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Abstract

Background and aims: Based on previous research, it was hypothesized that
negative affect (e.g., depression, anxiety, and loneliness) and low level of emotion
regulation (i.e., alexithymia) are risk factors for internet gaming disorder (IGD).
Research utilizing a network analysis approach to psychopathology has increased
rapidly, and is used to examines the pattern of interactions between causal factors
of mental health disorders. Previous research has investigated the relationship
between gaming disorder (GD), depression, alexithymia, boredom, and loneliness by
pair-wise correlation and correlation of three or four variables. However, to date,
network analysis has rarely been utilized to examine the relationship between the
aforementioned multi-variables. Therefore, the present study used network analysis
to examine the relationship between GD, depression, alexithymia, boredom, and
loneliness among a sample of Chinese university students.

Methods: A sample comprising 1635 Chinese university students (913 males)



completed a survey including the Gaming Disorder Test, Patient Health Questionnaire,

and Toronto Alexithymia Scale, alongside single-item measures of loneliness and

boredom.

Results: Depression, alexithymia, boredom, and loneliness were significantly and

positively associated with GD. Loneliness and boredom had the closest edge intensity,

and loneliness was the strongest central node in the domain-level network. The

facet-level and the item-level networks analysis also showed that GD was connected

with depression, alexithymia, boredom, and loneliness. The domain-level network

comparison test (NCT) showed the global strengths had significant difference among

gender group (males = 1.90 vs. females = 1.77, p = 0.013).

Conclusions: The findings indicate that there is a close relationship between GD,

depression, alexithymia, boredom, and loneliness. Negative affect and low emotion

regulation may induce or worsen GD, resulting in a vicious cycle. Practitioners

developing interventions to overcome GD should consider aspects aimed at adjusting

and improving negative emotion, especially loneliness and related negative affect as

well as facilitating positive emotion.

Keywords: gaming disorder; depression; alexithymia; boredom; loneliness; network

analysis



1. Introduction
1.1 Gaming disorder

Gaming disorder (GD) has been defined as a pattern of persistent gaming behavior
that takes place predominantly either online or offline, and comprises impaired
control, increasing priority of gaming over other activities, continuation and/or
escalation of gaming, as well as demonstrable distress and/or significant impaired
everyday social functioning [1]. Recently, a systematic review and meta-analysis of 53
studies (including one from China, the country where the present study was carried
out) reported that the global prevalence of gaming disorder was 3.05%, which
decreased to 1.96% after considering more stringent random sampling [2]. The
prevalence of problematic online gaming has been reported to range from 3.5%-17%
in China [3]. A recent study reported that the prevalence of GD was 8.3% among a
sample of Hong Kong adult gamers [4].

Some studies have reported that the interaction of internal and external factors
may facilitate the development of GD, including deficient emotional regulation and
impulsive decision-making, as well as a poor family environment and poor social
skills [5]. Alexithymia as a type of emotional dysregulation may explain engagement
in and maintenance of online gaming [6,7]. Based on self-determination theory [8],
the motivation to engage in online gaming may be to meet individuals’ psychological
needs (i.e., autonomy, relatedness, and competency) and to escape negative affect
(e.g., loneliness and boredom). Boredom may result from an external environment

without autonomy [9], and is regarded as one of risk factors of problematic



smartphone use [10]. Loneliness and boredom as types of negative affect are usually

directly or indirectly associated with GD [11-13]. In addition, gaming-related factors,

such as gaming genre, game time, and gaming characteristics, as well as gaming

motivation may also be involved in the development and maintenance of GD [14-18].

One study also reported that game-related smartphone use and entertainment may

predict smartphone addiction and poor academic performance among

undergraduate students [19]. Some scholars have indicated that adolescents and

emerging adults may be more likely to develop GD than cohorts of other ages [20,21].

While males are more likely than females to experience GD, the gender gap may be

decreasing [22,23]. GD has been found to be related to personality traits, including

high impulsivity [24-26], high aggressiveness [27,28], and high neuroticism [29,30].

Moreover, neurobiological features (e.g., reward circuitry involving dopaminergic and

neurotransmitter pathways) have been studied widely as one of risk factors for GD

[31-34].

1.2 Depression

Depression manifests itself in negative mood states (e.g., feeling sad, irritable, and

empty) or as loss of pleasure, which accompanies other cognitive, behavioral, or

neuro-vegetative symptoms, as well as marked distress or significant impaired social

functioning [1]. Depression is associated with various addictive behaviors, including

gaming disorder [20,35-38], problematic smartphone use [39-41], and gambling

disorder [42,43].

Some studies have also indicated that depression is the most frequently comorbid



condition for GD [44,45]. There are several similarities in symptoms between
depression and GD, including impaired social functioning (e.g., maladaptive
interpersonal relationship, poor educational and/or occupational performance),
fatigue, sleep problems, and anhedonia [36,46]. GD may facilitate the onset of
depression in specific contexts [47,48]. Longitudinal research has indicated that the
level of depression may also predict the severity of GD [49], which indicates
reciprocal relationship between GD and depression.

1.3 Alexithymia

Alexithymia is considered as a personality construct, in which individuals are
unable to identify, differentiate, describe, and express emotion [50,51]. Some
scholars indicate that there are close connections between alexithymia and other
conditions, such as autism, chronic pain, type-2 diabetes, and inflammatory bowel
disease [52-55]. In addition, in a literature review, a strong relationship between
alexithymia and depression, self-harm, and aggression was reported [56].

Some studies also claim that alexithymia is also closely related to addictive
disorders, including problematic alcohol use, problem gambling, and internet
addiction [57-60]. Lyvers et al. suggested that alexithymia is often observed among
individuals with drug abuse [61]. Over the past decade, the relationship between
alexithymia and GD has attracted the attention of researchers in the field of
behavioral addiction. Bonnaire, and Baptista reported that alexithymia, depression,
and anxiety were all associated with internet gaming disorder (IGD) among male

participants [62]. In contrast, only depression was associated with IGD among



females. Evren et al. also reported a significant correlation between alexithymia and
IGD, especially in two dimensions: “difficulty identifying feelings” (DIF) and
“externally oriented thinking” (EOT) [63].

1.4 Boredom

Boredom has different definitions depending on different individuals and contexts
[64]. Boredom may be described as a negative emotion, dysphoric experience or
state, which comprises an expected and a perceived inner conflict [65-67]. Stimulus
factors of boredom include repetition, lack of novelty, and monotony [68]. Boredom
is widely associated with social and psychological problems [64]. Todman indicated
that sustained boredom may increase risk-taking and substance-seeking behaviors,
disturb positive mood, give rise to distractibility, decrease cognitive efficiency, and
demonstrate highly generalized uninterest [69]. Moreover, some scholars have
demonstrated that boredom is associated with depression, delinquency, substance
abuse, hyperactivity, inattention, and smartphone addiction [70-72].

According to the China Internet Network Information Center [73], the proportion
of adolescents playing online games was 61% among Chinese internet users. In China,
increasing numbers of adolescents play online videogames due to boredom
proneness [74]. Boredom proneness may be considered as a risk factor for internet-
communication disorder [67]. A Taiwanese survey reported that boredom during
leisure time may increase Internet addiction and that effective time management
decreases boredom experience [75]. In addition, Chou, Chang and Yen also indicated

that boredom (and more specifically a lack of external stimulation) was significantly



associated with internet addiction, especially that related to online gaming [76].
Individuals with gaming disorder often experience boredom, sadness, and/or
irritability [77,78].

1.5 Loneliness

Loneliness is often considered as a negatively emotional and social isolating state.
Loneliness is associated with other negative emotions and actions, such as
depression, pessimism, shyness, hostility, alienation, and social withdrawal [79].
Chronic loneliness may potentially impact on health, such as cardiovascular
activation and sleep dysfunction [80]. Loneliness has been found to be closely related
to depression among older aged individuals and adolescents [81,82] as well as
excessive using technology and insomnia among children [83]. In addition, loneliness
is associated with substance and alcohol abuse and behavioral addictions such as
internet addiction and problem gambling [84-86].

Some scholars suggest that online gaming is characterized by novelty, interactivity
and virtuality, which may contribute to socialization and help avoid loneliness [87].
Therefore, loneliness and depression are often related to gaming motivation [21].
Lemmens, Valkenburg, and Peter reported loneliness to be one of the risk factors
may significantly predict pathological gaming [88]. Pathological gaming was reported
to trigger feelings of loneliness among Pakistan adolescents [89]. A cross-sectional
study from Korea indicated there was a reciprocal relationship between loneliness
and pathological gaming [90]. Moreover, loneliness may predict depression via GD

and generalized pathological internet use (GPIU) [91].



2. Theoretical background
2.1 Related theories on the relationship between GD and depression, alexithymia,
boredom, and loneliness

There are related theories on the relationship between GD and depression,
alexithymia, boredom, and loneliness. Self-determination theory has highlighted the
importance of psychological need satisfaction and negative outcomes (e.g., poor
sleep and various addictive behaviors) arising from need dissatisfaction [8]. Daily
frustration of basic psychological needs and stronger gaming motivations may lead to
GD [92]. Online gaming (e.g., Massively Multiplayer Online Role Playing Games
[MMORPGs] and Multiplayer Online Battle Arena [MOBA] games) engaged in as a
form of self-compensation may alleviate negative affect and/or help in escaping real
life issues, as well as facilitating feelings of achievement and belonging [93], while
excessive gaming activities may further lead to GD among a minority of individuals.
In addition, some variables may interact and demonstrate a reciprocal relationship,
which may better explain the occurrence and progression of psychiatric disorders
including behavioral addictions. In Billieux’s pathway of problematic mobile phone
use, it was posited that the reciprocal influence between negative affect and
impulsivity may cause problematic mobile phone/smartphone use. In turn, negative
outcomes from excessive or uncontrolled mobile phone use also may increase
negative affect (depression, anxiety, loneliness, boredom, and even alexithymia) and
increase impulsive behavior via applications on the mobile phone (e.g., playing

online games and SNS use) [94]. Moreover, the Interaction of Person-Affect-



Cognition-Execution (I-PACE) model also posited that addictive behaviors (such as
problematic gaming) develop as a consequence of the interactions between multi-
variables as well as addictive behaviors being further intensified due to negative
affect and cognitive responses [32].
2.2 Network analysis

Network analysis approaches have been used widely in both natural sciences and
social sciences over the past two decades [95]. In psychological and psychiatric
settings, network analysis is used to explore and verify the basic assumptions and
explanatory models of mental health disorders. Compared to correlation analysis, the
advantage of network analysis lies in its graphic visualization, which may describe the
relationship between causal variables more intuitively and is characterized by nodes
and edges utilizing graph theory. Network analysis may also better explain the causal
interaction of an episode of a mental health disorder and track the time change of
nodes and edges as opposed to unclear latent variables analysis [96]. For instance, a
close connection between childhood trauma and positive and negative psychotic
symptoms was found in a longitudinal network analysis study [97]. Another study
found that the traits of callousness and interpersonal manipulation were reported to
be core traits in a network analysis of dark personality [98]. Network analysis has also
been used to visualize the structure of other psychiatric or related diseases (e.g.,
smartphone addiction and competitive state anxiety) [99-102].
2.3 The present study

Although the relationship between GD, depression and/or alexithymia has been



studied utilizing correlation analysis or latent class analysis, the utilization of network

analysis has rarely been used and is a new perspective for better understanding the

relationships between GD, depression, alexithymia, boredom and loneliness.

Therefore, network analysis was utilized in the present study to better explain the

relationship between these variables among a sample of Chinese university students.

Moreover, a visual relational graph may contribute to examining the theoretical links

between GD, depression, alexithymia, boredom, and loneliness. In addition, the

invariance of network connectivity between gender can also be compared by the

structure and global strength of the network.

3. Methods

3.1 Participants and procedure

A cross-sectional (convenience sampling) design was utilized to collect the data. The

inclusion criteria were (i) being Chinese, (ii) being aged 18 years of age or older, and

(iii) having played videogames in the past year. The sample comprised 1918

university students from Liaoning and Jiangxi provinces of China. A Wenjuanxing

online survey was completed by all participants to gain course credit. A total of 283

participants who did not play videogames in the past year were excluded from the

analysis (i.e., they answered ‘no’ to the question “Have you played any videogame in

the past year?” in the online survey) resulting in 1635 participants remaining for data

analysis (913 males, 55.8%). The mean age of participants was 19.7 years (SD = 1.5,

aged 17 to 25 years).

From October 2020 to December 2020, participants were recruited from three
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universities (655, 568 and 412 participants, respectively) in Jiangxi and Liaoning
provinces. The participants were informed the study purpose and took approximately
five minutes to complete the survey.
3.2 Measures
Sociodemographic and gaming variables

Sociodemographic data was collected included participants’ gender, age, grade,
residential status, whether children had more than six months in the care of
someone other than their parents, family structure. Gaming variables comprised how
many years they had been gaming, how many days a week they spent gaming, and
how many hours they spent gaming on weekdays and weekends.
Gaming disorder

The Gaming Disorder Test (GDT) which was originally developed using British and
Chinese samples was used to assess the severity of gaming disorder [103]. The GDT
has four items assessing impaired control over gaming, increasing priority to gaming,
continuation or escalation of gaming, and marked distress or significant impairment
in personal, family, social, educational, occupational or other important areas of
functioning [1]. A five-point Likert scale from 1 (never) to 5 (very often) is used to rate
all items. Higher scores indicate a greater risk of gaming disorder. The Cronbach’s
alpha and McDonald's w were 0.84 and 0.85 in the present study.
Depression
The nine-item Patient Health Questionnaire-9 (PHQ-9) was used to assess

depression and was developed using items from the fourth edition of the Diagnostic
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and Statistical Manual of Mental Disorders [104] and is a popular depression
screening instrument [105]. The PHQ-9 has been validated among Chinese people
[106]. Items (e.g., “Little interest or pleasure in doing things”) assessing major
depressive disorder (MDD) are rated on five-point Likert scale from 0 (“not at all”) to
4 (“nearly every day”). Higher scores indicate higher severity of depression. The
Cronbach’s alpha and McDonald's w were 0.88 and 0.88 in the present study.
Alexithymia

The 20-item Toronto Alexithymia Scale (TAS-20) [107] was used to assess alexithymia,
and has been validated into Chinese [108]. The TAS-20 comprises three factors:
difficulty identifying feelings (DIF), difficulty describing feelings (DDF), and externally-
oriented thinking (EOT). Each item is assessed on a five-point Likert scale from 1
(“totally disagree”) to 5 (“totally agree”). Higher total scores indicate greater
difficulty in expressing feelings. The Cronbach’s alpha and McDonald's w of the total
TAS-20 were 0.92 and 0.92 in the present study. The Cronbach’s alpha and
McDonald's w were 0.9 and 0.9 for DIF, 0.67 and 0.70 for DDF, and 0.81 and 0.81 for
EOT in the present study.

Loneliness

Loneliness was assessed using a single item (“/ felt lonely much of the time over the
past month”) modified from the Center for Epidemiologic Studies Depression Scale
(CES-D) concerning loneliness [109]. The item is assessed on a five-point Likert scale
from 1 (“not at all”) to 5 (“always”). A higher score represents a higher lonely feeling.

One-week test-retest reliability of the loneliness item in the present study was .89 for

12



96 university students. Single-item measures have been shown to be as effective as
multiple-item measures in previous research [110,111].

Boredom

Boredom was assessed using a single item (“/ felt bored much of the time over the
past month”) modified from a previous study [112]. The item is assessed on a five-
point Likert scale from 1 (“not at all”) to 5 (“always”). A higher score represents a
higher level of boredom. One-week test-retest reliability of the boredom item in the
present study was 0.9 for 96 university students.

3.3 Statistical analysis

Descriptive statistics and Pearson’s correlations were calculated using SPSS 25.
Network analysis, Cronbach's alpha, McDonald's w and Bayesian correlation were
performed using JASP (Jeffrey’s Amazing Statistics Program). The network
comparison test (NCT) on gender was conducted using the R package [113].

All data of the variables under investigation were continuous variables rated on
five-point Likert scales. Therefore, the data were acceptable for using network
analysis [114]. Network was estimated using EBICglasso model, which was a least
absolute shrinkage and selection operator (LASSO) [115] regularization based on the
Extended Bayesian Information Criterion (EBIC) [116]. The tuning parameter of 0.5
was selected for the EBICglasso to ensure a higher specific and sensitive network.
Nodes (study variables) and edges (correlation between two nodes) comprise
network system. The centrality of codes was calculated including betweenness

(degree of connectivity), closeness (the distance centrality), and strength (degree
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centrality) [114]. Node centrality stability was calculated using correlation stability
coefficient (CS-coefficient, at least 0.25 and more than 0.5 is preferable for
interpretability and stability) [117]. Positive partial correlations are displayed
through blue lines. More saturated and thicker edges indicate stronger relationship
between variables. Edge stability was estimated using bootstrapping (1000 times)
with 95% confidence intervals, which indicated higher stability based on fewer
overlaps. The network comparison test (NCT) was conducted for comparing network
structure and global network strengths between gender.
3.4 Ethics

The study was examined and approved by research team’s University Research
Ethics Committee. Informed consent was provided by all participants.
4. Results
4.1 Descriptive statistics and correlation analyses

Approximately one-quarter of participants (24.4%, males = 180, females = 219)

reported no indicators of GD at all (e.g., all answers to all items relating to gaming
disorder were “never”). The proportion of participants who endorsed (i.e.,
responded ‘often’ or ‘very often’) for one indicator was 5.8% (males = 66, females =
29), for two indicators was 1.6% (males = 22, females = 4), for three indicators was
0.5% (males = 8, females = 0), and for all four indicators was 0.9% (males = 12,
females = 2). The present study did not distinguish between GD and non-GD gamers
as the GDT does not have a validated cut-off score. Descriptive statistics are shown in

Table 1. Comparison of the study variables between gender are shown in Appendix
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S1. Depression, alexithymia, boredom and loneliness were significantly and positively
associated with GD (all p-values <. 01, Appendix S2). All of log (BF10) were more than
3, which further verified the statistically significant correlations between GD,
depression, alexithymia, boredom, and loneliness.

4.2 EBICglasso network analysis for the total sample

The EBICglasso domain-level network including GD, depression, alexithymia,
boredom, and loneliness for the total sample are shown in Figure 1A. Nodes
boredom and loneliness had the strongest edge intensity (r = 0.528). Depression had
a direct association with alexithymia (r = 0.291) and loneliness (r = 0.266). GD had a
small direct association with alexithymia (r = 0.122), boredom (r = 0.153), depression
(r = 0.126), and loneliness (r = 0.069) (Appendix S3). The CS-coefficients of GD,
depression, alexithymia, boredom, and loneliness were 0.49, 0.84, 0.62, 0.77, and
0.95, respectively (Appendix S4). The node centrality was stable and interpretable in
the network. The indices of node were described by betweenness, closeness, and
strength (degree) for the total sample in Appendix S5. Loneliness was the most
central node (betweeness = 1.565, closeness = 1.131, strength = 1.229).

Facet-level and Item-level GD, depression, alexithymia, boredom, and loneliness
data are shown in Figure 1B and 1C. The network analysis showed that GD was
connected with depression, alexithymia, boredom, and loneliness. In the facet-level
network, the boredom and loneliness nodes had stronger edge intensity (r = 0.506)
(Appendix S6). Facet GD4 (significant impaired everyday social functioning; “/ have

experienced significant problems in life [e.g., personal, family, social, education,
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occupational] due to the severity of my gaming behavior.”) had the highest level of
strength centrality (1.068). In the item-level network, nodes Al (“/ am often confused
about what emotion | am feeling”) and A2 (“I have physical sensations that even
doctors don’t understand”) had the strongest edge intensity (r = 0.525). The boredom
and loneliness nodes also had stronger edge intensity (r = 0.449). Item A19 (“/ find
examination of my feelings useful in solving personal problems”) had the highest
level of strength centrality (2.278) in alexithymia, and items A2 (“It is difficult for me
to find the right words for my feelings”) and A13 (“l don’t know what’s going on
inside me”) also had higher strength centrality (1.321 and 1.203). In addition, items
D2 (“Feeling down, depressed, or hopeless”) and D9 (“Thoughts that you would be
better off dead or of hurting yourself in some way”) had higher level of strength
centrality (1.352 and 1.283) in depression (Appendix S7 -S10).
4.3 EBICglasso network analysis for males and females

There were ten non-zero edges in the male domain-level network and nine in the
female domain-level network. Boredom and alexithymia had no connection among
females and had a weak connection among males (Appendices S11). The edge of
boredom and loneliness had the strongest intensity among both males (r = 0.526)
and females (r = 0.528). Loneliness had the highest strength coefficient among both
males (1.499) and females (1.201). The CS-coefficients of GD, depression, alexithymia,
boredom, and loneliness among females and males were 0.4 and 0.59, 0.87 and 0.83,
0.58 and 0.68, 0.77 and 0.76, and 0.93 and 0.94, respectively (Appendices S12-514).

Standardized estimates of node strength centrality among male and female groups
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are shown in Figure 2. The facet-level and item-level networks across gender are
shown in Appendix S15-S17.
4.4 Comparison of network between males and females

The network comparison test (NCT) showed the domain-level network structure
had no significant difference between males and females (M = 0.109, p = 0.396). The
edge invariance test was not conducted to avoid an increased Type | error when the
network structure is invariant (i.e., the NCT proved slightly too liberal for the edge
strength test relative to the network structure invariance test) [118]. However, the
global edge strengths had significant difference among gender group (males = 1.90 vs.
females =1.77, p = 0.013).
5. Discussion

The present study found that the prevalence of GD was 0.5% to 5.8% (i.e.,
endorsing one to four indicators on the GDT) among a sample of Chinese university
students, which was similar to previous findings [2,3]. Males were significantly more
likely than females to be classed as being at risk of GD, which was consistent with
previous research on males’ vulnerability to GD [119-121]. Bonnaire, and Baptista’s
study reported significant correlations between alexithymia, depression, anxiety, and
internet gaming disorder (IGD), as well as indicating gender as an important risk
factor in the relationship between the variables [62]. The significant and positive
association between GD and depression, alexithymia, boredom, and loneliness was
also verified by the results of the present study.

In the domain-level network analysis for the total sample of 1635 university
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students, the boredom and loneliness nodes were found to have the strongest edge

intensity. Moore and Schultz reported that adolescents often attributed loneliness to

boredom [122], and these two variables have been identified as significant predictors

of problematic internet use [123]. Social networking site gaming addicts have also

been found to be lonely and bored in leisure time among college students [124]. In

addition, the present study found that loneliness presented the highest node

centrality in the network of relationship, and which indicated an important

relationship with other variables. Loneliness was closely associated with other

negative affect states (i.e., depression and boredom) and alexithymia [123-127].

Adolescents and young people engaging in playing videogames may be gaming to

escape negative emotion including loneliness, boredom, and depression, which when

played excessively lead to GD among a minority of individuals. Loneliness was also

more closely associated with difficulty identifying feelings (DIF) than the other two

factors of alexithymia. Among this sample of Chinese university students, a possible

explanation may be a deficiency in self-consciousness which may lead to greater

difficulty in identifying and distinguishing between feelings (i.e., loneliness and

depression) and bodily sensations.

The node centrality stability of the male and female domain-level networks was

acceptable given that the CS-coefficients were almost more than 0.5. The loneliness

node also exhibited the highest strength centrality in different groups domain-level

networks. Tras found that loneliness was a predictor of internet gaming disorder

among Turkish adolescents [125]. Moreover, the resting-state functional
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connectivity (rsFC) between the prefrontal cortex and supplementary motor area
was reported to moderate the relationship between gaming craving (in internet
gaming disorder) and negative affect (loneliness) [126]. Consequently, there was a
bidirectional pathway between loneliness and GD. Greater loneliness may also
predict greater depression [127-129]. In addition, alexithymia and interpersonal
distrust interacted to predict social and family loneliness among British
undergraduate students [130]. Therefore, loneliness is closely correlated with other
negative emotions (i.e., boredom and depressive mood), alexithymia, and gaming
disorder.

In the facet-level network, the boredom and loneliness nodes had stronger edge
intensity, which verified the close relationship in the present network. Facet GD4
with the highest level of node strength centrality demonstrated that significant
impaired everyday social functioning from GD was associated with negative affects
(small edge weights). This result may indicate that GD is not influenced directly by
negative affect and that GD originates from the interactions between predisposing
variables, affective and cognitive responses to specific stimuli, and inhibitory control
and decision-making [31]. As Billieux [94] and others have theorized, negative affect
and personality traits as well as low self-esteem interact and all can play a role in
addictive and impulsive behaviors, poor self-control, maladaptive emotion regulation,
and distorted cognitions.

In the item-level network, the boredom and loneliness nodes also had stronger

edge intensity. Item A19 (externally-oriented thinking) had the highest level of

19



strength centrality in alexithymia, and items A2 (difficulty describing feelings) and
A13 (difficulty identifying feelings) also had higher strength centrality. These findings
verified that the core characteristics of alexithymia included difficulty identifying
feelings (DIF), difficulty describing feelings (DDF), and externally-oriented thinking
(EQT). In addition, items D2 (“Feeling down, depressed, or hopeless”) and D9
(“Thoughts that you would be better off dead or of hurting yourself in some way”)
had higher level of strength centrality in depression, which may determine the core
symptoms of depression. Item Gd4 (significant impaired everyday social functioning)
had the highest level of strength centrality in GD which may be considered as the
most important aspect when making a clinical diagnosis.

The structure of domain-level networks as a whole were found to be identical
among males and females which demonstrated the invariance of the network
structure across gender. However, the overall level of connectivity was unequal
across gender. Males manifested higher connectivity coefficients between GD and
other variables than females. The edge connectivity coefficients of alexithymia with
boredom and depression were also higher in the male network. The edge
connectivity coefficients of loneliness with boredom, depression, and alexithymia
were also higher in the female network. These results suggest that males are more
vulnerable to gaming disorder and that GD is closely related to multiple negative
emotions. Levant proposed the “normative male alexithymia hypothesis” which
posits higher levels of alexithymia among males due to gender role socialization

adherence (i.e., all action and no talk) [131]. Carpenter and Addis also indicated that
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males exhibited higher alexithymia than females. However, this was not found in the
present study [132]. Only the global strength was different between males and
females, which may indicate gender moderates the interaction between alexithymia
and multiple negative emotions.

Several limitations should be considered in the present study. Firstly, the use of
cross-sectional data cannot be used to observe continuous changes and cannot
determine cause-effect relationship between the study variables. Secondly, the
survey comprised self-report data which is subject to various methods biases (e.g.,
motivation preference and social desirability). Thirdly, the data collection adopted
convenience sampling which lacks representativeness. Fourth, apart from gender,
sociodemographic variables except gender were not fully investigated in relation to
their impact on GD in the present study. In future studies, more representative
sampling (in relation to sociodemographic and gaming variables), longitudinal
network analysis, and more objective research methods (e.g., fMRI studies and
clinical diagnosis of GD) are recommended. Fifth, the present study did not
distinguish between GD and non-GD gamers as the GDT does not have a validated
cut-off score. Like most of the 30+ scales that have been developed to assess
disordered gaming [133], the higher the GDT score, the greater the risk that the
individual is experiencing disordered gaming. Those who score high on the GDT may
or may not have gaming disorder. Gaming disorder can only be diagnosed via a
clinical interview and no scale used in any epidemiological survey study can confirm

the presence of gaming disorder in any individual.
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6. Conclusions

The relationships between gaming disorder (GD), depression, alexithymia,
boredom, and loneliness were examined using network analysis. The results
indicated that loneliness was the core node in the domain-level relationship network
between GD, depression, alexithymia, boredom, and loneliness. The global strength
of network demonstrated significant gender differences among a sample of Chinese
university students. The findings suggest a new perspective in the regulation of
negative emotion and prevention of GD that will aid both future research and clinical

practice.
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Table 1. Descriptive characteristics of the sample (n = 1,635)

Variables N (100%)/MeanzSD
Age 202+1.6
Gender

Male 913 (55.8%)

Female 722 (44.2%)
Grade

Freshmen 542(33.1%)

Sophomore 481 (29.4%)

Junior 120(7.3%)

Senior 492(30.1%)
Residential status

Urban 748 (45.7%)

Rural 887 (54.3%)
Left-behind children

Yes 609 (37.2%)

No 1026 (62.8%)
Family structure

parents 1469 (89.8%)

Single parent or stepparents 131(8%)

Other 35(2.1%)
Game time (years)

<3 548(33.5%)

3~10 854(52.2%)

>10 233(14.3%)

Weekly time  spent
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gaming (days)

Everyday time spent

gaming (hours)

gaming time spent on

weekend

3~10

>10

3~10

>10

981(60%)

654(40%)

1400(85.6%)

206(12.6%)

29(1.8%)

1056(64.6%)
527(32.2%)

52(3.2%)
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Figure 1. EBICglasso model based on network analysis according to the relationships between GD, depression, alexithymia, boredom and loneliness among 1635
participants in domain-level network (A), in facet-level network (B) and in item-level network (C). Note: gd, gd1~gd4 = Gaming disorder, dep, d1~d9 = Depression, alex,

alex1~alex3, al~a20 = Alexithymia, b1l = Boredom, |1= Loneliness.
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Figure 2. Standardized estimates of node strength centrality in the domain-level network
between males and female groups. Note: gd = Gaming disorder, dep = Depression, alex =

Alexithymia, b1l = Boredom, |1= Loneliness.
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