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Association between Quantitative Electroencephalography
Findings and Cognitive-Behavioral Characteristics

in Attention Deficit/Hyperactivity Disorder :
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Soohwan Oh, MD", Yoo Sook Joung, MD, PhD"? Hee Joon Yoon, MD?,
Dong |k Lee, MD', Byung Wook Kim, MD"?, Jung Ah Park, MA",
Suzie Lee, MD*, and Bitna Lee, BS'

"Department of Psychiatry, Samsung Medical Center, Seoul, Korea

“Department of Psychiatry, School of Medicine, Sungkyunkwan University, Seoul, Korea
®Seoul Emotion Cognition Institute, Seoul, Korea

“Wirye Haesol Psychiatric Clinic, Seoul, Korea

Objective This study examined the association between the wave form in quantitative electro-
encephalography (QEEG) and the cognitive and behavioral characteristics measured by the Ko-
rean version of Wechsler Intelligence Scale for Children 4th edition (K-WISC-IV), Korean version
of the attention deficit/nyperactivity disorder Rating Scale (K-ARS), and Korean version of Child
Behavior Checklist (K-CBCL) in children diagnosed with ADHD.

Method A retrospective cross-sectional study was performed on children aged 8 to 13 years,
who were diagnosed with ADHD at Samsung Medical Center from November 2011 to March
2017. A total of 57 ADHD children were selected by a medical chart review. Their QEEG findings
and psychological test results, including K-WISC-IV, K-CBCL, and K-ARS (n=42), were collected.
The QEEG was analyzed by the ranges of Hz: delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz),
and beta (12-25 Hz) and transformed to the z-scored relative power. The collected data were
analyzed using Pearson and Partial correlation analysis.

Results The Letter-Number Sequencing scores of K-WISC was positively correlated with fron-
to-central alpha. The hyperactivity/impulsivity scores of K-ARS were positively correlated with the
theta/beta ratio. Among the items of K-CBCL, social immaturity was positively correlated with
delta and theta, and negatively correlated with alpha. Social competence was negatively corre-
lated delta and theta, and positively correlated with alpha.

Conclusion These results suggest that the resting state QEEG results of children with ADHD
may reflect their cognitive and behavioral characteristics, especially in working memory/executive
function, hyperactivity/impulsivity, and sociality.
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Table 1. Baseline characteristics in children with ADHD (n=57)

ltems Mean+SD n (%)

Male 48 (84.2)
Female 9(15.8)
Age of years 10.04£1.63
ADHD diagnosis

Combined 39 (68.4)

Inattentive 11 (19.3)

Hyperactive/impulsive 0(0)

NOS 7 (12.3)
Comorbidity

0 36 (63.1)

1 16 (28.0)

2 or more 5(8.9)
K-WICS-IV (n=57)

FSIQ 91.35%£14.91

VCI 96.07£16.87

PRI 98.40+£13.47

WMI 94.18+£13.53

PSI 83.14£14.91
K-ARS (n=42)

Total score 23.69+8.46

Inattention 14.67+4.72

Hyperactivity/impulsivity 9.02+4.93
K-CBCL (n=57)

Total problems 66.81£10.80

Internalizing problems 60.54+11.31

Externalizing problems 64.09+11.65

Anxious/depressed 61.61£9.22

Withdrawn/depressed 59.89+8.56

Somatic complaints 57.61£7.108

Social immaturity 65.61+£9.57

Thought problems 63.4618.07

Attention problems 68.611£9.18

Delinquent behavior 61.32£6.97

Aggressive behavior 64.00£10.34

Other problems 61.72+7.66

Social competence 40.07£9.03

Academic functioning 46.19+9.57

ADHD : Attention deficit/hyperactivity disorder, NOS : Not oth-
erwise specified, SD : Standard deviation, K-WICS-VI : Wechsler
Intelligence Scale for Children 4th edition, K-ARS : Korean ver-
sion of the attention deficit/hyperactivity disorder Rating Scale,
K-CBCL : Korean version of the Child Behavior Check List, FSIQ :
Full Scale Inteligence Quotient, VCI : Verbal Comprehension In-
dex, PRI : Perceptual Reasoning Index, WMI : Working Memory
Index, PSI : Processing Speed Index
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(r=0.335, p=0.011), Fz(r=0.357, p=0.006), C3(r=0.311, p=0.019),
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p=0.028), F8(r=0.345, p=0.025), F3(r=0.342, p=0.027), F4
(r=0.358, p=0.020), Fz(r=0.395, p=0.010), C3(r=0.308, p=
0.047), Cz(r=0.333, p=0.031), T5(=0.377, p=0.014), T6(r=0371,
p=0.016), P3(r=0.310, p=0.046)1GE 2).
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of| Al eI P3(r=0.270, p=0.044), P4(r=0.270, p=0.046)] %
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Table 2. Pearson’s correlation coefficient(r) between K-WISC-IV, K-ARS sub-scales and z-scored relative power in 19 cortical regions

in attention deficit/hyperactivity disorder patients

WISC (n=57) K-ARS (n=42)
LN Total score Inattention Hyperactivity/impulsivity
Alpha TBR Theta Beta TBR Theta Beta TBR Theta Beta

FP1 0.291* 0.194 0.146 -0.159 0.029 0.023 0.004 0.306* 0.229 -0.277
FP2 0.297* 0.233 0.177 -0.186 0.069 0.047 -0.040 0.333* 0.259 -0.282
F7 0.336* 0.293 0.205 -0.284 0.171 0.164 -0.136 0.339* 0.195 -0.358*
F8 0.300* 0.289 0.194 -0.267 0.158 0.110 -0.137 0.345* 0.227 -0.327*
F3 0.370t 0.269 0.205 -0.216 0.125 0.070 -0.105 0.342* 0.286 -0.270
F4 0.335* 0.284 0.255 -0.207 0.136 0.129 -0.076 0.358* 0.314* -0.283
Fz 0.3571 0.327* 0.257 -0.252 0.174 0.100 -0.150 0.395f 0.345* -0.290
T3 0.287* 0.046 0.063 -0.020 0.007 0.001 0.004 0.073 0.108 -0.039
T4 0.236 0.062 0.146 0.011 -0.026 0.065 0.091 0.131 0.188 -0.069
C3 0.311* 0.282 0.252 -0.254 0.185 0.132 -0.186 0.308* 0.306* -0.257
C4 0.247 0.220 0.194 -0.199 0.141 0.103 -0.139 0.243 0.235 -0.208
Cz 0.275* 0.279 0.200 -0.249 0.152 0.064 -0.159 0.333* 0.283 -0.275
15 0.196 0.301 0.211 -0.274 0.145 0.033 -0.190 0.377* 0.330* -0.289
T6 0.197 0.323* 0.321* -0.229 0.191 0.180 -0.136 0.371* 0.378* -0.262
P3 0.236 0.253 0.177 -0.213 0.131 0.069 -0.130 0.310* 0.238 -0.241
P4 0.188 0.277 0.278 -0.180 0.207 0.184 -0.150 0.278 0.302 -0.165
Pz 0.103 0.231 0.153 -0.222 0.187 0.156 -0.150 0.218 0.113 -0.238
o1 0.176 0.216 0.196 -0.139 0.129 0.133 -0.067 0.247 0.208 -0.174
02 0.131 0.144 0.165 -0.064 0.087 0.091 -0.036 0.164 0.195 -0.076
Statistical significant in analysis of Pearson’s correlation. = : p<0.05, t : p<0.01. K-WICS-VI : Wechsler Inteligence Scale for Children

4th edition, K-ARS : Korean version of the attention deﬂcif/hyperochvﬁy disorder Rating Scale, LN : Letter-number sequencing, TBR :

Theta/beta ratio

www,jknpa.org 269



J Korean Neuropsychiatr Assoc I 2018;57(3):266-273

s A e AFE SR FEFolA dutatel &
ot o AHAAE B AUTHFP2(r=-0.302, p=0.025), F4
(r=-0.288, p=0.029), T3(r=-0.361, p=0.008), T4(r=-0.271,
p=0.048), Cz(r=-0.315, p=0.021), P3(r=-0.325, p=0.016),
P4(r=-0.395, p=0.003), Pz(r=-0.300, p=0.032)]. A}2|2] 1|4
= AE g DEtuet Aletute] S71 8l dulute) A
oF Telo] AL ofefjt S T (P3, P4, Pz)ollAl =
EYfh AEleE ArolMe AR A= FaE 9719
Aol detutel SAH R o3t 2o AuHAE 2
GO [FP1(r=-0.290, p=0.032), FP2(r=-0.271, p=0.046),
Fz(r=-0.283, p=0.038), C3(r=-0.283, p=0.037), Cz(r=-0.341,
p=0.011), T6(r=-0.385, p=0.004), P4(r=-0.277, p=0.041),
O1(r=-0.386, p=0.004), 02(r=-0.312, p=0.020)], 97§ 2] A=
oA Aletutel o7t F9f A7 HEE ATHES(r=
-0.293, p=0.030), F4(r=-0.275, p=0.043), C3(r=-0.274, p=
0.048), Cz(r=-0.278, p=0.041), T5(r=-0.284, p=0.039), T6(r=
-0.344, p=0.010), P4(r=-0.282, p=0.037), O1(r=-0.330,
p=0.014), 02(r=-0.322, p=0.017)]. AtZ| A= H4= duf
Table 3. Age and intelligence adjusted Partial correlation coefficient(r)
between K-CBCL sub-scales and z-scored relative power in 19

cortical regions in attention deficit/hyperactivity disorder patients
(n=57)

K-CBCL
Social immaturity Social competence

Delta Theta  Alpha Delta Theta  Alpha
FP1  0.231 0.039 -0.236 -0.290* -0.105 0.212
FP2  0.250 0.059 -0.302* -0.271* -0.159  0.237
F7 0.181 0.102  -0.266 -0.258 -0.151 0.265
F8 0.142 0.278 -0.251 -0.217 -0.293* 0.231
F3 0.214 0.126 -0.253 -0.234 -0.246 0.151
F4 0.194 0.153 -0.288* -0.233 -0.275* 0.205
Fz 0.241 0.140 -0.266 -0.283* -0.227  0.179
T3 0.002 -0.011 -0.361t -0.044 -0.077  0.334*
T4 0.107 0.174 -0.271* -0.008 -0.110  0.370t
C3  0.237 0.151  -0.256 -0.283* -0.274* 0.297*
C4 0.113 0.175  -0.191 -0.233 -0.223  0.229
Cz 0.261 0.237 -0.315* -0.341* -0.278* 0.325*
15 0.129 0.190 -0.236 -0.240 -0.284* 0.280*
Té 0.204 0.245 -0.267 -0.385t -0.344* 0.353t
P3 0.270* 0.301* -0.325* -0.228 -0.175 0.202
P4 0.270*  0.426t -0.395t  -0.277* -0.282* 0.283*
Pz 0.251 0.277* -0.300* -0.213 -0.160 0.191
Ol 0.188 0.230 -0.199 -0.386t -0.330* 0.312*
02 0.145 0.193  -0.210 -0.312* -0.322* 0.312*

Statistical significant in analysis of Partial correlation. * : p<0.05,
t: p<0.01. Social immaturity : A problem scale of K-CBCL 6—18,
Social Competence and Academic Functioning : compe-
tence scales of K-CBCL 6—18, K-CBCL : Korean version of Child
Behavior Checklist
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