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Objectives This study was designed to investigate the clinical availability of quantitative elec-
troencephalography (QEEG) as an auxiliary diagnostic tool in attention-deficit hyperactivity disor-

Methods A total 95 participants completed examinations, which included Korean ADHD Rat-
ing Scale (K-ARS), Diagnostic Interview Schedule for Children Version IV-Korean Version (DISC-
IV), and QEEG. From the result of the DISC-IV, we divided them into three groups, ADHD, ADHD
NOS (not otherwise specified), and Normal control. The QEEG was analyzed by the ranges of Hz
. delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-25 Hz), and high beta (25-30 Hz).

ADHD NOS group showed significantly decreased delta activity (NOS<normal,
p=0.003) and increased theta activity (NOS>normal, p=0.044) compared with normal control.
ADHD group showed increased high beta activity (ADHD>NOS, p=0.043) compared with NOS
group. The z-scores of relative power of theta were negatively correlated with the K-ARS at O1,
02 electrodes of ADHD group. On the other hand, the z-scores of relative power of high beta
were negatively correlated with the K-ARS at F7, F8 electrodes of ADHD NOS group.

Conclusion We confirmed QEEG abnormalities in ADHD patients, especially the difference be-
tween ADHD NOS and Normal control. Therefore, we expect to use QEEG as the valuable tool
to diagnose ADHD accurately.
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Table 1. Demographic characteristics of subjects (n=95)
ADHD (n=43) NOS (n=38) Normal (n=14) Y2/F p value

Age (year) 10.02+£1.035 10.24£1.195 10.36%1.447 0.578 0.563
Sex 2.370 0.306

Male 32 26 12

Female 11 12 2
K-ARS 32.35+11.759 25.21£10.632 14.07£7.918 15.702 <0.001a**

Post hoc test : a : ADHD, NOS>Normal. * : p<0.05, ** : p<0.01 by analysis of variance. ADHD : Attention-deficit hyperactivity disor-
der, NOS : Not otherwise specified, K-ARS : Korean ADHD Rating Scale
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Table 2. Comparisons of five different band frequency among three groups

ADHD (n=43) NOS (n=38) Normal (n=14) F p value
Delta 0.198£0.809 —0.371£0.885 0.474+0.881 6.947 0.0020**
Theta —0.198+0.656 0.089+0.769 —0.471£0.647 3.682 0.029b*
Alpha 0.216+0.837 0.612+1.150 —0.038%1.040 2.724 0.071
Beta —0.178£0.625 —0.161£0.690 —0.217£0.842 0.035 0.966
High beta 0.587+0.638 0.198+0.745 0.287+0.667 3.402 0.038c*

Post hoc test : a : Normal>NOS, b : NOS>Normal, ¢ : ADHD>NOS. * :

deficit hyperactivity disorder, NOS : Not otherwise specified

HAAEL 10.02+1.035, 10.24+1.195, 10.36+ 1.4474| 2
A o3t 2fo] 5 Ho|A] UUTHEF=0.578, p=0.563). K-
ARS =9 vluof A= Al o 1F 3t AfolE Hylor,
AZAA A} ADHDw NOST 2% AT 805}
Al =& (F=15.702, p<0.001) AL & VePgthGEE 1).

0
= 0

L|mo| Him
o 2 A HEke] vlaLoA = FEILO|E B4 0
Bzl Aejuty] -3k ol &stict A dEtEtel 4
| <= ZF fejulgh Zpol7h AL, A At At
Hatgtol NOSwHE T f-2oulatA w2 AC= Yety
(0.474+0.881 vs. —0.371 £0.885, normal >NOS, F=6.947,
p=0.002). Alefzte] 739 AA Al o 7 F-eJu|gh Zfo 7} Q)
QL AR A3 NOSwto| ZAdwtEeh w2 202
EPth(-0.471+£0.647 vs. 0.089+0.769, normal <NOS,
F=3.682, p=0.029).

outute} wetate] F9= Al & ZF Fu|gh zlolE &
O] Z] QXU AITE, WELTE W2 W|ElT}(12~25 Hz)9} -2 H
EFIH25~30 Hz) 2 Wie 9ol &2 dletato A §-9]n]
3} 2}o] 7} A TH0.587+£0.638 vs. 0.198+0.745, ADHD >
NOS, F=3.402, p=0.038)(% 2).

=

Lo 4o fu

H2F LI} K—ARSS| AfZHEA

197) g 9] Fuba> Gl Adute] z-7e 2 K-ARSe}
o] ARG A|8Yet A}, ADHDwo| A= AlElute] 5%
B 01 AFHr=-0.307, p=0.045)31} 02 H=+(r=-0.392, p=0.009)
o] foJulgt o A HAE EtHd 1). NOSwell A
= =2 vlEE] FE AFR-2 F7 A=H(=-0.440, p=0.006)
T} F8 A =H(r=-0.401, p=0.013)°ll Al 2]t &-2] AlatatA|
Boh™ 2). 1 & Adat Fapgol A= v Sl A
THAIE Holx] gttt AAte] 74-9+= K-ARSS] H++4
$2(14.07£7918)7F AHHQI 198 {A Fong QA
O & ou7t gl& Ao R whdsto] RS AldskA] o

et

B &7

¢

146

p<0.05, =+ : p<0.01 by analysis of variance. ADHD : Attention-

o FH

2 o 1x235hE W= 12¢l DISC-IVE 534 ADHDS
Rdstar, 1 Aafe] whet A5F Huke] E44& dopE izt
steict 2aks AHEHE A RS s EAS
A} Aol 4] Zfo]E Ho|A] Gttt o= Hulrt A=at
o] ofaf ke Wol ji=rhs EAS uHE nfel” 2
Ae] FH o R A7kt W el 3 1 AR Ve
31 o= o] AFE A Hirgh u]ga} v Sgh f2z0] ety
HEE7F K-ARS A2 v| g A EH, o] Hr= FA

A}l o Ale] AL 21E] 58 AzZFs 5= gk 1y
oz ol Aol Bk o7}t Bastd K-ARSY| 45
g @ ot A3t HAR] ¥HE DISC-1V= 54
g Rl ofy e} 7]5of| A &) Aol ARt FrhslF=

2 oA kY agua 2 A A% old T}

o|N

3% Y54+ =7t ADHD 2k

B g3k Aol qlo] T8 Ao o] EA] L3t of

A4k A dto] wh2H ADHD NOS©|| a9 == 297}t

ADHDZE Athg]i= Ao Hct ke Aoz HAEQPu? o]
_]

efot AletotE 53
o}, Detske] A5 A4

oliz 71 20] A} AX|3H= Azdolth, ADHDe] Bt
Ao Wi ATEL YA OR e Fuo] AL I



FolHAY nUASHoNt HE Hmt I JW Kim, et al.

Correlation coefficient (r)=-0.307, p=0.045

e
6
2
N
fag
o
Be) o
)
s 5 ° 5
3 A o
(o]
4
\ \ \ \ \ \ \
0 10 20 30 40 50 60
K-ARS

o
9]
2
N
o -]
O
B o
9]
_E o]
o] o]
-2 °
o]
Correlation coefficient (r)=-0.392, p=0.009
-3+
T T T T T T T
0 10 20 30 40 50 60

K-ARS

Fig. 1. The result of Pearson’s correlation analysis between K-ARS and each z-score of relative power in ADHD group. ADHD : Atten-
tion-deficit hyperactivity disorder, K-ARS : Korean ADHD Rating Scale.

2 .
Correlation coefficient (r)=-0.440, p=0.006
o]
[ o
o] o]

o
o
2
N
E oo
o
9]
Q
<
2
T

-1

o]
2 o
T T T T T T
0 10 20 30 40 50
K-ARS

=-0.401, p=0.013

Correlation coefficient (r)

High beta F8 z-score

K-ARS

Fig. 2. The result of Pearson’s correlation analysis between K-ARS and each z-score of relative power in ADHD NOS group. ADHD :
Attention-deficit hyperactivity disorder, NOS : Not otherwise specified, K-ARS : Korean ADHD Rating Scale.

42 32, 71 Bl Mgste) 4ol Sz @
T2 o]dl B4 by AT EE XMl % of o] 4

Bglo] s Lrehhs Zow el om}w 7120 g
& Qo4 25tE el vhstol e} wersto] 4

= sk A4S Bolvha shed) 2 Aol = Al
- 2 dutel Hjefute) 2o & A sHA] Rl 71 L
2 =2 u|glutel A ADHDw0] NOSTi T & 207
ekt ole 349 SHe dsior & A g 2 <

Tol Al Bl BAWE-FEATS THAA ot
X9 NOST-HTH= ADHDZo A 35491 8417} B o
hE Aoz dZEm, ol Q3] H et o BAst

H Aoz A7 ADHDoA H=gt wetate] 22
= 22K temper tantrum)¥} 7437|552 2ju]shy, 7%
o] Clarke 57 ThEg Wefa @4o] Hrelel 47 23
5o o ez peEch T W skt

old ek wjuba S4e) AZAE Y Ale A,

A Alejute] 7, ¥le] %243} 32 (septal-hippo-
campal circuit)o| A ZAI7F A4 o 327} vestA] 243}
B3 ol A% Alekate] 272 el o] Tgge
Zubgl A7 9] g A (disinhibition) 2 Q13 HAY3}HH,
A= A Talql A28l (mesolimbic dopaminergic sys-
tem)®] 7]50lde] ADHD®| 35 wAIE op7AXIthaL A

www.knpa.orkr 147



J Korean Neuropsychiatr Assoc I 2013;52:143-149

Wakh” skl Aiuke] 9t A4-513 82 (thalamo-
cortical loop)9] o4 A FRBHEIL S0 AelA 9l
th o] Bz A7 A8 YT Ak 2T 4TS
2 519 ADHDS| S 3491 20 Al 5%

¢

SR
oﬂffh:}m_ Shch? auE 2 o

] Ak(thalamus) 9] =3t
Jrof| A Q] Ak x|

=™

ool w2t K-ARS 14"94 2} b, g e AR
AE AT EY, Aok NOSTollA &= & et d79
F73} F8 A=A &2 AdAE At ol T4
e AT FofollM =2 wehe] 24o] it
|, NOS-9] 745 %% HﬂEMU 4E3J 2o

i<

o]

o olN
ox
o
k3
oZ
ol
ol
rlr

o
o
o
i

(i EF

Y
U
)
)
U IR oy Hu fr = 1o Hm

£ _L_
> F
ng P
:?iz
olN
o
o
(R i=)
4 =

IF T

1% r
2 o

o
£ 9
o

i
O
i)
PN
o

o
PO

JAr.
o
o

]

l

+
pacs
i)

Folg, 4%

flo ¢ flo

-3
o o
_E_‘,
1o
13
H1
<
nﬂ

r_?ﬂ ﬂ-ﬂﬂ:

w2
[>
|m
ki)
1>
& U
H1
ot
0.
N
oX
o

_|_,

ox,
lo
)

A9,

%ﬂ% A& 7157

ekt sk gk

of tigt A7E ?:* A

3tst7) o= ofefzo] Qlrt. gk ADHD%OM
o]

i _124_4 O_>L:
i)

E

T

Ml 7]

[e)

o
U
At o niet
WL
=5

)
o
RV

N o
N

T
.

5

1o

o rlr

ox

i
n
oX
ftjo

o]

=
o{n

ﬁ
R
|o
o
hu
re
re
-
o
rlr N
_E

— e
i F-E

s 5 FojolA AEtute) 24
2 YT 7129 dtollA= tiFE AR AlE
7t S5 Hete S Haskglow, 747t A<«
(maturation delay), Z1d¢] 724 (hypoarousal) & 2|1
AoZ ukE A, ol B o] Aule}l Abty|m g
H/Hoﬂ o]g]-&o] qitt AMEetut= mAe] A4 x| A (cortical

lo

£ ogi T A

R
1[‘ F-R o]N

of
-

slowing)2 ||t 2 ADHD 5ol A= 21
A7) Asl= Ao R AYZVSE 4= QAU o]= T = HO

01]”* =etd ANE Az SFHL AgRSE APt
¥ FEo|ar F ADHDOIA] o Azl A 21
Ol*o*Oﬂ 3t A7t SUkeka qlena, Axtel ojFE
Aafir= gz dgol ek o] F7Hes dae
7 e
2 A 2 7 Al S 7RI AA, s Al
FIQE AstA ke Holtk. Huks 7|l Als
ol whet AA| gebd 4= kil A Qe B ofof
L& SAIBoF Ach? A, 719 ADHDe| tgt
wu} At AnE A E e DSM-IVe]| T ofg o]

:1_12

NN

|
|

2 2

01\1 FP.L‘

148

obd wju} E4 0% o}F e gl 2 Qo)A oo
dfsto] mefalx] Each ofg ol wlekst 2ol 271
s, et 240 gisstel 7120) AlEt 2 ah At
0] 10% A= = Aoz sl Aek A, A 2 A}
ol 3 i*ﬂ“*ﬁl£ﬂ@£*“ﬁ¥5ﬂﬂ%€ﬂ4

1
3
i
o
K
o
fr
R
uu)
2,
Jo
0
<
o ¥
f
il
é
of
= &
1o gk

Mo

X,
ox
c

ofr o

=)
I
Rl oo oX

chopet AuE
A7 AL H]_Q_o

s

A s )

>
g
T
g
=2 |
»or
)
& 3
n\i
>
o
jintd
lo
hu
oZ
N
gl
o
ot
Pt
=
N
(B 0o & i &

re
-l,.l

il

Hﬂ
:°=
x>
dJ
m
L
o
u)

>~
o
=2
<L
ox
e
L
A
iy
it}

5 e 3

o9,
ok
%
o
=i'=
>
)
aw
)
z
O
2
o il

g 4 ol old A A Hu AAE el =S
- ek A ilﬁJr < Yehrk= g4l ADHD NOS—?

, AlEku= ADHD NOS+-0] AR
7Li et T3t 52 wEREo A
ADHD%O] ADHD NOS#ET} 8-0l51A =2 71 o =2 e}
U Al o2 ke bl 385 ARE Algsict shx]ek £
ah=e} =9 917], T4 Ao tigh ARt A oA = 7]
Z3 o2 IS Baste] ofo oigt F7hA9l At 2
f3he

B T o)A Ty sH ol - HFF Hu) -
hatoj gzt DISC-1V.

Conflicts of Interest
The authors have no financial conflicts of interest.




9|

m
N
H

11
°

02t

ofn
Yal
=Y

Het Mz Lot 1 JW Kim, et al.

=
™

REFERENCES

1) Cantwell DP. Attention deficit disorder: a review of the past 10 years.
J Am Acad Child Adolesc Psychiatry 1996;35:978-987.

2) Hansen C, Weiss D, Last CG. ADHD boys in young adulthood: psy-
chosocial adjustment. ] Am Acad Child Adolesc Psychiatry 1999;
38:165-171.

3) Swanson JM, Castellanos FX. Biological bases of ADHD--Neuro-
anatomy, genetics, and pathophysiology. Kingston, USA: Civic Re-
search Institute;2002.

4) Strauss JS. A comprehensive approach to psychiatric diagnosis. Am J
Psychiatry 1975;132:1193-1197.

5) Clinical practice guideline: diagnosis and evaluation of the child with
attention-deficit/hyperactivity disorder. American Academy of Pedi-
atrics. Pediatrics 2000;105:1158-1170.

6) Reiff MI, Tippins S. ADHD: a complete and authoritative guide.
Elkgrove, IL: American Academy of Pediatrics;2004.

7) Kuperman S, Gaffney GR, Hamdan-Allen G, Preston DF, Venkatesh
L. Neuroimaging in child and adolescent psychiatry. J] Am Acad
Child Adolesc Psychiatry 1990;29:159-172.

8) Coutin-Churchman P, Afiez Y, Uzcategui M, Alvarez L, Vergara F,
Mendez L, et al. Quantitative spectral analysis of EEG in psychiatry
revisited: drawing signs out of numbers in a clinical setting. Clin
Neurophysiol 2003;114:2294-2306.

9) Hughes JR, DeLeo AJ, Melyn MA. The Electroencephalogram in
Attention Deficit-Hyperactivity Disorder: Emphasis on Epileptiform
Discharges. Epilepsy Behav 2000;1:271-277.

10) Arns M, de Ridder S, Strehl U, Breteler M, Coenen A. Efficacy of
neurofeedback treatment in ADHD: the effects on inattention, impul-
sivity and hyperactivity: a meta-analysis. Clin EEG Neurosci 2009;
40:180-189.

11) Kim BN, Shin SU, Kwon JS, Shin MS, Cho SC, Hong KE. QEEG
Findings in Attention Deficit/Hyperactivity Disorder. J Korean Neu-
ropsychiatr Assoc 2000;39:208-218.

12) Cho SC, Kim BN, Kim JW, Kim HW, Choi HJ, Jung SW, et al. The
Reliability and Validity of Diagnostic Interview Schedule for Chil-
dren Version IV-Korean Version (DISC-1V). J Korean Acad Child
Adolesc Psychiatry 2007;18:138-144.

13) DuPaul GJ. Parent and teacher ratings of ADHD symptoms: psycho-
metric properties in a community-based sample. J Clin Child Psychol
1991;20:245-253.

14) So YK, Noh JS, Kim YS, Ko SG, Koh YJ. The reliability and validi-
ty of Korean parent and teacher ADHD rating scale. J Korean Neu-
ropsychiatr Assoc 2002;41:283-289.

15) Thatcher RW, Walker RA, Biver CJ, North DN, Curtin R. Quantita-
tive EEG normative databases: validation and clinical correlation. J
Neurother 2003;7:87-121.

16) Widagdo MM, Pierson JM, Helme RD. Age-related changes in
qEEG during cognitive tasks. Int J Neurosci 1998;95:63-75.

17) Manuseva N, Novotni A, Bajraktarov S, Zafirova-Ivanovska B.
Some QEEG parameters and gender differences in schizophrenia pa-
tients. Psychiatr Danub 2012;24:51-56.

18) Barkley RA, Cunningham CE, Gordon M, Faraone SV, Lewandows-
ki L, Murphy KR. ADHD symptoms vs. impairment: revisited. The

ADHD Report: Special Issue-Focus on Assessment 2006;14:1-9.

19) Shaffer D, Fisher P, Lucas CP, Dulcan MK, Schwab-Stone ME.
NIMH Diagnostic Interview Schedule for Children Version IV
(NIMH DISC-1V): description, differences from previous versions,
and reliability of some common diagnoses. ] Am Acad Child Ado-
lesc Psychiatry 2000;39:28-38.

20) Lewinsohn PM, Shankman SA, Gau JM, Klein DN. The prevalence
and co-morbidity of subthreshold psychiatric conditions. Psychol
Med 2004;34:613-622.

21) Scahill L, Schwab-Stone M, Merikangas KR, Leckman JF, Zhang H,
Kasl S. Psychosocial and clinical correlates of ADHD in a communi-
ty sample of school-age children. ] Am Acad Child Adolesc Psychia-
try 1999;38:976-984.

22) Barry RJ, Clarke AR, Johnstone SJ. A review of electrophysiology in
attention-deficit/hyperactivity disorder: I. Qualitative and quantita-
tive electroencephalography. Clin Neurophysiol 2003;114:171-183.

23) DeFrance JF, Smith S, Schweitzer FC, Ginsberg L, Sands S. Topo-
graphical analyses of attention disorders of childhood. Int J Neurosci
1996;87:41-61.

24) Clarke AR, Barry RJ, McCarthy R, Selikowitz M. EEG-defined sub-
types of children with attention-deficit/hyperactivity disorder. Clin
Neurophysiol 2001;112:2098-2105.

25) Clarke AR, Barry RJ, McCarthy R, Selikowitz M. Excess beta activ-
ity in children with attention-deficit/hyperactivity disorder: an atypi-
cal electrophysiological group. Psychiatry Res 2001;103:205-218.

26) Anchel H, Lindsley DB. Differentiation of two reticulo-hypothalam-
ic systems regulating hippocampal activity. Electroencephalogr Clin
Neurophysiol 1972;32:209-226.

27) Russell V, de Villiers A, Sagvolden T, Lamm M, Taljaard J. Altered
dopaminergic function in the prefrontal cortex, nucleus accumbens
and caudate-putamen of an animal model of attention-deficit hyper-
activity disorder--the spontaneously hypertensive rat. Brain Res
1995;676:343-351.

28) Lopes da Silva FH. The generation of electric and magnetic signals
of the brain by local networks. In: Greger R, Windhorst U, editors.
Comprehensive Human Physiology. Berlin-Heidelberg: Springer-
Verlag;1996. p.509-531.

29) Saint-Cyr JA, Taylor AE, Nicholson K. Behavior and the basal gan-
glia. Adv Neurol 1995;65:1-28.

30) Othmer S, Othmer SF, Marks CS. EEG biofeedback training for at-
tention deficit disorder, specific learning disabilities, and associated
conduct problems. New York: Oxford University Press;1991

31) Shi T, Li X, Song J, Zhao N, Sun C, Xia W, et al. EEG characteristics
and visual cognitive function of children with attention deficit hyper-
activity disorder (ADHD). Brain Dev 2012;34:806-811.

32) Thatcher RW, North D, Biver C. EEG and intelligence: relations be-
tween EEG coherence, EEG phase delay and power. Clin Neuro-
physiol 2005;116:2129-2141.

33) Clarke AR, Barry RJ, Irving AM, McCarthy R, Selikowitz M. Chil-
dren with attention-deficit/hyperactivity disorder and autistic fea-
tures: EEG evidence for comorbid disorders. Psychiatry Res 2011;
185:225-231.

www.knpa.orkr 149



