
O R I G I N A L  R E S E A R C H

Associations Between Attention Deficit/ 
Hyperactivity Disorder and Internet Gaming 
Disorder Symptoms Mediated by Depressive 
Symptoms and Hopelessness Among College 
Students

Chen Chen1,2 

Si Dai2 

Lijuan Shi3 

Yidong Shen 2 

Jianjun Ou 2

1Academy of Forensic Science, Shanghai 
Key Laboratory of Forensic Medicine, 
Key Laboratory of Forensic Science, 
Shanghai Forensic Service Platform, Key 
Laboratory of Forensic Science, Ministry 
of Justice, Shanghai, Shanghai, People’s 
Republic of China; 2Department of 
Psychiatry, National Clinical Research 
Center for Mental Disorders, National 
Technology Institute on Mental 
Disorders, The Second Xiangya Hospital 
of Central South University, Changsha, 
Hunan, People’s Republic of China; 
3School of Education, Hunan University 
of Science and Technology, Xiangtan, 
Hunan, People’s Republic of China 

Purpose: The mediating role of depressive symptoms and hopelessness on the relationship 
between attention deficit/hyperactivity disorder (ADHD) and internet gaming disorder (IGD) 
symptoms has not yet been elucidated. This study assessed this mediating effect in college 
students.
Participants and Methods: Participants consisted of 1236 freshmen recruited at a local 
university. Symptoms of ADHD, IGD, depression and hopelessness were measured using 
self-report scales. The effect of ADHD on IGD mediated by depression and hopelessness 
was analyzed by Haye’s PROCESS macro for SPSS (Model 6) using the bias-corrected 
percentile bootstrap method with 5000 bootstrapped samples.
Results: Symptoms of ADHD, depression and hopelessness were common in college 
students and were strongly associated with the appearance of IGD symptoms. ADHD 
symptoms of college students impacted their IGD symptoms directly and indirectly via 
depressive symptoms and hopelessness. The total effect of ADHD symptoms on IGD 
symptoms was 0.075 (standard error [SE]: 0.009, 95% confidence interval [CI] 0.057, 
0.093), with a direct effect of 0.037 (SE: 0.010, 95% CI 0.018, 0.056, effect ratio: 49.3%), 
and total indirect effect was 0.038 (SE: 0.005, 95% CI 0.029, 0.050, effect ratio: 50.7%).
Conclusion: Depressive symptoms and hopelessness can mediate the relationship between 
ADHD and IGD symptoms among college students. These findings point to the importance 
of evaluating ADHD, depressive and hopelessness symptoms for the prevention and treat-
ment of adult IGD.
Keywords: attention deficit/hyperactivity disorder, internet gaming disorder, depression, 
hopelessness, mediation effect

Introduction
Attention deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental 
disorder that is usually diagnosed in childhood. The prevalence of childhood 
ADHD is approximately 6%, and patients are predominantly men.1 Symptoms of 
childhood ADHD can persist into adulthood in 40–50% of cases.2–4 Longitudinal 
evidence has suggested that the prevalence of adult ADHD ranges from 3% to 5% 
with gender balance, but some adults with ADHD lack a history of childhood 
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ADHD.1,5–8 Adult ADHD is strongly associated with 
addictive behavior (for example, substance misuse and 
dependence), poor academic achievement and mental 
health, unemployment, and life impairment,1,9,10 thereby 
emphasizing the importance of investigating the underly-
ing mechanisms.

Internet gaming disorder (IGD) is a common comorbid-
ity of ADHD among young adults, characterized by the 
problematic use of internet games.11,12 Previous studies 
have shown that brain abnormalities in ADHD are asso-
ciated with the biological susceptibility and addiction sever-
ity of IGD.13–15 Some neuropsychological characteristics, 
such as impulsivity and hostility, are also associated with 
the comorbidity of ADHD and IGD.16 For college students, 
the presence of probable ADHD is related to the severity of 
IGD symptoms and mediates the effect of immersive ten-
dency on IGD.11,17 Additionally, the association between 
ADHD and IGD may differ across cultures.18

Hopelessness refers to the cognitive patterns which 
characterized by the pessimistic attitude or the negative 
expectations about the future.19 Previous study indicated 
that adult with ADHD may expressed several common 
symptoms such as deficits in working memory, organizing, 
sustaining, and completing tasks.20 Consequently, failure 
to successfully complete tasks in daily life or work may 
bring frustration and hopelessness to adults with ADHD. 
In addition to this, many studies found that hopelessness is 
associated with addictive related behavior such as sub-
stance misuse.21,22 Similarly, the sense of hopelessness 
may lead individuals to become addicted to internet 
games to escape the challenges of reality. However, few 
studies have examined the role of hopelessness in the 
relationship between ADHD and IGD.

Depression is another common comorbidity of both 
ADHD and IGD.23,24 A longitudinal study has demonstrated 
that childhood ADHD increases the risk of depression later in 
life and is consistent with a causal effect of ADHD genetic 
liability on subsequent major depression.25 There has also 
been evidence of a positive correlation between depressive 
symptoms and ADHD symptoms in college students.26 

Additionally, longitudinal studies have also pointed to 
a reciprocal relationship between the severity of IGD features 
and the level of depressive symptoms in children;27 in addi-
tion, depressive symptoms can positively predict IGD in 
adolescents, but not inversely.28 For college students, depres-
sion symptoms can predict the severity of IGD symptoms, 
mediate the relationship between childhood trauma and IGD, 
and augment its negative influence.11,29

This study was designed to assess the relationship 
between the symptoms of ADHD, IGD, and depression 
among college students. As cognitive biases can impact 
the relationship between depression and ADHD30,31 and 
are associated with the presence and psychotherapy effect 
of depression,32,33 hopelessness was also assessed in the 
study. The hypothesis tested was: ADHD symptoms are 
directly associated with IGD symptoms, and the effect can 
be indirectly enhanced through depressive and hopeless-
ness symptoms.

Participants and Methods
Participants
This cross-sectional study was conducted using simple clus-
ter sampling method at a local university in Hunan province, 
China, between October 2018 and December 2018. 
Freshmen were recruited at the university according to the 
following criteria: (1) officially registered at the university 
and (2) enrolled full-time. All participants voluntarily signed 
a written informed consent prior to the investigation. The 
study was approved by the Clinical Research Ethics 
Committee of the Second Xiangya Hospital, Central South 
University, China. This study was conducted in accordance 
with the Declaration of Helsinki.

A total of 1309 questionnaires were distributed, and 1236 
participants completed and returned valid questionnaires, 
resulting in a response rate of 94.4%. The mean age of college 
students was 20.39 (0.99)-years-old, and their paternal and 
maternal mean age was 46.60 (4.07) and 44.53 (4.01), respec-
tively. The proportion of females was 60.2%, while that of 
males was 39.8%. Most participants were of Han ethnicity 
(91.9%), living in middle to high income families (96.3%), 
and had no family history of mental disorders (92.7%).

Measurements
Sociodemographic characteristics of the college students 
were assessed using a self-designed structured question-
naire, including the age, sex, ethnicity, parents’ age and 
education, family economic level, and family history of 
mental illness.

The Adult ADHD Self-Report Screening Scale for 
DSM-5 (ASRS-5) was used to screen for ADHD symp-
toms in this study.34 It consists of a DSM-5 criterion 
updated scale of the widely used World Health 
Organization Adult ADHD Self-Report Scale, character-
ized by a few number of items (six items), ease of scoring, 
and excellent operating value [sensitivity (91.4–91.9%), 
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specificity (96.0–74.0%), area under the curve (0.94–0.83), 
and positive predictive value (67.3–82.8%)]. Each item of 
the scale assesses the frequency of ADHD symptoms as 
the patients experience them over the past 6 months, with 
answers ranging from never to very often (5 levels). The 
total score ranges from 0 to 24 and is calculated by adding 
the response scores for all items. Patients with a score ≥ 14 
were considered to have probable ADHD.34 Proprietary 
scoring rules with the permission of New York University 
were applied in this study.

The dichotomous score of the Internet Gaming 
Disorder Scale, 9-item (IGDS-9) was used to assess IGD 
based on the DSM-5 criteria.35 It consists of a self-report 
scale that assesses IGD symptoms over the past 12 
months. Each item on the scale is rated with either no 
(0) or yes (1). The summed scores of the IGDS-9 range 
from 0 to 9, and can best be used to assess the prevalence 
of IGD when the DSM–5 cutoff point of five or more is 
used. The scale provides a valid and reliable measure of 
IGD with good diagnostic accuracy that can be used for 
research and diagnostic purposes among male and female 
gamers of all ages.35

The Quick Inventory of Depressive Symptomatology- 
Self-Report (QIDS-SR) was used to assess college students’ 
symptoms of depression.36 It consists of a self-report scale 
and contains nine types of depressive symptoms that are 
consistent with the DSM-4 criterion domains. The scale 
consists of 16 items rated on a 4-point Likert scale. Each 
item assesses the severity of depressive symptoms that 
occurred over the past 7 days. The total score ranges from 
0 to 27, with higher scores indicating severe symptoms of 
depression. Patients with a score ≥ 6 were considered to have 
mild to very severe depression. The Chinese version of the 
QIDS-SR has been validated with good psychometric esti-
mates (Cronbach’s α = 0.76–0.82).37

The Beck Hopelessness Scale (BHS) was used to assess 
hopelessness in this study.38 It consists of a 20-item self- 
report scale with a true–false response format. It contains 11 
negatively worded items (yes = 1 and no = 0) and nine 
positively worded items (yes = 0 and no = 1). The sum scores 
of BHS range from 0 to 20, with a higher score indicating 
a higher level of hopelessness (normal range: 0–3, mild 
hopelessness: 4–8, moderate hopelessness: 9–14, severe 
hopelessness: >14). This scale has been widely used by 
college students and has good reliability and validity.39,40 It 
has also been used to measure hopelessness among the 
Chinese population.41,42

Statistical Analysis
A correlation analysis was performed using Spearman 
correlation when the continuous variables were abnor-
mally distributed. To test this hypothesized mediation, 
data were analyzed by Haye’s PROCESS macro for 
SPSS (Model 6) using the bias-corrected percentile boot-
strap method with 5000 bootstrapped samples. Three equa-
tions were used to assess the potential mediating role of 
hopelessness and depressive symptoms in the relationship 
between ADHD and IGD after controlling for the effect of 
age and sex through multiple linear regression. Data ana-
lyses were performed using SPSS (version 25.0; Armonk, 
NY, USA) with a significance level of p < 0.05.

Results
Socio-Demographic and Clinical 
Characteristics
The prevalence of being at high risk of ADHD and IGD 
symptoms was 12% and 4.9%, respectively. The percen-
tage of participants with moderate to severe depression 
was 6%, and none of them had very severe depression. 
Approximately 12.7% of the participants reported moder-
ate to severe hopelessness. Table 1 represents the detailed 
characteristics of the participants.

Correlations Between IGD and Other 
Symptoms
None of the continuous variables satisfied a normal dis-
tribution. Positive correlations were found between IGD 
and ADHD symptoms (r = 0.227, p<0.001), hopelessness 
(r = 0.226, p<0.001), and depressive symptoms (r = 0.265, 
p<0.001). ADHD symptoms were also significantly corre-
lated with depressive symptoms (r = 0.369, p<0.001) and 
hopelessness (r = 0.279, p<0.001). Additionally, depres-
sive symptoms and hopelessness were also highly corre-
lated (r = 0.414, p<0.001) (Table 2).

Mediating Role of Depressive Symptoms 
and Hopelessness
A mediation model with depressive symptoms and hopeless-
ness as mediators between ADHD and IGD symptoms was 
tested (Figure 1). The total effect of ADHD symptoms on 
IGD symptoms was 0.075 (standard error [SE]: 0.009, 95% 
confidence interval [CI] 0.057, 0.093), with a direct effect of 
0.037 (SE: 0.010, 95% CI 0.018, 0.056, effect ratio: 49.3%); 
the total indirect effect was 0.038 (SE: 0.005, 95% CI 0.029, 
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0.050, effect ratio: 50.7%). With regard to indirect effects, 
values of 0.016 (SE: 0.004, 95% CI 0.009, 0.023, effect ratio: 
21.3%) was found in the pathway of ADHD symptoms - 
hopelessness - IGD symptoms, 0.017 (SE: 0.004, 95% CI 
0.010, 0.024, effect ratio: 22.7%) in the pathway of ADHD 
symptoms - depressive symptoms - IGD symptoms, and 

0.006 (SE: 0.002, 95% CI 0.004, 0.009, effect ratio: 8.0%) 
in the pathway of ADHD symptoms - hopelessness - depres-
sive symptoms - IGD symptoms (Table 3). The direct effect 
accounted for 49.3% of the total effect, this ratio seems to be 
accepted. Therefore, the results of this study are reliable and 
persuasive.

Discussion
This study assessed the mediating role of depressive symp-
toms and hopelessness on the relationship between ADHD 
and IGD symptoms. Results demonstrated that college 
students’ ADHD symptoms impacted their IGD symptoms 
directly and indirectly via depressive symptoms and hope-
lessness. The ratios of the direct and indirect effects are 
roughly equal. These findings are meaningful for under-
standing the development of IGD and are useful for pre-
venting and treating IGD.

ADHD is directly associated with addictive behavior 
based on common biological mechanisms. In this study, 
ADHD symptoms were significantly associated with IGD 
symptoms, which is consistent with the findings of pre-
vious studies conducted across different 
populations.11,43,44 The comorbidity of ADHD and IGD 
points to a common biological mechanism. Previous mag-
netic resonance spectroscopy and imaging studies have 
found that ADHD and IGD patients were both character-
ized by decreased N-acetyl-aspartate levels within the 
frontal lobe, altered functional connectivity of the poster-
ior cingulate cortex, and gray matter volume.13,14,45 

A recent study also found that an aberrant increase in 
circuits related to inhibitory function or sensory integra-
tion can indicate an association between comorbid ADHD 
and addiction severity in IGD.15 Additionally, impulsive-
ness, a neuropsychological trait, has also been found to be 
associated with ADHD and IGD.13,16

Several previous studies found that high level of hope-
lessness was associated with addictive related behavior, 
such as alcohol use, tobacco addiction, and drinking.46,47 

Besides this, higher levels of hopelessness were found 

Table 1 Socio-Demographics and Clinical Characteristics of the 
Sample

N %

Gender

Male 492 39.8

Female 744 60.2

Ethnic

Han 1136 91.9
Others 100 8.1

Perceived Family Economic Level

Low 46 3.7

Middle 581 47.0
High 609 49.3

Family History of Mental Disorder
Yes 90 7.3

No 1146 92.7

Paternal Education

Under the high school 687 55.6

High school 308 24.9
University and above 241 19.5

Maternal Education
Under the high school 807 65.3

High school 232 18.8

University and above 197 15.9

ASRS-5 with Positive Score

Yes 148 12.0
No 1088 88.0

IGDS-9 with Positive Score
Yes 61 4.9

No 1175 95.1

QIDS-SR

No depression 809 65.5

Mild depression 353 28.6
Moderate depression 72 5.8

Severe depression 2 0.2

Very severe depression 0 0

BHS

Normal range 450 36.4
Mild hopelessness 629 50.9

Moderate hopelessness 154 12.5

Severe hopelessness 3 0.2

Table 2 Correlations Between ADHD, Hopelessness, 
Depressive and IGD Symptoms

1 2 3

1 IGDS-9 total score 1.000

2 ASRS-5 total score 0.227*** 1.000

3 BHS total score 0.226*** 0.279*** 1.000
4 QIDS-SR total score 0.265*** 0.369*** 0.414***

Note: *** p<0.001.
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among heroin addicts and problem internet users than in 
the control group.48,49 In the current study, we also found 
the significant association between hopelessness and IGD 
symptoms, add the evidence linking hopelessness to addic-
tive behaviors. In addition to this, hopelessness was found 
could mediate the effect of ADHD on IGD symptoms, 
which accounted for 21.3% of the total effect. It is possible 
that in adult with ADHD symptoms, the feelings of hope-
lessness and the negative expectation about future might 
impaired the ability to effectively complete tasks or solve 
problems, which in turn, may lead to addicted to internet 
games among these people.50

The indirect effects of emotion and negative cognition 
also play an important role in the association between ADHD 
and IGD symptoms. According to our results, indirect effects 
accounted for half of the total effects on the association 
between ADHD and IGD symptoms, while the indirect 
effects through depressive symptoms or hopelessness were 
relatively equal. These findings highlight the importance of 
psychosocial factors as mediators between ADHD and IGD, 
and reveals the equal values of emotion and negative 

cognition. Although the underlying mechanisms remain 
unclear, previous studies have provided some evidence to 
support our speculation. Individuals with ADHD often 
experience interpersonal tension, setbacks, and stress due to 
poor function, thereby leading to susceptibility to depressive 
symptoms and hopelessness.9,10 Addictive behaviors, such as 
online gaming addiction, are sometimes considered compen-
satory or self-medicating behaviors for ADHD, depression, 
and other mental disorders.51–53

Results of this study have significant clinical implications. 
Our findings suggest that symptoms of ADHD, depression, 
and hopelessness are common in college students and are 
strongly associated with the appearance of IGD symptoms. 
This provides a target for the prevention of IGDs. The evalua-
tion and treatment of ADHD, depressive and hopelessness 
symptoms in IGD patients may be important since these con-
ditions impact initial and sustained responses to treatment for 
IGD.54,55 Pharmacotherapy and psychotherapy have been 
found to have significant effects on adult ADHD and depres-
sive symptoms, while the latter has a better effect on symp-
toms of hopelessness.33,56,57 Some pharmacotherapeutic and 

Hopelessness Depression

Attention Deficit / Hyperactivity Disorder Internet Gaming Disorder

0.182 (0.277) ***

0.403 (0.362) ***

0.085 (0.174) ***0.195 (0.267) *** 0.086 (0.157) ***

Direct effect: 0.037 (0.103) ***
Total effect: 0.075 (0.210) ***

Figure 1 The effect of ADHD symptoms on IGD symptoms through hopelessness and depressive symptoms. 
Notes: Unstandardized coefficient-beta (standardized coefficient-β), ***p<0.001.

Table 3 Mediation Results for ADHD, Hopelessness, Depressive and IGD Symptoms

Path Effect SE 95% CI Effect Ratio

Low UP

Total effect 0.075 0.009 0.057 0.093 100.0%

Direct effect 0.037 0.010 0.018 0.056 49.3%
Total indirect effect 0.038 0.005 0.029 0.050 50.7%

Indirect effect 1 ASRS→BHS→IGD 0.016 0.004 0.009 0.023 21.3%

Indirect effect 2 ASRS→QIDS→IGD 0.017 0.004 0.010 0.024 22.7%
Indirect effect 3 ASRS→BHS→QIDS→IGD 0.006 0.002 0.004 0.009 8.0%
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psychotherapeutic strategies have been developed to treat 
substance use in adults with ADHD.58,59 It may be feasible 
to develop a comprehensive treatment for adults with IGD 
combined with ADHD based on these existing treatments.

This study also had some limitations. First, only self- 
reported scales were used to measure mental symptoms. 
However, the ability of participants to accurately estimate 
their mental symptoms remains questionable. Second, as it 
was a cross-sectional study, the direction of causality among 
the variables could not be accurately determined, and instead 
could only theoretically hypothesized. Third, we only inves-
tigated college freshmen; whether these findings are consis-
tent across grade levels remains uncertain. Fourth, because 
the measured participants are ordinary college freshmen, it is 
not clear that whether the research results are also applicable 
to clinical patients and whether they can provide guidance 
for psychiatrists. Fifth, ASRS-5 and IGDS-9 used in this 
study is simply relying on 6 items and cut-off score which 
selected or set in the US, it has not undergone strict localiza-
tion validation research and reliability and validity analysis. 
However, these two scales used in this study were screened 
on the basis of DSM-5 diagnosis. In China, DSM-5 inno-
vates in the coding, classification and diagnosis of mental 
disorders, has a far-reaching impact on many professional 
disciplines, and has been recognized and praised by scholars. 
Therefore, although the scale used in this study did not 
verify the scale’s local research in China, its results still 
have a certain reliability. Future work should determine 
whether the patients have IGD, ADHD, major depression, 
and other psychiatric disorders through rigorous clinical 
diagnosis, better identify direct causal inferences by utilizing 
longitudinal designs, and explore whether the associations 
reported here change over time.

Conclusion
Depressive symptoms and hopelessness can mediate the 
relationship between ADHD and IGD symptoms among 
college students. The findings point to the importance of 
evaluating ADHD, depressive and hopelessness symptoms 
in college student with IGD. These conditions may be 
targets for prevention and treatment of adult IGD.
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