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there has been controversy regarding whether online game behaviors can lead to mental
disorder. This study aims to clarify the correlation between the online game behaviors of
college students and anxiety, depression, and executive function of college students in
China, from a questionnaire-based investigation.

Methods: Based on the whole class random sampling method, a questionnaire survey
was conducted among college students in Northern Anhui, China from March 7 to March
27, 2020. The questionnaires included the Internet Game Addiction (IGA) Scale, Behavior
Rating Inventory of Executive Function (Adult Version, BRIEF-A), Generalized Anxiety
Disorder Scale (GAD-7) and Patient Health Questionnaire Scale (PHQ-9).

Results: A total of 850 participants completed the survey, including 353 males (41.53%)
and 497 females (58.47%). The primary age group was 18-27 years (91.53%), and the
educational background was a bachelor’s degree (94.7%). The study found that the
online behavior of 17.76% of college students was online game behavior. This study
did not identify any students who met the criteria for IGA, and 3% met the criteria for
indulgent behavior. A dual role of online games was identified; moderate online game
activities can improve the emotional state and executive function of college students,
while excessive online game behaviors that may not reach the degree of addiction can
also harm emotional state and executive function.

Conclusions: This study suggests that although IGA has been regarded as a mental
disease, online game behavior should be treated differently. Online game activities should
not be entirely denied, but mental disorders caused by excessive gaming activities
deserve attention. In particular, the emotional state and executive function of students
with excessive online game behaviors should be monitored and intervened in advance to
avoid game behaviors turning into indulgent behaviors or addiction. As a cognitive control
process, executive function may play a key role in regulating IGA and emotional state.
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INTRODUCTION

With the rapid growth of the online game market, many young
men indulge in online games, which has resulted in lots of
negative social effects. Problems related to IGA have become
increasingly concerning. Previous research reported that the
prevalence of IGA has been estimated to be 0.5-6% (1, 2).
Long et al. (3) analyzed 36 representative investigations and
found that the prevalence of problematic IGA was 3.5-17%.
King et al. investigated more than 3,000 subjects and found that
the prevalence of IGA was 0.3-4.9% (4). In addition, the above
studies have found that young people are the high incidence
population of IGA. The individual susceptibility constituted
by genetic, physio genesis and personality characteristics may
predispose young people to addictive tendencies and indicates
that IGA disorder of young people is a real problem that
needs attention.

IGA has been considered as a clinical phenomenon that
requires further study, per the Diagnostic and Statistical Manual
of Mental Disorders, 5th Edition, 2013 (DSM-5) (5). In 2019, the
World Health Organization (WHO) regarded gaming disorder as
a mental disease and classified it in the category of the disorders
caused by addictive behaviors (6). The introduction of two new
standards has guided the primary direction for research in this
field (7), but has also generated significant controversy. Clinical
studies have found that IGA has the characteristic similar to
those of behavioral addiction, such as excessive attention-seeking,
compulsive, lack of control and impulsive behavior (8). Related
research has indicated that IGA may decrease sleep quality
and has a strong correlation with different degrees of anxiety,
depression and other psychological distress (9, 10). However,
some researchers have suggested that IGA should not be classified
as a mental disease (11). It has been reported that online
games bring happiness to players, reduce anxiety, depression (12)
and improve cognitive function (13). In addition, most online
gamers are not exposed to addiction, suggesting the presence
of factors mitigating against IGA. Previous studies highlighted
that executive function plays a key role in the regulation
of addictive behaviors and emotional status (14). Executive
function includes decision-making, planning, inhibition and
behavioral shift (15). Moreover, executive function can prevent
the development of addiction by inhibiting impulsive and
controlling behaviors, whilst degradation of executive function
leads to an increase in impulsive behaviors and addiction
development (16). Meanwhile, excessive online gaming could
be detrimental to executive function, consequently spiraling
without control and leading to impulsive behaviors (17). In
essence, executive function plays a key role in IGA mitigation and
mental health.

This study focused on the roles of executive function, anxiety
and depression on the development of IGA, based on the
Behavior Rating Inventory of Executive Function (Adult Version,
BRIEF-A), Generalized Anxiety Disorder Scale (GAD-7) and
Patient Health Questionnaire Scale (PHQ-9). Since online gamer
demographics are predominantly individuals in the younger age-
bracket, college students were selected for becoming participants

of this study. This investigation sheds further light on the
correlation of IGA and emotional disorder with executive
function disorder, thus providing references to IGA mitigation
within clinical practice.

METHOD

Research Subjects

Based on the whole class random sampling method, a
questionnaire survey was conducted on college students in
Northern Anhui Province, China from March 7 to March 27,
2020. An online questionnaire survey method was used for the
study and more than two classes were randomly selected from
each grade of each school. With the help of school counselors,
questionnaire links were distributed in a QQ group or WeChat
group, and only one questionnaire could be completed per
IP address. Questionnaires that were completed too quickly
were eliminated and 850 valid questionnaires were finally
considered for the study. Bengbu Medical College Institutional
Review Board authorized this study (approval number: 2019-
199). All experiments were performed in compliance with the
regulatory approval.

Research Tools
IGA Scale
Currently, there are few measurement tools for the diagnosis
and evaluation of IGA which are based on DSM-5 and ICD-
11. However, there are several inconsistencies between the two
criteria used for determining the prevalence of IGA (7), which
in turn, leads to a significant difference in determining the
incidence of IGA. The development of measurement tools needs
to be validated in cross-cultural clinical samples for effectiveness
and reliability. Better results would be obtained if objective
indicators including autonomic nervous system response, and
electrophysiological parameters can be measured (5, 18, 19).
Based on the above reasons, the IGA scale was used in this study.
The IGA scale was compiled by Chinese scholars, which used
Chinese college students as samples and adopted an event-related
brain potential method to identify objective electrophysiological
indexes that could distinguish IGA users from other Internet
users. The reliability and stability of the scale for Chinese young
people have been proven by reliability and validity tests (20, 21).
IGA scale with 11 questions and a Likert 5-point scoring
method were used for the study. From being “highly consistent”
to “very inconsistent,” the consistency between the actual
situation of the subjects and the questionnaire items were
correspondingly scored from “4 points” to “0 points,
respectively. Subjects with higher scores were more likely
to develop IGA. A score < 20 was regarded as normal online
game behavior, a score > 20 but <30 was regarded as online
game indulgent and a score > 30 was considered as IGA. In this
study, the Internal consistency Cronbach’s a of the questionnaire
was 0.856, and the KMO test coefficient (Bartlett’s test, P <
0.05) was 0.828, indicating that the scale had good reliability
and validity.
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The Generalized Anxiety Disorder Scale

The Generalized Anxiety Disorder Scale (GAD-7) was previously
translated into Chinese and validated by researchers in China
(22). GAD-7 is a quantitative evaluation standard recommended
by DSM-5 published by the American Psychiatric Association.
It is an effective tool to identify possible cases with generalized
anxiety disorder and has shown good reliability and validity in
previous studies. The score is divided into four levels: 0-4, 5-
9, 10-14, and 15-21, corresponding to no, mild, moderate and
severe anxiety, respectively (23). In this study, the Cronbach’s a
of the standardized item of the scale was 0.922, and the KMO test
coefficient (Bartlett’s test, P < 0.05) was 0.920, indicating that the
scale had good reliability and validity.

Patient Health Questionnaire Scale

The Patient Health Questionnaire Scale (PHQ-9) was previously
translated into Chinese and validated by researchers in China
(24, 25). PHQ-9 is based on nine criteria of depression as stated
in DSM-5 and is highly sensitive to depressive symptoms. The
score is divided into five levels: 0-4, 5-9, 10-14, 15-19, and 20-
27 corresponding to no, mild, moderate, moderately-severe and
severe anxiety, respectively (26). In this study, the Cronbach’s a
of the standardized item of the scale was 0.905, and the KMO test
coeflicient (Bartlett’s test, P < 0.05) was 0.930, indicating that the
scale had good reliability and validity.

Executive Function Scale

Executive function was measured with the Chinese version
Behavior Rating Inventory of Executive Function-Adult Version
(BRIEF-A) developed by Roth and Gioia (27), It contains
75-items that yield an overall score, the Global Executive
Composite(GEC), which is derived from two index scores
[Behavioral Regulation Index (BRI) and Metacognitive Index
(MI)]. The BRI is comprised of four clinical scales: Inhibit, Shift,
Emotional Control and Self-Monitor. The MI is comprised of
five clinical scales: Initiate, Working Memory, Plan or Organize,
Task Monitor and Organization of Materials. A 1-3 level scoring
system was adopted, with a score of 1 for “never;” a score of 2 for
“sometimes” and a score of 3 for “often.” The higher the total
score, the more serious the impairment of executive function.
In this study, the internal consistency Cronbach’s a of this scale
was 0.976, and the KMO test coefficient (Bartlett’s test, P <
0.05) was 0.966, indicating that the scale had good reliability
and validity.

Statistical Analysis

The SPSS 25.0 software was used for statistical analysis in this
study. The measured data were expressed as (M £ SD), and
the independent sample t-test was used to compare two groups
of measured data. The measured data for multiple groups were
analyzed by one-way ANOVA, and multiple comparisons were
made. Also, correlation analyses and multiple linear regressions
were used to identify the relationships between the IGA score and
anxiety, depression, and executive function, with a test level a
of 0.05.

TABLE 1 | General demographic data of subjects (n = 850).

Variables Number Percentage (%)
Total 850 100
Gender Male 353 41.53
Female 497 58.47
Age <18 34 4.00
18-23 677 79.65
24-27 101 11.88
>27 38 4.47
Grade Freshman 200 23.53
Sophomore 98 11.53
Sophomore 287 33.76
Junior 180 21.18
Senior 40 4.71
Postgraduate or above 45 5.30
Residence Country 363 42.71
Town 195 22.94
City 292 34.35
RESULTS

General Demographic Data of Subjects

A total of 850 participants completed the survey, including
353 males (41.53%) and 497 females (58.47%). The overall
age distribution was between 18 and 27 years (91.53%). The
educational background of the subjects mostly comprised a
bachelor’s degree (94.7%). Other general demographic data are
shown in Table 1.

Network Usage of Subjects

Primary Internet Behaviors of Subjects Over the Past
12-Month Period

The 850 participants of the study were divided into two groups
according to their primary Internet behaviors over the past 12
months. There were 151 (17.76%) participants in the Game
group and the primary Internet behavior was playing online
games. There were 699 (82.24%) participants in the Non-game
group and the primary Internet behaviors included watching
cinematographic and television programs, short videos, reading
online novels, and shopping (Figure 1).

Basic Information of the Game and Non-game
Groups

There were significant differences in gender, grade, and online
time between the Game and Non-game groups (Table 2).

Relationships Between IGA Scores and
Anxiety, Depression, and Executive
Function Scores

Differences in Anxiety and Depression Levels Among
Groups

Based on the IGA score, the Game group was further divided into
a 0-9 score group (6.68 £ 2.16), a 10-19 score group (14.84 +
2.24),and a 20-29 score group (22.65 = 1.98). The results showed
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FIGURE 1 | The primary network behaviors and grouping of participants (n = 850) over the past 12 months.

TABLE 2 | Basic information of the game group and the Non-game group.

Variables Network usage type x? P
Non-game Game
(n = 699) (n=151)
Gender Male 254 (36.3%) 99 (65.6%) 43.678 0.000***
Female 445 (63.7%) 52 (34.4%)
Age <18 25 (3.6%) 9 (6.0%) 2122 0.548
18-23 557 (79.7%) 120 (79.5%)
24-27 85 (12.2%) 16 (10.6%)
>27 32 (4.6%) 6 (4.0%)
Grade Freshman 146 (20.9%) 54 (356.8%) 15.774 0.008**
Sophomore 84 (12.0%) 14 (9.3%)
Sophomore 245 (35.1%) 42 (27.8%)
Junior 154 (22.0%) 26 (17.2%)
Senior 33 (4.7%) 7 (4.6%)
Postgraduate 37 (56.3%) 8 (5.3%)
or above
Residence  Country 298 (42.6%) 65 (43.0%) 1.822 0.402
Town 155 (22.2%) 40 (26.5%)
City 246 (35.2%) 46 (30.5%)
Online time  <1h 27 (3.9%) 17 (11.3%) 17.305 0.002**
1-2h 77 (11.0%) 13 (8.6%)
2-4h 199 (28.5%) 33 (21.9%)
4-8h 265 (37.9%) 53 (35.1%)
>8h 131 (18.7%) 35 (23.2%)

P < 0.01, ™P < 0.001.

that subjects without depression or anxiety accounted for the
most significant proportion of the 0-9 score group, and subjects
with more than moderate anxiety or depression accounted for the
most significant proportion of the 20-29 score group (Figure 2).

Scores of Anxiety and Depression, the Executive
Function Total Scores, and the Executive Function
Score of Each Factor Among Groups

The results showed that students in the 0-9 score group (based
on the IGA score) had lower scores on the anxiety, depression,

and executive function scales than those in the Non-game group,
10-19 score group, and 20-29 score group (P < 0.05). However,
students who were in the 20-29 score group had higher scores on
the anxiety, depression, and executive function scales than those
in other groups (P < 0.05) (see Table 3). These trends are shown
in Figure 3.

Correlation Analysis of IGA Scores With Gender, Age,
Anxiety, Depression, and Executive Function

Table 4 shows the correlation between IGA scores and gender,
age, anxiety, depression, and executive function. The results
showed that IGA scores were positively correlated with age,
anxiety, depression, executive function, and executive function
subscale factors (see Table 4).

Multiple Linear Regression Analysis of IGA Scores
With Age, Anxiety, Depression, and the Total Score of
Executive Function (n = 151)

The IGA score was treated as the dependent variable,
and age, anxiety, depression, and executive function scores
were treated as independent variables for multiple linear
regression analysis. The Variance Inflation Factor (VIF) for
the predictor variables ranged from 1.027 to 4.768, which
is acceptable as being below the threshold of 10; likewise,
Tolerance levels for each predictor ranged from 0.210 to
0.974, which is also a satisfactory range. The results indicated
that age, anxiety, and the total score of executive function
were independent influencing factors of online game behavior
(see Table 5).

DISCUSSION

This study investigated the differences in anxiety, depression,
and executive function scores among the Non-game group and
the Game group (the Game group was divided into the 0-9,
10-19, 20-29 score groups according to the IGA scale score).
The results showed that the scores for anxiety, depression, and
executive function of subjects in the 0-9 score group were
lower than those in the Non-game group, 10-19 score group,
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FIGURE 2 | Different anxiety levels (GAD-7) and depression levels (PHQ-9) among groups without depression or anxiety accounted for the most significant proportion
in the 0-9 score group, and subjects with more than moderate anxiety or depression accounted for the most significant proportion in the 20-29 score group. 0-9,
10-19, 20-29, respectively represents group whose scores of Internet Game Addiction Scale were 0-9, 10-19, 20-29.

TABLE 3 | Scores of anxiety and depression, total scores, and the executive function scores of each factor among groups (M + SD).

Non-game? Game F P Post-hoc
(n = 699)

0-9° 10-19¢ 20-29¢

(n=37) (n =88) (n = 26)
GAD-7 3.96 + 4.49 1.00 + 1.96 2.99 + 4.1 8.81 £ 5.46 17.382 0.000*** d>c=a>b
PHQ-9 5.50 £+ 5.32 2.57 £ 3.29 475 + 5.13 11.92 £ 7.00 17.156 0.000"** d>c=a>b
BRIEF-A 103.07 + 28.42 83.86 + 15.68 104.42 + 28.35 132.69 + 29.23 15.544 0.000*** d>c=a>b
BRI 43.44 + 12.66 35.35 £ 5.92 43.47 £12.30 57.08 £ 13.14 156.659 0.000*** d>c=a>b
Inhibit 11.61 £ 3.40 9.62 +1.75 11.65 + 3.26 16.16 + 3.04 14.293 0.000*** d>c=a>b
Shift 8.73 £ 2.80 6.95 + 1.54 8.83 + 2.64 11.38 +£2.83 13.399 0.000*** d>c=a>b
Emotional control 14.50 + 4.58 11.46 + 2.12 14.22 + 4.56 19.42 + 5.88 15.810 0.000*** d>c=a>b
Self-monitor 8.60 + 2.79 7.32 £1.47 8.77 + 2.71 11.12 +£ 2.66 10.071 0.000*** d>c=a>b
Mi 59.63 + 16.30 48.51 £+ 10.28 60.95 + 16.86 75.62 +£17.10 14.474 0.000*** d>c=a>b
Initiate 12.51 £ 3.58 10.11 + 2.00 12.95 + 3.43 15.27 + 3.55 11.682 0.000*** d>c=a>b
Working memory 11.90 + 3.51 9.57 +2.27 11.94 + 3.66 15.68 £+ 3.11 16.292 0.000*** d>c=a>b
Plan/organize 14.69 + 4.44 12.03 £+ 3.31 14.94 £+ 4.61 19.15 £ 4.70 13.357 0.000"** d>c=a>b
Task monitor 9.02 + 2.66 7.30 £ 1.35 9.35 + 2.64 11.23 +£ 3.04 11.906 0.000*** d>c=a>b
Organization of materials 11.561 £+ 3.42 9.51 £ 2.29 11.76 £ 3.71 14.38 + 4.54 10.261 0.000*** d>c=a>b

***P < 0.001; GAD-7, The Generalized Anxiety Disorder Scale; PHQ-9, Patient Health Questionnaire Scale; BRIEF-A, Executive Function-Adult Version,; BRI, Behavioral Regulation Index;
M, Metacognitive Index.

and 20-29 score group. It indicated that compared with other
online entertainment behaviors, moderate online games might
help alleviate anxiety and depression, and improve executive
function. This confirms prior research findings that moderate
online games can improve players cognitive executive ability

(28, 29) and alleviate or even reduce players’ anxiety, depression,
and other negative emotions (30, 31). A brain electrophysiology
study on games also showed that moderate games activate brain
areas related to emotion processing and that the frontal lobe areas
related to attention are also more activated (32).
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FIGURE 3 | Trends of anxiety, depression, and total scores of executive
function among groups. 0-9, 10-19, 20-29, respectively represents group
whose scores of Internet Game Addiction Scale were 0-9, 10-19, 20-29; *P
< 0.05: vs. 0-9 Game group, **P < 0.01: vs. 0-9 Game group, ***P < 0.001:
vs. 0-9 Game group.

However, this study found that the scores for anxiety,
depression, and executive function of subjects with higher
online game scores (20-29 scores) were significantly higher than
those in the 0-9, and 10-19 score groups, and in the Non-
game group. Further correlation and regression analyses for the
Game group revealed that anxiety, depression, and executive
function were significantly positively correlated with the IGA
score. The above conclusions showed that although excessive
online game behavior (20-29 scores) did not reach the degree of
addiction (online game scores were 30 and above), it still had a
certain degree of negative impact on the emotions and executive
functions of players.

This study showed the correlation of emotion and addiction
with executive function. As a key subcortical brain area (e.g.,
nucleus accumbent, amygdala, cingulum gyrus, hypothalamus),
the limbic system is closely related to addiction development
(33). Appropriate online gaming leads to increased release
of dopamine within the limbic system, resulting in pleasure.
Consequently, such gamers feel calm, with anxiety and
depression being mitigated (34). Therefore, moderate gaming
can maintain emotional volatility in balance, while IGA causes
emotional imbalance. In order to pursue pleasure through online
games, gaming addicts are unable to extricate themselves from
playing, resulting in impulsive and uncontrollable behaviors.
Abrupt gaming halts trigger negative emotions such as anxiety,
depression and anger (35). At this stage, the purpose of online
gaming addicts to compulsively play is not only a method for
pleasure-seeking, also a means to offset negative emotions, such
as anxiety and depression (36). This also describes why this study
found that online gaming abusers have more serious anxiety and
depression behavioral traits. Previous studies have found that
IGA was significantly associated with anxiety, depression, and
alexithymia (37).

Being one of the functions of the frontal cortex (15), executive
function is also involved in addiction regulation (38). Indeed,

TABLE 4 | Correlation analysis between online game scale scores and gender,
age, anxiety, depression, and executive function (n = 151).

IGA scale
r P

Gender —0.004 0.960

Age 0.176 0.030*

Online time 0.143 0.079

GAD-7 0.556 0.000"**
PHQ-9 0.533 0.000"**
BRIEF-A 0.570 0.000"**
BRI 0.575 0.000"**
Inhibit 0.551 0.000"**
Shift 0.559 0.000"**
Emotional control 0.544 0.000***
Self-monitor 0.503 0.000***
M 0.543 0.000***
Initiate 0.523 0.000"**
Working memory 0.545 0.000***
Plan/organize 0.513 0.000***
Task monitor 0.528 0.000"**
Organization of materials 0.449 0.000**

*P<0.05, ***P<0.001; IGA Scale, Internet Game Addiction Scale; GAD-7, The Generalized
Anxiety Disorder Scale; PHQ-9, Patient Health Questionnaire Scale; BRIEF-A, Executive
Function-Adult Version, BRI, Behavioral Regulation Index; M, Metacognitive Index.

TABLE 5 | Multivariate regression analysis (0 = 151).

B SE Beta t P
(Constant) 0.726 2.234 0.325 0.746
Age 2.139 0.641 0.213 3.336 0.001**
GAD-7 0.385 0.148 0.324 2.601 0.01*
PHQ-9 —0.053 0.129 —0.06 —-0.413 0.68
BRIEF-A 0.075 0.018 0.406 4.151 0.000***

“P<0.05, *P<0.01, **P<0.001, R?> = 0.419, Adjusted R®> = 0.403; GAD-7, The
Generalized Anxiety Disorder Scale; PHQ-9, Patient Health Questionnaire Scale; BRIEF-A,
Executive Function-Adult Version.

executive function does include advanced brain functions,
including planning, inhibiting, control, shift and decision-
making (39). Executive function mitigates addiction by inhibiting
impulse behaviors; normal executive function can maintain
online gamer behavior in a moderate state and abate/stabilize
emotional volatility. Impaired executive function leads to limbic
system dysregulation, thus aggravating impulsive behavior and
causing IGA (40). In addition, IGA can consequently aggravate
executive function damage. For instance, executive function
disorder is observed in online gaming addicts (41) and Studies
of brain potentials (42) and functional magnetic resonance (43)
have found that IGA causes executive dysfunction through
frontal lobe injury.

This is consistent with the conclusion that gaming abusers are
exposed to poor executive function. Hence, executive function
may play a key role in the mitigation of IGA and regulation of
emotional status.

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 713364


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhao et al.

Online Games Emotion Executive Function

It has been found that age has an inverted U-shaped
relationship with GD, the risk peaks in puberty and decreases
at ~30 years of age (44). In fact, while the limbic system
undergoes remarkable remodeling during puberty, prefrontal
areas development is not complete until near the age of 25
(45). In this study, though 96% of the participants in this
study were over 18 years old, the number of people aged 18-
25 accounts for nearly 80% of the total population. According
to the neurobiological model of addiction, neurodevelopmental
changes occurring during young people lead to an imbalance
between emotional (reward motivation) and executive control
(46, 47). This neurobiological fragility may contribute in young
people to a higher risk of developing addictive behaviors (48).

This study also found that in the online game group, the
proportion of males was significantly higher than that of females
(P < 0.001), which is consistent with previous research (49, 50).
The differences in user needs between males and females could be
the possible reason. Researchers have indicated that males prefer
to get novel, stimulating, and exciting game experiences through
online games, while females tend to maintain a real relationship
through online social chat (51).

According to the standards of the original scale, those with
scores of 30 and above are considered to be IGA subjects.
However, there were no subjects with scores of 30 and above in
this study. The reason for this might be that the subjects selected
focus only on college students. Well-educated college students
have better self-management abilities and hence lower rates of
addiction. Some studies have found that even among the general
population, only 0.3-1.0% of people meet the diagnostic criteria
of IGA (11). On the other hand, the sample size of this study was
not adequately large.

LIMITATION

We investigated college students in Northern Anhui, China,
the sample size of this study was not adequately large and
the research subjects were only college students. Therefore, the
results of this study need to be verified with a larger sample
size and an expanded scope of research. This study only used
questionnaire survey, and the results might be partially subject
to subjectivity. Further research that includes brain imaging and
neurophysiology is also necessary to corroborate the results of
this study.

CONCLUSIONS

This study identified a dual role of online games. Moderate
online game activities could improve the emotional state and

REFERENCES

1. Ko CH, Lin HC, Lin PC, Yen JY. Validity, functional impairment and
complications related to Internet gaming disorder in the DSM-5 and
gaming disorder in the ICD-11. Aust N Z ] Psychiatry. (2020) 54:707-18.
doi: 10.1177/0004867419881499

executive function of college students. However, excessive online
game behavior that does not reach the degree of addiction can
also negatively affect emotional state and executive function.
The imbalance between reward motivation and executive control
might contribute to IGA. This study suggests that online game
activities should not be completely denied, but the emotional
state and executive function of those who indulge in online
games should be monitored. Pre-intervention can prevent game
behavior turning into an addiction.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Bengbu Medical College.
Written informed consent to participate in this study was
provided by the participants’ legal guardian/next of kin. Written
informed consent was obtained from the individual(s), and
minor(s)” legal guardian/next of kin, for the publication of any
potentially identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

WZ and TW wrote the first draft of the manuscript. DJ and
RZ provided critical revision of the manuscript for important
intellectual content. All authors have materially participated in
the manuscript preparation and gave input to the manuscript text
and approved the final version of the manuscript.

FUNDING

Project supported by the provincial Natural Science Foundation
of Anhui (1908085MH278), Shanghai Key Laboratory of
Psychotic Disorders Open Grant (13dz2260500), Innovative
training Program for Chinese College students (11910510067),
Innovative training Program for Chinese Graduate students
(Byycx20008), Bengbu City - Bengbu Medical College Joint
Science and Technology Project (BYLK201822), Bengbu Medical
College key Laboratory of Addiction Medicine, Innovative
training Program for Chinese Graduate students (Byycx21025),
Science and Technology Development Fund of Bengbu Medical
College (BYKF1818), and Key projects of Natural Science in
Bengbu Medical College (2020byzd022).

2. Wartberg L, Kriston L, Zieglmeier M, Lincoln T, Kammerl R. A
longitudinal study on psychosocial causes and consequences of Internet
gaming disorder in adolescence. Psychol Med. (2019) 49:287-94.
doi: 10.1017/S003329171800082X

3. Long]J, Liu T, Liu Y, Hao W, Maurage P, Billieux J. Prevalence and correlates
of problematic online gaming: a systematic review of the evidence published

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 713364


https://doi.org/10.1177/0004867419881499
https://doi.org/10.1017/S003329171800082X
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhao et al.

Online Games Emotion Executive Function

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

in Chinese. Curr Addict Rep. (2018) 5:359-71. doi: 10.1007/s40429-018-0
219-6

. Petry NM, Zajac K, Ginley MK. Behavioral addictions as mental disorders:

to be or not to be? Annu Rev Clin Psychol. (2018) 14:399-423.
doi: 10.1146/annurev-clinpsy-032816-045120

. Battle DE. Diagnostic and statistical manual of mental disorders (DSM).

Codas. (2013) 25:191-2. doi: 10.1590/s2317-17822013000200017

. Pocai B. The ICD-11 has been adopted by the World Health Assembly. World

Psychiatry. (2019) 18:371-2. doi: 10.1002/wps.20689

. Montag C, Schivinski B, Sariyska R, Kannen C, Demetrovics Z, Pontes

HM. Psychopathological symptoms and gaming motives in disordered
gaming-a psychometric comparison between the WHO and APA
diagnostic frameworks. J Clin Med. (2019) 8:1691. doi: 10.3390/jcm81
01691

. Tateno M, Teo AR, Ukai W, Kanazawa ], Katsuki R, Kubo H, et al. Internet

addiction, smartphone addiction, and hikikomori trait in Japanese young
adult: social isolation and social network. Front Psychiatry. (2019) 10:455.
doi: 10.3389/fpsyt.2019.00455

. Wong HY, Mo HY, Potenza MN, Chan MNM, Lau WM, Chui TK, et al.

Relationships between severity of internet gaming disorder, severity of
problematic social media use, sleep quality and psychological distress. Int |
Environ Res Public Health. (2020) 17:1879. doi: 10.3390/ijerph17061879
Gonzélez-Bueso V, Santamaria JJ, Ferndndez D, Merino L, Montero E, Ribas
J. Association between Internet gaming disorder or pathological video-game
use and comorbid psychopathology: a comprehensive review. Int | Environ
Res Public Health. (2018) 15:668. doi: 10.3390/ijerph15040668

Przybylski AK, Weinstein N, Murayama K. Internet gaming disorder:
investigating the clinical relevance of a new phenomenon. Am ] Psychiatry.
(2017) 174:230-6. doi: 10.1176/appi.ajp.2016.16020224

Thabrew H, Stasiak K, Hetrick SE, Wong S, Huss JH, Merry SN. E-
Health interventions for anxiety and depression in children and adolescents
with long-term physical conditions. Cochrane Database Syst Rev. (2018)
8:Cd012489. doi: 10.1002/14651858.CD012489.pub2

Zhang Y, Song H, Liu X, Tang D, Chen YE, Zhang X. Language learning
enhanced by massive multiple online role-playing games (MMORPGs) and
the underlying behavioral and neural mechanisms. Front Hum Neurosci.
(2017) 11:95. doi: 10.3389/fnhum.2017.00095

Dong G, Lin X, Potenza MN. Decreased functional connectivity in an
executive control network is related to impaired executive function in Internet
gaming disorder. Prog Neuropsychopharmacol Biol Psychiatry. (2015) 57:76-
85. doi: 10.1016/j.pnpbp.2014.10.012

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD.
The unity and diversity of executive functions and their contributions to
complex “Frontal Lobe” tasks: a latent variable analysis. Cogn Psychol. (2000)
41:49-100. doi: 10.1006/cogp.1999.0734

Sofuoglu M, DeVito EE, Waters AJ, Carroll KM. Cognitive enhancement
as a treatment for drug addictions. Neuropharmacology. (2013) 64:452-63.
doi: 10.1016/j.neuropharm.2012.06.021

Yan WS, Chen RT, Liu MM, Zheng DH. Monetary reward discounting,
inhibitory control, and trait impulsivity in young adults with internet
gaming disorder and nicotine dependence. Front Psychiatry. (2021) 12:628933.
doi: 10.3389/fpsyt.2021.628933

Peeters M, Koning I, Lemmens J, Eijnden RVD. Normative, passionate, or
problematic? Identification of adolescent gamer subtypes over time. ] Behav
Addict. (2019) 8:574-585. doi: 10.1556/2006.8.2019.55

Brand M, Young KS, Laier C, Wolfling K, Potenza MN. Integrating
psychological and neurobiological considerations regarding the development
and maintenance of specific Internet-use disorders: an interaction of person-
affect-cognition-execution (I-PACE) model. Neurosci Biobehav Rev. (2016)
71:252-66. doi: 10.1016/j.neubiorev.2016.08.033

Ma Q-G, Dai S-Y. Scale development for the diagnosis of online game
addiction: a confirmatory analysis of event-related potentials. ] Indus Eng Eng
Manage. (2011) 25:21-9. doi: 10.13587/j.cnki.jieem.2011.02.035

Hu H, Zhang G, Yang X, Zhang H, Lei L, Wang P. Online gaming
addiction and depressive symptoms among game players of the glory
of the king in China: the mediating role of affect balance and the
moderating role of flow experience. Int | Mental Health Addict. (2021).
doi: 10.1007/511469-021-00573-4. [Epub ahead of print].

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

He X, Li C, Qian J, Cui H, Wu W. Reliability and validity of a generalized
anxiety disorder scale in general hospital outpatients. Shanghai Arch
Psychiatry. (2010) 22:200-3. doi: 10.3969/j.issn.1002-0829.2010.04.002
Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092-7.
doi: 10.1001/archinte.166.10.1092

Wang W, Bian Q, Zhao Y, Li X, Wang W, Du J, et al. Reliability and
validity of the Chinese version of the Patient Health Questionnaire (PHQ-
9) in the general population. Gen Hosp Psychiatry. (2014) 36:539-44.
doi: 10.1016/j.genhosppsych.2014.05.021

Zhang YL, Liang W, Chen ZM, Zhang HM, Zhang JH, Weng XQ, et al.
Validity and reliability of Patient Health Questionnaire-9 and Patient Health
Questionnaire-2 to screen for depression among college students in China.
Asia Pac Psychiatry. (2013) 5:268-75. doi: 10.1111/appy.12103

Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report
version of PRIME-MD: the PHQ primary care study. Primary care evaluation
of mental disorders. Patient Health Questionnaire. JAMA. (1999) 282:1737-
44. doi: 10.1001/jama.282.18.1737

Roth RM, Gioia GA. Behavior Rating Inventory of Executive Function-Adult
Version. Lutz, FL: Psychological Assessment Resources (2005).

Oei AC, Patterson MD. Enhancing cognition with video games:
a multiple game training study. PLoS ONE. (2013) 8:¢58546.
doi: 10.1371/journal.pone.0058546

Roberts MT, Lloyd J, Viliméaki M, Ho GW, Freemantle M, Békefi AZ. Video
games for people with schizophrenia. Cochrane Database Syst Rev. (2021)
2:Cd012844. doi: 10.1002/14651858.CD012844.pub2

Ohannessian CM. Video game play and anxiety during late adolescence:
the moderating effects of gender and social context. | Affect Disord. (2018)
226:216-9. doi: 10.1016/j.jad.2017.10.009

Lee JS, Jeong B. Having mentors and campus social networks moderates
the impact of worries and video gaming on depressive symptoms:
a moderated mediation analysis. BMC Public Health. (2014) 14:426.
doi: 10.1186/1471-2458-14-426

Kober SE, Wood G, Kiili K, Moeller K, Ninaus M. Game-based learning
environments affect frontal brain activity. PLoS ONE. (2020) 15:e0242573.
doi: 10.1371/journal.pone.0242573

Cooper S, Robison AJ, Mazei-Robison MS. Reward circuitry in addiction.
Neurotherapeutics. (2017) 14:687-97. doi: 10.1007/s13311-017-0525-z
Carlier S, Van der Paelt S, Ongenae E De Backere F De Turck F.
Empowering children with ASD and their parents: design of a serious game
for anxiety and stress reduction. Sensors. (2020) 20:966. doi: 10.3390/5200
40966

Weinstein A, Lejoyeux M. Internet addiction or excessive internet use. Am J
Drug Alcohol Abuse. (2010) 36:277-83. doi: 10.3109/00952990.2010.491880
Kaptsis D, King DL, Delfabbro PH, Gradisar M. Withdrawal symptoms
in internet gaming disorder: a systematic review. Clin Psychol Rev. (2016)
43:58-66. doi: 10.1016/j.cpr.2015.11.006

Bonnaire C, Baptista D. Internet gaming disorder in male and female young
adults: the role of alexithymia, depression, anxiety and gaming type. Psychiatry
Res. (2019) 272:521-30. doi: 10.1016/j.psychres.2018.12.158

Goldstein RZ, Volkow ND. Dysfunction of the prefrontal cortex in addiction:
neuroimaging findings and clinical implications. Nat Rev Neurosci. (2011)
12:652-69. doi: 10.1038/nrn3119

Moreau D, Chou E. The acute effect of high-intensity exercise on
executive function: a meta-analysis. Perspect Psychol Sci. (2019) 14:734-64.
doi: 10.1177/1745691619850568

Dong G, Lin X, Hu Y, Xie C, Du X. Imbalanced functional link between
executive control network and reward network explain the online-game
seeking behaviors in Internet gaming disorder. Sci Rep. (2015) 5:9197.
doi: 10.1038/srep09197

Wang M, Dong H, Zheng H, Du X, Dong GH. Inhibitory neuromodulation
of the putamen to the prefrontal cortex in Internet gaming disorder: how
addiction impairs executive control. J Behav Addict. (2020) 9:312-324.
doi: 10.1556/2006.2020.00029

Kim J, Park J, Park YM, Jang D, Namkoong K, Jung YC, et al
Diminished frontal theta activity during gaming in young adults with internet
gaming disorder. Front Neurosci. (2019) 13:1183. doi: 10.3389/fnins.2019.
01183

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 713364


https://doi.org/10.1007/s40429-018-0219-6
https://doi.org/10.1146/annurev-clinpsy-032816-045120
https://doi.org/10.1590/s2317-17822013000200017
https://doi.org/10.1002/wps.20689
https://doi.org/10.3390/jcm8101691
https://doi.org/10.3389/fpsyt.2019.00455
https://doi.org/10.3390/ijerph17061879
https://doi.org/10.3390/ijerph15040668
https://doi.org/10.1176/appi.ajp.2016.16020224
https://doi.org/10.1002/14651858.CD012489.pub2
https://doi.org/10.3389/fnhum.2017.00095
https://doi.org/10.1016/j.pnpbp.2014.10.012
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/j.neuropharm.2012.06.021
https://doi.org/10.3389/fpsyt.2021.628933
https://doi.org/10.1556/2006.8.2019.55
https://doi.org/10.1016/j.neubiorev.2016.08.033
https://doi.org/10.13587/j.cnki.jieem.2011.02.035
https://doi.org/10.1007/s11469-021-00573-4
https://doi.org/10.3969/j.issn.1002-0829.2010.04.002
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/j.genhosppsych.2014.05.021
https://doi.org/10.1111/appy.12103
https://doi.org/10.1001/jama.282.18.1737
https://doi.org/10.1371/journal.pone.0058546
https://doi.org/10.1002/14651858.CD012844.pub2
https://doi.org/10.1016/j.jad.2017.10.009
https://doi.org/10.1186/1471-2458-14-426
https://doi.org/10.1371/journal.pone.0242573
https://doi.org/10.1007/s13311-017-0525-z
https://doi.org/10.3390/s20040966
https://doi.org/10.3109/00952990.2010.491880
https://doi.org/10.1016/j.cpr.2015.11.006
https://doi.org/10.1016/j.psychres.2018.12.158
https://doi.org/10.1038/nrn3119
https://doi.org/10.1177/1745691619850568
https://doi.org/10.1038/srep09197
https://doi.org/10.1556/2006.2020.00029
https://doi.org/10.3389/fnins.2019.01183
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhao et al.

Online Games Emotion Executive Function

43.

44.

45.

46.

47.

48.

49.

Wang Y, Yin Y, Sun YW, Zhou Y, Chen X, Ding WN, et al. Decreased
prefrontal lobe interhemispheric functional connectivity in adolescents with
internet gaming disorder: a primary study using resting-state FMRI. PLoS
ONE. (2015) 10:e0118733. doi: 10.1371/journal.pone.0118733

King DL, Delfabbro PH, Perales JC, Deleuze J, Kiraly O, Krossbakken E,
et al. Maladaptive player-game relationships in problematic gaming and
gaming disorder: a systematic review. Clin Psychol Rev. (2019) 73:101777.
doi: 10.1016/j.cpr.2019.101777

Di Nicola M, Ferri VR, Moccia L, Panaccione I, Strangio AM, Tedeschi
D, et al. Gender differences and psychopathological features associated
with addictive behaviors in adolescents. Front Psychiatry. (2017) 8:256.
doi: 10.3389/fpsyt.2017.00256

Hammond CJ, Mayes LC, Potenza MN. Neurobiology of adolescent substance
use and addictive behaviors: treatment implications. Adolesc Med State Art
Rev. (2014) 25:15-32. doi: 10.1189/j1b.0112042

Sturman DA, Moghaddam B. The neurobiology of adolescence: changes
in brain architecture, functional dynamics, and behavioral tendencies.
Neurosci Biobehav Rev. (2011) 35:1704-12. doi: 10.1016/j.neubiorev.2011.
04.003

Oman RE Vesely S, Aspy CB, McLeroy KR, Rodine S, Marshall L.
The potential protective effect of youth assets on adolescent alcohol and
drug use. Am ] Public Health. (2004) 94:1425-30. doi: 10.2105/AJPH.94.
8.1425

Chen KH, Oliffe JL, Kelly MT. Internet gaming disorder: an
emergent health issue for men. Am ] Mens Health. (2018) 12:1151-9.
doi: 10.1177/1557988318766950

50. Esposito MR, Serra N, Guillari A, Simeone S, Sarracino E Continisio
GI, et al. An investigation into video game addiction in pre-adolescents
and adolescents: a cross-sectional study. Medicina. (2020) 56:221.
doi: 10.3390/medicina56050221

51. Kim YJ, Roh D, Lee SK, Canan E, Potenza MN. Factors statistically predicting
at-risk/problematic internet use in a sample of young adolescent boys and girls
in South Korea. Front Psychiatry. (2018) 9:351. doi: 10.3389/fpsyt.2018.00351

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhao, Wei, Zhou, Wang, Wang, Ren, Shao, Luo, Zhou, Chen,
Lu, Song, Zhang, Fang, Zhang and Jiao. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

October 2021 | Volume 12 | Article 713364


https://doi.org/10.1371/journal.pone.0118733
https://doi.org/10.1016/j.cpr.2019.101777
https://doi.org/10.3389/fpsyt.2017.00256
https://doi.org/10.1189/jlb.0112042
https://doi.org/10.1016/j.neubiorev.2011.04.003
https://doi.org/10.2105/AJPH.94.8.1425
https://doi.org/10.1177/1557988318766950
https://doi.org/10.3390/medicina56050221
https://doi.org/10.3389/fpsyt.2018.00351
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	The Influence of Online Game Behaviors on the Emotional State and Executive Function of College Students in China
	Introduction
	Method
	Research Subjects
	Research Tools
	IGA Scale
	The Generalized Anxiety Disorder Scale
	Patient Health Questionnaire Scale
	Executive Function Scale

	Statistical Analysis

	Results
	General Demographic Data of Subjects
	Network Usage of Subjects
	Primary Internet Behaviors of Subjects Over the Past 12-Month Period
	Basic Information of the Game and Non-game Groups

	Relationships Between IGA Scores and Anxiety, Depression, and Executive Function Scores
	Differences in Anxiety and Depression Levels Among Groups
	Scores of Anxiety and Depression, the Executive Function Total Scores, and the Executive Function Score of Each Factor Among Groups
	Correlation Analysis of IGA Scores With Gender, Age, Anxiety, Depression, and Executive Function
	Multiple Linear Regression Analysis of IGA Scores With Age, Anxiety, Depression, and the Total Score of Executive Function (n = 151)


	Discussion
	Limitation
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


