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Objective: The aim of the present study was to evaluate the role of comorbid psychiatric symptoms on quantitative electro—
encephalogram (QEEG) activities in boys with the attention deficit/hyperactivity disorder (ADHD),

Methods: All participants were male students in the second, third or fourth grade in elementary school. Therefore, there were
no significant differences in age or sex. Participants with ADHD were assigned to one of three groups: pure ADHD (n=22), ADHD
with depressive symptoms (n=11), or ADHD with problematic internet use (n=19). The Korean version of the Children’s Depression
Inventory and the Korean Internet Addiction Self—scale were used to assess depressive symptoms and problematic internet use,
respectively, Resting—state EEG during eyes closed was recorded, and the absolute power of five frequency bands was analyzed:
delta (1—4 Hz), theta (4—8 Hz), alpha (8—12 Hz), beta (12-30 Hz), and gamma (30—50 Hz).

Results: The ADHD with problematic internet use group showed decreased absolute theta power at the central and posterior
region compared with the pure ADHD group, However, The ADHD with depressive symptoms group showed no significant differ—
ences compared with the other groups,

Conclusion: These findings will contribute to a better understanding of brain—based electrophysiological changes in children
with ADHD in accordance with comorbid psychiatric symptoms,

KEY WORDS: Electroencephalography; Attention deficit disorder with hyperactivity; Depression; Comorbidity.

INTRODUCTION

Attention deficit/hyperactivity disorder (ADHD) is one
of the most common psychiatric disorders among children
and adolescents.” ADHD symptoms in childhood and
adolescence have negative consequences in multiple
areas. Inattention or hyperactivity/impulsivity may cause
significant impairment in academic, social, emotional,
and familial functioning.z) ADHD is associated not only
with inattention and/or hyperactivity-impulsivity, which
is the main symptom, but also with secondary symptoms,
such as learning disabilities,s) anxiety,4) depression,s) and
conduct disorder (CD).G) These symptoms lead children to
experience personal disadvantages at school,” and these
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individuals may also experience various socioeconomic
problems when they become adults.*”

From a clinical perspective, there are two reasons for
focusing on comorbidity or comorbid psychiatric symp-
toms in children with ADHD. First, it is not common to
encounter children with ADHD who have only “pure”
ADHD symptoms. According to a previous study, more
than 50% of children with ADHD have other psychiatric
disorders.'” Second, the existence of comorbid disorders
with ADHD can influence medication effects, side effects
and disease progression. When ADHD is comorbid with
depression or anxiety, the response to stimulants, such as
methylphenidate, is lower than when there is no comorbid
disorder.'” Among other various comorbid symptoms,
this study has specifically focused on depressive symp-
toms, which may affect electroencephalogram (EEG),"”
and problematic internet use, which shows high co-
morbidity, particularly in Korea."” Oppositional defiant
disorder (ODD), the most common comorbid disorder of
ADHD, is excluded from this study because an existing
study has demonstrated that ODD does not significantly
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affect EEG results."”

Generally, it is common for depressive disorder to oc-
cur several years after the onset of ADHD."” According to
a prospective 4-year follow-up study conducted with chil-
dren with ADHD, the prevalence of comorbid depressive
disorder was 29% at the initial assessment, and this in-
creased to 45% after 4 years.7) When these two disorders
coexist, psychiatric symptoms become more severe over
time, and the risk of functional impairment increases in
the long term.'® Therefore, it is important to assess wheth-
er children with ADHD have depressive symptoms
initially. Additionally, a correlation between ADHD and
internet addiction, which is a behavioral addiction, was
previously verified by a study conducted with school-
aged children."” Adolescents exhibit more ADHD as they
spend more time on a console or internet video games,m
and this correlation was also observed in adults." In
Korea, problematic internet use or internet addiction is
more prevalent than in any other country because of the
advanced internet environment."” The existence of
ADHD symptoms is one important risk factor among vari-
ous factors contributing to internet addiction."”

In ADHD studies, findings related to resting-state
quantitative electroencephalogram (QEEG) have been
relatively consistent over a long period of time.”” The
most consistently reported EEG findings in children with
ADHD are increased theta power or an elevated pro-
portion of slow to fast frequency power and theta/beta ra-
tio compared with typically developing children.'>*"*?
Increased slow frequency and decreased fast frequency
activities are usually interpreted as the hypo-arousal mod-
el of ADHD. However, the results of QEEG studies are
not always consistent. In a recent study, 60% of children
with ADHD showed increased theta activity, and 40% ex-
hibited decreased theta activity.” Fast frequency activity,
such as beta, showed even more mixed results. Some stud-
ies have reported decreased beta power,zz’m whereas oth-
ers have reported increased beta power” or the absence of
a group difference in beta power.”” Such mixed results
have also been reported for the alpha frequency.22’23’27)
This inconsistency between studies may be caused by sev-
eral factors; most importantly, various participant charac-
teristics and circumstances during EEG recording, such as
whether participants had their eyes open or closed, have
been shown to influence the results.”® Another important
influential factor is a lack of consideration of other co-
morbid psychiatric conditions."”

One study has explored whether QEEG activity in chil-
dren with ADHD is influenced by psychiatric comorbid-

ities, such as disruptive behavior disorders and depression.
The authors reported that psychiatric comorbidities exert
significant mediation effects on the theta-to-beta ratio.'”
To our knowledge, no study has investigated resting-state
QEEG activities in children with ADHD with comorbid
psychiatric symptoms, such as depressive symptoms and
problematic internet use. In this context, the aim of the
present study was to evaluate the role of comorbid psychi-
atric symptoms on QEEG activities. We hypothesized that
the resting-state QEEG activities in boys with ADHD
would differ from those of boys with ADHD with depres-
sive symptoms or problematic internet use.

METHODS

Subjects

The subjects were elementary school students who par-
ticipated in the “Touch Brain Attention Enhancement
Camp” sponsored by Gongju National Hospital from 2011
to 2013. Written consent for the medical use of the test re-
sults was received from all of the participants’ guardians,
and the Gongju National Hospital Clinical Research
Ethics Committee approved the content and the ethical
conduct of this study (2013-04). ADHD diagnosis was
based on the Korean version of the Diagnostic Interview
Schedule for Children Version IV (DISC-IV), which is a
structured interview tool. A definitive diagnosis of ADHD
was confirmed by multiple child and adolescent
psychiatrists. Exclusion criteria for all subjects were a his-
tory of significant head injury, neurological disorder, ge-
netic disorder, substance dependence, epilepsy or psychotic
disorder. Children who exhibited an intelligence quotient of
70 or lower according to the Korean-Wechsler Intelligence
Scale for Children, Fourth Edition or who were receiving
drug treatment were also excluded from this study. The
number of children who participated in the camp was 68;
16 of these were excluded for such a reason as mentioned
above. All participants were male students in the second,
third or fourth grade in elementary school.

Participants with ADHD were assigned to one of three
groups: pure ADHD (n=22), ADHD with depressive
symptoms (n=11), or ADHD with problematic internet use
(n=19). The Korean version of the Children’s Depression
Inventory (CDI) was used to assess depressive symptoms
in children with ADHD. A CDI sum score of 20 was iden-
tified as the optimal screening cut-off score, for which the
sensitivity was 0.83 and the specificity was 0.89 in Korean
adolescents.”” We also assessed participants using the
Korean Internet Addiction Self-scale (K-scale), with total
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K-scale scores representing the severity of problematic in-
ternet use. Items are rated on a Likert scale (1=never,
2=sometimes, 3=often, or 4=nearly always). The K-scale
consists of six sub-factors: disturbance of adaptive func-
tioning, addictive automatic thought, withdrawal, virtual
interpersonal relationship, deviant behavior, and tolerance.
The cut-off score was 3, which is the score generally used
in clinical settings.30) The validity and reliability of the
K-scale was established for elementary school. The
Cronbach’s alpha score for the elementary school students
was 0.887.°" Participants’ guardians also completed the
Korean parent and teacher ADHD Rating Scale (K-ARS),”
the eight-item Disruptive Behavior Disorder Scale (DBDS)
based on the Diagnostic and Statistical Manual of Mental
Disorders 4th edition to assess ODD,33) and the Korean
version of the Learning Disability Evaluation Scale
(K-LDES).*"

EEG Recording and Pre—processing

The EEG recordings were performed using a SynAmps2
direct-current (DC) amplifier and a 10-20 layout 64-channel
Quick-Cap electrode-placement system (Neuroscan Inc.,
Charlotte, NC, USA). The EEG data were digitally re-
corded from 19 gold cup electrodes placed according to
the international 10-20 system. The impedances were
maintained below 5 k&2, and the sampling rate was 1,000
Hz. We used the linked mastoid reference and two addi-
tional bipolar electrodes to measure horizontal and verti-
cal eye movements. During the recording, each partic-
ipant laid in a semi-darkened, electrically shielded, sound-
attenuated room. A resting EEG was recorded after three
minutes with the participant’s eyes closed.

We used Matlab 7.0.1 (Math Works, Natick, MA, USA)
and the EEGLAB toolbox> to pre-process and analyze
the EEG recordings. First, the EEG data were down-
sampled to 250 Hz. Next, the EEG data were detrended
and mean-subtracted to remove the DC component. A
1-Hz high-pass filter and a 60-Hz notch filter were applied
to remove the eye and electrical noise. Next, independent
component analysis (ICA) was performed to remove the
well-defined sources of artifacts. ICA has been demon-
strated to reliably isolate artifacts caused by eye and mus-
cle movements and heart noise.”® Finally, clinical psy-
chiatrists and EEG experts visually inspected the cor-
rected EEGs. For the analysis, we selected more than two
minutes of artifact-free EEG readings from the three-mi-
nute recordings.

Power—spectrum Analysis of the EEG Recordings

Five frequency bands were defined for further analysis:
delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-30
Hz), and gamma (30-50 Hz). The spectral power of the
EEG data was calculated via fast Fourier transformation
using the “spectrogram.m” function of the signal process-
ing toolbox in Matlab. Time windows of 1,000 ms were
applied to the spectral analysis using an 800-ms overlap
and the Hamming window. Finally, the absolute powers
were averaged over all of the time windows and frequency
bands for further analysis. Additionally, the activities at 19
sites were divided into three regions by averaging within
each region: frontal (FP1, FP2, F3, F4, F7, F8, and Fz),
central (T3, T4, C3, C4, and Cz), and posterior (O1, O2,
TS, T6, P3, P4, and Pz).

Statistical Analysis

An analysis of variance (ANOVA) test was used to test
group differences in age and clinical variables. EEG pow-
er differences were analyzed using a three-group (pure
ADHD vs. ADHD with depressive symptoms vs. ADHD
with problematic internet use) repeated measures factorial
ANOVA including the individual frequency bands of the
regions (anterior vs. central vs. posterior) as the with-
in-subjects factor. We also used post hoc tests to determine
specific group differences. To follow up tests at individual
electrodes, the homogeneity of slopes between the groups
was first assessed with the Levene test. If slopes were
found to be homogeneous, a second step was performed
using an ANOVA test to compare the activity of each in-
dividual electrode between the three groups. When the as-
sumption of sphericity was violated, the GreenHouse-
Geisser estimates were reported. Statistical significance
was set at p<0.05. To control for false positives from
multiple comparisons, we used the false discovery rate
correction, in which the p-values were multiplied by the
number of comparisons.37) All data were analyzed using
the PASW Statistics software, version 18.0 (IBM Co.,
Armonk, NY, USA).

RESULTS

Demographic and Clinical Data

No significant differences in age, K-ARS, Young’s
Internet Addiction Scale (IAS), K-LDES, or DBDS were
observed between the three groups. Demographic and
clinical variables are summarized in Table 1.
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Table 1. Age and clinical characteristics in study subjects

ADHD with depressive ADHD with problematic 2

DD ((r2) symptoms (n=11) infernet use (N=19) Fix p value
Age 8.45+1.71 9.82+1.99 9.32+1.92 2.290 0.112
K-ARS 28.05+9.12 27.45+7.65 31.568+10.37 0.978 0.383
IAS 15.27+13.77 18.36+£19.56 20.21+20.89 0.398 0.674
K-scale 0.73+0.77 3.18+£3.31 6.26+3.26 24.411 <0.001*
K-LDES 12.36+6.87 16.18+8.24 17.05+11.05 1.569 0.219
DBDS 8.50+4.54 8.64+5.75 9.53+6.35 0.193 0.825
CDI 11.09+4.89 25.73+4.76 7.00+5.30 49911 <0.001"

Data are given as the meantstandard deviation.

Analysis of variance (ANOVA) and post hoc was used.

ADHD, attention deficit/hyperactivity disorder; K-ARS, the Korean parent and teacher ADHD Rating Scale; IAS, Young's Infernet Addiction
Scale; K-scale, Korean version of the Internet Addiction Test; K-LDES, Korean version of Learning Disability Evaluation Scale; DBDS, Disruptive
Behavior Disorder Scale according to the Diagnostic and Statistical Manual of Mental Disorders 4th edition; CDI, Korean version of Children’s
Depression Inventory.

*1<2<3; "1=3<2 (1, pure ADHD; 2, ADHD with depressive symptoms; 3, ADHD with problematic internet use).

ADHD with ADHD with
Pure ADHD depressive symptom problematic internet use

Delta

Theta
Alpha
Beta

Fig. 1. Topographical maps of

absolutfe power among groups.

Scale shows uV2 for absolute power.

Red color represents higher value;

blue color represents lower value.

The attention deficit/hyperactivity

Gamma disorder (ADHD) with problematic

internet use group demonstrates
reduced absolute power in the
theta band compared with the
pure ADHD group.
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QEEG Activity

Comparison between three groups: Repeated measures
ANOVA

Figure 1 shows the scalp topographies of the three
groups in terms of the absolute power in each band. A sig-
nificant main effect of the group was found for the abso-
lute theta power (degree of freedom [df]=2, F=3.828,
p=0.029). After applying a post hoc test using the
Bonferroni correction, this power was higher in the pure
ADHD group than in the ADHD with problematic internet
use in all regions, with the highest in the posterior region and
the lowest in the anterior region (Fig. 2). We also found sig-
nificant main effects for the region and the region by group
interaction on absolute theta power (df=2, F=145.373, p
<0.001; df=4, F=4.166, p=0.004, respectively). Although
both delta and alpha powers showed a significant region
by group interaction, follow-up analyses using the
Bonferroni correction revealed no significant effect of the
group for delta or alpha power at any region (all p > 0.05).
Additionally, no significant main effects for the group or
the region by group interaction on beta and gamma powers
were observed (Table 2).

Comparison between three groups: ANOVA test of the
individual electrodes

There was a significant main effect of the group for the-
ta power. Follow-up comparisons analyzed the average
EEG power of the individual electrodes that had sig-

1 Pure ADHD
[ ADHD with depressive symptom
Il ADHD with problematic internet use l l

’ Hl

Absolute power (log transformation)
N
1

ACP ACP ACP ACP ACP
Delta Theta* Alpha Beta Gamma

Fig. 2. Absolute electroencephalogram power in each band
during the resting state condition. The data are reported as the
meanz*the standard error of the mean. ADHD, aftention deficit/
hyperactivity disorder; A, anterior part; C, central part; P, posterior
part.

*Pure ADHD > ADHD with problematic internet use (post hoc, p
<0.05).

nificant frequencies for the three groups. The absolute the-
ta power was relatively high in the pure ADHD group at
the central (C3, T4, and Cz) and posterior (P3, O1, 02, T5,
T6, and Pz) regions. However, no group differences were
observed for the theta power at the frontal region. The
ADHD with depressive symptom group showed no sig-
nificant differences in any region compared with the pure
ADHD group or the ADHD with problematic internet use
group (Table 3).

DISCUSSION

To the best of our knowledge, this is the first rest-
ing-state EEG study to investigate brain electrical activity
in boys with ADHD according to comorbid psychiatric
symptoms. We found electrophysiological differences be-
tween the children with ADHD depending on the presence
of problematic internet use. The ADHD with problematic
internet use group showed decreased absolute theta power
at the central and posterior regions compared with the pure
ADHD group. However, the ADHD with depressive
symptom group had no significant impacts on QEEG ac-
tivities in any region.

Contrary to the hypothesis, this study revealed that de-
pressive symptoms in children with ADHD do not sig-
nificantly influence the results of QEEG. Most existing
EEG findings regarding depression report regional differ-

Table 2. Repeated measures ANOVAs of resting electroence-
phalogram frequency power among three groups

ANOVA
Frequency band
daf F p value
Delta
Group 2 2.999 0.059
Region 2 155.034 <0.001*
Groupxregion 4 3.747 0.007*
Theta
Group 2 3.828 0.029*
Region 2 145.373 <0.001*
Groupxregion 4 4.166 0.004*
Alpha
Group 2 1.879 0.164
Region 2 357.001 <0.001*
Groupxregion 4 2.665 0.037*
Beta
Group 2 2.648 0.081
Region 1.580 100.221 <0.001*
Groupxregion 3.161 1.586 0.197
Gamma
Group 2 0.761 0.473
Region 1.712 45.264 <0.001*
Groupxregion 3.423 0.880 0.466
df, degree of freedom.
*p=<0.05.
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Table 3. Comparison of absolute electroencephalogram power in the theta band among three groups

ADHD with depressive

ADHD with problematic

Pure ADHD () symptom (B) internet use (C) Fip Post hoc
Fpl 89.39+£12.02 88.78+15.25 62.75+15.34 1.194/0.312
Fp2 91.97+11.59 82.82+18.14 60.17+15.38 1.447/0.245
F3 106.46+11.27 97.12+15.32 61.14+17.51 0.862/0.067
F4 105.79+11.60 98.74+12.90 68.84+16.42 2.099/0.133
F7 84.47+10.76 86.02£10.97 53.85+13.07 2.291/0.112
F8 84.85£11.24 85.44+£16.10 51.47+13.55 2.225/0.119
Fz 138.61+8.60 121.43+14.87 101.08+15.02 2.593/0.085
T3 81.87+£11.57 61.90+12.59 47.28+12.96 2.211/0.120
T4 90.29+11.15 69.15+14.64 36.27+13.86 4.992/0.011* A>C
C3 111.57+8.42 98.74+12.90 68.84+16.42 4.934/0.011* A>C
C4 109.31+9.24 77.97+13.36 75.77+12.03 3.077/0.055
Cz 151.14+7.67 122.92+13.72 109.18+12.68 4.433/0.017* A>C
o1 185.05+14.02 157.37+16.77 124.74+15.38 4.485/0.016* A>C
o2 184.06+12.57 170.69+19.37 121.85+15.36 5.219/0.009* A>C
5 152.08+14.01 112.77+18.52 95.43+14.31 4.223/0.020* A>C
T6 160.17+15.03 126.18+16.79 99.17+16.68 4,062/0.023* A>C
P3 136.84+9.64 103.46+15.32 93.03+14.52 3.659/0.033* A>C
P4 135.83+8.82 102.36+13.52 96.65+15.99 3.019/0.058
Pz 157.03+8.49 119.33+18.95 111.02+16.20 3.602/0.035* A>C

ADHD, attentfion deficit/hyperactivity disorder.
Mean absolute power in uVvV2 (standard error).
Analysis of variance with Bonferroni post hoc test; *p<0.05.

ences in alpha power.38) Both alpha power deviation on the
power spectrum and higher alpha power synchrony and
connectivity are identified as distinct findings in patients
with depression.39’40) Therefore, alpha power was ex-
pected to appear differently in the group of children with
ADHD and depressive symptoms. However, no sig-
nificant differences were found. One previous study re-
ported that comorbid depression in children with ADHD
affects the theta-to-beta ratio in ADHD;IZ) however, in this
study, theta and beta power did not show a significant
difference. These results can be explained by two factors.
First, the statistical power of this study may not be suffi-
cient because the sample size of the group of boys with
ADHD and depressive symptoms was smaller than those
of the other two groups. Although an existing study re-
ported that the theta-to-beta ratio tends to be higher when
ADHD and ODD coexist, its statistical significance was
not evident because of the modest sample size (n=25).14)
Second, the depressive symptoms in this study’s partic-
ipants were not sufficiently severe for a diagnosis of major
depression, although several measures confirmed that
they do exist. Notably, the participants diagnosed with a
mood disorder based on DISC-IV, which was an initial as-
sessment, and who obviously have functional impairment
because of a mood disorder were excluded from this study.
In terms of the severity of the depressive symptoms, a sub-
stantial gap was observed between the comorbid depres-
sive symptoms defined in this study and those defined in

previous studies. Accordingly, depressive symptoms did
not significantly influence EEG in this study.

In boys with ADHD, problematic internet use has a sig-
nificant influence on theta power. A few studies have ad-
dressed the effects of psychiatric comorbidity in ADHD
on EEG. One such study was conducted with children
with ADHD comorbid with ODD or CD to investigate the
effects of the comorbidity on EEG. Although that study
did not detect any significant effect, it revealed that the
group with ADHD symptoms showed only noticeable fo-
cal theta abnormalities.'” A study investigating alpha and
theta reactivity related to open eyes during the resting state
also reported that the pure ADHD group, which includes
subjects without any comorbid disorders, such as ODD,
shows more theta deviance.”® Similar to these previous
studies, this study also found that the pure ADHD group
displayed significantly higher theta power deviance than
the problematic internet use group. However, these results
should be interpreted carefully. Previous studies reported
that increased theta power is related to poor performance
in attention-demanding cognitive tasks.*” However, it is
inappropriate to conclude that decreased theta power in
the problematic internet use group indicates better cogni-
tive function in the problematic internet use group.
According to a recent study, although increased theta
power is a distinct neurophysiological finding in ADHD,
relationships between resting-state brain oscillation and
cognitive function are not consistent.*” Additionally, sim-
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ilar to the depressive symptoms mentioned previously, the
symptoms of the children in the problematic internet use
group, which were assessed based on the K-scale, do not
necessarily indicate that these children have been diag-
nosed with internet addiction or behavioral addiction. For
an accurate diagnosis, whether the patients have experi-
enced the typical components of addiction must be as-
sessed (i.e., tolerance, withdrawal, preoccupation with
playing online games, repeated unsuccessful attempts to
reduce or stop online gaming, negatively influenced mood
when attempting to reduce online gaming, and neglecting
important relationships or activities because of online
games).” Therefore, further studies should assess differ-
ences in cognitive function and changes in EEG based on
comorbid symptoms, and the results of this study must be
interpreted to determine whether problematic internet use
by children with ADHD influences their EEG theta power.

There are several limitations to this study. First, as pre-
viously mentioned, psychiatric symptoms, such as depres-
sive symptoms or problematic internet use in boys with
ADHD, do not indicate a disorder but instead represent
specific symptoms. Therefore, careful consideration must
be used when applying this study’s results to cases in
which children with ADHD have comorbid depressive
disorder or internet addiction. However, these symptoms
require attention because subsyndromal symptoms that do
not meet the diagnostic criteria are associated with a high
prevalence rate and functional impairment across a broad
area.*” Second, the size of the depressive symptom group
in this study (n=11) was smaller than those of the other
groups, raising questions regarding the statistical power of
the analytical findings. Third, significant differences were
observed in the CDI and K-scale scores between the three
groups, which may have had confounding effects. To con-
trol for the effects of CDI and K-scale scores on the QEEG
results, we performed a reanalysis using CDI and K-scale
scores as covariates, and the significant differences in the-
ta power between the groups persisted.

This study also has two strengths. First, although an
age-matched sample was not used, similar-aged children
participated. Therefore, this study could exclude the ef-
fects of age. In a comparison analyses, the EEG abnormal-
ities associated with ADHD differ depending on age. At
an individual level, the results of EEG also tend to vary
and show relatively sharp changes as time passes.26)
Second, this study was able to exclude the effects of drugs
because none of the participants were taking medications.
Stimulants, the major medication for ADHD, have been
studied to investigate how they influence brain wave ac-

tivity, and the theta power has been reported to be de-
creased or increased. Previous studies clearly show that
taking medication affects the results of EEG.**

The present study investigated the differences in rest-
ing-state QEEG patterns in boys with ADHD with or
without comorbid psychiatric symptoms. The ADHD
with depressive symptom group showed no significant
differences compared with the other groups. This finding
suggests that the subsyndromal symptoms of depression
do not significantly influence QEEG results in ADHD.
The ADHD with problematic internet use group showed
significant EEG deviation in theta frequency. These differ-
ences may be associated with the pathophysiologies of in-
ternet addiction and behavioral addiction. Because no pre-
vious studies have reported this association, further repli-
cative studies are required to establish the association. This
research will contribute to a better understanding of brain-
based electrophysiological changes in children with ADHD
in accordance with comorbid psychiatric symptoms.
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