L)

Check for ORIGINAL ARTICLE
| updates | https://doi.org/10.30773/pi.2023.0091

Print ISSN 1738-3684 / On-line ISSN 1976-3026
OPEN ACCESS

Impact of Comorbid Oppositional Defiant Disorder on the Clinical
and Neuropsychological Characteristics of Korean Children
With Attention-Deficit/Hyperactivity Disorder

Haewon Kim', Eunji Jung?, Taeyeop Lee?, Seonok Kim?, and Hyo-Won Kim?"*

"University of Ulsan College of Medicine, Seoul, Republic of Korea

2Department of Psychiatry, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea

3Department of Clinical Epidemiology and Biostatistics, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea

Objective The aim of the present study was to investigate the influence of comorbid oppositional defiant disorder (ODD) on clinical
features and neuropsychological profiles of children with attention-deficit/hyperactivity disorder (ADHD).

Methods We divided the participants into three groups: the ADHD with ODD (ADHD/ODD) (n=36), ADHD without ODD (ADHD/
noODD) (n=307), and control groups (n=128). Parents of the participants completed the ADHD Rating Scale, Social Responsiveness
Scale (SRS), Korean Personality Rating Scale for Children (K-PRC), and 10-item mania scale from the Parent General Behavior Invento-
ry (P-GBI-10M). Neuropsychological profiles were assessed using the Advanced Test of Attention (ATA), Children’s Color Trails Test,
and Stroop Color and Word Test.

Results The ADHD/ODD group had more ADHD symptoms and functional impairments in relationships with teachers and peers, and
self-esteem than the ADHD/noODD group. The ADHD/ODD group scored higher in Social Communication (p<0.001) and Autistic
Mannerisms (p<0.001) subscales of SRS, P-GBI-10M (p<0.001), and Delinquency (p<0.001) and Psychosis (p<0.001) subscales of K-PRC
than the ADHD/noODD group. Commission Errors (p<0.001) and Response-Time Variability (p<0.001) in Visual ATA and Commission
Errors (p<0.001) in Auditory ATA were significantly higher in the ADHD/ODD group than in the ADHD/noODD group.

Conclusion The present study suggests that patients with ADHD with ODD experience more ADHD symptoms and neuropsycholog-
ical deficits than those with ADHD without ODD. These results also imply that comorbid ODD is associated with greater social impair-

ment and emotional dysregulation.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by a persistent pattern
of inattention and/or hyperactivity-impulsivity that interferes
with functioning.' It is a common neurobehavioral disorder in
children and adolescents, affecting approximately 3%-7% of
school-age children, with a greater prevalence among boys.”
Children with ADHD are likely to experience functional im-
pairments in diverse settings, such as at home, school, or work,
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with friends or relatives, and in other activities.' Patients with
ADHD tend to have a high comorbidity rate with other psy-
chiatric disorders.”® In a nationwide study in Korea, approxi-
mately 60% of the children and adolescents with ADHD had
at least one psychiatric comorbidity.” Moreover, comorbid dis-
orders with ADHD can contribute to more severe functional
impairments in academic, social, and emotional dimensions.*

Oppositional defiant disorder (ODD) is a frequent condi-
tion associated with ADHD, with a comorbidity incidence rate
of 50%-60%.>* ODD is a disruptive behavior disorder char-
acterized by angry or irritable mood, argumentative or defi-
ant behavior, and vindictiveness,' and children and adoles-
cents with ODD may experience trouble controlling their
temper and often resist conforming to others.” Children and
adolescents with ADHD and ODD more frequently receive
the prescribed pharmacological and psychological treatment
than those with ADHD alone,’ suggesting the clinical signifi-
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cance of comorbid ODD in children with ADHD. Furthermore,
Noordermeer et al."” have suggested that hot executive func-
tioning-related structures (i.e., amygdala, insula, and anterior
cingulate) are more closely related to ODD and conduct dis-
order and the cool executive functioning-related structures
(i.e., dorsolateral prefrontal cortex and cerebellum) are more
closely associated with ADHD, resulting in profound impair-
ments observed in the comorbidity of these disease.

Previous studies' " revealed that comorbid ODD is associ-
ated with greater severity of inattentive and hyperactive-im-
pulsive symptoms and more behavior problems in children
with ADHD than in those without comorbid ODD, suggest-
ing its negative effect on ADHD symptoms. However, the fre-
quency of symptom presentations in diverse settings or spe-
cific domains of functional impairments was left unexplored.
Moreover, literature examining social impairments and emo-
tional regulation in children with ADHD with and without
ODD was scarce. A study demonstrated that comorbid ODD
in children with ADHD was associated with high prevalence
of symptoms of major depressive disorder," emphasizing the
need for further exploration of the impact of ODD on the emo-
tional well-being of children with ADHD. Previous studies
also implied that comorbid ODD in children and adolescents
with ADHD could affect social impairments.'*'® However,
the social function of these children and adolescents has not
yet been evaluated. Therefore, the aim of the present study was
to evaluate the impact of comorbid ODD in children and ad-
olescents with ADHD in terms of clinical and neuropsycho-
logical profiles by investigating ADHD with ODD (ADHD/
ODD), ADHD without ODD (ADHD/noODD), and control
groups, focusing on the social and emotional domains.

METHODS

Participants

We recruited 471 children, aged 5-14 years, at the outpa-
tient clinic of the Department of Pediatric Psychiatry of the
Asan Medical Center, Seoul, Korea, between April 2012 and
May 2020. We diagnosed 36 patients with ADHD and ODD
(ADHD/ODD group), 307 patients with ADHD without
ODD (ADHD/noODD group), and 128 patients with neither
ADHD nor ODD (control group). The control group was re-
cruited through an internet bulletin board at the Asan Medi-
cal Center.

We excluded participants who met one or more of the fol-
lowing criteria: 1) intelligence quotient <70; 2) past and/or
current history of schizophrenia, organic mental disorder, or
pervasive developmental disorder; 3) a diagnosis of neurolog-
ic disorders, including seizures; 4) administration of methyl-
phenidate or atomoxetine within the last 6 months or for >3
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months even if taken before 6 months; and 5) major depres-
sion disorder or tic disorder requiring medication. The group
of patients was selected based on consecutive enrollment,
with written informed consent obtained from the parents and
written assent from the participants. The Institutional Re-
view Board of the Asan Medical Center approved the study
protocol (IRB no. 2014-0157).

Diagnosis

ADHD, ODD, and comorbid psychiatric disorders were di-
agnosed by three board-certified child and adolescent psychi-
atrists, according to the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-
TR) and confirmed using Kiddie Schedule for Affective Dis-
orders and Schizophrenia-Present and Lifetime Version (K-
SADS-PL). Three raters independently rated 20% of the K-
SADS-PL tape, and the kappa coeflicients ranged from 0.76
to 0.90. Discrepancies were resolved through consensus.

ADHD subtypes were identified according to the DSM-IV-
TR criteria. ADHD not otherwise specified (NOS) was oper-
ationally defined as the presence of three to five inattentive
and/or hyperactive/impulsive symptoms. Participants fulfill-
ing the DSM-IV-TR ADHD impairment criteria were diag-
nosed with ADHD NOS.

Symptoms of ADHD were evaluated across numerous set-
tings, including at home, at school, in peer relationships, and
in other activities. Functional impairment was rated across six
domains, including academic functioning, relationship with
teachers, peer relationship, relationship with parents, partici-
pation in leisure activities, and self-esteem. The presence of
symptoms and functional impairment were assessed as a bi-
nary variable (yes/no).

Assessments

ADHD Rating Scale

The severity of ADHD symptoms was assessed based on
the Korean version of ADHD Rating Scale (ARS), which was
administered by the parents of the participants. The Korean
version of ARS is an 18-item scale comprising two subscales:
inattention and hyperactivity-impulsivity, with 9 items each.
It is a 4-point rating scale as follows: 0=none; 1=mild; 2=
moderate; and 3=severe. The reliability and validity of the
Korean version of ARS were previously verified."”

Social Responsiveness Scale

Impaired social abilities and atypical social interactions
were evaluated using Social Responsiveness Scale (SRS), which
was completed by the parents of the participants. SRS is a 65-
item scale with five symptom domains: social awareness, so-

www.psychiatryinvestigation.org 963



Impact of Comorbid ODD in ADHD Children

cial cognition, social communication, social motivation, and
autistic mannerisms." The cross-cultural validity of the scale
for detecting autistic traits was investigated."’

Parent General Behavior Inventory

Depressive and hypomanic/biphasic symptoms were as-
sessed using Parent General Behavior Inventory (P-GBI). The
10-item Mania Scale from P-GBI (P-GBI-10M), a brief version
of P-GBI, was used. The 10 items include symptoms, such as
elated mood, high energy, irritability, and rapid changes in
mood and energy.” The diagnostic validity and reliability of the
Korean version of P-GBI-10M were previously validated.**

Korean Personality Rating Scale for Children

Behavioral characteristics related to psychiatric disorders
were evaluated using Korean Personality Rating Scale for Chil-
dren (K-PRC). K-PRC based on the personality inventory for
children, child behavior checklist, and DSM-IV* It is a 4-point
rating scale comprising 177 items across 10 subscales: verbal
development, physical development, anxiety, depression, so-
matization, delinquency, hyperactivity, family relationship,
social relationship, and psychosis. The test was previously
standardized for Korean children and adolescents, and its re-
liability and validity were previously established.”

Advanced Test of Attention

A neuropsychological assessment of attention was per-
formed using Advanced Test of Attention (ATA). ATA is a
continuous performance test consisting of visual and audito-
ry attention tests. Four indices are measured, each indicating
different attention profiles: 1) omission errors designates sus-
tained attention; 2) commission errors reflects impulsivity
and inhibitory control; 3) response time evaluates attention
distraction and task performance speed; and 4) response time
variability, or standardized deviations of response time, shows
the consistency of attention.” The reliability and validity of
the test were previously verified in a standardized study.**

Stroop Color and Word Test

The ability to inhibit cognitive interference was assessed us-
ing Stroop Color and Word Test (SCWT). Test cards contain
colored words, and three experiments are run: 1) reading the
words aloud (word score); 2) speaking the color of the word
(color score); and 3) speaking the color of the word, regard-
less of its meaning, when the word itself spells another color
(color-word score). The Korean version of SCWT-Children’s
Version was standardized and certified as a reliable tool to
estimate response suppression in the frontal lobe.”
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Children’s Color Trails Test

Children’s Color Trails Test (CCTT) is a modified trail mak-
ing test adjusted to the cognitive processing capacity of chil-
dren. CCTT consists of two parts: CCTT1 and CCTT2. In
CCTT]I, the respondent is asked to connect randomly ar-
ranged numbers following the number sequence. In CCTT2,
the respondent connects both numbers and letters, alternat-
ing between them. CCTT1 assesses psychomotor speed and
sequential processing capability, while CCTT2 evaluates cog-
nitive flexibility and sustained attention. CCTT has been
proven reliable and valid and can be used to evaluate frontal
function.”®

Statistical analysis

Categorical variables were compared using the chi-square
or Fisher’s exact tests. Continuous variables were compared
using one-way analysis of variance, and when significant dif-
ferences were found among the three groups, the post hoc
Games—Howell test was performed. Analysis of covariance
(ANCOVA) was used to adjust for age, sex, comorbid tic dis-
order, and Full-Scale Intelligence Quotient (FSIQ). For ARS,
SRS, and P-GBI, ANCOVA was used to adjust for age, sex, and
comorbid tic disorder. For K-PRC, FSIQ, and ATA, which
provide age and sex standardized scores, age and sex were
not adjusted again. ANCOVA was used to adjust for comor-
bid tic disorder in K-PRC and FSIQ. For ATA, ANCOVA was
used to adjust for FSIQ. For SCWT, ANCOVA was used to ad-
just for age, sex, and FSIQ. Statistical significance was defined
as a p<0.05. Statistical analyses were performed using IBM
Statistical Package for the Social Sciences for Windows, ver-
sion 26 (IBM Corp., Armonk, NY, USA).

RESULTS

Demographic and clinical characteristics

We enrolled 36 participants in the ADHD/ODD group (age=
7.8£1.9 years, range=5-14 years, 33 boys and 3 girls), 307 in
the ADHD/noODD group (age=7.7+1.8 years, range=5-14
years, 257 boys and 50 girls), and 128 in the control group
(age=8.242.5 years, range=5-14 years, 65 boys and 63 girls).
Boys were predominant in both the ADHD/ODD and ADHD/
noODD groups (X>=58.35, p<0.001), and significant differenc-
es were observed between the ADHD/ODD and control groups
(X*=19.53, p<0.001), as well as between the ADHD/noODD
and control groups (X’=7.54, p=0.006). The rate of comorbid
tic disorder differed significantly between the ADHD/noODD
and control groups (X’=7.52, p=0.023), and a significant dif-
ference was observed between the ADHD/ODD and control
groups (p<0.001) (Table 1).
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Table 1. Demographic and clinical characteristics of the ADHD/ODD, ADHD/noODD, and control groups

ADHD/ODD ADHD/noODD Control Et orx . Post-hoc
(OA, N=36) (A, N=307) (C,N=128)
Age (yr) 7.8+1.9 7.7x1.8 8.2+2.5 2.52 0.086*
Age of onset, N=340 (yr) 5.7+2.0 5.8+1.5 - 1.91 0.168*
Sex 58.35 <0.0017
Boys 33(91.7) 257 (83.7) 65 (50.8) 0A>C, A>C
Girls 3(8.3) 50 (16.3) 63 (49.2)
ADHD subtype 7.08 0.052*
Inattentive 11 (30.6) 139 (45.3) -
Hyperactive/impulsive 0(0.0) 19 (6.2) -
Combined 24 (66.7) 133 (43.3) -
NOS 1(2.8) 16 (5.2) -
Comorbid diagnosis
MDD 0(0.0) 4(1.3) 1(0.8) 0.24 1.000*
SAD 0(0.0) 7(2.3) 0(0.0) 2.81 0.219*
Social phobia 0(0.0) 4(1.3) 2(1.6) 0.28 1.000*
Specific phobia 1(2.8) 8(2.6) 1(0.8) 1.65 0.416*
Enuresis 0(0.0) 5(1.6) 0(0.0) 1.73 0.433%
Tic disorder 3(8.3) 31 (10.1) 3(23) 7.52 0.023 A>C

Values are presented as mean+standard deviation or number (%). *ANOVA was used for analysis, and F was used as testing statistics; Tchi-
square test was used for analysis, and X* was used as testing statistics; *Fisher’s exact test was used for analysis. ADHD/ODD, ADHD with ODD;
ADHD/noODD, ADHD without ODD; ADHD, attention-deficit/hyperactivity disorder; ODD, oppositional defiant disorder; NOS, not other-
wise specified; MDD, major depressive disorder; SAD, separation anxiety disorder; ANOVA, analysis of variance

Symptoms and impairment profiles

The mean number of patients with inattention and hyper-
activity-impulsivity symptoms was significantly higher in the
ADHD/ODD and ADHD/noODD groups than that in the
control group (F=670.23, p<0.001; F=343.46, p<0.001, re-
spectively). The number of patients with inattention but not
hyperactivity-impulsivity symptoms was significantly higher
in the ADHD/ODD group than that in the ADHD/noODD
group.

In all four settings, patients in the ADHD/ODD and ADHD/
noODD groups exhibited ADHD symptoms more frequently
than those in the control group. Specifically in the peer rela-
tionship domain, symptom presentation was significantly fre-
quent in the ADHD/ODD group than that in the ADHD/noODD
group; however, no significant differences were observed in
the other three settings.

The ADHD groups differed significantly from the control
group in all six domains of functional impairments (all p<0.001).
Additionally, the ADHD/ODD and ADHD/noODD groups
differed significantly in the domains of relationship with teach-
ers, peer relationship, and self-esteem domains (Table 2).

Symptom rating scales
In ARS, inattention and hyperactivity-impulsivity were sig-

nificantly higher in the two ADHD groups than those in the
control group (F=215.37, p<0.001; F=171.46, p<0.001, respec-
tively) as well as in the ADHD/ODD group than in the ADHD/
noODD group, even after adjusting for age, sex, and presence
of comorbid tic disorder.

In all five subscales of SRS, both ADHD groups exhibited
higher scores than those of the control group (F=38.81, p<
0.001; F=20.06, p<0.001; F=36.71, p<0.001; F=22.56, p<0.001;
F=56.48, p<0.001, respectively), and the result remained the
same after adjusting for age, sex, and comorbid tic disorder.
In social communication and autistic mannerisms subscales,
the ADHD/ODD group exhibited significantly higher scores
than those of the ADHD/noODD group, after adjusting for
age, sex, and comorbid tic disorder.

The P-GBI score was higher in both ADHD/ODD and ADHD/
noODD groups than that in the control group, as well as in the
ADHD/ODD group than that in the ADHD/noODD group
(F=46.17, p<0.001) after adjusting for age, sex, and comorbid
tic disorder.

In K-PRC, the anxiety, depression, delinquency, and psy-
chosis subscale scores were higher in the ADHD/ODD group
than those in the ADHD/noODD group (F=8.51, p<0.001; F=
18.05, p<0.001; F=68.40, p<0.001; F=41.79, p<0.001, respec-
tively). However, after adjusting for comorbid tic disorder, the
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Table 2. Comparison of the number of symptoms, symptom presentations in four settings, and functional impairments in six domains among

ADHD/ODD, ADHD/noODD, and control groups

ADHD/ODD

ADHD/noODD

Control

(OA, N=36) (A, N=307) CN=128) ToX b Post-hoc

Number of symptoms

Inattention criteria 7.5+1.3 6.8+1.6 1.0£1.5 67023  <0.001*  OA>A>C

Hyperactivity-impulsivity criteria 5.8+2.6 5.0+2.5 0.6£1.1 34346  <0.001* OA>C,A>C
Frequency of symptom presentations (N=466)

At home 29 (80.6) 233 (76.4) 5(4.0) 19854  <0.001T OA>C,A>C

At school 30 (83.3) 261 (85.6) 4(3.2) 265.72  <0.001"  OA>C,A>C

In peer relationship 29 (80.6) 185 (60.7) 1(0.8) 14642  <0.001T  OA>A>C

In other activities 4(11.1) 21 (6.9) 0(0.0) 10.82  0.004" OA>C,A>C
Functional impairments (N=466)

Academic functioning 19 (52.8) 168 (55.1) 7 (5.6) 91.33  <0.001T OA>C,A>C

Relationship with teachers 30 (83.3) 180 (59.0) 5(4.0) 129.71  <0.001T  OA>A>C

Peer relationship 28 (77.8) 165 (54.1) 5(4.0) 11095  <0.001T OA>C, A>C

Relationship with parents 26(72.2) 195 (63.9) 9(7.2) 12234 <0.001T  OA>C, A>C

Participation in free-time activities 13 (36.1) 77 (25.2) 2(1.6) 37.88  <0.001T OA>C,A>C

Self-esteem 27 (75.0) 142 (46.6) 3(2.4) 98.55  <0.001* OA>A>C

Values are presented as meantstandard deviation or number (%). *ANOVA was used for analysis; TFisher’s exact test was used for analysis.
ADHD/ODD, ADHD with ODD; ADHD/noODD, ADHD without ODD; ADHD, attention-deficit/hyperactivity disorder; ODD, opposi-

tional defiant disorder; ANOVA, analysis of variance

ADHD/ODD and ADHD/noODD groups did not differ in
the depression subscale score (Table 3).

Neuropsychological profiles

FSIQ scores differed significantly among the three groups,
with both the ADHD/ODD and ADHD/noODD groups show-
ing lower scores than those of the control group (F=24.55, p<
0.001). The results remained significant after adjusting for co-
morbid tic disorder. Other neuropsychological tasks were ad-
justed for FSIQ as well.

In the commission errors and response time variability sub-
scales of the visual ATA, after adjusting for FSIQ and comor-
bid tic disorder, both the ADHD/ODD and ADHD/noODD
groups scored significantly higher than the control group.
The ADHD/ODD group had more errors than the ADHD/
noODD group (F=16.42, p<0.001; F=10.21, p<0.001, respec-
tively). In the commission errors and response time variabil-
ity subscales of the auditory ATA, after adjusting for FSIQ
and comorbid tic disorder, the scores were higher in both the
ADHD groups than those in the control group (F=13.06, p<
0.001; F=7.33, p=0.001, respectively), and the commission er-
rors score was significantly higher in the ADHD/ODD group
than that in the ADHD/noODD group.

After adjusting for age, sex, FSIQ, and comorbid tic disor-
der, the ADHD/ODD and control groups differed significant-
ly in the color-word score of SCWT (F=4.45, p=0.012) (Table 4).
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DISCUSSION

We compared the clinical characteristics and neuropsycho-
logical profiles of children with ADHD with and without ODD
and those of controls. The key findings of this study were that
comorbid ODD in patients with ADHD led to greater symp-
tom severity, functional impairment, and neuropsychological
deficits than in those without ODD. Moreover, children with
ADHD and ODD exhibited greater social impairments and
emotional dysregulation than those without ODD. Although
several studies have examined the impact of comorbid ODD
on children and adolescents with ADHD, only a few have
comprehensively examined the social, emotional, and cogni-
tive aspects. Therefore, the findings of this study would con-
tribute towards enhancing our understanding of the clinical
characteristics of both ADHD and ODD.

In the present study, the ADHD/ODD group showed more
inattention symptoms evaluated by clinicians and more inat-
tention and hyperactivity-impulsivity symptoms reported by
parents than the ADHD/noODD group. This result is consis-
tent with the findings of the previous literature showing that
children with ADHD and adolescents with ODD have more
severe ADHD symptoms than those without ODD, suggest-
ing that comorbid ODD may amplify both inattention and
hyperactivity-impulsivity symptoms in children and adoles-
cents with ADHD.">” In a recent study, the ADHD with ODD
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ADHD/ODD ADHD/noODD  Control ANOVA ANCOVA*
(OA, N=36) (A, N=307) (C,N=128) p Post-hoc B (95% CI) p
ARS (N=445)
Inattention 15.74£5.6 12.1+5.4 3.7£3.3 <0.001 OA>A>C 3.525(1.74,5.31) <0.001
Hyperactivity-impulsivity 13.6£7.1 9.5+£5.3 2.7+2.6 <0.001 OA>A>C 3.962 (2.26,5.67) <0.001
SRS (N=397)
Social awareness 54.8+10.6 51.7£10.2 42.8+7.8 <0.001 OA>C,A>C 3.336 (-0.29,6.96)  <0.001
Social cognition 57.8£9.3 54.0£10.0 48.1£7.8 <0.001 OA>C,A>C 4.159 (-0.14,7.68)  <0.001
Social communication 55.5£11.0 49.8+7.7 44.2+5.8 <0.001 OA>A>C 5.885 (3.04, 8.73) <0.001
Social motivation 52.7£9.3 49.948.1 45.4+5.7 <0.001 OA>C,A>C 3.091 (-0.21,5.97)  <0.001
Autistic mannerisms 59.0£13.4 53.249.3 46.0x4.7 <0.001 OA>C,A>C 5.937 (2.64,9.23) <0.001
P-GBI (N=394) 8.816.6 4.0+4.1 1.2£1.9 <0.001 OA>A>C 4.881 (341, 6.35) <0.001
K-PRC (N=409)
Verbal development 55.3+15.7 54.7£11.6 45.8+104 <0.001 OA>C,A>C 0.617 (-3.86,5.10)  <0.001
Physical development 53.8+11.4 53.8+114 454+10.8 <0.001 OA>C,A>C -0.039 (-4.38,4.30)  <0.001
Anxiety 56.4+14.1 51.2+10.1 47.8+11.2  <0.001 OA>A>C 5.162 (1.02,9.31) <0.001
Depression 58.2+12.9 53.3+10.6 47.3+104  <0.001 OA>A>C 5.011 (-0.19,9.14)  <0.001
Somatization 47.2+12.7 47.7+£10.2 42.9+8.8 <0.001  OA>C,A>C -0.596 (-3.33, 3.25) 0.001
Delinquency 67.3£14.6 57.9+114 453104  <0.001 OA>A>C 9.357 (5.00, 13.72)  <0.001
Hyperactivity 66.1+14.6 62.4+11.4 45.0+10.2 <0.001 OA>C,A>C 3.746 (-0.60, 8.10)  <0.001
Family relationship 56.1£16.6 53.8t12.4 458+11.0 <0.001 OA>C,A>C 2.311(-2.44,7.07)  <0.001
Social relationship 52.4+11.3 49.8+9.9 46.3£10.4 0.001 OA>C,A>C 2.579 (-1.35, 6.49) 0.003
Psychosis 63.5£15.9 55.8£12.0 45.7+104  <0.001 OA>A>C 7.559 (3.00, 12.10)  <0.001

Values are presented as mean+standard deviation. “ANCOVA adjusted for age, sex, and presence of comorbid tic disorder. p: Beta coeflicient
between ADHD/ODD and ADHD/noODD. ADHD/ODD, ADHD with ODD; ADHD/noODD, ADHD without ODD; ADHD, attention-
deficit/hyperactivity disorder; ODD, oppositional defiant disorder; ANOVA, analysis of variance; ANCOVA, analysis of covariance; CI, con-
fidence intervals; ARS, ADHD Rating Scale; SRS, Social Responsiveness Scale; P-GBI, Parent General Behavior Inventory; K-PRC, Korean

Personality Rating Scale for Children

group exhibited higher inattention and hyperactivity-impul-
sivity symptom severity reported by parents than the ADHD
without ODD group."? Consistent with previous studies, the
present results indicated that comorbid ODD additionally af-
fects the symptom severity of children and adolescents with
ADHD.

In our study, parents reported more hyperactivity-impul-
sivity symptoms in the ADHD/ODD group than those in the
ADHD/noODD group. In contrast to the Western parents who
tend to report mood symptoms in children and adolescents
more effectively than the youth themselves,” the Korean par-
ents may be less sensitive to their children’s and adolescents’
behavior.’ Moreover, Korean parents focus more on children's
externalizing behavior than on internalizing problems.* Thus,
in our study, parents may have misconstrued their children’s
mood dysregulation to hyperactivity.

Another finding of this study was that functional impair-
ments in social situation, such as relationship with teachers
and peers, occurred more frequently in the ADHD/ODD group

than in the ADHD/noODD group. This is consistent with the
findings of previous literature showing that the presence of
comorbid ODD in children and adolescents with ADHD leads
to social dysfunction.'*' In a previous study;'"® children with
ADHD and ODD displayed more negative behaviors and so-
cial problems while interacting with their peers, including
bullying other kids, getting into fights, and being teased or
bullied, than those without ODD. This could be considered
the aggressive and impulsive characteristics of ODD contrib-
uting to problems in social situations. In another study,'® chil-
dren with ADHD and ODD experienced more difficulties in
social problem-solving skills, such as interpreting social cues,
evaluating responses, and selecting responses than those with-
out ODD. Furthermore, in the present study, the ADHD/ODD
group experienced more difficulties than those of the ADHD/
noODD group in social abilities measured using SRS. In line
with previous studies, the present study suggested that comor-
bid ODD in children with ADHD may contribute to increased
severe social impairments related to social skill and aggres-
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sive and impulsive characteristics of ODD.

In the present study, the ADHD/ODD group displayed high
anxiety and depression subscale scores in K-PRC and high
P-GBI scores than those of the ADHD/noODD group. Chil-
dren with ODD are reported to have significant deficiencies
in handling emotions and experience emotional dysregula-
tion.” In addition, previous studies have demonstrated that
symptoms of irritability and the negative effect dimension of
23 suggesting that
the irritable dimension of ODD is associated with depressive

ODD are related to depressive symptoms,

symptoms. Humphreys et al.”” reported that high anxiety and
depression in the ADHD/ODD group results from the char-
acteristics of comorbid ODD. Moreover, Park et al’s® study
indicated that long-term methylphenidate use of >1 year can
decrease the risk of depression, conduct disorders, and ODD.
Thus, the results of the present study suggested that children
with ADHD and ODD experience more mood dysregulation
than children without ODD.

In the present study, more commission errors in the visual
and auditory ATAs occurred in the ADHD/ODD group than
it did in the ADHD/noODD group. Commission errors are
counted when the child responds to a stimulus that was not a
target and measures impulsivity, self-regulation, and inhibi-
tory control of executive functioning.*** Therefore, the higher
score in the ADHD/ODD group than that in the ADHD/noODD
group suggests the increased difficulty in inhibitory control.
Low inhibitory control, which leads to impulsive behaviors,
tends to negatively influence peer preference.*” In the present
study, response time variability in the visual ATA was signifi-
cantly higher in the ADHD/ODD group than that in the ADHD/
noODD group. It reflected sustained attention, and high re-
sponse time variability implies that the response time was un-
stable, which indicates the presence of occasional lapses in at-
tention, thereby indicating a deficit in sustained attention.” In
the present study, the inhibitory control and sustained atten-
tion of children and adolescents with ADHD were negatively
influenced by comorbid ODD.

Two broad models explain the high comorbidity of ADHD
and ODD, the developmental precursors and correlated risk
factors models.** The developmental precursors model sug-
gests that symptoms of ADHD may lead to the development
of ODD since the patients are exposed to negative parenting
practices, family stress, and peer rejection.”” The correlated risk
factors model posits that comorbidities may be associated with
correlated or shared risk factors.* The present findings of the
ADHD/ODD group displaying more frequent symptoms, func-
tional and social impairments, and lack of neuropsychological
ability may be related to the developmental precursors mod-
el. Thus, ADHD may have played the role of a developmental
precursor of ODD, which may have accounted for the severe

H Kim et al.

symptomatology of the ADHD/ODD group compared to the
ADHD/noODD group. However, the present study was lim-
ited to understanding the mechanism clearly; therefore, a pro-
spective cohort study is further required to examine comorbid
ADHD and ODD.

This study had several limitations. First, all three groups
were recruited from an outpatient clinic of a single hospital;
therefore, the results may not be generalizable to all children
with ADHD with or without ODD. Second, no ODD-only group
was included. Comparison with this group is required to fur-
ther clarify the features uniquely evident in children with ODD
only compared to other groups. Third, the number of patients
in the ADHD/ODD group was small; therefore, the results may
alter when a larger sample size is used. We could not stratify
the sample further by sex, age, or ADHD subtype because of
its small size. To enhance the sample size for future studies,
multicenter cooperation will be required. Fourth, the groups
differed significantly in sex distribution and the presence of
comorbid tic disorder, despite the adjustments made for these
relevant factors. Fifth, as our study participants were relatively
young, with an average age of 7 to 8 years, we were unable to
examine the impact of any accompanying conduct disorder.

Despite these limitations, the present study had the follow-
ing advantages: 1) standardized instruments were used to di-
agnose ADHD and ODD; 2) neuropsychological examina-
tion and rating scales were applied to assess multiple domains
comprehensively, including social skills, emotional regulation,
intelligence, and cognitive functions; and 3) the participants
were Asians and not from the Western population.

In conclusion, the present study suggested that the presence
of comorbid ODD in children with ADHD leads to elevated
levels of symptomatology, functional and social impairments,
and neuropsychological deficits. Future research should focus
on clarifying the relationship between ADHD and ODD and
defining the influence of comorbid ODD on children with
ADHD.
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