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ABSTRACT

Background and aims: The authors of the present study wanted to know whether the previously re-
ported psychiatric comorbidities of internet gaming disorder (IGD) based on DSM-5 criteria were
also more prevalent among gaming disorder (GD) or hazardous gaming (HG) based on ICD-11
criteria. Therefore, the present case-control study evaluated the psychiatric comorbidities and asso-
ciative factors of GD and HG based on ICD-11 criteria. Methods: A sample of 60 individuals with GD,
45 with HG, and 120 controls were assessed with an ICD-11 criteria-based diagnostic interview along
with attention deficit hyperactivity disorder (ADHD), generalized anxiety disorder (GAD), depressive
disorder, and social anxiety disorder (SAD). Participants also completed Conners’ Continuous Per-
formance Test (CCPT), Dickman’s Impulsivity Inventory, the Emotion Regulation Questionnaire,
and the Behavior Inhibition System and Behavior Approach System Scales. Results: GD was associated
with ADHD, depressive disorder, and GAD. ADHD was the most associative comorbidity of HG.
Depressive disorder was associated with GD relative to HG. Moreover, individuals with lower
reappraisal, higher aversion sensitivity, and impulsivity were more likely to be diagnosed with GD.
Those with higher fun-seeking were more likely to be diagnosed with HG. Conclusion: In the present
study, ADHD was the psychiatric comorbidity most significantly associated with GD, followed by
depressive disorder and GAD, as previously reported for IGD. ADHD was also associated with HG.
Depressive disorder was more associated with GD compared to HG. Intervention for HG and GD
should be tailored by the consideration of the clients’ psychiatric comorbidity as well as their reap-
*Corresponding author. praisal skills, impulsivity, aversion sensitivity, and fun-seeking.
E-mail: chihhungko@gmail.com
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INTRODUCTION

The fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5; American Psychiatric Association
[APA], 2013) included internet gaming disorder (IGD) as a
tentative disorder because of its negative consequences on
mental health. The 11th revision of the International Clas-
sification of Diseases (ICD-11; World Health Organization
[WHO], 2019) formally included gaming disorder (GD)
with official diagnostic criteria to identify individuals
needing intervention (Poznyak, Reed, & Medina-Mora,
2018). Cognitive control function, emotion regulation abil-
ity, and reward sensitivity have been suggested as three
essential domains that contribute to the development of GD
(Dong & Potenza, 2014; Kuss, Pontes, & Griffiths, 2018;
Yen et al, 2022b). Moreover, knowledge concerning psy-
chiatric comorbidities—such as attention deficit hyperac-
tivity disorder (ADHD), depressive disorder, and anxiety
disorder—are crucial in evaluating and treating GD
(Ko et al., 2021, 2023). However, the association between
psychiatric comorbidity and the three aforementioned do-
mains and GD and hazardous gaming based on ICD-11 has
not been evaluated.

The ICD-11 criteria of gaming disorder and hazardous
gaming

There are nine DSM-5 criteria for internet gaming disorder
(IGD) and individuals who exhibit five or more symptoms
or functional impairment over 12 months are diagnosed as
having IGD (APA, 2013). The ICD-11 criteria define gaming
disorder (GD) as a dysfunctional pattern of gaming behavior
characterized by impaired control, a greater emphasis placed
on gaming over other interests and daily activities,
continued gaming despite negative consequences, and evi-
dence of functional impairment (WHO, 2019). As all criteria
should be fulfilled in ICD-11, GD criteria usually have a
higher diagnostic intensity threshold than IGD criteria in the
DSM-5 (Yen, Chou, Liao, & Ko, 2023). Although there are
differences between the DSM-5 IGD criteria and the ICD-11
GD criteria, two studies reported that the diagnostic accu-
racy for GD vs. controls was approximately 90% (Higuchi
et al., 2021; Yen et al.,, 2022). Unlike the DSM-5, the ICD-11
characterizes hazardous gaming (HG) as a gaming behavior
pattern that increases the risk of harmful physical or mental
health consequences without meeting the criteria for GD.
HG was suggested to represent an earlier stage leading to
GD (Kewitz, Leo, Rehbein, & Lindenberg, 2023). Therefore,
identifying risk factors for HG and the progression from HG
to GD is crucial for understanding the contributors to
adverse outcomes in HG and loss of control over gaming in
GD, respectively. However, no previous research has
examined the factors associated with HG.

Psychiatric disorders comorbid with gaming disorder

Extensive research has consistently shown higher scores on
psychiatric symptom scales assessing depression, anxiety,

social anxiety, and ADHD among individuals with GD
compared to controls (Gonzilez-Bueso et al., 2018; Grassi,
Moradei, & Cecchelli, 2024; Koncz et al, 2023; Torres-
Rodriguez, Griffiths, Carbonell, & Oberst, 2018). However,
survey studies have not concluded whether the severity of
psychiatric symptoms reached clinical significance. Among
individuals with IGD according to the DSM-5 criteria,
previous studies have shown higher comorbid rates of
ADHD (Martin-Ferndndez et al., 2016; Yen, Liu, et al,
2017), depressive disorder (Martin-Fernandez et al., 2016),
social anxiety disorder (SAD; Ko et al., 2021), and general-
ized anxiety disorder (GAD; Wang et al., 2017), based on
psychiatric diagnoses. These studies support the association
between psychiatric comorbidity and IGD.

IGD according to the DSM-5 is specified as being either
mild, moderate, or severe, depending on the disruptions
caused to daily life (APA, 2013). In the ICD-11, GD and
hazardous gaming are differentially diagnosed based on
severity and functional impairment (WHO, 2019). Gonza-
lez-Bueso et al. (2020) classified clinical patients being
treated for IGD (N = 66) based on cluster analysis. Their
results demonstrated that there were 24 participants with
“high comorbid symptoms” and 42 with “low comorbid
symptoms”. The same team subtyped clinical samples based
on cluster analysis for psychiatric symptoms. Their results
indicated that there was a higher (» = 35) and a lower
psychological impact group (n = 72) (Granero et al., 2021).
These studies suggest that psychiatric symptoms could be a
critical factor in determining the severity of IGD. However,
no prior studies have examined the psychiatric comorbidity
with GD or HG based on the ICD-11 criteria in a psychiatric
diagnostic interview among young adults.

Risk factors of gaming disorder

Meta-analyses have concluded that there are various risk
factors for GD, including gender, impulsivity, depression,
anxiety, stress, gaming time, escape motive (i.e., playing
videogames to avoid facing everyday problems and diffi-
culties), and low self-esteem (Kiraly et al., 2022; Ropovik
et al.,, 2023). The oversensitivity to positive rewards as well as
imbalance in primary or secondary rewards have been re-
ported among individuals with GD (Wang et al., 2021; Zhou
et al., 2021). Neuroimaging studies and meta-analyses have
reported the impairment of response inhibition among in-
dividuals with GD (Argyriou, Davison, & Lee, 2017; Ko
et al., 2014). These reward and cognitive control system
alterations might account for stronger gaming urges (Yen,
Lin, Wu, & Ko, 2022) and uncontrolled gaming (Yen et al.,
2022a). Furthermore, impaired emotion regulation (Yen,
Yeh, et al,, 2017) and dysfunctional coping (Lin et al., 2021)
in relation to stress may be associated with depressed mood
when functionally impaired due to GD. Many reviews have
concluded that executive control, reward systems, and
emotion regulation could be further essential domains that
contribute to the development of GD (Dong & Potenza,
2014; Kuss et al, 2018; Weinstein & Lejoyeux, 2020).
However, these three domains have not been examined
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simultaneously in a single study to compare their effect.
Furthermore, a multidimensional approach that covers
cognitive control, emotion regulation, or reward vulnera-
bility may assist individuals with GD (Ko, Kiraly,
Demetrovics, Chang, & Yen, 2020; Yen et al., 2023). How-
ever, if it is known which factor is important for HG, an
earlier stage of GD, early treatment that fits the needs of
individuals in this stage could be provided.

Therefore, the present case-control study aimed to
explore whether the previously reported psychiatric
comorbidities of GD based on the DSM-5 criteria are also
more prevalent among GD or HG based on the ICD-11
criteria. Furthermore, the previously reported factors
associated with GD or HG were also assessed. The present
case-control study was designed to evaluate the (i) associa-
tive psychiatric comorbidities of GD and HG, including
ADHD, depressive disorder, GAD, and SAD in comparison
with controls; (ii) the association between cognitive perfor-
mance, impulsivity, emotion regulation, and reinforcement
sensitivity and GD and HG in comparison with controls;
(iii) the difference in psychiatric comorbidity and cognitive
performance, impulsivity, emotion regulation, and rein-
forcement sensitivity between individuals with GD and those
with HG.

METHODS

Participants

Participants were recruited by posting an advertisement (see
Appendix Table A1) on Professional Technology Temple, the
most popular bulletin board system in Taiwan. Adults aged
between 20 and 40 years who had completed upper sec-
ondary education were eligible to be interviewed for
inclusion in the present case-control study. A psychiatrist
determined whether participants had GD (Case group 1) or
HG (Case group 2) using psychiatric interviewing based on
the ICD-11 criteria as shown on the flow chart in Fig. 1. The
details of the diagnostic interview were reported in a pre-
vious study (Yen et al, 2022). In addition, the Chinese
version of the Mini International Neuropsychiatric Interview
(Sheehan et al., 1998) was used to diagnose psychiatric
comorbidity and exclude prospective participants with
psychotic disorders, bipolar I disorder, or substance use
disorder. The diagnosis of ADHD was confirmed based on
the DSM-5 diagnostic criteria during the psychiatric inter-
view. Moreover, an interview was conducted to exclude
participants with intellectual disabilities or brain injuries.
The duration of a psychiatric interview ranged from 30 to
90 min and varied depending on the complexity of the
participant’s condition.

The participants were categorized into either a GD, HG,
or control group according to the ICD-11 criteria. Each
participant with GD was matched with two gender-matched
and age-matched (+3 vyears) controls. Participants who
engaged in gaming with negative consequences but did not
fulfill the diagnostic criteria for GD were included in the HG

Recruited participants by advertisement (see Supplementary

Table S1) on Professional Technology Temple

A research assistant contacted the participants who had
signed up for the advertisement. They checked the inclusion
and exclusion criteria in the advertisement by telephone.
The participants who fulfilled the criteria were invited to

participate in the interview.

A psychiatric diagnostic interview was conducted to
confirm the diagnosis of GD, HG, and controls, psychiatric
comorbidity, and exclusion criteria. The GD group was
recruited first followed by sex- and age-matched controls.
Those who showed considerable GD symptoms but did not
meet the ICD-11 diagnosis for GD were classified as
individuals with HG. A total of 60, 45, and 120
participants, respectively, were classified as being in the
GD, HG, and control groups. Participants completed

informed consent before further assessment.

\_ J

[ All participants completed the questionnaire assessment. ]

Fig. 1. Flow chart of participants’ recruitment and study process.
Figure legend: Individuals who did not fulfill the recruitment
criteria were excluded from the study through telephone screening
or diagnostic interviewing. The number of individuals who had
signed up for the advertisement and who were excluded was not
recorded. All 60, 45, and 120 participants in GD, HG, and control
groups completed the questionnaire assessment. They were then
evaluated by other assessments that were not analyzed in the
present paper. GD = gaming disorder; HG = hazardous gaming;
ICD-11 = 11th revision of the International Classification of
Disease

group. A financial incentive of 1,200 Taiwan New Dollars
(approximately €35 or $38) was provided to participate in
the present study.

The GD, HG, and control groups had 60, 45, and 120
participants, respectively. All participants provided their
written informed consent before they completed all mea-
sures (outlined in the next section), as outlined in Fig. 1.

Measures

Chinese version of the Mini International Neuropsychiatric
Interview (C-MINI): The C-MINI (Sheehan et al., 1998) was
used to determine whether the participants had depressive
disorder, generalized anxiety disorder (GAD), and/or social
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anxiety disorder (SAD) and to exclude other psychiatric
disorders, such as psychotic disorders, bipolar I disorder,
and substance use disorder. Participants with a depressive
episode, persistent depressive disorder, or depressive episode
history were assigned to the depressive disorder group.

Conners’ Continuous Performance Test 3™ Edition
(CCPT): Conners et al. (2014) developed the computerized
CCPT to evaluate attention-related and inhibitory-control
problems for individuals with ADHD. In the present study,
participants were instructed to press the space bar on a
computer as fast as possible when a letter other than an “X”
was displayed (go trials) on screen but to inhibit that
response when an “X” was shown (no-go trials). The inter-
stimulus interval changed between 1, 2, or 4 s every 20 trials.
There were 361 trials, with 80% go trials and 20% no-go
trials. The scoring of the Conners CPT 3 is based on
omission errors (missed targets), commission errors
(incorrect responses to non-targets), perseverations (re-
sponses made in less than 100 ms following a stimulus), and
detectability (discrimination between non-targets and
targets).

Dickman’s Impulsivity Inventory (Dickman, 1990): The
inventory comprises 23 true/false items used which are used
to assess impulsivity consisting of functional impulsivity (11
items; e.g., “Most of the time, I can put my thoughts into
words very rapidly”) and dysfunctional impulsivity (12 items;
e.g., ‘I often get into trouble because I don’t think before act”).
Participants answer each item as either true or false, and the
total score ranges from 0 (low) to 11 (high) and from 0 (low)
to 12 (high) for functional impulsivity and dysfunctional
impulsivity, respectively. The higher the score, the higher the
functional or dysfunctional impulsivity. Impulsivity was
assessed by dysfunctional impulsivity subscale, and the
Cronbach’s alpha in the present study was 0.80.

Emotion Regulation Questionnaire (ERQ; Gross & John,
2003): The ERQ is a 10-item scale designed to assess an
individual’s tendency to regulate their emotions across two
domains: cognitive reappraisal assessed using the reappraisal
scale (six items; e.g., “I control my emotions by changing the
way I think about the situation I'm in”), and expressive
suppression assessed using the suppression scale (four items:
e.g., ‘I control my emotions by not expressing them”). Par-
ticipants answer each item on a seven-point Likert scale
ranging from 1 (strongly disagree) to 7 (strongly agree) and
the total score ranges from 6 to 42 (reappraisal subscale) and
4 to 28 (expressive suppression subscale). Higher scores
indicate a high tendency to regulate emotions by using
reappraisal or suppression. In the present study, the Cron-
bach’s alphas of the reappraisal and suppression subscales
were 0.86 and 0.64, respectively.

Behavior Inhibition System and Behavior Approach Sys-
tem Scales (BIS/BAS Scales): The BIS/BAS Scales (Carver &
White, 1994) were designed to assess individual differences
in the reinforcement sensitivity of the two motivational
systems, BIS and BAS, proposed by Gray (Corr, 2004). The
BIS Scale (seven items; e.g., “I worry about making mis-
takes”) assesses the degree to which participants expect to
feel anxiety when confronted with cues for punishment (i.e.,

aversion sensitivity). The BAS Scale includes subscales of
reward responsiveness (five items; e.g., “It would excite me to
win a contest”), drive (four items; e.g., “I go out of my way
to get things I want”), and fun-seeking (four items; e.g., ‘T
crave excitement and new sensations”), which assess the
degree to which rewards lead to positive emotions, a per-
son’s tendency to actively pursue appetitive goals, and the
tendency to seek out and impulsively engage in potentially
rewarding activities respectively (i.e., reward sensitivity).
Participants answer each item on a four-point scale ranging
from 1 (strongly disagree) to 4 (strongly agree) and the total
scores range from 4 to 28 (BIS), 4 to 20 (reward respon-
siveness), 4 to 16 (drive), and 4 to 16 (fun-seeking). Higher
BIS and BAS subscale scores indicate greater aversion
sensitivity and reward sensitivity, respectively. In the present
study, the Cronbach’s alphas were 0.76 for BIS, 0.75 for
drive, 0.53 for fun-seeking, and 0.78 for reward
responsiveness.

Statistical analysis

Chi-square tests were used to evaluate the associations
between ADHD, depressive disorder, GAD, SAD, and GD.
The odds ratio of GD versus controls, HG versus controls,
and GD versus HG for psychiatric comorbidity were
analyzed using logistic regression and adjusted for gender
and age to minimize their residual confounding effect
(Pearce, 2016). Analyses of covariance (ANCOVA) with
Bonferroni post hoc tests were conducted to evaluate dif-
ferences in age, educational level, performance in CCPT,
and scores on impulsivity, emotion regulation, and rein-
forcement sensitivity among the GD, HG, and control
groups while controlling for gender and age. Logistic
regression using the enter method was performed to eval-
uate the association between psychiatric comorbidities or
risk factors and GD versus controls while controlling for
gender and age. The same analyses were also used to
compare HG group versus controls as well as GD group
versus HG group. Results with p < 0.05 were considered
significant in all analyses, which were performed using IBM
SPSS Statistics (Version 26).

Ethics

The study was approved by the Institutional Review Board
of Kaohsiung Medical University Hospital, Taiwan, and ran
from May 2019 to October 2020.

RESULTS

There were no significant differences in age, gender, and
educational level between the GD group, HG group, and
control group (Table 1). Approximately one-quarter of the
GD group comprised females (23.3%), compared to 31.1% in
the HG group and 23.3% in the control group. The mean
ages were 26.4 years (GD group), 26.6 years (HG group),
and 27.2 years (control group).
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Table 1. Demographic data, psychiatric disorders, and risk factors in the three groups

Gaming disorder
group (N = 60)

Hazardous gaming
group (N = 45)

Control group

(N = 120)

Pairwise group comparisons

Variable N (%)/Mean (SD) N (%)/Mean (SD) N (%)/Mean (SD) X2 (odds ratio [95% CI])
Gender
Female 14 (23.3) 14 (31.1) 28 (23.3) 1.17 GD vs Control (Male: 1.00 [0.48; 2.08]);
Male 46 (76.7) 31 (68.9) 92 (76.7) GD vs HG (Male: 1.48 [0.62; 3.54]);
HG vs Control (Male: 0.67 [0.32; 1.44]);
ADHD
Yes 32 (53.3) 15 (33.3) 8 (6.7) 49.57%** GD vs Control (16.001r [6.61; 38.75]);
No 28 (46.7) 30 (66.7) 112 (93.3) GD vs HG (2.427 [1.07; 5.48));
HG vs Control (6.81" [2.63; 17.63]);
Depressive disorders
Yes 22 (36.7) 3 (6.7) 6 (5.0) 36.16"* GD vs Control (11.471 [4.28; 30.74]);
No 38 (63.3) 42 (93.3) 114 (95.0) GD vs HG (8.09" [2.23; 29.35]);
HG vs Control (1.36" [0.32; 5.73]);
Generalized Anxiety Disorder
Yes 18 (30.0) 7 (15.6) 5(4.2) 23.34"*% GD vs Control (10.331 [3.52; 30.31]);
No 42 (70.0) 38 (84.4) 115 (95.8) GD vs HG (2.49T [0.92; 6.77]);
HG vs Control (4.15" [1.24; 13.92]);
Social Anxiety Disorder
Yes 5(8.3) 1(2.2) 2 (1.7) 5.48 GD vs Control (5.74’r [1.02; 32.27]);
No 55 (91.7) 44 (97.8) 118 (98.3) GD vs HG (6.18Jr [0.64; 60.00]);
HG vs Control (1.127 [0.10; 13.02]);
F Bonferroni post-hoc tests (Cohen’s dm
Age (range 26.42 (4.54) 26.60 (5.00) 27.18 (4.56) 0.58 Control>GD (0.17); HG>GD (0.08);
20-40 years) Control>HG (0.08)
Educational level 15.80 (1.36) 15.73 (1.57) 16.02 (1.68) 0.59 Control>GD (0.12); GD>HG (0.05);
(years) Control>HG (0.17)
CCPT performance
Detectability 48.32 (10.17) 47.20 (9.62) 46.71 (9.55) 0.63 GD>Control (0.18); GD>HG (0.15);
HG>Control (0.03)
Omissions 46.25 (6.32) 45.98 (5.00) 45.97 (5.15) 0.08 GD>Control (0.05); GD>HG (0.07);
Control>HG (0.02)
Commissions 51.77 (11.14) 50.18 (11.20) 49.53 (10.66) 0.97 GD>Control (0.22); GD>HG (0.18);
HG>Control (0.04)
Perseverations 49.90 (10.26) 47.02 (3.64) 47.10 (3.89) 4.66* GD>Control (0.44%); GD>HG (0.50%);
Control>HG (0.06)
Impulsivity 5.35 (3.27) 442 (3.12) 3.35 (2.87) 8.50"** GD>Control (0.64***); GD>HG (0.30);
HG>Control (0.34)
Functional 5.25 (3.15) 5.56 (3.57) 6.26 (2.89) 2.25 Control>GD (0.32); HG>GD (0.12);
Impulsivity Control>HG (0.21)
Reappraisal 29.42 (5.55) 31.47 (5.92) 33.86 (5.09) 14.69"** Control>GD (0.85***); HG>GD (0.42);
Control>HG (0.43%);
Suppression 19.07 (4.38) 18.31 (4.32) 18.35 (4.03) 0.62 GD>Control (0.17); GD>HG (0.16);
HG>Control (0.01)
Aversion sensitivity 22.65 (2.86) 21.71 (3.58) 20.03 (3.08) 14.55%** GD>Control (0.83***); GD>HG (0.32);
HG>Control (0.50"%);
Drive 12.10 (2.07) 12.38 (1.79) 12.99 (1.91) 4.65" Control>GD (0.46%); HG>GD (0.17);
Control>HG (0.30)
Fun-seeking 12.15 (2.18) 12.56 (1.60) 11.56 (1.78) 5.19%* GD>Control (0.30); HG>GD (0.24);
HG>Control (0.54"%)
Reward 17.63 (2.18) 17.42 (1.84) 17.30 (2.03) 0.45 GD>Control (0.15); GD>HG (0.09);
Responsiveness HG>Control (0.06)
Note:

GD: gaming disorder; HG: hazardous gaming; Control: control group.
ADHD: Attention Deficit Hyperactivity Disorder.
Depressive disorder: Individuals with a major depressive episode, history of major depressive episodes, or persistent depressive disorder.
CCPT: Conners’ Continuous Performance Test 3rd Edition.
F: F value of analysis of covariance (ANCOVA) with control of gender and age.
Data are unadjusted mean =+ standard deviation.

¥ Odds ratio adjusted for gender and age.

™ Cohen’s d values were calculated from the adjusted mean values and standard errors.
“p < 0.05, **p < 0.01, “**p < 0.001.
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Psychiatric comorbidity of GD

Adult ADHD was diagnosed in 53.3% of the GD group,
33.3% of the HG group, and 6.7% of the control group
(> = 49.57; p < 0.001). Participants with ADHD had a
higher odds ratio of 16.00 (95% CI [6.61, 38.75]) for having
GD and a higher odds ratio of 6.81 (95% CI [2.63, 17.63]) for
having HG compared to controls (Table 1). Additionally,
36.7% of the GD group, 6.7% of the HG group, and 5.0% of
the control group were diagnosed as having a depressive
episode, persistent depressive disorder, or depression history
(x> = 36.16; p < 0.001). Participants having a depressive
episode, depressive disorder or depression history had a
higher odds ratio of 11.47 (95% CI [4.28, 30.74]) for having
GD (Table 1). Moreover, 30% of the GD group, 15.6% of the
HG group, and 4.2% of the control group were diagnosed
with GAD (y* = 23.34; p < 0.001). Participants with GAD
had a higher odds ratio of 10.33 (95% CI [3.52, 30.31]) for
having GD and a higher odds ratio of 4.15 (95% CI [1.24,
13.92]) for having HG compared to controls (Table 1). Last,
8.3% of the GD group, 2.2% of the HG group, and 1.7% of
controls were diagnosed with SAD (y* = 5.48; p = 0.07).
Participants with SAD had a higher odds ratio of 5.74 (95%
CI [1.02, 32.27]) for having GD compared to controls.

The model regressing GD on psychiatric comorbidity
was statistically significant, y* = 79.04, p < 0.001 (Model 1
in Table 2). It explained 49.4% of the variance in
GD (Nagelkerke R?) and correctly classified 82.2% of
participants. Adult ADHD (odds ratio = 13.15, 95%
CI = 4.98-34.71), depressive disorder (odds ratio = 8.04,
95% CI = 2.61-24.76), and GAD (odds ratio = 5.16, 95%
CI = 1.41-18.95) were significant predictors in the model.

The similar model for HG relative to controls was sta-
tistically significant, y* = 21.30, p = 0.002 (Model 1 in
Table 3). The model explained 17.5% of the variance in HG
(Nagelkerke R*) and correctly classified 76.4% of partici-
pants. Only adult ADHD was a significant predictor in the
model (odds ratio = 6.35, 95% CI = 2.40-16.77).
Those with adult ADHD were 6.35 times more likely to be
diagnosed with HG than those without adult ADHD (95%
Cl = 2.40-16.77).

The similar model for GD relative to HG was statistically
significant, y* = 22.87, p = 0.001(Model 1 in Table 4). The
model explained 26.3% of the variance in GD (Nagelkerke
R®) and correctly classified 67.6% of participants. Depressive
disorders were the only significant predictors in the model
(odds ratio = 7.51, 95% CI = 2.01-28.04).

The CCPT performance, impulsivity, emotion
regulation, and reinforcement sensitivity of gaming
disorder and hazardous gaming

The ANCOVA in Table 1 shows there were significant
differences in perseverations (Fy1120 = 4.66, p = 0.01),
impulsivity (Fy11200 = 850, p < 0.001), reappraisal
(Fa11200 = 1469, p < 0.001), aversion sensitivity
(Fa1.1220 = 14.55, p < 0.001), drive (Fy1 1220 = 4.65, p = 0.01),
and fun-seeking (F, 11220 = 5.19, p = 0.01) between the GD,

Table 2. Logistic regression evaluating the association between
psychiatric disorders, risk factors, and gaming disorder (GD)
adjusted for gender and age

GD versus controls Wald ¥*  Odds ratio (95% CI)

Model 1: Psychiatric comorbidity

Gender 2.20 2.45 (0.75-8.00)
Age 0.39 0.97 (0.89-1.07)
Adult ADHD 27.07°* 13.15 (4.98-34.71)
Depressive disorder 13.18"** 8.04 (2.61-24.76)
Generalized anxiety disorder 6.12% 5.16 (1.41-18.95)
Social anxiety disorder 2.79 6.68 (0.72-61.98)
Chi-square test: 79.04™**; Nagelkerke
R® = 49.4%
Model 2: Risk factors
Gender 341 2.77 (0.94-8.14)
Age 0.01 1.00 (0.91-1.10)
CCPT performance
Detectability 1.88 0.88 (0.73-1.06)
Omissions 0.56 1.05 (0.92-1.20)
Commissions 1.46 1.09 (0.95-1.24)
Perseverations 4.14* 1.09 (1.00-1.19)
Impulsivity 5.89% 1.20 (1.04-1.39)
Functional impulsivity 0.12 0.97 (0.83-1.14)
Reappraisal 11.48** 0.87 (0.80-0.94)
Suppression 0.49 1.04 (0.94-1.15)
Aversion sensitivity 9.40"* 1.30 (1.10-1.53)
Drive 6.46" 0.69 (0.52-0.92)
Fun-seeking 0.24 1.07 (0.82-1.38)
Reward responsiveness 1.71 1.21 (0.91-1.62)
Chi-square test: 74.80"** Nagelkerke
R® = 47.2%
Note:

GD: gaming disorder; Controls: control group.

ADHD: Attention Deficit Hyperactivity Disorder.

Depressive disorder: Individuals with a major depressive episode,
history of major depressive episodes, or persistent depressive
disorder.

CCPT: Conners’ Continuous Performance Test 3rd Edition.

95% CI = 95% Confidence Interval; Wald ¥* = chi-square test.
*p < 0.05, **p < 0.01, ***p < 0.001.

HG, and control groups. The Bonferroni post hoc analysis
found that compared to controls, participants with GD had
significantly higher (i) perseverations (Cohen’s d = 0.44), (ii)
impulsivity (Cohen’s d = 0.64), and (iii) aversion sensitivity
(Cohen’s d = 0.83), and significantly lower (i) reappraisal
(Cohen’s d = 0.85), and (ii) drive (Cohen’s d = 0.46).

The logistic regression model regressing GD on the
aforementioned factors was statistically significant, y*> =
74.80, p < 0.001 (Model 2 in Table 2). The model explained
47.2% of the variance in GD (Nagelkerke R?) and correctly
classified 80.6% of participants. Increasing reappraisal score
(OR = 0.87, 95% CI = 0.80-0.94) or BAS drive score
(OR = 0.69, 95% CI = 0.52-0.92) were associated with a
reduction in the likelihood of being diagnosed with GD.
Increasing aversion sensitivity (OR = 1.30, 95% CI = 1.10-
1.53), impulsivity (OR = 120, 95% CI = 1.04-1.39), and
perseverations (OR = 1.09, 95% CI = 1.00-1.39) were asso-
ciated with an increased likelihood of being diagnosed with GD.
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Table 3. Logistic regression evaluating the association between
psychiatric disorders, risk factors, and hazardous gaming (HG)
adjusted for gender and age

Table 4. Logistic regression evaluating the association between
psychiatric disorders, risk factors, and gaming disorder (GD) in
comparison with Hazardous gaming (HG) adjusted for gender and

Odds ratio 8¢
HG versus controls Wald y* (95% CI) GD versus HG Wald ¥*>  Odds ratio (95% CI)
Model 1: Psychiatric comorbidity Model 1: Psychiatric comorbidity
Gender 0.27 0.80 (0.34-1.88) Gender 2.11 2.23 (0.75-6.62)
Age 0.15 0.98 (0.91-1.07) Age 0.03 1.01 (0.92-1.11)
Adult ADHD 13.90"** 6.35 (2.40-16.77) Adult ADHD 3.71 2.39 (0.98-5.81)
Depressive disorder 0.18 1.40 (0.30-6.59) Depressive disorder 9.00"* 7.51 (2.01-28.04)
Generalized anxiety disorder 0.01 3.29 (0.89-12.09) Generalized anxiety disorder 1.58 2.00 (0.68-5.90)
Social anxiety disorder 0.53 0.90 (0.06-13.16) Social anxiety disorder 1.32 4.38 (0.35-54.57)

Chi-square test: 21.30** Nagelkerke R* = 17.5%
Model 2: Risk factors

Gender 0.17 0.82 (0.31-2.13)
Age 0.01 1.01 (0.92-1.10)
CCPT performance
Detectability 0.21 1.04 (0.89-1.22)
Omissions 0.49 0.96 (0.84-1.09)
Commissions 0.25 0.97 (0.86-1.09)
Perseverations 0.00 1.00 (0.88-1.15)
Impulsivity 0.03 1.01 (0.87-1.18)
Functional impulsivity 0.00 1.00 (0.86-1.15)
Reappraisal 3.12 0.93 (0.87-1.01)
Suppression 0.32 1.03 (0.93-1.14)
Aversion sensitivity 3.14 1.15 (0.99-1.35)
Drive 461* 0.74 (0.56-0.97)
Fun-seeking 9.94** 1.60 (1.20-2.15)
Reward responsiveness 0.02 0.98 (0.75-1.29)

Chi-square test: 31.03** Nagelkerke R> = 24.9%

Note:

HG: hazardous gaming; Controls: control group.

ADHD: Attention Deficit Hyperactivity Disorder.

Depressive disorder: Individuals with a major depressive episode,
history of major depressive episodes, or persistent depressive
disorder.

CCPT: Conners” Continuous Performance Test 3rd Edition.

95% CI = 95% Confidence Interval; Wald Xz = chi-square test.
*p < 0.05, **p < 0.01, ***p < 0.001.

The Bonferroni post hoc analysis also found that the HG
group had significantly higher aversion sensitivity (Cohen’s
d = 0.50) and fun-seeking (Cohen’s d = 0.54) and lower
reappraisal (Cohen’s d = 0.43) than the controls (Table 1).
The logistic regression model for HG relative to controls was
statistically significant, y> = 31.03, p = 0.005 (Model 2
in Table 3). The model explained 24.9% of the variance in
HG (Nagelkerke R*) and correctly classified 75.2% of
participants. Increasing BAS fun-seeking (OR = 1.56, 95%
CI = 1.22-1.99) was associated with an increased likelihood
of being diagnosed with HG. Increasing BAS drive score was
associated with reducing the likelihood of being diagnosed
with HG (OR = 0.74, 95% CI = 0.56-0.97).

DISCUSSION

The present case-control study, using diagnostic interviews,
demonstrated comorbidities with attention deficit hyperactivity

Chi-square test: 22.87** Nagelkerke R* = 26.3%

Note:

GD: gaming disorder; HG: hazardous gaming.

ADHD: Attention Deficit Hyperactivity Disorder.

Depressive disorder: Individuals with a major depressive episode,
history of major depressive episodes, or persistent depressive
disorder.

95% CI = 95% Confidence Interval; Wald X2 = chi-square test.
*p < 0.01.

disorder (ADHD), depressive disorder, and general anxiety
disorder (GAD) among adults with gaming disorder (GD) or
hazardous gaming (HG) based on the ICD-11 criteria similar
to previous reports for IGD in DSM-5 (Ko et al., 2021; Martin-
Fernandez et al., 2016; Wang et al,, 2017; Yen, Liu, et al., 2017).
Individuals with GD had higher impulsivity, lower emotion
regulation, and higher aversion sensitivity than controls which
concurs with previous studies (Lin, Lin, Lin, Yen, & Ko, 2020;
Wang et al., 2017; Yen, Liu, et al,, 2017). On the other hand,
individuals with HG had higher fun-seeking and lower BAS
drive than controls.

Comorbidity with ADHD and impulsivity among
individuals with gaming disorder

ADHD is one of the most reported comorbid psychiatric
disorders of GD (Dullur, Krishnan, & Diaz, 2021; Gonzalez-
Bueso et al, 2018; Koncz et al, 2023, 2024; Wang, Yin,
Wang, King, & Rost, 2024; Werling, Kuzhippallil, Emery,
Walitza, & Drechsler, 2022). ADHD has consistently been
reported to be frequently comorbid with GD, ranging from
39% to 50.7% among individuals with GD (Cabelguen et al.,
2021; Ko et al.,, 2021; Yen, Liu, et al., 2017). According to a
recent meta-analysis, in studies where individuals with and
without a GD diagnosis were compared, a large positive
difference (¢ = 0.854, p < 0.001) was found regarding
ADHD symptom severity (Koncz et al., 2023). Furthermore,
adult ADHD was the comorbid psychiatric disorder most
associated with GD in the logistic regression analysis in the
present study, as was found in a previous study for IGD
(Ko et al., 2021). This result suggests that ADHD is also
prevalent among individuals with GD based on the ICD-11
criteria, which emphasizes uncontrolled gaming with high
priority and has a higher intensity threshold than the DSM-5
criteria of IGD (Yen et al., 2023).
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The present study also demonstrated that the GD group
had higher impulsivity and perseveration than the controls.
According to the definition of Dickman’s Impulsivity In-
ventory, dysfunctional impulsivity results in rapid and
inaccurate performance with a rapid and error-prone in-
formation-processing pattern rather than deliberative
thinking (Dickman, 1990). Perseveration indicates impair-
ment in extinguishing a previously rewarded response
(Ribes-Guardiola, Poy, Segarra, Branchadell, & Molto,
2020). Lack of deliberation and difficulty in extinguishing an
established rewarded response may make individuals with
GD unable to control their gaming behavior and may cause
negative consequences. This finding is in line with previous
studies that reported that impulsivity and low conscien-
tiousness were risk factors associated with GD (Gentile et al.,
2011; Muller, Dreier, & Wolfling, 2023).

Previous reviews have demonstrated a consistent positive
association between impulsivity and GD (Salvarli & Grif-
fiths, 2022), which may be due to an altered neurobiological
structure among individuals with impulsivity, as a previous
study suggested regarding its role in biomarkers (Zhang
et al,, 2023). Impulsivity has also been shown to mediate the
association between the catechol-O-methyltransferase poly-
morphism and GD (Yen, Lin, et al., 2022). The possible role
of impulsivity in the vulnerability of GD might account for
the higher impulsivity of GD in the present study.

Impulsivity is the core symptom in the diagnostic criteria
of ADHD (APA, 2013). Moreover, higher perseveration is
one of the neuropsychological characteristics of ADHD
(Rizzutti et al., 2015). Previous studies reported that in-
dividuals with GD and ADHD have higher impulsivity and
lower self-control than controls (Ko et al., 2021). Impulsivity
has also been reported to have an essential role in the asso-
ciation between ADHD and GD in several studies (Cabelguen
et al,, 2021; Ko et al., 2021; Yen, Liu, et al,, 2017). The high
comorbidity with ADHD might also contribute to the higher
impulsivity and perseveration of GD in the present study.

In the present study, 53.3% of the GD group (n = 32)
were diagnosed with adult ADHD. Comorbid ADHD could
affect the clinical course or treatment response among
individuals with GD. Martin-Ferndndez et al. (2016)
demonstrated a favorable treatment response at three and
six months among adolescents with IGD and externalizing
profiles, including ADHD. However, Lee, Bae, Kim, and Han
(2021) reported that ADHD comorbidity was associated
with poor treatment outcomes among those aged 11-42
years, after eight weeks of treatment after three years of
follow-up. Previous intervention studies suggest that treating
the underlying symptoms of ADHD significantly improves
the symptoms of GD (Chang, Chang, Cheng, & Tzang,
2020). Therefore, ADHD and impulsivity should be evalu-
ated and effectively treated among individuals with GD.

Depression and emotion regulation among individuals
with gaming disorder

Previous studies have reported the association between
depressive disorder and GD in both diagnostic interviewing

(Ko et al., 2021) and survey studies (Ropovik et al., 2023;
Teng, Pontes, Nie, Griffiths, & Guo, 2021). In the present
study, the logistic regression indicated that those with
depressive disorder were 8.04 times (95% CI = 2.61-24.76)
more likely to be diagnosed with GD than those without
depressive disorder. This result suggests that individuals
with depressive disorder are more prone to have GD than
those without depressive disorder. Furthermore, higher
reappraisal scores were associated with a reduced likelihood
of being diagnosed with GD versus controls (OR = 0.87;
95%CI = 0.80-0.94). Previous studies have reported lower
emotion regulation among individuals with GD (K6konyei
et al, 2019; Lin et al,, 2020; Yen et al., 2017). A recent study
suggested that immersion/escapism motivation mediated the
association between depressive symptoms and gaming dis-
order symptoms (Kiraly et al., 2022). Therefore, individuals
experiencing depressive symptoms may have a higher
motivation to play games to escape/avoid everyday problems
and difficulties. Lower reappraisal and dysfunctional coping
(Lin et al,, 2021) associated with GD might make it chal-
lenging for gamers to improve their mood by themselves.
Without effective intervention to alleviate depression and
promote coping, gaming to escape might result in negative
consequences, which results in a vicious cycle.

Generalized anxiety disorder, social anxiety disorder,
and aversion sensitivity among individuals with gaming
disorder

GAD and SAD were associated with GD in the pairwise
group comparison analyses. However, only GAD, but not
SAD, was associated with GD when other psychiatric dis-
orders were controlled for. Those with GAD were 5.16 times
more likely to have GD than those without GAD, which
concurs with the findings of previous studies (Ko et al., 2021;
Wang et al.,, 2017). Moreover, aversion sensitivity — which
represents hypersensitivity to punishment and non-reward
(Carver & White, 1994) - was associated with GD in the
present study, which aligns with a previous study (Xiang
et al., 2020). Previous studies demonstrated that individuals
with GAD have higher aversion sensitivity (Akdeniz Gor-
gulu, Baykan, & Karlidere, 2023) and that aversion sensi-
tivity confounded the association between GAD and GD
(Wang et al., 2017). Individuals with GAD can experience
chronic and long-term anxiety in their daily lives. They may
engage in gaming to escape their worries and meet others
virtually which may lower their social anxiety (Hutchins,
Allen, Curran, & Kannis-Dymand, 2021). The sensitivity to
aversion and non-reward might reinforce their gaming
behavior to escape from stress and anxiety in daily life.
However, gaming to escape may increase the risk of GD
(Backlund, Elbe, Gavelin, Sérman, & Ljungberg, 2022;
Melodia, Canale, & Griffiths, 2022; Ropovik et al., 2023).
Individuals with GD may experience negative conse-
quences (Ko, Lin, Lin, & Yen, 2020) that lead to stress and
drive them to limit their gaming. However, if they try to
control gaming without adequate resources, they may
experience withdrawal-related symptoms such as irritability,
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craving, and/or anhedonia (Yen et al., 2022). Their sensi-
tivity to these aversive experiences might prevent them from
controlling their gaming. Their high aversion sensitivity
might also prevent them from trying alternative activities.
The aforementioned interplay between GAD and aversion
sensitivity in the course of GD requires additional pro-
spective studies, specifically on GD with GAD. Moreover,
individuals with GD should be evaluated for GAD and
aversion sensitivity to provide effective intervention
for them.

Psychiatric comorbidity and risk factors of hazardous
gaming

The present study is the first to show that adult ADHD is the
psychiatric comorbidity most associated with HG, a poten-
tial early stage of GD (Kewitz et al., 2023). Therefore,
intervention for ADHD might benefit not only those who
have GD (Han et al., 2009) but also those who have HG and
experience some level of harm due to their gaming activity.
The present study also demonstrated that individuals with
HG have greater fun-seeking than controls. Previous
research has reported an association between fun-seeking
and GD in genetic and brain imaging studies (Dong, Zheng,
Wang, Ye, & Dong, 2022; Yen et al,, 2022b). Fun-seeking
refers to a desire for a new reward and a willingness to
approach a potentially rewarding event (Carver & White,
1994). Therefore, individuals with high fun-seeking could
have a higher desire to engage in gaming, and the rewarding
design of games could reinforce their desire. Stronger desire
without control might be associated with health risks, such
as decreased or worse sleep. Moreover, BAS drive was
negatively associated with HG in the regression analysis.
Drive represents the persistent pursuit of a desired goal
(Carver & White, 1994), such as “T go out of my way to get
things I want.” Although individuals with higher drive could
have higher motivation for gaming, they could also be
motivated by their goals in daily life instead. The motivation
to take action for their desired goals may contribute to good
functioning in daily life. Therefore, promoting engagement
in alternative recreational activities to satisfy reward sensi-
tivity in fun-seeking or redefining their goals in daily life to
empower their drive to act on them is crucial in preventing
HG, particularly for those with ADHD.

The difference in psychiatric comorbidity between GD
and HG group

The ICD-11 criteria of GD and HG make it possible to have
a comparison between the early and late stages of addiction
to gaming. Both ADHD and depressive disorder were
associated with the GD group in comparison with the HG
group. When all psychiatric comorbidities entered the
model, depressive disorder remained the only significant
factor associated with GD. It showed that patients with GD
had significantly higher depression than patients with HG.
This indicates that depression is a key (or an important
factor to be considered) when differentiating GD from HG

in the diagnostic phase. Gentile et al. (2011) suggested
that GD contributes to depression in a prospective
study. Individuals with GD experience functional impair-
ment caused by gaming but are still unable to control
their behavior. This frustrating experience might further
increase their depression symptoms and explain the higher
depression rate among GD patients compared to those
with HG.

Clinical implications

Previous reviews have suggested that cognitive control,
emotional regulation, and reward sensitivity contribute to
GD based on the neurobiological or cognitive behavior
model (Dong & Potenza, 2014; Kuss et al., 2018; Weinstein
& Lejoyeux, 2020). The present study’s findings suggest that
impulsivity, perseveration, emotional regulation, and aver-
sion sensitivity are associated with GD. Individuals with GD
have a higher comorbid rate of ADHD, depressive disorder,
and GAD than controls. These multifaceted factors may
complexly reinforce and exacerbate one another and
contribute to different stages of GD. For example, ADHD
and fun-seeking were associated with HG, a possible early
stage of GD, and depression was associated with GD relative
to HG. Additional studies to understand the complex
interplay of risk factors and comorbidity for GD or HG,
such as escapism in the association between ADHD and GD
(Koncz et al, 2024), are necessary. They have important
implications for clinical work. Comprehensive assessments
addressing these essential domains and psychiatric comor-
bidities are also required to develop an individualized, in-
tegrated treatment to fit the personal needs of individuals
with GD or HG.

LIMITATIONS

The present study has some limitations. First, due to the
nature of being a case-control study, the direction of the
associations between GD and psychiatric disorders cannot
be determined. Second, symptoms of depression and social
anxiety may have prevented some individuals with SAD or
major depressive disorder from participating in the study.
However, this effect would be equal in both the GD and
control groups. Third, the present study did not demonstrate
a significant association between GD and SAD in control of
other psychiatric disorders, even though participants with
SAD had a higher odds ratio of 5.74 (95% CI [1.02, 32.27])
for having GD compared to the controls. The low number of
cases of social anxiety might have limited the power to detect
a significant difference. Fourth, Cronbach’s alpha values of
the fun-seeking subscale of the BIS/BAS scale were below
0.6. The low number of items (i.e., four items) might be
associated with the low Cronbach’s alpha as was reported in
the original study (Carver & White, 1994). Lastly, the
number of those initially contacted and excluded from the
study was not recorded in the telephone screening or diag-
nostic interviewing. Therefore, it cannot be confirmed
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whether the exclusion criteria contributed to bias in case
recruitment. However, all participants completed the ques-
tionnaires without dropping out during the evaluation stage.

CONCLUSION

The present case-control diagnostic interview study
demonstrated the psychiatric comorbidity of ADHD,
depressive disorder, and GAD among individuals with GD
based on the ICD-11 criteria. ADHD, depressive disorder,
and GAD should be evaluated and treated among in-
dividuals with GD. Higher impulsivity, aversion sensitivity,
and lower reappraisal were also associated with GD. Inter-
vention for these risk factors should be included in the
treatment plan for GD. ADHD was also associated with HG,
and depressive disorder was associated with GD relative to
HG. ADHD should be intervened as early as possible, which
might prevent HG. The effects of the suggested treatments
should be studied in future intervention studies.
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LIST OF ABBREVIATIONS

ADHD Attention deficit hyperactivity disorder

ANOVA  Analysis of variance

APA American Psychiatric Association

BIS/BAS  Behavior Inhibition System and Behavior
Approach System

CCPT Conners’ Continuous Performance Test 3rd
Edition

C-MINI  Chinese version of the Mini International
Neuropsychiatric Interview

DSM-5 The fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders

GAD Generalized anxiety disorder

GD Gaming disorder

HG Hazardous gaming

ICD-11  The 11th revision of the International Classifi-

cation of Diseases
IGD Internet gaming disorder

SAD Social anxiety disorder
WHO World Health Organization
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Appendix
Advertisements used to recruit participants

Project Title: Preparing the brain for recovery: Neurofeedback
training in gaming disorder comorbidity with adult ADHD

We are researchers at Kaohsiung Medical University, and this study
is a project on ‘Gaming Disorder’. We are inviting individuals to
participate in one of two groups:
‘Gaming Disorder (GD) Group’ and ‘Healthy Adult Group.
If you meet the conditions of one of the groups, you are welcome
to contact us.

Those in the ‘GD Group’ need to meet the following conditions:

Be an online gamer aged between 20 and 40 years.
Have an educational background of high school or above.
Be an online gamer playing online games for at least five years.
Play online games for more than 4 h a day, more than 8 h on
Saturdays and Sundays, or more than 40 h per week.
5. Consider online gaming is the main focus of life, affecting
relationships, health, education and/or occupation.
6. Cannot bear not gaming online for three days or more.
7. Have no severe physical problems (such as asthma or heart
disease).
8. Have no brain injury or severe central nervous system disease.
9. Is currently not taking any psychotropic drugs (such as
sleeping pills).
10. Have never used illegal drugs and does not drink alcohol
regularly.
Those in the “Healthy Adult Group” need to meet the following
conditions:

Ll el

1. Be aged between 20 and 40 years.
2. Have an educational background of high school or above.
3. It is enough to meet one of (1) or (2)

1. You often play online games and think they have no sig-
nificant negative impact on your life or health as a result of
online gaming.

2. You do not play online or rarely play online games, and you
think that surfing the internet or playing games has no
significant negative impact on your life or health.

4. Have no severe physical problems (such as asthma, heart
disease).

5. Have no brain injury or severe central nervous system disease.

6. Is currently not taking any psychotropic drugs (such as sleeping
pills).

7. Have never used illegal drugs and does not drink alcohol
regularly.
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