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ABSTRACT

Background and Aims: A definition of gaming disorder (GD) was introduced in ICD-11. The purpose of
this study was to develop a short screening test for GD, utilizing a reference GD group. It also sought to
estimate the prevalence of GD among individuals, representative of the general young population in
Japan. Methods: Two hundred eighty one men and women selected from the general population, aged
between 10 and 29 years, and 44 treatment seekers at our center completed a self-reported questionnaire
comprising candidate questions for the screening test. The reference group with ICD-11 GD was
established, based on face-to-face interviews with behavioral addiction experts, using a diagnostic
interview instrument. The questions in the screening test were selected to best differentiate those who
had GD from those who did not, and the cutoff value was determined using the Youden index. Results:
A nine-item screening test (GAMES test) was developed. The sensitivity and specificity of the test were
both 98% and the positive predictive value in the study sample was 91%. The GAMES test comprised
two factors, showed high internal consistency and was highly reproducible. The estimated prevalence of
GD among the general young population was 7.6% (95% confidence interval; 6.6–8.7%) for males and
2.5% (1.9–3.2%) for females, with a combined prevalence of 5.1% (4.5–5.8%). Discussion and
Conclusion: The GAMES test shows high validity and reliability for screening of ICD-11 GD.
The estimated prevalence of 5.1% among the general young population was comparable to the pooled
estimates of young people globally.
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INTRODUCTION

Digital gaming has become increasingly popular around the globe (King & Delfabbro, 2019).
However, gaming when unrestricted, can be highly absorbing, time-consuming, and
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potentially addictive for vulnerable individuals. The World
Health Organization (WHO) included gaming disorder
(GD) as a disorder due to addictive behaviors in the eleventh
revision of the International Classification of Diseases (ICD-
11) in May 2019 (WHO, 2019). The decision to do so was
based on the accumulated evidence and followed intensive
discussion among experts from all over the world (WHO,
2016; Saunders et al., 2017). According to the definition of
GD in ICD-11, three clinical manifestation criteria and one
functional impairment criterion need to be met to make a
diagnosis of GD (WHO, 2019). In addition, these behavior
patterns and impairments are required to have persisted for
at least 12 months, except in cases where severe symptoms
are present.

Prior to the inclusion in ICD-11, preliminary diagnostic
criteria of internet gaming disorder (IGD) were published by
the American Psychiatric Association in the fifth edition of
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) in 2013 (American Psychiatric Association, 2013).
These comprised nine criteria with at least five criteria
needing to be met for a diagnosis of IGD to be made.

In a recent review of studies, the prevalence of problematic
gaming ranged from 0.7% to 27.5%, depending on study
design, measurement, and study population (Mihara &
Higuchi, 2017). The prevalence was higher among males than
females and tended to be higher among younger rather than
older people in some studies. In a meta-analysis of 16 studies
published prior to 2017, the pooled prevalence of problematic
gaming was 4.6% among adolescents, confirming the extent of
the disorder (Fam, 2018). More recently, a comprehensive
review revealed that the prevalence of IGD ranged from
0.21% to 57.5%. However, no study has reported the esti-
mated prevalence of ICD-11 GD (Darvesh et al., 2020).

The development of a screening instrument for a newly
conceptualized disorder is of great importance. Firstly, it can
serve as an instrument to identify individuals with the dis-
order for the purposes of preventive and treatment in-
terventions, and it may be used as an adjunctive tool with
which to make a diagnosis. Secondly, it can be used to make
a provisional estimate of the prevalence of the disorder in a
general or specific population. In the case of DSM-5 IGD,
several assessment tools and screening tests based on the
diagnostic criteria of IGD have been developed (Pontes,
Kir�aly, Demetrovics, & Griffiths, 2014; Lemmens, Valken-
burg, & Gentile, 2015; Pontes & Griffiths, 2015; Pearcy,
Roberts, & McEvoy, 2016; Kir�aly et al., 2017; van Rooij,
Schoenmakers, & van de Mheen, 2017; Jo et al., 2018). Some
of these have been extensively validated and translated into
other languages (Pontes & Griffiths, 2015; Kir�aly et al.,
2017). One such test, the Ten-Item Internet Gaming Dis-
order Test (IGDT-10) has been translated into 11 languages
with cross-cultural validation conducted for seven of these
(Kir�aly et al., 2019).

In a recent comprehensive and systematic review of
screening and assessment tools for IGD and GD, the authors
identified all available English-language tools (N 5 32), and
evaluated these in relation to 1) conceptual and practical
considerations, 2) alignment with DSM-5 and ICD-11

criteria, 3) type and quantity of studies and samples, and 4)
psychometric properties (King et al., 2020). The result
showed that the coverage of IGD and GD criteria is
inconsistent and tools converge on the importance of
screening for control over gaming and functional impair-
ment. It also highlighted how no single instrument was
clearly superior to any other. Currently, a gold standard tool
that allows for the identification of individuals with GD
correctly and accurately has yet to be created, which is un-
surprising, as the definition of GD was first published by
WHO only in 2019. The authors suggest that the develop-
ment of a gold standard instrument would be invaluable in
enabling professionals to correctly identify gaming-related
harms, and develop more effective intervention strategies for
those in need (King et al., 2020).

With regard to ICD-11 GD, two assessment tools have
been developed. The first tool, called the Gaming Disorder
Test (GDT), consists of 4 items representing the three
diagnostic guidelines and the functional impairment (Pontes
et al., 2019). This test was validated using the results of
online surveys given to subjects in the UK and China.
However, the purpose of this instrument was not to diagnose
GD but to assess its severity and consequences, and the
suggested cutoff score was not validated (Pontes et al., 2019).
The second instrument - the Gaming Disorder Scale for
Adolescents (GADIS-A) – comprised 10 items and was
created based on the consensus of clinical and scientific
experts (Paschke, Austermann, & Thomasius, 2020). It was
designed to exclusively be used with adolescents. The clas-
sification of the presence of GD was determined by latent
class analysis and the 4 criteria of IGD, similar in content to
the key elements of GD, were used as a reference standard
(Ko, Lin, Lin, & Yen, 2019).

These two instruments employed polytomous scales us-
ing the Likert approach, whereas the screening test this study
has developed utilized a dichotomous (yes/no) approach. A
study comparing the psychometric properties of the polyt-
omous and dichotomous approaches has been conducted,
using the same 9-item and 27-item instruments for IGD
(Lemmens et al., 2015). It revealed that both types of
assessment were reliable, showed good criteria-related val-
idity, and additionally, the dichotomous 9-item IGD scale
showed solid psychometric properties and was the most
practical scale for diagnostic purposes.

In this context we have developed a screening instrument
for ICD-11 GD using a novel but standardized approach.
We conducted a self-reported survey using a questionnaire
containing a set of questions relating to the four key ele-
ments of the ICD-11 GD definition of gaming behavior
among randomly selected community sample groups and
treatment seekers. Due to the absence of a gold standard
instrument for GD, we developed a new interview tool for
establishing a reference group in order to develop a
screening test. Survey participants with GD were identified
using this instrument based on face-to-face interviews con-
ducted by behavioral addiction experts followed by a panel
discussion among the interviewers. Question items for the
instrument and the cutoff score to screen for GD were
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statistically determined to best differentiate participants with
GD from those without GD. The psychometric properties
were also explored to ascertain if it could be a valid and
reliable screening instrument for assessing GD. The new
instrument comprising 9 items was named the GAMing
Engagement Screener test (GAMES test) (Appendix). In this
study we also estimated the prevalence of GD using the
GAMES test among subjects representing the general pop-
ulation, aged between 10 and 29 years, in Japan.

METHODS

Study participants

The subjects of this study were drawn from a representative
cohort of the Japanese population residing in Japan who
responded to a self-reported questionnaire survey about
internet game use and daily habits from January through
March 2019. For that, 300 national census spots were
randomly identified and 9,000 individuals aged 10–29 years
randomly selected from the inhabitant register of the local
communities containing these census spots. Professional
interviewers visited each household containing a respondent
identified using the aforementioned process, requesting that
the questionnaire be completed and arranging for its sub-
sequent collection. Of the survey participants, 5,096 in-
dividuals gave valid responses to the questionnaire (response
rate: 56.6%). Despite the relatively low response rate, the age,
gender, and geographical distributions of these respondents
were similar to those of initial survey invitees (N 5 9,000).
However, the response rate tended to be lower for partici-
pants who were 20 years old or older compared to those
under 20 years old. With regard to geographical distribution,
the response rates in the Kanto and Kinki areas tended to be
lower than for those in other areas. The questionnaire that
was administered to the 5,096 participants included all
questions that were used for developing the GAMES test. Of
these respondents, 2,953 gave consent for the additional
survey and 766 of those living in the broader Tokyo
metropolitan area were invited to participate in the study to
develop a screening test. The interview for this investigation
was carried out in July and August 2019, and a total of 281
individuals who had consented to participate in the inter-
view subsequently attended and were enrolled in this study.
Of the 766 invitees and 281 participants, Tokyo was over-
represented compared to those from adjacent prefectures,
but no difference was found in relation to age and gender.
Because the number of subjects diagnosed as having GD was
too small for detailed statistical analysis, the same self-re-
ported questionnaire survey was additionally conducted
among the 44 outpatients who had been definitively diag-
nosed as having ICD-11 GD by addiction psychiatrists at the
Specialized Internet Addiction Clinic of the Center (Fig. 1).

Sources of questions in the screening test

The candidate questions for the screening test were prepared
from the following sources: 1) Ten questions adapted for

gaming on the basis of the questions related to 3 clinical
manifestation criteria of GD, selected from the Internet
Related Disorder-Clinical Assessment Tool (I-CAT) (Brandt
et al., 2018; Besser, Loerbroks, Bischof, Bischof, & Rumpf,
2019); 2) six original questions related to the GD criteria,
prepared utilizing the day-to-day clinical experience of
psychiatrists and clinical psychologists in charge of GD
treatment at the Center; 3) ten questions constituting the
Japanese version of the IGDT-10 (Kir�aly et al., 2017); 4)
three questions for the evaluation of functional impairment,
designed to assess the influence of GD on social activities
using the modified 11-grade visual analog scale (VAS) of
Sheehan (Sheehan, Harnett-Sheehan, & Raj, 1996; Hodgins,
2013); and 5) fifteen independent candidate questions for
the evaluation of functional impairment derived from clin-
ical observation of GD patients at the Center.

Of these 44 questions, 5 questions not found in the ICD-
11 definition of GD (related to preoccupation, tolerance,
withdrawal symptoms, deception, and escapism in the
IGDT-10) were excluded, and the validity of the remaining
39 potential candidate questions were analyzed. Each
candidate question fell under one of the following categories
found in the definition of ICD-11 GD: A) loss of control
over gaming, B) increasing prioritization of gaming in life,
C) functional impairment due to gaming, and D) continu-
ation of gaming despite negative consequences.

Diagnosis of GD

GD in the study participants was definitively diagnosed
based on face-to-face interviews by professionals at the
Center with expertise in the diagnosis and treatment of GD.
Because no validated tool for ICD-11 GD diagnosis had been
published at the time of the interviews we developed the
interview tool for diagnosis used in the present study
(Supplementary material). To minimize differences in
symptom evaluation arising between interviewers, the latter
had been trained in advance using model cases, so that
evaluations could be performed in a standardized manner.
The interviews for the diagnosis were carried out individu-
ally and 18 individuals were identified with suspected GD.
The results obtained in the questionnaire survey were totally
blind to interviewers. All experts involved in the interviews
later met and of the 18 individuals, seven were diagnosed to
have GD. When combined with 44 outpatients diagnosed
with GD by addiction psychiatrists and confirmed with the
same diagnostic instrument, there was a total of 51 in-
dividuals with confirmed GD.

Screening test development

Reference group. The gaming disorder group comprised 51
persons definitively diagnosed, as above. The control group
comprised 274 subjects, after the exclusion of the 7 in-
dividuals who had been diagnosed with GD.

Statistical evaluation of questions. First, the relationship of
individual candidate questions to the presence/absence of
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GD was judged using WAIC (widely applicable information
criterion) and WBIC (widely applicable Bayesian informa-
tion criterion), which are evaluation indicators of the degree
of fitness of a statistical model (Watanabe, 2010, 2013). Both
WAIC and WBIC can be used, regardless of the data dis-
tribution, and the lower the values, the greater the fitness of
the model.

To avoid the problem of multicollinearity, the variance
inflation factor (VIF) was calculated. No combination of
questions yielded VIF values exceeding 10, allowing us to
rule out multicollinearity. When the Spearman correlation
coefficient between two items was used for the evaluation of
multicollinearity, a high correlation coefficient was noted
sporadically. When the correlation coefficient between two
items was 0.6 or higher, only one of the two was adopted in
the multivariate statistical model.

Selection of variables for screening and setting their cutoff
level. Next, the variables were selected in accordance with
the definition of GD. For each of the 4 categories (A through
D) mentioned above, 2 variables with a relatively low WAIC

or WBIC were selected. Then, multiple logistic regression
analysis was conducted, using the presence/absence of GD as
the dependent variable with the gender, age, and presence/
absence of candidate items as covariates for adjustment to
evaluate the degree of fitness of the statistical model. The
Hosmer-Lemeshow test was used to evaluate the applicability
for logistic regression models. We determined in advance
that an item which was met by at least two out of seven
diagnosed individuals among the general young population
would be included in the test, because an item positive for
only one diagnosed participant was deemed inappropriate.

As the time spent gaming on weekdays has been shown
to be a variable useful for the identification of GD, this was
added to the 8 variables selected by the above-mentioned
process to yield the Gaming Engagement Screener test
(GAMES test). The sensitivity and specificity of this
screening test were evaluated by separately conducting an
analysis for optimal identification of the combined 51 sub-
jects with GD. The optimum cutoff level was determined
using the Youden’s Index (Sensitivity þ Specificity - 1)
(Bantis, Nakas, & Reiser, 2014).

Fig. 1. Flow diagram for identifying study participants in the development of the GAMES test and estimating the prevalence of GD. GAMES
5 Gaming Engagement Screener. GD 5 gaming disorder
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Evaluation of the reliability and validity of the items
constituting the GAMES test

Evaluation by factor analysis. An exploratory factor anal-
ysis was conducted to examine whether or not the items
constituting the screening test possessed a factor structure
conforming to the framework of the GD definition. Principal
factor analysis for 325 subjects was used as the method for
this factor analysis. The generalized least squares method
was employed for factor extraction. Promax rotation was
conducted for interpretation of the results of factor analysis.
The Bartlett sphericity test and Kaiser-Meyer-Olkin measure
of sampling adequacy were used to check the prerequisites
for the factor analysis (Malhotra, 1999; Hair, Black, Babin, &
Anderson, 2010).

Relationship to the IGDT-10 score. The degree of agree-
ment between the total GAMES test score and the total
IGDT-10 score and between the presence of GD (score 5 or
higher) and the presence of IGD were examined. Because the
Japanese version of the IGDT-10 has not been validated, the
presence of IGD was determined using the originally sug-
gested cutoff point (Kir�aly et al., 2017). The weighted k

coefficient and the intraclass correlation coefficient (ICC)
served as the degree of agreement.

Evaluation of internal consistency and test-retest reliabili-
ty. Internal consistency was evaluated using Cronbach’s
alpha and the omega coefficients. For evaluation of the test-
retest reproducibility, a second self-reported survey using
the same questionnaire was conducted two weeks later
involving a randomly selected half of the participants (N 5
146) and the 44 outpatients with GD. Responses were
collected from 109 survey participants and from all 44
outpatients. Excluding the 9 survey participants who failed
to give valid answers to the primary questions, the responses
of the remaining 144 subjects were included in the analysis.
Reproducibility, an indicator of reliability, was evaluated
with the weighted k coefficient and ICC.

Estimation of the prevalence of GD among young
Japanese

The GAMES test was applied to 5,096 respondents of the
initial survey, representing young Japanese aged between 10
and 29 years. The data were adjusted by every one-year age
group and gender for the estimated population in Japan as of
October 1, 2018 (Statistics Bureau of Japan, 2018).

All statistical analyses of the data were conducted using
SPSS Version 25.0 (IBM Corp, 2017).

Ethics

This study was approved by the Ethics Committee of the
Center (Approval No. 332). Informed consent to participate
in the study was obtained from all participants. If partici-
pants were younger than 18 years old informed consent was
obtained from not only the participants but also their

guardians. The study procedures were performed in accor-
dance with the Declaration of Helsinki.

RESULTS

Development of the GAMES test

Selection of 8 items representing 4 criteria of GD. Of the 39
items analyzed, 11 items received negative responses from all
7 individuals identified as having GD in the survey of the
general population. Excluding these 11 items, the WAIC and
WBIC values of the remaining 28 items are shown in
Table 1. The items with low WAIC and WBIC values that
received an affirmative answer from 2 or more of these 7
individuals were questions 4, 5, and 6 in Group A, questions
7, 8, 9, and 11 in Group B, questions 13, 14, 15, 16, 20, and
21 in Group C, and questions 24 and 26 in Group D.

Two items were selected from each of the 4 groups and
multiple logistic regression analysis was repeatedly con-
ducted. The highest R2 (Cox-Snell R2 5 0.548, Nagelkerke
R2 5 0.943) was recorded by the model including questions
4 and 5 from Group A, questions 7 and 9 from Group B,
questions 16 and 21 from Group C, and questions 24 and 26
from Group D. All of these items were met for at least 3 out
of 7 diagnosed individuals from among the young popula-
tion. When the presence/absence of GD was predicted using
these 8 variables with a cutoff score of 0.5 (absence 5 0/
presence5 1), the accuracy of the prediction was 96.1%. The
test of Hosmer and Lemeshow yielded a P value of 0.999.
Thus, the null hypothesis was not rejected and the model
fitness was judged as high.

The results of the multiple logistic regression analysis are
shown in Table 2. Because the data from outpatients with
GD were added to this analysis to enable multivariate
analysis, the odds ratio changed as the number of added
outpatients increased or decreased. The frequency of sub-
jects providing affirmative answers for each item differed
between the GD and control groups; the odds ratios were
quite high, and confidence intervals were also wide. There-
fore, we judged that the odds ratio value may not be
important in deciding whether to include/exclude a given
item from the screening test.

Cutoff score and sensitivity and specificity. Table 3 shows
the data on the sensitivity and specificity of the 8-item
screening test without the ninth item and the 9-item
GAMES test. The table additionally gives the results of the
analysis of the cutoff level for the screening test under two
settings; combined 51 subjects with GD and only 7 subjects
from the general population. Based on the Youden index
values, the optimal cutoff score was ≥4 (full score 5 8, score
point of 1 for each item that elicited an affirmative response
and 0 for each item that elicited a negative response among
the 8 items) for the combined data. In this case, a sensitivity
of 94% and specificity of 97% were obtained.

When the average gaming time on a typical weekday was
added to the items analyzed, both the sensitivity and
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Table 1. WAIC and WBIC values and odds ratios of candidate items for the presence/absence of gaming disorder and the number of items affirmed by 7 individuals from the general population
with gaming disordera,b)

No. Sourcec)
Diagnostic
category Question items WAIC WBIC

WAICþ
WBIC

Rank
by

WAIC

Rank
by

WBIC
Rank by

WAICþWBIC

Yes by
person
without
disorder

No by
person
without
disorder

Yes by
person
with

disorder

No by
person
with

disorder
Odds
ratio

Yes by
general

population
subject with
disorder
(n 5 7)

1 I-CAT A Have you felt the
continuing desire to

stop or reduce
gaming because you
noticed to use games

too much?

279.37 140.94 420.31 26 25 26 70 204 29 22 3.84 4

2 I-CAT A Have you repeatedly
tried to stop or
reduce gaming

because you thought
to use games too

much and have been
unsuccessful with
this attempt?

293.10 147.89 440.99 28 28 28 65 209 17 34 1.61 1

3 Original A Have you often
played games under
circumstances where
you were not allowed
to (e.g., during school

or work hours)?

278.62 141.66 420.28 25 26 25 11 263 13 38 8.18 1

4 Original A Have you often been
unable to stop

gaming when you
should have?

244.33 124.60 368.92 18 19 19 69 205 42 9 13.86 4

5 Original A Have you often
played games for

longer than intended
before you started

gaming?

273.56 139.11 412.67 24 24 24 155 119 46 5 7.06 6

6 IGDT-
10

A Have you ever in the
past 12 months

unsuccessfully tried
to reduce the time
spent on games?

239.11 120.88 359.99 16 15 15 15 259 27 24 19.43 3

(continued)
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Table 1. Continued

No. Sourcec)
Diagnostic
category Question items WAIC WBIC

WAICþ
WBIC

Rank
by

WAIC

Rank
by

WBIC
Rank by

WAICþWBIC

Yes by
person
without
disorder

No by
person
without
disorder

Yes by
person
with

disorder

No by
person
with

disorder
Odds
ratio

Yes by
general

population
subject with
disorder
(n 5 7)

7 I-CAT B Have you noticed
that you have

significantly lost
interest in important
activities, such as
sports, hobbies, or

meetings with friends
or relatives because

of gaming?

209.24 106.75 316.00 5 5 5 9 265 36 15 70.67 3

8 I-CAT B Have you limited or
given up important
activities, such as
sports, hobbies, or

meetings with friends
or relatives because

of gaming?

222.37 113.66 336.03 11 10 11 8 266 32 19 56.00 3

9 Original B Is gaming the most
important part of
your daily life?

234.13 118.11 352.24 14 13 14 3 271 26 25 93.95 4

10 Original B Do you usually give
first priority to

gaming when making
a plan or schedule?

238.96 121.22 360.17 15 16 16 6 268 26 25 46.45 1

11 Original B Is gaming more
important than
study, work,

fellowship with your
friends, or family

events?

245.14 125.60 370.73 20 20 20 4 270 23 28 55.45 3

12 IGDT-
10

B Have you selected
gaming over meeting
friends or engaging
in hobbies or sports
activities that you
had previously

enjoyed during the
last 12 months?

216.82 111.80 328.62 7 9 7 0 274 16 35 ∞ 1

(continued)
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Table 1. Continued

No. Sourcec)
Diagnostic
category Question items WAIC WBIC

WAICþ
WBIC

Rank
by

WAIC

Rank
by

WBIC
Rank by

WAICþWBIC

Yes by
person
without
disorder

No by
person
without
disorder

Yes by
person
with

disorder

No by
person
with

disorder
Odds
ratio

Yes by
general

population
subject with
disorder
(n 5 7)

13 Sheehan C To what extent has
gaming cast an

unfavorable impact
on your school or job
performance during
the past 12 months.
Please encircle the

matching point along
the line given below.

183.51 93.38 276.89 2 1 2 20 254 42 9 59.27 4

14 Sheehan C To what extent has
gaming cast an

unfavorable impact
on your social

activities (meeting
friends, hobbies, etc.)
during the past 12
months. Please

encircle the matching
point along the line

given below.

220.22 115.49 335.70 10 11 10 6 268 32 19 75.23 7

15 Sheehan C To what extent has
gaming cast an

unfavorable impact
on your family life
and roles within the
family during the
past 12 months.
Please encircle the

matching point along
the line given below.

211.72 108.82 320.54 6 6 6 18 256 35 16 31.11 6

16 Original C Reduction in school
or job performance

241.03 122.37 363.40 17 17 17 37 237 36 15 15.37 4

17 Original C Change of school
(e.g., from ordinary
senior high school to
correspondence high

school)

283.36 144.26 427.61 27 27 27 0 274 5 46 ∞ 1

(continued)
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Table 1. Continued

No. Sourcec)
Diagnostic
category Question items WAIC WBIC

WAICþ
WBIC

Rank
by

WAIC

Rank
by

WBIC
Rank by

WAICþWBIC

Yes by
person
without
disorder

No by
person
without
disorder

Yes by
person
with

disorder

No by
person
with

disorder
Odds
ratio

Yes by
general

population
subject with
disorder
(n 5 7)

18 Original C Decrease in the
number of real-world

friends

262.44 133.22 395.67 22 22 22 0 274 14 37 ∞ 1

19 Original C Worsened
relationships with
family members

229.67 116.77 346.44 12 12 12 4 270 28 23 82.17 1

20 Original C Difficulty in getting
up in the morning
(30 days or more
during the past 12

months)

219.52 111.16 330.68 9 8 9 23 251 38 13 31.90 3

21 Original C Day/night reversal or
a tendency towards it
(30 days or more
during past 12

months)

207.95 105.56 313.52 4 4 4 11 263 37 14 63.19 3

22 Original C Social withdrawal (6
months or more in
total during the past

12 months)

232.43 118.70 351.13 13 14 13 2 272 26 25 141.44 1

23 Original C Failure to eat
regularly

251.82 130.51 382.33 21 21 21 11 263 24 27 21.25 3

24 I-CAT D Have you continued
gaming although you
endangered your

education or risked
or lost your job

because of gaming?

181.29 95.17 276.46 1 2 1 8 266 42 9 155.17 3

(continued)
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Table 1. Continued

No. Sourcec)
Diagnostic
category Question items WAIC WBIC

WAICþ
WBIC

Rank
by

WAIC

Rank
by

WBIC
Rank by

WAICþWBIC

Yes by
person
without
disorder

No by
person
without
disorder

Yes by
person
with

disorder

No by
person
with

disorder
Odds
ratio

Yes by
general

population
subject with
disorder
(n 5 7)

25 I-CAT D Have you continued
gaming although it

has caused or
aggravated

significant physical
problems or illnesses
(e.g. back or eye pain,

headache, joint
problems, fainting,

significant
overweight or
underweight)?

266.13 135.26 401.39 23 23 23 36 238 27 24 7.44 2

26 I-CAT D Have you continued
gaming despite

experiencing mental
health problems
caused by gaming,
e.g. becoming

depressed or anxious,
or experiencing
problems with

sleeping?

218.75 111.12 329.87 8 7 8 19 255 37 14 35.47 3

27 I-CAT D Have you continued
gaming although

your gaming costs so
much money that it
has caused you
serious problems
(e.g. through the
purchase of games,
add-ons, games
hardware, game
currency, game

items, subscriptions,
apps or other

things)?

244.85 123.94 368.79 19 18 18 4 270 23 28 55.45 3

(continued)
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specificity increased, accompanied by further improvement
of the screening efficiency. When the cut-off score for a
“positive” case was set at ≥ 5 (full score5 10, 9 items in total
comprising the above-mentioned 8 items in addition to
average gaming time, with the latter assigned a score of 0 if
less than 2 h, 1 if more than 2 h but less than 6 h, and 2 if 6 h
or more), the combined analysis on the general population
and treatment seeking groups showed a sensitivity of 98%,
specificity of 98%, and the area under the curve (AUC) was
0.981. When the analysis was confined to the general pop-
ulation it also showed significant screening accuracy
(sensitivity 100%, specificity 98% and AUC 0.991). The
positive predictive value was 91% for the combined data and
58% for the analysis confined to the general population.

Reliability and validity of the GAMES test

Evaluation of the constituent concept validity by factor
analysis. When an exploratory factor analysis was con-
ducted on the 9-item screening test, the Kaiser-Meyer-Olkin
measure of sampling adequacy was as high as 0.91. The
Bartlett spherical test endorsed the statistical significance (c2

(36) 5 1,122.1, P < 0.01). Two factors were extracted based
on the Kaiser-Guttman Rule on the number of factors.
Table 4 shows the factor pattern after Promax rotation
(k 5 4) following extraction of factors using the generalized
least squares method.

Regarding the first of the two extracted factors, high
factor loads were obtained for Items 3, 4, 6, 7, 8, and 9,
suggesting that these were items associated with “prioriti-
zation of gaming and negative consequences.” In regard to
the second factor, high factor loads were obtained for Items
1, 2, and 5, suggesting that these were items associated with
“loss of control.” Because the proportion variance of factor 1
was far higher than that of factor 2, the former factor
dominates the factor structure of this instrument.

Relationship to the IGDT-10 data. The weighted k coeffi-
cient for the degree of agreement between the GAMES test
total score and the IGDT-10 total score was 0.40, with an
ICC of 0.54. The k coefficient for the degree of agreement
between GAMES test scores of ≥5 and IGDT-10 scores of
≥5 was 0.25, with an ICC of 0.25, indicating a lower degree
of agreement.

Internal consistency and test-retest reliability. The alpha
and omega coefficients for the GAMES test were 0.98 and
0.86, respectively. In regard to the test-retest reproducibility,
both the weighed k coefficient for GAMES test score and
ICC were quite high (0.86 and 0.96, respectively).

Estimated prevalence of ICD-11 GD in the general young
population. Table 5 shows the estimated prevalence of ICD-
11 GD among the young population in Japan by 5-year age
group and gender, based on the result of the GAMES test.
The prevalence tended to be higher among younger re-
spondents and to decrease with the advancement of age for
both genders. The estimated prevalence was 7.6% (95%Ta
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Table 2. Results of multiple logistic regression analysis using presence/absence of gaming disorder serving as a dependent variablea)

Item No. IDb) Question items
Yes by person
without disorder

No by person
without disorder

Yes by person
with disorder

No by person
with disorder

Adjusted
odds ratio

95% confidence
interval

1 4-A Have you often been unable to stop
gaming when you should have?

69 205 42 9 28.2 (0.75–1,063.9)

2 5-A Have you often played games for longer
than intended before you started

gaming?

155 119 46 5 0.02 (0.00–0.95)

3 7-B Have you noticed that you have
significantly lost interest in important
activities, such as sports, hobbies, or
meetings with friends or relatives

because of gaming?

9 265 36 15 17.0 (1.00–287.4)

4 9-B Is gaming the most important part of
your daily life?

3 271 26 25 667.2 (7.71–57,767)

5 16-C Reduction in school or job performance 37 237 36 15 47.3 (1.46–1,533)
6 21-C Day/night reversal or a tendency

towards day/night reversal (30 days or
more during past 12 months)

11 263 37 14 111.0 (2.28–5,402)

7 24-D Have you continued gaming although
you endangered your education or
risked or lost your job because of

gaming?

8 266 42 9 45.5 (1.17–1771)

8 26-D Have you continued gaming despite
experiencing mental health problems
caused by gaming, e.g. becoming

depressed or anxious, or experiencing
problems with sleeping?

19 255 37 14 49.4 (1.51–1,621)

a) Adjusted for gender, age and presence/absence of job.
b) ID is the combination of the original number and the diagnostic category in Table 1.
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Table 3. Analysis for setting the cutoff level of the draft screening test

Gaming
disorder (þ)

Gaming
disorder (�)

Sensitivity Specificity
Positive

predictive value
Positive

Likelihood ratio
Youden
IndexYes No Yes No

8-item screening testa)

Analysis on combined subjectsc) ≥2 points 51 0 98 176 1.00 0.64 0.34 2.80 0.64
≥3 points 50 1 34 240 0.98 0.88 0.60 7.90 0.86
≥4 points 48 3 9 265 0.94 0.97 0.84 28.65 0.91
≥5 points 42 9 2 272 0.82 0.99 0.95 112.82 0.82
≥6 points 33 18 0 274 0.65 1.00 1.00 ∞ 0.65

Analysis confined to the general
population

≥2 points 7 0 98 176 1.00 0.64 0.07 2.80 0.64

≥3 points 7 0 34 240 1.00 0.88 0.17 8.06 0.88
≥4 points 6 1 9 265 0.86 0.97 0.40 26.10 0.82
≥5 points 2 5 2 272 0.29 0.99 0.50 39.14 0.28
≥6 points 0 7 0 274 0.00 1.00 0.00 0.00 0.00

9-item screening test (GAMES test)b)

Analysis on combined subjectsc) ≥3 points 51 0 61 213 1.00 0.78 0.46 4.49 0.78
≥4 points 51 0 22 252 1.00 0.92 0.70 12.45 0.92
≥5 points 50 1 5 269 0.98 0.98 0.91 53.73 0.96
≥6 points 46 5 2 272 0.90 0.99 0.96 123.57 0.89
≥7 points 39 12 0 274 0.76 1.00 1.00 ∞ 0.76

Analysis confined to the general
population

≥3 points 7 0 61 213 1.00 0.78 0.10 4.49 0.78

≥4 points 7 0 22 252 1.00 0.92 0.24 12.45 0.92
≥5 points 7 0 5 269 1.00 0.98 0.58 54.80 0.98
≥6 points 4 3 2 272 0.57 0.99 0.67 78.29 0.56
≥7 points 1 6 0 274 0.14 1.00 1.00 ∞ 0.14

a) A screening test reflecting 4 key elements in the definition of gaming disorder.
b) A screening test including the time spent gaming on weekdays.
c) Combined subjects of the general population and treatment seekers.
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confidence interval, 6.5–8.7%) for males, 2.5% (1.9–3.2%)
for females and 5.1% (4.5–5.8%) in total.

DISCUSSION

We developed a new screening test for ICD-11 GD, the
GAMES test, using a reference group with GD comprising
study participants from both the general population and
treatment seekers. A diagnosis of GD was made based on
face-to-face interviews with experts in the diagnosis and
treatment of behavioral addictions using a diagnostic
interview instrument newly developed for this study. The
interviews and self-reported questionnaire surveys were
conducted on the same day to avoid changes in target
conditions (Reitsma, Rutjes, Khan, Coomarasamy, & ). The
question items were selected based on appropriate statistical
methods from a pool of questions derived from multiple
sources (Besser et al., 2019; Brandt et al., 2018; Hodgins,
2013; Kir�aly et al., 2017; Sheehan et al., 1996).

In previous studies on the development of screening and
assessment tools for both IGD and GD, other approaches
have been employed (Bertens et al., 2013). Several studies
used a latent class analysis to assess diagnostic accuracy
because a reference group assessment of IGD or GD was
unavailable (Pontes et al., 2014; Lemmens et al., 2015; Kir�aly
et al., 2017; Paschke et al., 2020). However, this analysis may
not have captured the real target group of subjects and if the

model is incorrect, it is unclear whether the resulting esti-
mates are meaningful (Albert & Dodd, 2004; Pepe & Janes,
2007). Other studies did not validate the cutoff scores,
perhaps because question items in the instruments were
matched to the diagnostic criteria of IGD (Pearcy et al.,
2016; van Rooij, Schoenmakers, & van de Mheen, 2017).
Other instruments, have been developed, primarily to assess
the severity of the disorder and its consequences, rather than
for the purpose of making a diagnosis (Pontes et al., 2019;
Pontes & Griffiths, 2015).

The GAMES test showed extremely high sensitivity and
specificity for subjects, who were representative of the gen-
eral young population in Japan. Positive predictive values
were also high, not only for the general population but also
for the combined subject groups. The results suggest that if
this screening test were applied to the general population,
about 60% of the individuals judged as positive would have
GD. The GAMES test showed high internal consistency with
the alpha and omega coefficients standing at well over 0.8. In
addition, the test-retest reliability of the test was high,
demonstrating that the GAMES test evaluation was highly
reproducible.

Exploratory factor analysis revealed a two-factor solution
to best model the nine items of the GAMES test. The first
factor was a major element, explaining approximately 44%
of the portion variance. This factor represents the prioriti-
zation of gaming and negative consequences or functional
impairment. The prioritization of gaming, which can be
described as “salience” is one of the most important char-
acteristics of addictions and is the core feature of the clinical
manifestations of GD. Two out of four key elements of the
GD definition are related to negative consequences. One of
the unique features of the GD definition is the inclusion of a
functional impairment item which must be met in order to
make a diagnosis. It seeks to avoid the overdiagnosis of GD,
which is common to polythetic approaches such as the IGD
criteria (Billieux, Schimmenti, Khazaal, Maurage, & Heeren,
2015; Billieux et al., 2017). For these reasons, it is appro-
priate that these items constitute the main factor in the
GAMES test. The second factor comprises three items
mainly related to loss of control over gaming.

A recently-developed instrument, the GADIS-A,
comprising ten items, also has a two-factor solution
(Paschke et al., 2020). The main factor of GADIS-A is
“impending or manifest consequences due to gaming
behavior”, which may be construed as reflecting priority of
gaming and impairment, and the second, is “pathological
gaming behavior”. The values of portion variances for the
two factors are almost equal in the case of GADIS-A
(Paschke et al., 2020). The structure of another screening
tool for GD - GDT – showed a one-factor solution with
almost the same variance value as factor 1 of the GAMES
test (Pontes et al., 2019).

Concurrent validity was examined using the Japanese
version of IGDT-10 (Kir�aly et al., 2019). The reasons for
using this instrument were two-fold: 1) assessment or
screening instruments for ICD-11 GD were unavailable when
this study was conducted, and 2) IGDT-10 has been widely

Table 4. Result of explanatory factor analysis of the 9 items of
GDST-9a)

Item No.
Factor 1
loadings

Factor 2
loadings Communalities

1 0.105 0.544 0.39
2 �0.157 0.739 0.43
3 0.793 �0.053 0.58
4 0.699 �0.102 0.44
5 0.172 0.485 0.42
6 0.759 �0.049 0.53
7 0.73 0.159 0.73
8 0.665 0.042 0.52
9 0.678 0.116 0.59
Proportion
variance

0.44 0.06

a) The inter-factorial correlation between factor 1 and 2 was 0.68.

Table 5. The estimated prevalence of ICD-11 gaming disorder by
age class and gendera)

Age class
(years old)

Males % (95%
CI)

Females %
(95%CI)

Total %
(95%CI)

10–14 9.2 (8.3–10.1) 3.1 (2.6–3.7) 6.2 (5.7–6.8)
15–19 12.0 (10.9–13.1) 3.0 (2.4–3.6) 7.6 (7.0–8.3)
20–24 6.2 (4.9–7.5) 2.3 (1.5–3.0) 4.1 (3.4–4.8)
25–29 4.0 (2.9–5.0) 1.5 (0.9–2.2) 2.7 (2.1–3.3)
Total 7.6 (6.5–8.7) 2.5 (1.9–3.2) 5.1 (4.5–5.8)

a) CI 5 confidence interval.
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used internationally as a screening instrument for IGD
(Kir�aly et al., 2019). The IGDT-10 was translated into Jap-
anese and the accuracy of translation confirmed by
comparing the original English version and the English
version that was retranslated from the Japanese version, but
validation of the instrument has not been conducted using
Japanese samples. Nonetheless, the Japanese version has
already been used in previous studies (Kinjo & Osaki, 2019;
Nakayama, Matsuzaki, Mihara, Kitayuguchi, & Higuchi,
2020). The results of this study showed that correlation be-
tween the GAMES test and IGDT-10 was too low. This
finding should not be interpreted as a low concurrent validity
of the GAMES test, rather that the diagnoses of GD and IGD
may have different constructs. Another reason may be
related to the use of the unvalidated Japanese version of
IGDT-10 in the study. Low concordance of the two diagnoses
in the same clinical samples has been reported. For example,
the rates of subjects with IGD who were also diagnosed as
having GD were 64% in a study in Taiwan and as low as 16%
in a study in Korea (Jo et al., 2019; Ko et al., 2019).

To the authors’ knowledge, this study showed for the first
time the estimated prevalence of ICD-11 GD among the
general young population (Darvesh et al., 2020). As previ-
ously mentioned, the prevalence of IGD has been estimated
in a number of studies in different countries. Findings were
quite diverse, depending on the characteristics of study
samples, screening instruments used, and method of data
collection (Chia et al., 2020; Darvesh et al., 2020; Fam, 2018;
Mihara & Higuchi, 2017; Saunders et al., 2017; ). The esti-
mated prevalence of GD among representative Japanese
young people in this study was 5.1%, which is comparable to
a pooled estimate of problematic gaming among young
people, derived from a meta-analysis of 16 studies conducted
globally (Fam, 2018). The estimated prevalence of GD also
showed a male preponderance and a higher tendency among
adolescents compared to older generations, which is consis-
tent with previous studies on the prevalence of IGD (Darvesh
et al., 2020; Mihara & Higuchi, 2017). This study provides a
reliable tool to estimate the prevalence of GD, which is ex-
pected to serve as a basis on which measures against the
disorder will be implemented in different jurisdictions.

Methodological limitations

Finally, the methodological limitations of this study should
be summarized. Firstly, the sample size of interviewees and
the comparatively low prevalence of GD in the general
population resulted in a small participant group diagnosed
as having GD. To increase the statistical strength, we added
treatment seekers with GD to the reference group. We
separately analyzed the data of the seven participants that
had GD and those of the combined 51 participants with GD
in the process of developing the GAMES test. Secondly,
because validated interview schedules for the diagnosis of
GD are not available, we devised a schedule and adminis-
tered it to interviewees. In addition, the interview was con-
ducted by one interviewer, although each interviewer had
clinically seen numerous patients with GD. Recently, there

has been a debate in the field around whether GD/IGD is a
formative construct (van Rooij, Looy, & Billieux, 2017). GD
has a formative construct feature in which the four cate-
gories (A through D) are essential in order to define GD. On
the contrary, the GAMES test is a reflective construct, not
requiring all four categories to be met for screening pur-
poses. Fourthly, with regard to the evaluation of concurrent
validity, an additional study using appropriate instruments
may be necessary in the future. Finally, the GAMES test was
developed solely utilizing Japanese participants. In this
context and considering the small sample size of the refer-
ence group, this study can be regarded as a pilot study, and
the validity and reliability of this instrument needs to be
examined in future studies using larger samples and other
ethnic groups with different gaming cultures.

CONCLUSION

In this study, a new screening test for ICD-11 GD, con-
sisting of 9 items (GAMES test) was developed utilizing a
reference group with GD and a non-GD general young
population. A diagnosis of GD was made based on face-to-
face interviews with experts in behavioral addictions using
a diagnostic interview instrument newly developed for this
study. The question items for the GAMES test were selected
employing appropriate statistical procedures from a pool of
questions derived from multiple sources contained in a
self-reported questionnaire conducted on the same day as
the face-to-face interviews. The test showed high sensi-
tivity, specificity, positive predictive values, and internal
consistency, and is highly reproducible. It consists of one
main factor representing the salience and negative conse-
quences of GD and a highly correlated second factor
related to loss of control.

The GAMES test allowed us, for the first time, to esti-
mate the prevalence of GD among subjects representing the
general young population in Japan. The estimated preva-
lence was 5.1% which is comparable to the pooled estimate
of problematic gaming derived from a meta-analysis of
studies conducted globally. Consistent with previous studies,
it showed a male preponderance and higher tendency
among adolescents compared to older generations.
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APPENDIX

The Gaming Engagement Screener (GAMES) test

Please read questions 1 to 8 and select an appropriate answer
(Yes or No) for each question in relation to your gaming

behavior over the last 12 months. For question 9, please
select the most appropriate answer. Gaming means games
played on smartphones, gaming devices, personal com-
puters, or other similar devices.

Open Access. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purposes, provided the
original author and source are credited, a link to the CC License is provided, and changes – if any – are indicated.

No. Question items

Answer

Yes No

1 Have you often been unable to stop gaming when you should have? 1 0
2 Have you often played games for longer than intended before you started

gaming?
1 0

3 Have you noticed that you have significantly lost interest in important
activities, such as sports, hobbies, or meeting with friends or relatives

because of gaming?

1 0

4 Is gaming the most important part of your daily life? 1 0
5 Has your school or job performance deteriorated because of gaming? 1 0
6 Have you experienced day/night reversal or a tendency towards day/night

reversal because of gaming (30 days or more during the past 12 months)?
1 0

7 Have you continued gaming although you endangered your education or
risked or lost your job because of gaming?

1 0

8 Have you continued gaming despite experiencing mental health problems
caused by gaming e.g. becoming depressed or anxious, or experiencing

problems with sleeping?

1 0

9 Approximately how many hours do you spend gaming on a typical
weekday?

0: Less than 2 h
1: At least 2 h but less

than 6 h
2: 6 h or longer

Evaluation method: A total score of 5 or more obtained by totaling the scores for all the items suggests the presence of the ICD-11 gaming
disorder.
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