ncbi.nlm.nih.gov/pubmed/25573247
http://doi.org/10.1007/s11682-015-9364-x
http://www.ncbi.nlm.nih.gov/pubmed/25763841

J. Clin. Med. 2022, 11,1018 18 of 19

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Wang, M.; Hu, Y.B.; Wang, Z.L.; Du, X.X.; Dong, G.H. Sex difference in the effect of Internet gaming disorder on the brain
functions: Evidence from resting-state fMRI. Neurosci. Lett. 2019, 698, 44-50. [CrossRef] [PubMed]

Wang, Z.; Hu, Y.; Zheng, H.; Yuan, K.; Du, X.; Dong, G. Females are more vulnerable to Internet gaming disorder than males:
Evidence from cortical thickness abnormalities. Psychiatry Res. Neuroimaging 2019, 283, 145-153. [CrossRef]

Ko, C.H,; Hsieh, T.J.; Chen, C.Y,; Yen, C.E; Chen, C.S;; Yen, ].Y.; Wang, PW.; Liu, G.C. Altered brain activation during response
inhibition and error processing in subjects with Internet gaming disorder: A functional magnetic imaging study. Eur. Arch.
Psychiatry Clin. Neurosci. 2014, 264, 661-672. [CrossRef]

Dieter, J.; Hoffmann, S.; Mier, D.; Reinhar, I.; Beutel, M.; Vollstadt-Klein, S.; Kiefer, F.; Mann, K.; Lemenager, T. The role of
emotional inhibitory control in specific internet addiction—An fMRI study. Behav. Brain. Res. 2017, 324, 1-14. [CrossRef]

Han, X.; Wang, Y.; Jiang, W.Q.; Bao, X.C.; Sun, Y.W,; Ding, W.N.; Cao, M.Q.; Wu, X.W.; Du, Y.S.; Zhou, Y. Resting-State Activity of
Prefrontal-Striatal Circuits in Internet Gaming Disorder: Changes with Cognitive Behavior Therapy and Predictors of Treatment
Response. Front. Psychiatry 2018, 9, 341. [CrossRef]

Yuan, K,; Qin, W.; Wang, G.H.; Zeng, F; Zhao, L.Y.; Yang, X.J.; Liu, P,; Liu, ].X.; Sun, ].B.; von Deneen, K.M.; et al. Microstructure
Abnormalities in Adolescents with Internet Addiction Disorder. PLoS ONE 2011, 6, €20708. [CrossRef]

Dong, G.H.; Wu, L.D.; Wang, Z.L.; Wang, Y.F; Du, X.X,; Potenza, M.N. Diffusion-weighted MRI measures suggest increased
white-matter integrity in Internet gaming disorder: Evidence from the comparison with recreational Internet game users. Addict.
Behav. 2018, 81, 32-38. [CrossRef] [PubMed]

Kim, H,; Kim, YK.; Gwak, A.R.; Lim, J.A; Lee, ].Y;; Jung, H.Y; Sohn, B.K.; Choi, S.W.; Kim, D.J.; Choi, ].S. Resting-state regional
homogeneity as a biological marker for patients with Internet gaming disorder: A comparison with patients with alcohol use
disorder and healthy controls. Prog. Neuro-Psychopharmacol. 2015, 60, 104-111. [CrossRef]

Sharaev, M.G.; Zavyalova, V.V.; Ushakov, V.L.; Kartashov, S.L; Velichkovsky, B.M. Effective Connectivity within the Default Mode
Network: Dynamic Causal Modeling of Resting-State fMRI Data. Front. Hum. Neurosci. 2016, 10, 14. [CrossRef] [PubMed]

Bae, S.; Hong, J.S.; Kim, S.M.; Han, D.H. Bupropion Shows Different Effects on Brain Functional Connectivity in Patients With
Internet-Based Gambling Disorder and Internet Gaming Disorder. Front. Psychiatry 2018, 9, 130. [CrossRef] [PubMed]

Zhang, ].T,; Yao, YW,; Potenza, M.N.; Xia, C.C.; Lan, J.; Liu, L.; Wang, L.].; Liu, B.; Ma, S.S.; Fang, X.Y. Altered resting-state neural
activity and changes following a craving behavioral intervention for Internet gaming disorder. Sci. Rep. 2016, 6, 28109. [CrossRef]
Uher, R.; Yoganathan, D.; Mogg, A.; Eranti, S.V.; Treasure, J.; Campbell, I.C.; McLoughlin, D.M.; Schmidt, U. Effect of left
prefrontal repetitive transcranial magnetic stimulation on food craving. Biol. Psychiatry 2005, 58, 840-842. [CrossRef]

Han, D.H.; Lyoo, L.K.; Renshaw, PF. Differential regional gray matter volumes in patients with on-line game addiction and
professional gamers. J. Psychiatr. Res. 2012, 46, 507-515. [CrossRef]

Renier, L.A.; Anurova, I.; De Volder, A.G.; Carlson, S.; VanMeter, J.; Rauschecker, ].P. Preserved Functional Specialization for
Spatial Processing in the Middle Occipital Gyrus of the Early Blind. Neuron 2010, 68, 138-148. [CrossRef]

Kojima, H.; Suzuki, T. Hemodynamic change in occipital lobe during visual search: Visual attention allocation measured with
NIRS. Neuropsychologia 2010, 48, 349-352. [CrossRef]

Song, G.; Qiu, J.; Li, C,; Li, J.; Gui, S.; Zhu, H.; Zhang, Y. Alterations of regional homogeneity and functional connectivity in
pituitary adenoma patients with visual impairment. Sci. Rep. 2017, 7, 13074. [CrossRef]

Tam, E.W.; Widjaja, E.; Blaser, S.I.; Macgregor, D.L.; Satodia, P.; Moore, A.M. Occipital lobe injury and cortical visual outcomes
after neonatal hypoglycemia. Pediatrics 2008, 122, 507-512. [CrossRef] [PubMed]

Hoffmann, E.; Bruck, C.; Kreifelts, B.; Ethofer, T.; Wildgruber, D. Reduced functional connectivity to the frontal cortex during
processing of social cues in autism spectrum disorder. J. Neural Transm. 2016, 123, 937-947. [CrossRef] [PubMed]

Ahrens, M.M.; Hasan, B.A.S.; Giordano, B.L.; Belin, P. Gender differences in the temporal voice areas. Front. Neurosci.-Switz. 2014,
8, 228. [CrossRef]

Xu, CS,; Li, CF; Wu, HL,; Wu, Y.Y,; Hu, S.; Zhu, Y.F; Zhang, W.; Wang, L.Y,; Zhu, S.H.; Liu, J.P; et al. Gender Differ-
ences in Cerebral Regional Homogeneity of Adult Healthy Volunteers: A Resting-State fMRI Study. Biomed. Res. Int. 2015,
2015, 183074. [CrossRef]

Sanchez Panchuelo, R.M.; Besle, J.; Schluppeck, D.; Humberstone, M.; Francis, S. Somatotopy in the Human Somatosensory
System. Front. Hum. Neurosci. 2018, 12, 235. [CrossRef] [PubMed]

Vergara, V.M.; Liu, ].Y.; Claus, E.D.; Hutchison, K.; Calhou, V. Alterations of resting state functional network connectivity in the
brain of nicotine and alcohol users. Neuroimage 2017, 151, 45-54. [CrossRef]

Wang, L.; Wu, L.; Wang, Y.; Li, H.; Liu, X.; Du, X.; Dong, G. Altered Brain Activities Associated with Craving and Cue Reactivity
in People with Internet Gaming Disorder: Evidence from the Comparison with Recreational Internet Game Users. Front. Psychol.
2017, 8, 1150. [CrossRef]

Matsuda, G.; Hiraki, K. Sustained decrease in oxygenated hemoglobin during video games in the dorsal prefrontal cortex: A
NIRS study of children. Neuroimage 2006, 29, 706-711. [CrossRef]

Cho, S.S,; Strafella, A.P. rTMS of the Left Dorsolateral Prefrontal Cortex Modulates Dopamine Release in the Ipsilateral Anterior
Cingulate Cortex and Orbitofrontal Cortex. PLoS ONE 2009, 4, e6725. [CrossRef]

Volkow, N.D.; Wang, G.J.; Fowler, ].S.; Tomasi, D.; Telang, F.; Baler, R. Addiction: Decreased reward sensitivity and increased
expectation sensitivity conspire to overwhelm the brain’s control circuit. Bioessays 2010, 32, 748-755. [CrossRef]

Spanagel, R.; Weiss, F. The dopamine hypothesis of reward: Past and current status. Trends Neurosci. 1999, 22, 521-527. [CrossRef]


http://doi.org/10.1016/j.neulet.2018.12.038
http://www.ncbi.nlm.nih.gov/pubmed/30593873
http://doi.org/10.1016/j.pscychresns.2018.11.001
http://doi.org/10.1007/s00406-013-0483-3
http://doi.org/10.1016/j.bbr.2017.01.046
http://doi.org/10.3389/fpsyt.2018.00341
http://doi.org/10.1371/journal.pone.0020708
http://doi.org/10.1016/j.addbeh.2018.01.030
http://www.ncbi.nlm.nih.gov/pubmed/29421348
http://doi.org/10.1016/j.pnpbp.2015.02.004
http://doi.org/10.3389/fnhum.2016.00014
http://www.ncbi.nlm.nih.gov/pubmed/26869900
http://doi.org/10.3389/fpsyt.2018.00130
http://www.ncbi.nlm.nih.gov/pubmed/29692743
http://doi.org/10.1038/srep28109
http://doi.org/10.1016/j.biopsych.2005.05.043
http://doi.org/10.1016/j.jpsychires.2012.01.004
http://doi.org/10.1016/j.neuron.2010.09.021
http://doi.org/10.1016/j.neuropsychologia.2009.09.028
http://doi.org/10.1038/s41598-017-13214-5
http://doi.org/10.1542/peds.2007-2002
http://www.ncbi.nlm.nih.gov/pubmed/18762519
http://doi.org/10.1007/s00702-016-1544-3
http://www.ncbi.nlm.nih.gov/pubmed/27094176
http://doi.org/10.3389/fnins.2014.00228
http://doi.org/10.1155/2015/183074
http://doi.org/10.3389/fnhum.2018.00235
http://www.ncbi.nlm.nih.gov/pubmed/29950980
http://doi.org/10.1016/j.neuroimage.2016.11.012
http://doi.org/10.3389/fpsyg.2017.01150
http://doi.org/10.1016/j.neuroimage.2005.08.019
http://doi.org/10.1371/journal.pone.0006725
http://doi.org/10.1002/bies.201000042
http://doi.org/10.1016/S0166-2236(99)01447-2

J. Clin. Med. 2022, 11, 1018 19 of 19

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Volkow, N.D.; Fowler, ].S.; Wang, G.J.; Baler, R.; Telang, F. Imaging dopamine’s role in drug abuse and addiction. Neuropharmacol-
0gy 2009, 56, 3-8. [CrossRef] [PubMed]

Granero, R.; Penelo, E.; Martinez-Gimenez, R.; Alvarez-Moya, E.; Gomez-Pena, M.; Aymami, M.N.; Bueno, B.; Fernandez-Aranda,
F.; Jimenez-Murcia, S. Sex differences among treatment-seeking adult pathologic gamblers. Compr. Psychiatry 2009, 50, 173-180.
[CrossRef] [PubMed]

Canterberry, M.; Peltier, M.R.; Brady, K.T.; Hanlon, C.A. Attenuated neural response to emotional cues in cocaine-dependence: A
preliminary analysis of gender differences. Am. |. Drug Alcohol. Abus. 2016, 42, 577-586. [CrossRef]

Hasler, B.P,; Casement, M.D.; Sitnick, S.L.; Shaw, D.S.; Forbes, E.E. Eveningness among late adolescent males predicts neural
reactivity to reward and alcohol dependence 2 years later. Behav. Brain Res. 2017, 327, 112-120. [CrossRef] [PubMed]

Kilts, C.D.; Gross, R.E.; Ely, T.D.; Drexler, K.P. The neural correlates of cue-induced craving in cocaine-dependent women. Am. J.
Psychiatry 2004, 161, 233-241. [CrossRef] [PubMed]

Jin, C.; Zhang, T; Cai, C.; Bi, Y;; Li, Y.; Yu, D.; Zhang, M.; Yuan, K. Abnormal prefrontal cortex resting state functional connectivity
and severity of internet gaming disorder. Brain Imaging Behav. 2016, 10, 719-729. [CrossRef]

Zanchi, D.; Brody, A.; Borgwardt, S.; Haller, S. Sex Effects on Smoking Cue Perception in Non-Smokers, Smokers, and Ex-Smokers:
A Pilot Study. Front. Psychiatry 2016, 7, 187. [CrossRef]

Kogachi, S.; Chang, L.; Alicata, D.; Cunningham, E.; Ernst, T. Sex differences in impulsivity and brain morphometry in
methamphetamine users. Brain Struct. Funct. 2017, 222, 215-227. [CrossRef]

Tanabe, ].; York, P; Krmpotich, T.; Miller, D.; Dalwani, M.; Sakai, ].T.; Mikulich-Gilbertson, S.K.; Thompson, L.; Claus, E.; Banich,
M.; et al. Insula and orbitofrontal cortical morphology in substance dependence is modulated by sex. AJNR Am. ]. Neuroradiol.
2013, 34, 1150-1156. [CrossRef]

Petry, N.M.; Rehbein, F; Gentile, D.A.; Lemmens, ].S.; Rumpf, H.].; Mossle, T.; Bischof, G.; Tao, R.; Fung, D.S.; Borges, G.; et al. An
international consensus for assessing internet gaming disorder using the new DSM-5 approach. Addiction 2014, 109, 1399-1406.
[CrossRef] [PubMed]

Peters, H.; Hunt, M.; Harper, D. An animal model of slot machine gambling: The effect of structural characteristics on response
latency and persistence. |. Gambl. Stud. 2010, 26, 521-531. [CrossRef]

Rokosik, S.L.; Napier, T.C. Intracranial self-stimulation as a positive reinforcer to study impulsivity in a probability discounting
paradigm. |. Neurosci. Methods 2011, 198, 260-269. [CrossRef] [PubMed]

Tedford, S.E.; Holtz, N.A.; Persons, A.L.; Napier, T.C. A new approach to assess gambling-like behavior in laboratory rats: Using
intracranial self-stimulation as a positive reinforcer. Front. Behav. Neurosci. 2014, 8, 215. [CrossRef]

Horner, A.E.; Heath, C.].; Hvoslef-Eide, M.; Kent, B.A.; Kim, C.H.; Nilsson, S.R.; Alsio, J.; Oomen, C.A.; Holmes, A.; Saksida,
L.M.; et al. The touchscreen operant platform for testing learning and memory in rats and mice. Nat. Protoc. 2013, 8, 1961-1984.
[CrossRef] [PubMed]


http://doi.org/10.1016/j.neuropharm.2008.05.022
http://www.ncbi.nlm.nih.gov/pubmed/18617195
http://doi.org/10.1016/j.comppsych.2008.07.005
http://www.ncbi.nlm.nih.gov/pubmed/19216895
http://doi.org/10.1080/00952990.2016.1192183
http://doi.org/10.1016/j.bbr.2017.02.024
http://www.ncbi.nlm.nih.gov/pubmed/28254633
http://doi.org/10.1176/appi.ajp.161.2.233
http://www.ncbi.nlm.nih.gov/pubmed/14754771
http://doi.org/10.1007/s11682-015-9439-8
http://doi.org/10.3389/fpsyt.2016.00187
http://doi.org/10.1007/s00429-016-1212-2
http://doi.org/10.3174/ajnr.A3347
http://doi.org/10.1111/add.12457
http://www.ncbi.nlm.nih.gov/pubmed/24456155
http://doi.org/10.1007/s10899-010-9183-3
http://doi.org/10.1016/j.jneumeth.2011.04.025
http://www.ncbi.nlm.nih.gov/pubmed/21536069
http://doi.org/10.3389/fnbeh.2014.00215
http://doi.org/10.1038/nprot.2013.122
http://www.ncbi.nlm.nih.gov/pubmed/24051959

	Introduction 
	Diagnostic Criteria 
	Epidemiology 
	IGD and Cultural Factors 
	Historical Background 

	Objectives 
	Sexual Dimorphism in IGD 
	Psychological Factors and Personality Traits Sexually Dimorphic in IGD 
	Impulsivity and Poor Self-Control 
	Hostility and Social Phobia 
	Depression 
	Aggressive Behavior 

	Sexual Dimorphism in the Brain of IGD Gamers 
	The Prefrontal Region 
	Posterior Cingulate Cortex (PCC) 
	Brain Regions Involved in Visual Processing and Cognitive Control 
	Mesocorticolimbic Reward System 

	Correlation of Neural Sexual Dimorphisms between IGD and Substance Abuse 
	Limitations in IGD Human Studies 
	Beyond Human Study: The Animal Model for the Study of IGD 
	Conclusions 
	References

