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Background: Internet gaming disorder (IGD) has become a serious public health

problem in East Asia, and studies have reported IGD to be significantly associated with

anxiety, but no causal relationship between the two has yet been demonstrated. Children

are at high risk of developing IGD, however, previous studies have principally focused on

the condition in adults and adolescents and reported non-clinical samples. A large-scale

survey is needed to research and evaluate IGD and anxiety in children and adolescents

to understand the current situation of IGD in children and explore the impact of IGD

on anxiety.

Methods: A cross-sectional study using an online questionnaire was conducted

between March 1 and July 31, 2021. A total of 10,479 school children and adolescents in

the western provinces of China were selected by convenience sampling. A questionnaire

was used to collect data anonymously. The questionnaire covered IGD and the Revised

Children’s Manifest Anxiety Scale (RCMAS). Welch’s ANOVA Test and Games-Howell

test were used to test for differences in anxiety levels between IGD groups. Poisson

regression analysis was used to further investigate the key predictors of IGD.

Results: 3.2% of participants (n = 334) (95% CI: 2.9–3.2%) were classified as at high

risk of presenting with IGD, 71.1% (n = 7,454) (95% CI: 70.3–72.0%) were classified

as low-risk players, and 25.7% (n = 2,691) (95% CI: 24.9–26.5%) were classified as

non-gaming. The average RCMAS score was (7.18 ± 7.534). The high-risk group had a

higher total score RCMAS, as well as scoring higher in its three dimensions. Regression

analysis using gender, age, and total RCMAS score as independent variables, and risk of

IGD as a dependent variable showed that the odds ratio (OR) for gender was 2.864 (95%

CI: 2.267–3.618), and the OR for total RCMAS score was 1.101 (95% CI: 1.087–1.114).

The OR for age was not statistically significant.

Conclusion: Anxiety was a predictor of IGD, with statistically significant group

differences in total anxiety, as well as the dimensions of physiological anxiety, social

correlation, and sensitivity. The timely assessment of anxiety in children and adolescents,

training social skills, and facilitating effective integration into society could be effective

ways of reducing the incidence and impact of IGD.
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INTRODUCTION

With the rapid development of the Internet, the internet gaming
market has also grown rapidly, bringing China US$12 billion
in revenue in 2013 alone (1). This has also attracted the
attention of mental health practitioners to the growing problem
of Internet addiction (1–4). However, Internet addiction is
a general term covering various undesirable consequences of
problematic Internet overuse (5). Internet Gaming Disorder
(IGD) is the most common type of Internet addiction (6), and
is associated with impulsivity, attention deficit disorder (7), and
can lead to loneliness and reduced life satisfaction and academic
performance (8). IGD has become a serious public health
problem in East Asia (9). As of December 2018, the incidence of
gaming addiction in China reached 27.5% of the total population,
representing 30.5% of teenagers (10). Children also commonly
experience IGD, with studies reporting the prevalence of IGD to
be as high as 38.0% in children (11). IGD is defined as continuous
and repeated involvement with video games, often leading to
significant disruption to daily life, work, and/or education (Fifth
Edition, Diagnostic and Statistical Manual of Mental Disorders,
DSM-5). The America Psychiatric Association (APA) proposed
adding IGD to the “emerging measures and models” group
of mental conditions, acknowledging that further research and
evaluation of the condition is highly necessary (12).

Previous studies reporting the evaluation of IGD have
used self-reported continuous scales to determine the level
of addiction. Few studies report the use of cut-off values or
diagnostic criteria to determine the true clinical significance of
IGD. Any IGD score that does not reach clinical diagnostic
significance may not be representative of the detrimental impact
of clinical symptoms. Further, the number of online gamers is
huge, and many have a normal level of social function. This may
in part be due to the lack of a clinical diagnosis for IGD.

Anxiety is one of the most common mental health disorders
treated in primary care (13), with an annual incidence of 1–
4% and a lifetime prevalence of 4–7% (14, 15). Symptoms of
anxiety have been found to be significantly higher in individuals
with IGD (16), and research has revealed a significant correlation
between IGD and anxiety (17). Another study found IGD
and anxiety to be comorbid (18). When research findings are
divided into anxiety subtypes, more attention has been given to
the relationship between social anxiety and IGD. Players with
symptoms of social anxiety are thought to create and maintain
the safety and control of their environment through the game to
compensate for their lack of social interaction in real life (19, 20).
The interaction of other forms of anxiety with IGD is less studied.
IGD has been suggested to be a moderating factor, with gaming
sometimes being used to alleviate the symptoms of anxiety and
depression by providing escapism (21, 22). Previous studies have
found people with anxiety disorders to be more likely to develop
addictive behaviors through the need for coping mechanisms
such as alcohol abuse (23–25). The question of whether anxiety
symptoms increase the risk of IGD requires more research.

Children are at high risk of IGD. Previous studies have
mostly focused on adults and adolescents and studied non-
clinical populations. Few studies have investigated IGD in both

children and adolescents simultaneously (26–28), and sample
sizes have beenmodest. To sample a sufficient number of positive
IGD patients through screening the general population requires
large-scale investigation (17). As such, a large-scale survey and
evaluation of the prevalence of IGD in children and adolescents
are needed to explore the impact of anxiety on IGD. The research
hypotheses are that anxiety and IGD are significantly related,
and the higher the level of anxiety, the higher the risk of IGD.
Therefore, the large-scale cross-sectional survey was used to
verify the hypotheses, and the specific objectives are as follows:
(1) to understand the current prevalence of IGD in children; and
(2) to explore the impact of anxiety on IGD, providing references
for the prevention and treatment of anxiety and IGD in children
and adolescents.

MATERIALS AND METHODS

Participants
The study inclusion criteria were: (1) children aged between 9
and 18 years; (2) children whose parents and themselves agreed
to participate in the study; and (3) children who were able to
complete the questionnaire independently. The study exclusion
criteria were: (1) children with a medical diagnosis of a learning
disability, developmental delay, or dyslexia; or (2) children who
did not want to participate in the study. The samples for this
study are from 12 primary and middle schools. The researchers
contacted the principal of each school, and after obtaining the
principal’s approval, we went to the school to recruit samples.

Measures
Sociodemographic Data
Demographic data collected included the participant’s gender,
age, family structure, whether they were an only child,
the education level of their parents, and their household
monthly income.

Nine-Item Internet Gaming Disorder Scale Short Form
The nine-item Internet Gaming Disorder Scale Short Form
(IGDS-SF9), developed by Pontes and Griffiths, is a short self-
report scale that is used to measure the severity of IGD based on
the Diagnostic and Statistical Manual ofMental Disorders (DSM-
5) criteria (29, 30). Confirmatory factor analysis (CFA) of the
IGDS-SF9 demonstrated that it has a unidimensional structure
with satisfactory psychometric properties including internal
consistency (Cronbach’s α of 0.9), and criterion and construct
validity among university students in Hong Kong (31) and
primary school students in mainland China (32). The IGDS9-SF
contains nine questions that are answered using a 5-point Likert
scale: 1 = never; 2 = rarely; 3 = sometimes; 4 = often; and 5 =

very often. A score is obtained by summing across all responses
and can range from 9 to 45, with a higher score indicating a
higher degree of gaming disorder (33). In the present study, if
a participant answered “No” to the question “Have you played
computer games in the past 12 months, regardless of the device
(computer, tablet, mobile phone) used?,” they were considered
to non-gamer. In accordance with the APA’s recommendations,
participants who answered either “frequently” or “very often”
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to at least five of the nine items in the questionnaire were
operationally defined as being likely to receive a positive IGD
diagnosis, and formed the “high-risk group.” The remaining
participants were defined as the “low-risk group” (30).

The Revised Child Manifest Anxiety Scale
The Revised Child Manifest Anxiety Scale (RCMAS), published
by Reynolds and Richmond (34), was based on the ChildManifest
Anxiety Scale (CMAS) designed by Casteneda, McCandless, and
Palermo (35). The RCMAS is used to assess anxiety in children
and adolescents aged 6–19. RCMAS is a self-report instrument
where a response of “Yes” indicates that the item describes the
subject’s feelings or actions, while a response of “No” indicates
that the symptom is not present. RCMAS contains 37 items in 4
subscales (factors); physiological anxiety (10 items), worry and
oversensitivity (11 items), social concern and concentration (7
items), and lie (9 items). The total anxiety score is computed
based on the first three factors (28 items), with a score of 19 or
greater suggesting a clinically significant degree of anxiety. The
remaining 9 items from the lie scale are designed to measure the
degree to which the child is “faking good.”

Data Collection
The study was conducted over a large geographical area, between
March and May, 2021. A total of 12 primary and middle schools
from the region participated in the survey. Before collecting
data, study information was sent to students, asking them to
participate after obtaining written informed consent from their
parents or themselves. The survey was predominantly conducted
online survey, with some paper copies of the questionnaire
provided to those who requested this format.

Ethical Considerations
All procedures were conducted in accordance with the 1964
Declaration of Helsinki and its later amendments. The study
was approved by the Biomedical Ethics Committee of West
China Hospital of Sichuan University (Ethics Number: 2019907).
All participants were informed about the study and written
informed consent was provided by the parents or legal guardians.
In addition, participants and their parents were informed that
participation was anonymous, all data was to be used only for
scientific research, and they had the right to withdraw from the
study at any time.

Statistical Analyses
Incomplete questionnaires were excluded from the analysis. The
results of the electronic questionnaire were directly exported.
Data from the questionnaires completed on paper were entered
into Epidata 3.1 using a two-person entry method. These two
repositories were then merged into a single spreadsheet in
SPSS 24.0 for statistical analysis. Frequencies were used to
report participants’ sociodemographic characteristics and IGD
scores. RCAMS scores were reported using the mean, standard
deviation, and interquartile range. For unordered categories
data, such as gender, family structure and whether one-child or
not, Mann—Whitney U was used to compare the differences
in rates between groups, while for ordinal categorical data,
such as age, family income, and parents’ education level, the

Spearman correlation test was used to compare the differences in
game addiction among the subjects under different demographic
characteristics. The average scores of anxiety levels between
different IGD groups are tested for homogeneity of variance.
If the variances are uniform, analysis of variance is used to
compare the differences in anxiety levels between different
groups. If the variances are not uniform, Welch’s ANOVA Test
is used to compare different gaming addiction groups. If the
difference in anxiety levels between the groups is significant,
the Games-Howell test (36) will be used to further compare
the two groups. On the basis of demographic differences and
anxiety level differences, statistically significant factors were
used as dependent variables for regression analysis. If the
model fitting test and parallelism test are passed, the ordered
categorical variable logistic regression is adopted. If the model
fails, according to the actual clinical significance of the variable,
non game players and low-risk game players are combined and
defined as non high-risk game player group, which is assigned
as 0, and the high-risk game player group is assigned as 1, and
then Poisson region analysis is used to further explore the key
predictors of IGD.

TABLE 1 | Participant sociodemographic characteristics.

Sociodemographic characteristics N (%)

Gender

Male 5,297 (50.55)

Female 5,182 (49.45)

Age (years)

9–12 3,852 (36.76)

13–15 5,679 (54.19)

16–18 948 (9.05)

Family structure

Single-parent families and others 1,537 (14.67)

Two-parent family 8,942 (85.33)

Only child

Yes 4,170 (39.79)

No 6,309 (60.21)

Education level of father

Junior school or below 3,679 (35.11)

Senior schools 2,029 (19.36)

Vocational schools 2,784 (26.57)

Bachelor or above 1,987 (18.96)

Education level of mother

Junior school or below 3,926 (37.47)

Senior schools 1,846 (17.62)

Vocational schools 2,656 (25.35)

Bachelor or above 2,051 (19.57)

Monthly family income

8,000 above 2,972 (28.36)

6,000–8,000 2,671 (25.49)

4,000–6,000 2,736 (26.11)

2,000–4,000 1,778 (16.97)

2,000 below 322 (3.07)
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TABLE 2 | Estimated IGD prevalence in different participant demographic groups.

Characteristics Non-gamers N (%) Low risk gamers N (%) High risk gamers N (%) Z/G P-value

Gender

Male 1,041 (19.7) 4,028 (76.0) 228 (4.3) −15.136 0.001

Female 1,650 (31.8) 3,426 (66.1) 106 (2.0)

Age, year

9–12 1,062 (27.6) 2,693 (69.9) 97 (2.5) 0.068 0.000

13–15 1,390 (24.5) 4,084 (71.9) 205 (3.6)

16–18 239 (25.2) 677 (71.4) 32 (3.4)

Family structure

Single-parent families and others 397 (25.8) 1,080 (70.3) 60 (3.9) −0.361 0.718

Two-parent family 2,294 (25.7) 6,374 (71.3) 274 (3.1)

Only child

Yes 1,057 (25.3) 2,970 (71.2) 143 (3.4) −0.916 0.360

No 1,634 (25.9) 4,484 (71.1) 191 (3.0)

Education level of father

Junior school or below 908 (24.7) 2,652 (72.1) 119 (3.2) −0.029 0.068

Senior schools 529 (26.1) 1,438 (70.9) 62 (3.1)

Vocational schools 708 (25.4) 1,993 (71.6) 83 (3.0)

Bachelor or above 546 (27.5) 1,371 (69.0) 70 (3.5)

Education level of mother

Junior school or below 978 (24.9) 2,845 (72.5) 103 (2.6) −0.024 0.128

Senior schools 477 (25.8) 1,310 (71.0) 59 (3.2)

Vocational schools 648 (24.4) 1,898 (71.5) 110 (4.1)

Bachelor or above 588 (28.7) 1,401 (68.3) 62 (3.0)

Monthly family income

8,000 above 785 (26.4) 2,074 (69.8) 113 (3.8) −0.019 0.211

6,000–8,000 712 (26.7) 1,888 (70.7) 71 (2.7)

4,000–6,000 674 (24.6) 1,974 (72.1) 88 (3.2)

2,000–4,000 434 (24.4) 1,289 (72.5) 55 (3.1)

2,000 below 86 (26.7) 229 (71.1) 7 (2.2)

RESULTS

Descriptive Statistics
A total of 10,501 participants completed part of the survey.
After excluding invalid questionnaires, the remaining 10,479
respondents were included in the analysis. Invalid questionnaires
were defined as those having the same responses for more than
90% of the answers except for basic demographic data. The age
range of participants was 9 to 18 years, most of whom were in the
13–15 years group (54.19%), with uniform gender distribution
(50.55% of participants were male), and most of them were the
only child in the household (60.21%). See Table 1 for details.

Harman’s single factor test was used to test for common
method bias (28). The proportion of the total variance explained
was 27.121%. As this was less than the threshold value of
40%, it was considered that there was no significant common
method bias.

The Prevalence of IGD and the Influence of
Sociodemographic Characteristics on IGD
The prevalence of IGD was estimated based on the IGDS9-SF
results. 3.2% of participants (n = 334) (95% CI: 2.9–3.2%) were

classified as high risk, 71.1% (n = 7,454) (95% CI: 70.3–72.0%)
were classified as low risk, and 25.7% (n = 2,691) (95% CI:
24.9–26.5%) were classified as non-gamers.

The Mann–Whitney U-test was used to investigate whether
IGD group was associated with gender, family structure, and
being an only child. The Goodman-Kruskal Gamma test was
used to investigate whether IGD group was associated with
age, parental education level, and family income. There were
no significant associations between IGD group and family
structure, parental education level, or family incomes. There were
associations between IGD group and both gender and age, with
a higher proportion of the high-risk group being male and older
(see Table 2).

The Association Between Anxiety and IGD
The mean RCMAS score was 7.18 ± 7.534, with a skewed
distribution and a median of 4 (P25 = 1, P75 = 12). The
worry and oversensitivity subscale was the highest-scoring
subscale (see Table 3).

Due to there being unequal variance across groups, Welch’s
ANOVA was used, and the Games-Howell test was used for
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post-hoc testing, and the results reported in Table 4. The results
showed that the high-risk group scored higher than low-
risk group and non in the total RCMAS score as well as
individual scores in the three dimensions, and the differences are
significant (P < 0.001).

Factors Predictive of IGD
As the dependent variable had three levels (i.e., “non-gamers,”
“low-risk” and “high-risk”), an ordered categorical logistic
regression was performed, whereby the non-gamers group was
assigned a value of 0, the low-risk group assigned a value of
1, and the high-risk group assigned a value of 2. Simultaneous
forced entry was used to include all variables that showed group
differences in the previous analysis. No collinearity was found
between variables (VIF <10). The results of the model fitting
were as follows: model fitting information (χ² = 1,285.823, p =

0.001) and parallelism test (χ² = 84.725, p =0.000), indicating
that the model did not pass the parallelism test. Informed by
the clinically significant distinction made by the IGD score, the
combination of non-gamer and low-risk groups were defined as
a “non-high-risk group” and assigned a value of 0, and the high-
risk group alone was assigned a value of 1. Poisson regression was
used with all dependent variables to investigate group differences
in gender, age, and total anxiety score, and the results are reported
in Table 5. An omnibus test of model coefficients resulted in a χ²
of 293.261 (P < 0.001). These results show that gender and total
anxiety score were predictive of IGD.

DISCUSSION

This study investigated the incidence of IGD, and the association
between anxiety and IGD, in children and adolescents. These
data are informative for the prevention and treatment of IGD

TABLE 3 | Anxiety as measured using the RCMAS.

Anxiety Mean SD Median and interquartile

25 50 75

Total score 7.18 7.534 1.00 4.00 12.00

physiological anxiety 2.17 2.512 0.00 1.00 3.00

worry—oversensitivity 3.38 3.550 0.00 2.00 6.00

social concern and concentration 1.63 2.005 0.00 1.00 3.00

in children and adolescents. The prevalence of IGD in 9 to 18-
year-olds was 3.2%, in agreement with the results of other studies
(27, 28, 37, 38) reporting a prevalence of IGD in adolescents of
1.6–5.2%. However, one study (39) revealed a higher prevalence
of IGD in British adolescents of 14.6%. This may have been due to
different IGD measurement tools being used in the two studies.
The present findings are supportive of the notion that countries
and regions that differ in economic status have similar IGD
incidence rates. Due to the limited access to computers, tablets,
and smartphones in countries with low economic status, this may
suggest that the incidence of addictive behaviors may have little
association with the attributes of electronic products themselves.

Gender was significantly associated with the prevalence of
IGD, and IGD was twice as prevalent in male (4.3%) compared
to female (2.0%) respondents. This is consistent with the results
of previous work (26) reporting that across multiple age ranges,
men spend more time on computer games than women. Other
studies (40, 41) support a significant correlation between gender
and IGD in children and adolescents. It is a widely-held belief
that most games on the market are designed by men for men
(2), and game companies target male customers (1), resulting
in more male users. Studies have also shown that men typically
devote more time to playing games than women do (1, 42), with
an average of 13–27.76 h per week (2, 43, 44). This may explain a
higher prevalence of IGD in men than women.

This study included both children and adolescents. The
association between age and IGD is complex. When participants
were divided into non-gamers, low-risk gamers, and high-risk
gamers, there was a weak (G = 0.068) correlation between
age and IGD. However, when participants were divided into

TABLE 5 | Differences in risk of IGD among different gender, age and anxiety.

Variable IGD risk CR (95%) B (P-value)

Non-high N (%) High N (%)

Gender

Male 5,069 (95.7) 228 (4.3) 2.846 (2.267–3.618) 1.046 (0.000)

Female 5,076 (98.0) 106 (2.0) 1

Age (years)

9–12 3,755 (97.5) 97 (2.5) 1

13–15 5,474 (96.4) 205 (3.6) 1.160 (0.908–1.480) 0.148 (0.234)

16–18 916 (96.6) 32 (3.4) 0.947 (0.634–1.416) −0.054 (0.791)

Anxiety 6.98 ± 7.388 13.51 ± 8.999 1.101 (1.087–1.114) 0.096 (0.000)

TABLE 4 | Anxiety scores by IGD group.

Variable Non-gamers (N) Low risk gamers (L) High risk gamers (H) F P Post-hoc

Total score 4.54 ± 6.493 7.85 ± 7.494 13.51 ± 8.999 327.739 0.001 H>L>N**

physiological anxiety 1.39 ± 2.147 2.37 ± 2.511 4.22 ± 3.176 263.598 0.001 H>L>N**

worry—oversensitivity 2.20 ± 3.139 3.71 ± 3.554 5.71 ± 3.891 276.752 0.001 H>L>N**

social concern and concentration 0.95 ± 1.634 1.78 ± 2.013 3.57 ± 2.479 341.999 0.001 H>L>N**

**p < 0.001.
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non-high-risk and high-risk groups for multiple regression, age
did not show any effect on IGD. Previous work (45) has suggested
that age has an impact on IGD, with a key demarcation point
occurring at 14 years of age due to neurodevelopmental changes
(i.e., functional connections in the dorsal striatum) occurring
after that age (46). Compared with other age groups, children
and adolescents under 14 are more likely to make choices that
bring immediate rewards and are less likely to be deterred by
future negative consequences (47). This may explain why IGD is
significantly associated with age. The findings of the present study
show that the effect of age on IGD is unclear, and more studies
are needed to confirm the existence of an age cut-off point in the
incidence of IGD.

The present findings show no significant association between
parental education level and IGD, which is inconsistent with
the results of other studies (41). This inconsistency may in
part be due to differing levels of socioeconomic status across
the countries studied, however, such differences are unlikely to
account for all the differences in the findings of the two studies.
This may an interesting direction for future scholars to explore.
The results also showed that family structure and the number of
children in the household had no significant effect on IGD.

Our research shows that anxiety is a predictor of IGD. Total
anxiety as measured by the RCMAS, as well as subscale measures
of physiological anxiety, social correlation, and sensitivity all
significantly differed between IGD groups. The results validate
our research hypotheses that anxiety and IGD are significantly
related, and the higher the level of anxiety, the higher the
risk of IGD. It has been suggested that frequent and excessive
gaming is a temporary coping strategy for people experiencing
negative mental states (48). Additionally, individuals may use
video games to escape negative emotions such as distress, anxiety,
and depression (49). Studies have confirmed that anxiety and
IGD are co-morbid (50). Physiological anxiety refers to the
physical symptoms caused by anxiety, and it is one of the
components of anxiety. It has been reported that individuals
with IGD experience changes in body perception such as stiffness
and uncoordinated body movements (51–54). This may explain
why total anxiety score and physiological anxiety were both
positively correlated with IGD. It has also been shown that social
anxiety is a risk factor for the development and continuation
of IGD (55–57). Another study reported a positive two-way
relationship between Internet gaming and social anxiety (58).
It may be that individuals who are reluctant to communicate
with others due to social anxiety participate in games to meet
their social needs to a certain extent. Individuals may develop
a preference for online interaction, increasing the likelihood
of IGD (59, 60). Therefore, timely assessment of anxiety in
children and adolescents, together with training social skills, and
assisting them in effectively integrating into real life may be
effective in reducing the incidence and impact of IGD in children
and adolescents.

Advantages and Limitations
This article reports the findings of a large-scale cross-sectional
survey. The vast sample size increases the objectivity and

generalizability of the findings. The broad age range of 9–18
years covers childhood and adolescence, thereby providing an
understanding of the development of IGD with greater scope
for behavioral changes that happen over this age range. The
limitations of this study are as following: (1) The results of
our study showed that gender and anxiety predicted IGD, but
we did not examine any potential sex-specific interactions with
types of anxiety, which limits our discussion of our results; (2)
A self-report tool was used, which may be affected by social
desirability bias causing participants to underestimate their own
gaming addiction. There are few objective measures of gaming
addiction, and their use may not be feasible on the scale of
this study.

CONCLUSION

Anxiety was a predictor of IGD, with statistically significant
group differences in total anxiety, as well as the dimensions
of physiological anxiety, social correlation, and sensitivity.
The timely assessment of anxiety in children and adolescents,
training social skills, and facilitating effective integration into
society could be effective ways of reducing the incidence
and impact of IGD. Future researches can explore sex-
specific pathways to IGD, for example, if IGD prevalence
in males and females could be predicted by different types
of anxiety?
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