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Abstract

Background: Recent youth with Attention Deficit Hyperactivity Disorder (ADHD) noticed emotional dysregulation if they 
had Internet Gaming Disorder (IGD). This study aims to understand the treatment efficacy of IGD with ADHD and emotional 
dysregulaton.
Method: A total of 101 ADHD youths were recruited. We used the Chen Internet Addiction Scale and IGD criteria of the 
diagnotsic statistical manual (DSM)-5 to confirm IGD. The Swanson, Nolan, and Pelham questionnaire Version IV was used for 
symptoms of ADHD and oppositional defiant disorder. Disruptive mood dysregulation disorder was assessed by psychiatrist.
Results: There is a new phenomenon that emotional dysregulation has been frequently noticed in severely gaming-addicted 
ADHD youth. Treatment efficacy of IGD is good when the underlying symptom of ADHD is controlled. Symptom scores of 
disruptive mood dysregulation (DMDD) were significantly reduced by 71.9%, 74.8%, and 84.4% at week 2, 3, and 4, respectively 
(P ≤ .001) after adjusting baseline symptom severity.
Conclusion: IGD may strongly arouse emotional dysregulation. Future DSM criteria could consider these gaming-addicted 
youth as a specific subclass of ADHD.
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Introduction
The majority of modern youth play with computers for pleasure 
and spend excessive time on computer gaming or social media 
(Sriwilai and Charoensukmongkol, 2016). The internet brought 
great convenience and benefit to people. Although some 
studies have denied the concrete evidence of an association be-
tween pathological internet overuse and psychiatric disorders 
(Przybylski et al., 2017), while child and adolescent was falling 

into an internet-addicted state, indeed there is the compli-
cated negative mood noticed or speeded over them (Jorgenson 
et  al., 2016). The reported serious consequences of Internet 
Gaming Disorder (IGD) include cyber-bullying (Gamez-Guadix 
et al., 2016), disorganized behavior and compromised self-care 
(Sachdeva and Verma, 2015), unhealthy lifestyles and high-risk 
behavior (Durkee et  al., 2016), internet criminality (Recupero, 
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2008), social aggression or self-aggression (Bayraktar and Gun, 
2007), and social withdrawal state or so-called “Hikikomori 
syndrome” (Stip et al., 2016).

Only because youth with IGD ultimately became increas-
ingly aggressive, violent, or delinquent (Weissenberger et  al., 
2016), the American Psychiatric Association recently included 
IGD as a supplementary diagnosis in the new diagnostic stat-
istical manual (DSM)-5 criteria (Yoo et al., 2004; Yen et al., 2007; 
Reinhardt and Reinhardt, 2013). Child mental health experts had 
started to notice many hazards caused by internet addiction 
(Nakayama et al., 2017) and focused more on treatment efficacy 
of IGD among clinical samples.

Despite many previous studies reporting IGD comorbid with 
various mental disorders (Young, 2008), depression and anxiety, 
higher degrees of impulsiveness and anger/aggression, higher 
levels of distress, poorer quality of life, and impaired inhibition 
response (Lim et al., 2016), the research on treatment efficacy of 
IGD among clinical samples is limited. While researcher studying 
the topic of treatment efficacy on IGD, the treatment effect of clin-
ically comorbid other mental disorder of IGD should be explored 
appropriately. Clinically, Attention Deficit Hyperactivity Disorder 
(ADHD) mostly co-occurred with IGD among the child and ado-
lescent population (Bozkurt et al., 2013) as also shown by a meta-
analysis study conducted by Ho et al. (Ho et al., 2014). Therefore, 
the treatment efficacy of IGD should consider the treatment effi-
cacy of underlying ADHD and other mental disorders.

Another new interesting mental consequence of gaming ad-
diction is their severe irritability or emotional disruption toward 
their caregiver (Kaptsis et al., 2016). It might be imaginable that 
when parents force their children to quit using the internet, the 
majority of youth experienced withdrawal syndrome of internet 
addiction presented as emotional disruption, although 1 recent 
study indicated childhood emotion regulation deficits can pre-
dict symptoms of IGD at age 10 years (Wichstrom et al., 2019). 
Only a few reported emotional dysregulation after IGD, there is 
no study before to link IGD with emotional dysregulation before. 
So, there is no study to mention the treatment efficacy toward 
this phenomenon too. For youth with ADHD, such disruptive 
moods are dangerous and worthy of immediately exploring 
the association between IGD and disruptive mood. Therefore, 
ADHD youth’s similar symptom presentation of Disruptive 
Mood Dysregulation Disorder (DMDD) after their withdrawal 
syndrome of internet addiction should be assessed and also 
treated earlier.

Reviewing the literature on treatment efficacy of IGD showed 
only the following treatment options were summarized: 
pharmacotherapy by methylphenidate (MPH) and atomoxetine 
both can reduce the symptom severity of children with IGD 
comorbid with ADHD (Park et al., 2016). Furthermore, Han et al. 
in Korea highlighted that MPH might play a significant role as a 
potential treatment drug for internet addiction (Han et al., 2009). 
Antidepressants such as bupropion and escitalopram were also 
found to be effective in treating symptoms of IGD comorbid 

with depressive symptom (Song et  al., 2016). Otherwise, pro-
viding nonpharmacological intervention as cognitive behavioral 
therapy and family therapy to patients and their parents is also 
very important and effective treatment of IGD (Elsalhy et  al., 
2016). Treatment efficacy of IGD depends on how well the symp-
toms of ADHD (Chou et al., 2015) and the symptom severity of 
ADHD (Dalbudak and Evren, 2014) are being controlled. But to 
our knowledge, no study has previously explored the treatment 
effects of IGD with ADHD- and DMDD-like symptom.

This study used the clinical patient data from the out-patient 
department of psychiatry to study the proportion of emotional 
dysregulation presented as DMDD-like symptoms and to under-
stand the treatment efficacy among gaming-addicted ADHD 
youth. Here, we hypothesized the impulsive or disruptive mood 
dysregulation may lead treatment efficacy of IGD to become 
poor. Moreover, we need to explore whether only controlling 
symptoms of ADHD would still be effective for those children 
co-occurring with ADHD, IGD, and DMDD. Results of this study 
may provide guidelines to child psychiatrists for diagnosing IGD 
and treating patients earlier considering a new phenomenon 
the emotional dysregulation might be noticed on ADHD youth 
as they became internet gaming disordered patient.

Methods

Participants and Data Collection

Patients were recruited from the Out-Patient Units of Mackay 
Memorial Hospital in Taipei, Taiwan, and the research protocol 
was approved by the hospital’s institutional review board. 
Written informed consent was obtained from each patient con-
sistent with the institutional review board guidelines. The inclu-
sion criteria were males or females with ADHD from 7 to 18 years 
old. The exclusion criteria were as follows: pediatric patients or 
their parent(s)/caregiver(s) with known or suspected psychotic 
disease, mental retardation, or other mental conditions that 
would prevent them from completing the study. After obtaining 
signed consent from a legal guardian, all patients recruited for 
this study were invited to participate in the following programs 
and were interviewed to provide the following measurements.

Measurement

Chen Internet Addiction Scale (CIA)

The CIA is a self-reported questionnaire consisting of 26 questions 
on a 4-point scale that assesses with good reliability and validity 
(Chen et al., 2003) the 5 dimensions of internet use-related prob-
lems: compulsive use, withdrawal, tolerance, interpersonal and 
health problems, and time management problems. The internal 
reliability of the scale and the subscales in the original study 
ranged from 0.79 to 0.93. Higher CIA scores indicated increased se-
verity of internet addiction. The CIA has good diagnostic accuracy 

Significance Statement
The number of youth with internet addiction is gradually increasing. Many are noticing the adverse influence of the Internet 
Gaming Disorder (IGD) toward children and adolescents. Children and adolescent psychiatrists highlight the lethal influence of 
self-injury, suicide, or comorbidity of gaming disorder. But no one, to our knowledge, has ever suggested the lethality of emo-
tional dysregulation in the development of children. Clinically, we first noticed that IGD can cause disruptive mood dysregulation 
on children. Therefore, we must face the new adverse effects of IGD on children’s development. Especially for those children 
and adolescents with Attention Deficit Hyperactivity Disorder (ADHD), they need earlier recognition and treatment of disruptive 
mood dysregulation disorder-like symptoms.
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(89.6%). The screening cut-off point had high sensitivity (85.6%) 
and the diagnostic cut-off point had the highest diagnostic ac-
curacy, classifying 87.6% of participants correctly.

Swanson, Nolan, and Pelham, Version IV 
Questionnaire (SNAP-IV)

The SNAP-IV consists of the following items: inattention, hyper-
activity/impulsivity, and oppositional symptoms. These items 
reflect the core symptoms of ADHD and Oppositional Defiant 
Disorder as defined in the DSM-IV. The psychometric properties 
of SNAP-IV-Chinese in Taiwan showed the intra-class correlation 

coefficients for the 3 subscales of the Chinese SNAP-IV ranged 
from 0.59 to 0.72 for the parent form and from 0.60 to 0.84 for 
the teacher form. All subscales of both the parent and teacher 
forms showed excellent internal consistency with Cronbach’s α 
> 0.88 (Liu et al., 2006).

Statistical Analysis

Descriptive statistics were applied to show demographic char-
acteristics. Differences of categorical variables between groups 
were compared by either chi-square tests or Fisher’s exact tests 
(whichever is appropriate). Numerical variables were tested 

Table 1. Characteristics of Patients with ADHD (Categorical Variable)

IA internet addiction (CIAS > 56)

 No (n = 49) Yes (n = 52) P valuea

Sex Male 38 (77.6%) 31 (59.6%) .058
Female 11 (22.4%) 21 (40.4%)  

Performance Middle 24 (50.0%) 23 (45.1%) .689
 Worse 24 (50.0%) 28 (54.9%)  
Interpersonal Good 36 (75.0%) 24 (47.1%) .007
Relationship Bad 12 (25.0%) 27 (52.9%)  
ODD No 15 (30.6%) 8 (15.4%) .096
 Yes 34 (69.4%) 44 (84.6%)  
DMDD No 23 (46.9%) 11 (21.2%) .011
 Yes 26 (53.1%) 41 (78.8%)  
Comorbidity Yes 39 (79.6%) 52 (100.0%) <.001
 No 10 (20.4%) 0 (0.0%)  
Subtype Combined 35 (71.4%) 30 (57.7%) .212
 Inattentive 14 (28.6%) 22 (42.3%)  
Family psychiatric Yes 11 (22.4%) 10 (19.2%) .807
history No 38 (77.6%) 42 (80.8%)  
Sibling with ADHD Yes 11 (22.4%) 9 (17.3%) .620
 No 38 (77.6%) 43 (82.7%)  
Daily online More than 1 h 23 (46.9%) 42 (80.8%) <.001
Chatting or gaming Less than 1 h 26 (53.1%) 10 (19.2%)  
Weekend online More than 3 h 21 (42.9%) 44 (84.6%) <.001
Chatting or gaming Less than 3 h 28 (57.1%) 8 (15.4%)  
Treatment effect Good 14 (50.0%) 11 (31.4%) .195
 Bad 14 (50.0%) 24 (68.6%)  
Attend parent group Yes 7 (23.3%) 8 (20.0%) .775
Program No 23 (76.7%) 32 (80.0%)  
Compliance Good 13 (48.1%) 10 (27.8%) .118
 Bad 14 (51.9%) 26 (72.2%)  

  IA internet addiction (CIAS ≥ 57)  

  No (n = 49) Yes (n = 52) P-valueb

Height  138.80 ± 18.15 148.72 ± 18.80 .009
Weight  35.89 ± 15.06 45.94 ± 18.41 .003
Age  10.16 ± 3.06 12.28 ± 3.73 .002
Father’s age  42.63 ± 6.30 46.94 ± 7.85 .003
Mother’s age  40.22 ± 7.25 43.60 ± 7.03 .020
SNAP_1_9  20.02 ± 3.23 21.13 ± 3.72 .112
SNAP_10_18  13.98 ± 7.11 14.00 ± 7.04 .988
SNAP_19_26  12.20 ± 6.28 14.00 ± 4.66 .108
DMDD total  1.12 ± 1.15 1.92 ± 1.03 < .001
CIAS  42.00 ± 10.66 72.81 ± 9.84 < .001
IGD (DSM-5)  5.57 ± 4.59 14.77 ± 5.02 < .001

Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder; CIAS, Chen’s Internet Addiction Scale; DMDD, Disruptive Mood Deregulation Disorder; IA, internet ad-

diction; IGD, Internet Gaming Disorder; ODD, Oppositional Defiant Disorder.
aFisher’s Exact test.
bIndependent t test.
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by the Student’s t test. All statistical analyses were analyzed 
using SPSS v22.0 (SPSS Inc., Chicago, IL). Furthermore, to take 
into account the within-patient dependency due to repeated 
measurements, the generalized estimating equations  (GEE) 
method’s multiple linear regression and/or logistic regression 
models were used to compare the differences of the treatment 
effects between internet addicted (IA) and non-IA groups after 
adjusting for the effects of baseline severity. All statistical tests 
were 2-sided and the significance level was set at P < .05.

Results

A total of 101 eligible ADHD children were enrolled in this study. 
They completed the baseline data of the 3 aforementioned 
evaluation forms. The results of the comparison of baseline 
characteristics of ADHD patients between the IA and non-IA 
groups are shown in Table 1. Among them, there were significant 
differences in interpersonal relationships, DMDD, comorbidity, 
daily and/or weekend online chatting or gaming, and age. Other 
factors of ADHD patients, such as height, weight, father’s age, 
and mother’s age, were also significantly different (P < .05). The 
scores of IA severity-related scales (DMDD, Chen’s Internet 
Addiction Scale [CIAS], and DSM-5) were significantly different 
between these 2 groups at baseline (P < .001).

To compare the treatment effects between IA and non-IA 
groups, we analyzed the baseline score, group, treatment dur-
ation (in weeks), and their interaction by multiple linear regres-
sion using GEE’s method. As shown in Table 2, after adjusting for 
the effect of baseline severity, the effect of treatment of inatten-
tion, hyperactivity/impulsivity, and symptoms of oppositional 
defiant disorder (ODD) in the non-IA group was significantly re-
duced (9.370, 6.477, and 2.947 units, respectively; P < .001, <.001, 
and .004, respectively). In contrast, the reduction in inattentive 
symptoms score in the IA groups was 5.269 (9.370–4.101) units, 
which was 4.101 units less in symptomatic reduction than the 
non-IA group (P = .011). However, in the IA group, the reduction in 
the other 2 symptom scores, hyperactivity/impulsivity and ODD, 
was similar to the non-IA group (P = .303 and 0.743, respectively). 
Similarly, the severity of DMDD (total score) was significantly 
reduced, on average, 0.595 units in the non-IA group (P = .006). 
In the IA group, the reduction of DMDD total score (from base-
line to week 4) was almost similar to that of the non-IA group 
(P = .953) after adjusting for the effect of baseline severity.

The GEE method’s multiple linear regression model was used 
to compare the differences of the treatment effects between 
these 2 groups according to CIAS and DSM-5 given the high cor-
relation between these 2 scales (Pearson correlation = 0.864 and 
0.856 at baseline and week 4, respectively). As shown in Table 2, 
4 weeks later, the severity of internet addiction in the non-IA 
group was slightly increased (1.411 units) on the CIAS scale 
(P = .482). On the other hand, the reduction of the IA severity in 
the IA group was, on average, 4.540 (5.951–1.411) units, which 
was 5.951 units significantly higher than that of the non-IA 
group (P = .031). However, the severity of internet addiction in the 
DSM-5 scale remained almost the same at baseline and week 4 
in both groups.

After 4 weeks’ treatment, to evaluate the treatment effects 
on DMDD, we first defined a child to be comorbid with DMDD 
if his/her symptom scale was DMDD > 0 and then used the GEE 
method’s multiple logistic regression to analyze the data. As 
shown in Table 3, compared with the baseline, the odds ratios 
of the risk of IGD patients comorbid with DMDD were 0.281, 
0.252, and 0.156 at week 2, 3, and 4, respectively (all P < .001) after 
adjusting for the effect of baseline severity. In other words, com-
pared with the risk at baseline, the risk (odds) of IGD patients 

comorbid with DMDD was significantly reduced (71.9%, 74.8%, 
and 84.4% at week 2, 3, and 4, respectively; P ≤ 0.001) after 
adjusting for the effect of baseline severity. We further com-
pared the difference of the treatment effects between IA and 
non-IA groups. As shown in Table 4, after adjusting for the effect 
of baseline severity, the odds ratio for IGD patients comorbid 
with DMDD for IA vs non-IA was 2.528 at baseline (P = .020). For 
the non-IA group, the odds ratio for IGD patients comorbid with 
DMDD was 0.085 for week 4 vs baseline (P = .021). Moreover, the 
odds ratio for IGD patients comorbid with DMDD for week 4 vs 
baseline in the IA group was 86.0% (1–0.140) less than the odds 
ratio of the non-IA group, although the result reached only bor-
derline significance (P = .095).

Discussion

From the present study that included clinical patients from the 
out-patient department of psychiatry, we found that diagnosis 
of IGD based on DSM-5 criteria was not low (51.5%) among youth 
with ADHD. Interestingly, internet-addicted ADHD youths were 
more comorbid with DMDD like emotional dysregulation than 
ADHD youths without gaming disorder. The complicated irrit-
able mood or emotional dysregulation was indeed noticed after 
IGD, and we should regard this phenomenon as a new complica-
tion of ADHD with IGD.

For the internet-addicted youth with ADHD, they were char-
acterized as following: having poor interpersonal relationships, 
spending excessive time in online chatting or playing online 
games for more than 1 h/d and more than 3 hours per weekend 
day. Compared with ADHD youth without internet addiction, 
they did not differ in their gender or general appearances, but 
they were 2 years elder in age, had older fathers and mothers, 
were 10 cm taller, and weighed 10 kg more.

Overall treatment effect of IGD would be good when the 
underlying symptoms of inattention, hyperactivity/impulsivity, 
and oppositional defiant disorder were controlled by ADHD 
pharmacotherapy. Such results were in line with a Korean study 
that reported that MPH was effective in treatment of IGD. (Han 
et al., 2009; Park et al., 2016). Furthermore, this study indicated 
that even in the internet-addicted ADHD youth with symptoms 
of DMDD, psychostimulant-MPH, Atomoxetine  (Strattera), MPH 
and Abilify, or Strattera and ABilify can be used as a satisfactory 
choice of drug on treating IGD. The degree of improvement on 
ADHD and DMDD scales determined the treatment efficacy of 
IGD. After 4 weeks of treatment, the odds ratios of DMDD were 
significantly reduced (54.2%, 59.1%, and 68.4% at week 2, 3, and 4, 
respectively). In summary, the treatment effect for IGD comorbid 
with ADHD and DMDD was good overall.

For a long time, many studies have demonstrated that ad-
dicted behavior may induce emotional dysregulation (Murphy 
et al., 2012). Why just a playful gaming behavior gradually ap-
pearing disruptive mood dysregulation? Here, we tried to employ 
a commonly used Research Domain Criteria (RDoC) dimensions 
model to explain this modern phenomenon of why the irritable 
ADHD child developed IGD with aggression. In the RDoC per-
spective, ADHD patients also have deficits in the domains of cog-
nition (specifically in working memory) and positive valence (in 
rewarding anticipation/dalay/receipt) (Musser and Raiker, 2019). 
The substance use disordered patients exhibit problem on the 
domains of negative valence systems, positive valence systems, 
cognitive systems, systems for social processes, and arousal and 
regulatory systems (Zambrano-Vazquez et  al., 2017). Indeed, 
IGD and ADHD have disordered brain function overlapping on 
domains of executive function, incentive salience, and nega-
tive emotionality (Kwako et  al., 2016). As a result, deficits in 
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the domains of cognitive system and negative emotionality are 
interactively increasing symptoms of ADHD and IGD.

Firstly, children with ADHD generally avoid the compli-
cated task because they really have executive function im-
pairment. According to the psychopathology explained by 
the RDoC dimensions model, children’s inattentive symptom 
closely corelated with symptoms of irritability and aggres-
sion, which represented brain deficit in the domain of nega-
tive affect. In addition, because inattentive ADHD children are 
over-involved in the internet gaming world, usually they tend 
to overplay, then become habitually play gaming representing 

kind of disturbance on the domain of incentive salience (Kwako 
et  al., 2016) caused by internet gaming. Intermixed brain dis-
turbance on the domain of negative affect by ADHD and disturb-
ance on the domain of incentive salience by gaming disorder 
eventually lead ADHD children to develop the symptoms of 
distorted liking or wanting gaming first. Then they develop the 
withdrawal-negative affect as they were stopped from playing 
games. Such DMDD-like withdrawal emotional disturbance rep-
resents a more disturbed negative emotionality domain on the 
RDoC domain model. From impairment in executive function 
from ADHD to mood dysregulation, and finally progressing to 

Table 2. Comparing Differences of Clinical Measures for the 4-Week Treatment Between IA and Non-IA Groups Using GEE Method

 Between-group difference in

 Baseline Week 4 score changing rate, mean (SE) 95% CI Wald x2  P

SNAP_1_9 IA No 20.02 ± 3.23 10.87 ± 5.27 −9.370 (1.002)a (−11.334, −7.406) 87.418  <.001
 Yes 21.13 ± 3.72 16.00 ± 5.67 4.101 (1.617)b (0.932, 7.269) 6.434 .011
SNAP_10_18 IA No 13.98 ± 7.11 8.35 ± 6.53 −6.477 (0.996)a (-8.430, −4.525) 42.283 <.001
 Yes 14.00 ± 7.04 9.80 ± 6.76 1.526 (1.480)b (−1.375, 4.427) 1.063 .303
SNAP_19_26 IA No 12.20 ± 6.28 9.90 ± 4.59 −2.947 (1.036)a (−4.977, −0.917) 8.099 .004
 Yes 14.00 ± 4.66 11.45 ± 6.22 −0.501 (1.531)b (−3.502, 2.499) 0.107 .743
DMDD total IA No 1.12 ± 1.15 0.77 ± 1.06 −0.595 (0.215)a (−1.017, −0.173) 7.635 .006
 Yes 1.92 ± 1.03 1.20 ± 1.40 0.018 (0.304)b (−0.579, 0.615) 0.004 .953
CIAS IA No 42.00 ± 10.66 43.71 ± 11.06 1.411(2.008)ac (−2.524, 5.347) 0.494 .482
 Yes 72.81 ± 9.84 68.65 ± 7.26 −5.951 (2.754)bc (−11.349, −0.554) 4.670 .031
DSM-5 IA No 5.57 ± 4.59 6.65 ± 4.39 0.728 (0.916)ac (−1.067, 2.524) 0.632 .427
 Yes 14.77 ± 5.02 13.95 ± 4.62 −1.768 (1.261)bc (−4.421, 0.704) 1.966 .161

Abbreviations: CI, confidence interval; CIAS, Chen’s internet addiction scale; DMDD, Disruptive Mood Deregulation Disorder; SE, standard error; SNAP-IV, Swanson, 

Nolan, and Pelham, Version IV Questionnaire.
aTreatment duration effect (week 4 vs baseline) using GEE method’s multiple linear regression after controlling for baseline severity.
bGroup-treatment duration (week) interaction effect between 2 groups (IA vs Non-IA) using GEE method’s multiple linear regression after controlling for baseline 

severity.
cGEE method’s multiple linear regression with group, treatment duration (in week), and their interaction terms in the model.

Table 3. Results of GEE Method Multiple Logistic Regression to Evaluate Treatment Effects in Reducing the Risk of DMDD After Adjusting Base-
line Severity Effects 

Parameter B Std. error

Hypothesis test

OR

95% Wald C.I. for OR

Wald x2 df Sig. Lower Upper

(Intercept) −0.747 0.2572 8.429 1  0.004 0.474 0.286 0.785
DMDD_base 1.498 0.1835 66.634 1 <0.001 4.472 3.121 6.408
Week 4 vs baseline −1.856 0.4073 20.766 1 <0.001 0.156 0.070 0.347
Week 3 vs baseline −1.378 0.3493 15.568 1 <0.001 0.252 0.127 0.500
Week 2 vs baseline −1.268 0.3892 10.613 1  0.001 0.281 0.131 0.603

Abbreviations: B, Baseline; C.I., confidence interval; df, standard deviation; DMDD, Disruptive mood deregulation disorder; OR, odds ratio; Sig., significance P-value.

Table 4. Results of GEE Method Multiple Logistic Regression to Compare Treatment Effects Between IA and Non-IA Groups in Reducing the Risk 
of DMDD After Adjusting for Effects of Baseline Severity

Parameter B

Hypothesis test

OR

95% Wald C.I. for OR 

Wald x2 df Sig. Lower Upper

(Intercept) −1.717 0.3649 22.147 1 <0.001 0.180 0.088 0.367
DMDD_base 2.537 0.5259 23.268 Std. Error <0.001 12.640 4.509 35.434
IA vs non-IA 0.928 0.3996 5.387 1  0.020 2.528 1.155 5.533
Week 4 vs baseline −2.460 1.0642 5.345 1  0.021 0.085 0.011 0.688
IA × week 4 −1.969 1.1805 2.781 1  0.095 0.140 0.014 1.412

Abbreviations: B, Baseline; C.I., confidence interval; df, standard deviation; DMDD, Disruptive mood deregulation disorder; IA, internet addiction; OR, odds ratio; Sig., 

significance P-value.
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the more withdrawal-negative effects on ADHD children, this is 
a vicious cycle caused by the effects of IGD added to the effects 
of ADHD. IGD is an aggravating coping mechanism for ADHD 
from this clinical sample. Therefore, it is understandable that 
IGD may increase the symptom severity of ADHD with more 
symptoms of irritability, and finally patients experience aggres-
sive, loss of control, and craving/withdrawal from addiction to 
gaming (Lee et al., 2017b). Our study result indicated the ADHD 
children with irritability and aggression may experience more 
severe disruptive emotional symptoms because the symptoms 
of IGD aggravate the symptoms of ADHD.

Why do gaming-addicted ADHD youth experience emo-
tional dysregulation or transiently presented symptoms like 
DMDD? From these study results, we provide the following ex-
planation: IGD is a superficial mental problem outside their 
unresolved underlying psychiatric mental disorder (Eichenberg 
et al., 2017). The longer time playing games featuring aggressive 
content may aggravate underlying a mental disorder through 
a long process of social interaction deprivation or stimulation 
deprivation. This has been explained by many studies on ag-
gressive behavior in youth with IGD (Ybarra et al., 2008). IGD is 
not only a superficial symptom to avoid social interaction and 
complicated learning tasks. Worse for these gaming-addicted 
ADHD youth with emotional dysregulation is that they belong 
to the so-called subtypes of IGD of “impulsive/aggressive” and 
“emotionally vulnerable” (Lee et al., 2017a). Their lives featured 
poorer interpersonal relationship or unhealthy lifestyles first, 
which gradually led ADHD youth to develop unhealthy psycho-
logically disruptive mood dysregulation. When they became 
gaming addicted with withdrawal symptoms, their hidden 
emotional disruption and impulsive behavior problem burst 
out. Here, we suggest that child mental health experts consider 
internet addiction as a formal diagnosis earlier and start to 
treat patients as early as possible to prevent further disruptive 
mood dysregulation. The consequences of DMDD in children 
and adolescents include adverse health outcomes; impover-
ishment; reported police contact; low educational attainment; 
higher rates of having official felony charges, physical fighting, 
and breaking into buildings illegally; and disrupted social func-
tion (violent relationships, poor parental relations, and no best 
friend) (Copeland et al., 2014).

Internet addiction should become a diagnostic reminder of 
the possibility of subsequent sequelae like disruptive emotion-
ality (DMDD) in children and adolescents with ADHD. In future 
DSM diagnose system, DMDD may be a comorbid diagnosis of 
IGD as children with IGD who frequently present opposing re-
sistance, bad temper, and negative emotions.

The limitation of this study was that we had only a small 
sample size from a medical center, so it does not represent IGD 
across the whole country. The diagnosis of this additional DMDD 
is based on DSM-5 diagnosis. We did not differentiate such emo-
tional dysregulation after IGD appeared usually or only in the 
withdrawal period. However, after treatment, the symptom se-
verity of DMDD was relatively reduced. Therefore, the stability 
of the diagnosis of DMDD may be questioned. Thus, DMDD in 
this study we should express them as DMDD like emotional 
disruptive symptom. Indeed, we had a tendency to confuse 
readers by using DMDD as a construct to express the withdrawal 
symptom of IGD. In this paper, there is only a psychiatrist’s 
diagnosis instead of the structured measure for DMDD. Thus, 
DMDD may not equal withdrawal emotional dysregulation al-
though we attempted to express the symptom severity of with-
drawal emotional dysregulation as patients were stopped from 
game playing. Also, irritability is the chief symptom of ODD, so 

irritability in DMDD symptoms may overlap with the irritability 
symptom of ODD (Meyers et al., 2017). So DMDD and irritability-
mood deregulation-aggression are used interchangeably here. 
Taken together, this is valuable information as clinicians 
struggle to understand the irritability and potential aggression 
that families experience when interrupting the behaviors. This 
symptom complex often interferes with the parent’s ability to 
alter the gaming behaviors. Pharmacotherapies and behavioral 
interventions targeting this symptom complex could be very 
helpful to affected youths and their families. Also, this study 
result suggested that overplaying gaming might lead normal 
children to develop more regressive or impulsive behavior and 
gradually more dysregulation in mood. The explosive emotional 
outbreak during their addiction withdrawal period among these 
internet-addicted ADHD youth may be dangerous and should 
be diagnosed earlier during present child and adolescent out-
patient clinical practicing. For children and adolescents with 
ADHD, we should regard IGD as an alert to a hazard of unhealthy 
growth, and IGD must be diagnosed and treated earlier to pre-
vent the later disruptive mood dysregulation.

Acknowledgments

Chuan-Hsin Chang, Yue-Cune Chang, Helen Cheng, and Ruu-
Fen Tzang designed the study and wrote the protocol. Yue-Cune 
Chang undertook the statistical analysis, and all authors con-
tributed to and approved the final manuscript.

Statement of Interest

None.

References
Bayraktar  F, Gün  Z (2007) Incidence and correlates of Internet 

usage among adolescents in North Cyprus. Cyberpsychol 
Behav 10:191–197.

Bozkurt H, Coskun M, Ayaydin H, Adak I, Zoroglu SS (2013) Preva-
lence and patterns of psychiatric disorders in referred ado-
lescents with Internet addiction. Psychiatry Clin Neurosci 
67:352–359.

Chen SH, Weng LC, Su YJ (2003) Development of Chinese Internet 
Addiction Scale and its psychometric study. Chin J Psychol 
45:279–294.

Chou WJ, Liu TL, Yang P, Yen CF, Hu HF (2015) Multi-dimensional 
correlates of Internet addiction symptoms in adolescents 
with attention-deficit/hyperactivity disorder. Psychiatry Res 
225:122–128.

Copeland WE, Shanahan L, Egger H, Angold A, Costello EJ (2014) 
Adult diagnostic and functional outcomes of DSM-5 disrup-
tive mood dysregulation disorder. Am J Psychiatry 171:668–674.

Dalbudak E, Evren C (2014) The relationship of Internet addiction 
severity with attention deficit hyperactivity disorder symp-
toms in Turkish University students; impact of personality 
traits, depression and anxiety. Compr Psychiatry 55:497–503.

Durkee  T, et  al. (2016) Pathological Internet use and risk-
behaviors among European adolescents. Int J Environ Res 
Public Health 13:294.

Eichenberg C, Schott M, Decker O, Sindelar B (2017) Attachment 
style and internet addiction: an online survey. J Med Internet 
Res 19:e170.

Elsalhy M, Muramatsu T, Higuchi S, Mimura M (2016) The con-
cept and treatment of internet addiction. Brain Nerve 
68:1159–1166.



Copyedited by:  

Chang et al. | 355

Gámez-Guadix  M, Borrajo  E, Almendros  C (2016) Risky online 
behaviors among adolescents: longitudinal relations among 
problematic Internet use, cyberbullying perpetration, and 
meeting strangers online. J Behav Addict 5:100–107.

Han DH, Lee YS, Na C, Ahn JY, Chung US, Daniels MA, Haws CA, 
Renshaw PF (2009) The effect of methylphenidate on Internet 
video game play in children with attention-deficit/hyper-
activity disorder. Compr Psychiatry 50:251–256.

Ho RC, Zhang MW, Tsang TY, Toh AH, Pan F, Lu Y, Cheng C, Yip PS, 
Lam LT, Lai CM, Watanabe H, Mak KK (2014) The association 
between internet addiction and psychiatric co-morbidity: a 
meta-analysis. BMC Psychiatry 14:183.

Jorgenson  AG, Hsiao  RC, Yen  CF (2016) Internet addiction and 
other behavioral addictions. Child Adolesc Psychiatr Clin N 
Am 25:509–520.

Kaptsis D, King DL, Delfabbro PH, Gradisar M (2016) Withdrawal 
symptoms in internet gaming disorder: a systematic review. 
Clin Psychol Rev 43:58–66.

Kwako LE, Momenan R, Litten RZ, Koob GF, Goldman D (2016) 
Addictions neuroclinical assessment: a neuroscience-
based framework for addictive disorders. Biol Psychiatry 
80:179–189.

Lee SY, Lee HK, Choo H (2017a) Typology of Internet gaming dis-
order and its clinical implications. Psychiatry Clin Neurosci 
71:479–491.

Lee SY, Lee HK, Jeong H, Yim HW, Bhang SY, Jo SJ, Baek KY, Kim E, 
Kim  MS, Choi  JS, Kweon  YS (2017b) The hierarchical impli-
cations of internet gaming disorder criteria: which indicate 
more severe pathology? Psychiatry Investig 14:249–259.

Lim  JA, Lee  JY, Jung  HY, Sohn  BK, Choi  SW, Kim  YJ, Kim  DJ, 
Choi JS (2016) Changes of quality of life and cognitive func-
tion in individuals with Internet gaming disorder: a 6-month 
follow-up. Medicine (Baltimore) 95:e5695.

Liu YC, Liu SK, Shang CY, Lin CH, Tu C, Gau SS (2006) Norm of 
the Chinese version of the Chinese version of the Swanson, 
Nolan, and Pelham, version IV scale for ADHD. Taiwanese J 
Psychiatry 20:290–304.

Meyers  E, DeSerisy  M, Roy  AK (2017) Disruptive Mood 
Dysregulation Disorder (DMDD): an RDoC perspective. J Af-
fect Disord 216:117–122.

Murphy  A, Taylor  E, Elliott  R (2012) The detrimental effects of 
emotional process dysregulation on decision-making in sub-
stance dependence. Front Integr Neurosci 6:101.

Musser ED, Raiker JS Jr (2019) Attention-deficit/hyperactivity dis-
order: an integrated developmental psychopathology and Re-
search Domain Criteria (RDoC) approach. Compr Psychiatry 
90:65–72.

Nakayama  H, Mihara  S, Higuchi  S (2017) Treatment and risk 
factors of Internet use disorders. Psychiatry Clin Neurosci 
71:492–505.

Park  JH, Lee  YS, Sohn  JH, Han  DH (2016) Effectiveness of 
atomoxetine and methylphenidate for problematic online 
gaming in adolescents with attention deficit hyperactivity 
disorder. Hum Psychopharmacol 31:427–432.

Przybylski AK, Weinstein N, Murayama K (2017) Internet gaming 
disorder: investigating the clinical relevance of a new phe-
nomenon. Am J Psychiatry 174:230–236.

Recupero PR (2008) Forensic evaluation of problematic Internet 
use. J Am Acad Psychiatry Law 36:505–514.

Reinhardt  MC, Reinhardt  CA (2013) Attention deficit-
hyperactivity disorder, comorbidities, and risk situations. J 
Pediatr (Rio J) 89:124–130.

Sachdeva A, Verma R (2015) Internet gaming addiction: a techno-
logical hazard. Int J High Risk Behav Addict 4:e26359.

Song J, Park JH, Han DH, Roh S, Son JH, Choi TY, Lee H, Kim TH, 
Lee YS (2016) Comparative study of the effects of bupropion 
and escitalopram on Internet gaming disorder. Psychiatry 
Clin Neurosci 70:527–535.

Sriwilai K, Charoensukmongkol P (2016) Face it, don’t Facebook 
it: impacts of social media addiction on mindfulness, coping 
strategies and the consequence on emotional exhaustion. 
Stress Health 32:427–434.

Stip E, Thibault A, Beauchamp-Chatel A, Kisely S (2016) Internet 
addiction, hikikomori syndrome, and the prodromal phase of 
psychosis. Front Psychiatry 7:6.

Weissenberger S, Klicperova-Baker M, Zimbardo P, Schonova K, 
Akotia D, Kostal J, Goetz M, Raboch J, Ptacek R (2016) ADHD and 
Present Hedonism: time perspective as a potential diagnostic 
and therapeutic tool. Neuropsychiatr Dis Treat 12:2963–2971.

Wichstrøm L, Stenseng F, Belsky J, von Soest T, Hygen BW (2019) 
Symptoms of internet gaming disorder in youth: predictors 
and comorbidity. J Abnorm Child Psychol 47:71–83.

Ybarra ML, Diener-West M, Markow D, Leaf PJ, Hamburger M, Boxer P 
(2008) Linkages between internet and other media violence with 
seriously violent behavior by youth. Pediatrics 122:929–937.

Yen JY, Ko CH, Yen CF, Wu HY, Yang MJ (2007) The comorbid psy-
chiatric symptoms of Internet addiction: attention deficit 
and hyperactivity disorder (ADHD), depression, social phobia, 
and hostility. J Adolesc Health 41:93–98.

Yoo HJ, Cho SC, Ha J, Yune SK, Kim SJ, Hwang J, Chung A, Sung YH, 
Lyoo IK (2004) Attention deficit hyperactivity symptoms and 
internet addiction. Psychiatry Clin Neurosci 58:487–494.

Young J (2008) Common comorbidities seen in adolescents with 
attention-deficit/hyperactivity disorder. Adolesc Med State 
Art Rev 19:216–28, vii.

Zambrano-Vazquez  L, Levy  HC, Belleau  EL, Dworkin  ER, 
Howard  Sharp  KM, Pittenger  SL, Schumacher  JA, Coffey  SF 
(2017) Using the research domain criteria framework to track 
domains of change in comorbid PTSD and SUD. Psychol 
Trauma 9:679–687.


