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NEURODEVELOPMENTAL PERSPECTIVE OF
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER(ADHD)
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ArygEors Joj=M 2 ADHD 2] ooz ZaslE Rog oA T 9k, A
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g ole)gh W oAl o) o] ofd A7t Hge] ojg
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1. Qg Ha

A7 HE = AGRS] AFAELL 4= W] AjdA
AZ=E AP 32 gene) ol &) 712 7o) Ko #|
71 A, ol FAIF AL fRFoE ARE BEUE
e g B o3 HFHA Felgt AAE ojEr) o)
g JAE “WIdEA J1AA (developmental plasticity)”
olgtx -2,

He 3A 2 dAE X ggsitl WA 24 Ao, o
£ s e AAMES} A1) 2~3u) 2y, HF g7
olFstx AAF dAE FYstee ATl arborize T
7V ke AL, olEF AARAEL) 50%0)40] HIEAFY
Z& apoptosisE 7 FH L F8 £4 Aol AAPch
corticosteroid®] AE W3} o] (RS AlFsln Fash
d A3 488 sk Aoz g4 Qo

Z4 Al, 37} dentate gyrusellME A Rojiel] 24 2]
HE (stem cel) 7} AAAES A kA", i
9] & FYelA AFMES] AFrHneurogenesis) < BETE
E49E 547k, A9 A7) 3u7h =k, 2 gREe
fiber tract®] +Z3Hmyelination) of] 2J&t Aoz olejsh 4=
232 3o} AR B8 S5} F28] Fokih 0%
T23EL o FHo wet olF ok, " $EAle
Aollz7el Fx3lE e v, WAFYE HE8L ¢ =A
AP}, ZL T2ty sreE {3, sinp S A
Hol| w2} 237 2% @

o}57]oll= axonal and dendritic arborization®] 23}
A 718k, AlEA AZo) wi$ w24 Eojdtt o] I
< opx] 24 A ARAES gt AL vissit) ol
A2, 83|, denrites, axons®l #¥AHoverproduction)
o] Qa1 MEAPES Y] A= qk A7) 2 o] F3PaA
prune back3tth Pruning€® A%+ F3]o) wke} cj=ch
A8 9] nigrostriatal systemolX DATEA7} A=7)7} A)
ZspHA] ZA prunesty, A4917] 27100 AAFANA prune
AR NAZ S WA QdeldE prunestr) o,
o]2}3t pruning®] AHE Al¥A AAM EF F30] A
AL F 3tk AE =9l, Ak&A (autoreceptor) 715
ZHEsR= 29 o) ARET|ol Rl AR EA4)5}
Ak, Q7)o EAR] Feth?. ogo] ARM ¥ 3
E(interneuron circuit) 7} vl AAFHoM= &3
9 S AFIARE A AAFHeME 23A Yok

ol2l& pruning# gl ol F o YN S S A

e
ofn

ra

ik A

e

o
2. 59| AL, 288, NEIBS YN U pruning

Jacobson'V& “MelA mze] o8 A7 23 (neuronal
modification by selective depletion)”¢jgh= A& Aeks}t
Aok a2 oJ7jelA A Fgate FAF o ulE A
Yo} A1, 329 wpx]g PP HE F5Fgol) 2A
& AEAS AA o8] dojdtin FAsIYTE olof v
8 Teicher §'22 Washs TAFY dHE A2 3R
£ 5312 71es w2AIY] st F93 A7 (neural
network) 0] EAIgtL, o] FHG AFTE B Al
o MA3] AFsta, A7) Ze s "o it
3 FAkgi ofd 54 dadAelA, AUy EHad o
A& Y58 71eE 58 ES Fol] A8 AP o
7} o] WA o7 WL E 1gtEo} Q7] wii, 2
7] B3] ade] 93 dixs Rz Wysn, £y
AV 2 e AHe] At 2431 v)7igEe] 2

& Qe
ADHD®| 1901} BEIDH NFULON 20/

1. §8 290

ADHD+= 7158S B9YaiA zhon, §34 4o ¢
FL3ltk 4 7HE A7elA ADHD oF5e] B2 9 3
AE 7kl ADHDE ¥3310] E383ol, k2dg, 2%
o7} 2 WIEZ R g o] 7}2-d ADHDE B4 34
= =k 30%U2le] HeE, $571 ADHDY 7% 1
Ve 57%9) 48498 vehdc) H20] 152 ADHDe}
9 71EE 7R F29-80le Rrt A YehbdA,
ADHDe®] #ojsh= $Y3 53219 B)50)Ae %8 7bs
AL ARt

T e JdolEe] tigk A& Cadoret’ Stewart
9 AFWell] 28399 QlokolE 2ABIAS o, AR}
Hg 22 MaR0INS A%, dY Bl A7l ADHDE
A 7ol Eit ol AL e 9 Ao Al
3] 83 gdo] gk

Al HiAE Aol 19709 s} 80 AlE &
7] ATFEANE 314 Q]lo] wle H& AoF ARIEY
t}. Goodman@} Stevenson'®o] B 4=2] #Ao}E tjAro
Z Agsigledl, #)gsH Foabket 2lof ok 50%9) &
AA glow uEAh dddor A3 A5 ADHD
g gyes e b 14 2An8|80] 65%% &gtk
o] & ADHD$ #3+& (heritability) o] #3F 1872 A7
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ADHDS| Mty &

Q0F8}14] Biederman'®& H# f-dulgo] 077082 F

Ak

2. B NY g

ADHDY] €Qlg #Afddader HITshedlE 2714
W] Qitk. WA ADHD7}F YxIske A vlg] 33
3] 93 BE QA AAE AARRE Als2 T (genome-
wide linkage scan)®¥*HQld), Faraone $'"¢l 2Japa 374
o A7 Q0 1 7ked) 16p13& A=t AT, T8 15pl5,
7p13, 99335 A &S AT 5] U5 ANl

T HAAE AY 47 3L o4 FA g ZAst
1~2709] |ARE 7HAISH= candidate gene 77t O
o}, o] A All-FAl 3& 7IE-71H AR AMEE
t} W xe $37-23 (dopamine type2, DRD2)-§-AA}
7} dFEFE, T, ADHDS ##o] gl Ao A
AlE A, o] F T ATFE AN FHEA] £33t} Cook
59 Gill 5190 9 Tt A G2} dopamine trans-
porter gene, DAT1)7} AAHUA G, o)A T3 02 A
Tl S A Eskk

HZ 111 F4A(11p15.5) o A3 =gl 4 384
A2 dopamine D4 receptor gene ; DRD4)7} ADHD
obgollA 31 A axon) ] 48 G714l 79 WHE(7-
repeat) WEI Fo] e AoE RIuHYh 27+
o]7io] ADHD¥ ofdzt Feel, A7|8—F7 (novelty
seeking) AFIME A77F HUch. ADHD$} o] 2t
Aol thet 7] £ AN B A AT Doy
= A74o) ¥R T, Castellanos 529 T} A ol
AE 9l dl AdE AR &33] GEHRAE @
i o]7& ADHDOIM #4302 #Ag 2= 71 &
ek FAREA g0 o B A7t st

2E7H] ATE RS 7Rl 370 0142 ATllA A
ot {83 FAAES Odds Ratios#sS et Eojo}
(Table '™

Table 1. 37 oj&te] 170 Higtel T

W3 2 BN 5F7(Generalized resistance to thyroid
hormone ; GRTH) 2 3522 tha] wkeslx] U=
Fadgor 4 A st o, T E e
FEA FAALY Eddo)g Balo] U, Hauser 52
2 o] FF7 70%l4 ADHD7} @AgEE ®yslgid
AR AFolME o] A Sl A AR o
TAEL o] 57N AYYF, a5l 55

o 4o
i
2

34 A5 QYHoT BAsl ADHD oM S urh
A% R02 deiA Y, o) FAurke 038 % ol
A Aolrk o 4 ROz wy Wk

3. (IEYH 2901

Us 7, 2ah QA 2L 24 o) ol gz
2 oy &4 ADHDY] €9lez o ARE o]
etk o] ZRed 53] AXATE FUEhe &40 F
A Aol gton, B2 AFzEe] U 7k A5,
1 FoME AAFH A (prefrontal cortex)d] £ ol
FEQT. AAFEL 398 fA, oA, 23 2 57
274, 359 A3t 59 3 JHs Fo8 Vs &
o} U9y ATES 5422 ADHDS #e AAEH

8JEE ¥t
w]AAksbE-#9 % (brain CTscan) ol 23 ti= 2] #+2
A o}t 55 Aw B AFoME AARE Hs) o]k ut

4

Ak Z3l3lt, o] Fel A3 EE(MRD o 2% tf 34
ArtelMe F2 9% A5, cingulate cortex, striatum,
cerebellum, corpus callosum €% £9¢] ojAkS B3}
393, AAHCRE 9 tixr} Ut okgel v 3~5%
Jb AL Ao Ly Ao,

1) %Y

ol #4329 (brain regions of interest, ©]3} ROIs) il
e AFES AHR™ HA AFHL 5719 T2 39Y
9 (orbital, dorsolateral, mesial, premotor, motor) &2

SHMXEL! Odds RatiosZt

HAz Ariapel OREA A 95%CI

DRD4(exon lll VNIR, 7-repeat) Family 1.16 1.03-1.31
DRD4(exon il VNIR, 7-repeat) Case-control 1.45 1.27-1.65
DRD5(CA repeat, 148bt) Family 1.24 1.12-1.38
DAT(VNTR, 10repeat) Family 1.13 1.03-1.24
DBH(Tagl A) Case-control 1.33 1.11-159
SNAP-25(T1065G) Family 1.19 1.03-1.38
5-HIT(6-HTTLPR long) Case-control 1.31 1.09-1.59
HIR1B(G861C) Family 1.44 1.14-1.83

OR : odds ratio, Cl : confidence interval (21277, VNIR : variable number of tandem repeats
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31, AA 37l 99S AAFH9A (prefrontal cortex,

o]s} PFC) & #-2t}. ©] 7kt Orbital (OF) 992 Ak 3
golA 9l 25327 DLPFCY YL 243, AgA$r), 4
719, Fo7 #HE Po] ADHDOIA F2 o] F 314
Yol Bojsh= Ao ¥eiA Atk MRIE ©)83 o8 o
P AAFY, 53] DLPFC($E 32 IH7t &
oA Q&g Budtw JUFY?. 1 el Overmeyer 5%
< VBM (voxel—based morphometry)& ©]&3}o] =
superior frontal gyrus volume®] 4% B3l 1, Sowell
598 A3k WAk ol ABA-E Fa) F$ 4= DLPFC
9] o §-99] dixEHo] AAHYS Bk

2) dACC

T WA ROIsE A7 IE S (medial) o X5t
dorsal anterior cingulate cortex(¢]3} dACC)+ DLPFC
o} TS ATS Pon, Eidsty »¥HE Q5h= AAH
A-53] HE 37, vk Ad, oF 37), #34 2RYHHY
5o Fo3 8L 3= oz 4dEA Q) X9 ADHD
obgollA 2!
otz gl

£

H AL 2= posterior cingulate gyrus’}
139 =7l ¢t}

rr

3) &¥(corpus callosum, CC)

iR 231 axonlZ FAE HFEE Uy HvEE
olojF= oghg 3ty ADHDOFEEOIM w3 o)Ado] of
A B2 ATFEC] ANEY, ¥ 5 FYoE
O'Kuskydoz odix= 77 7908 HF Witelson
Yoz AFE Q7] wWiel vlwrt wie- o} ARt
v doEA Bushs 29% splenumolA &5 2 F
AR 943} A9 FukE G oo,

4) 1M¥(basal ganglia, F& striatum)

71A &l A} caudate, putamen, globus palliduss A37]
%o ¥4AQl PFC-basal ganglia—thalamic loop3| 2.9
AxsH= gQolrt. o] 7k ADHD?| ¥la} BAs A #
AL 3= 2E a) o] ¥3)7k ADHDY 9% sz
AFH L Qe ST Aakie &g &g HAdsitt
£ A, b) TFE2AEAAN o] F9rt & REEH A
719 9 gk A TAlA F30] Atk A, o) o] ¥
e ERAEAL 7P Beithe 3, d) ADHDAIEA
2 98] AMEE ZAA7) striatumel] 2t 4 5ol
t}. Seidman $%'0] okt A& B9 13709 A7 71eH|
970(69%) *IX HAZolE ¢Fo]E caudate’} ok U
o, AR 4702 ATl & FL % pallidum©]
Zhobx] QIgich

I
rae

<
o

5) Nucleus accumbens(NA)

NAE o} ADHDOA 7€ Aol QAR 271 A (re-
ward mechanism) oA B4 A 3p7] ol F2
3k}, 7153 o2 NAYE amygdala @ hippocampus, %3t
dACCEX ¥} AREZ Wy substance nigra, ventral palli-
dum® = Hgsle] ©AAL} &5 Aold Q2& 3%
t}, o]AL #EEH 0 7 ventral—striatal loopoA] 238t
A G, 715AoE F7] 4 ANATH S
9] Aol Bt} o] BAAVHE {3802 ADHD
¢} Aug Ao ¢ DRD4 =9uf-axtel dado
olg{gk AR Aste! NAC] tigt A7+ ADHDY AAA
& olsishe=tl F23T”.

6) Thalamus

o]R& F2g 9] 7S 4 (modulation) k=] it
t}. Seidman $27¢l| sl #7079 U Ao
of @3 A} 3 A] thalamus’t 84d3}€th Thalamus
9] 370¢] #(medial, intralaminar, laterat) ©] 2&87]]z}A|
9] Q1A Zwoj Bol3l=t), medial dorsal nucleus= ¢
oJ&717199l], intralaminar thalamic nuclei: attentional
toneS 431 ZMJ % (vigilance) o] #1819, pulvinar:
WHE-S A2 T3 G8L it SFF o2 X thal-
amust U7H) FAYUEYA(PFC, posterior parietal
cortex, 2%, 7|A&) 3} FsAAH 97, E3] PFAA
(behavioral inhibition) ol ZQ3}tc} o} o] ¥-<of thgt <
TE QAT 18 go2 gL Ayl "ty sk
et

7) 25|(Cerebellum)
A¥E QPFe SFXEE B AoT ¢EA &
ok #2001 @ Feke] Aol Q3 A 2 g4 el
oJ5H= Ao] ¢2A Y, Schmahmann & Sherman™
wEAE St A Q1] W AAFel7}E ot A}
cerebellar cognitive—affective syndrome”o]}3l 3}
71 7MA) 8Lt o]¥ o]f-2 ADHDOFsolA Ao &gt
A7} 58 BEEYEd I35 25 AY vermis9 posterior
inferior lobules, VIII-X9 Z4E 135tk 4%+ lob
ules VI-VIIY) 248 Hud )% dixvl cjiE2 2jo]
=R G IS

8) Y =¥

£3) 7153 Hg7AllE SPECT/PET, fMRI, MRS,
QEEG/ERPsE ¥ttt WA dddgapiEadisidsd
9 (single photon emission computed tomography, SPE-

»
o €

|

Ex

“

R rlo b
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ADHDO| MAYSISY A

CT)*= xenon—133, iodine—123, techitium—99m$% HA}
ARG FAREAY St de 8F2FS A3 SP-
ECTZ o|§3lo] ADHD ok 44 obselA i dR7F
£ 0R3 AF7EY AFRE B YHB R HATH o)
FAZHE v (striatum), (caudate) T A HAA o
o2& AR YFF BAaE HojET 7)o Lou Ve
Ae FAo AT UiE [FE AR, AT vt
Hoj|A] o]Ro] AAFE HAFT) HZY A7 ol
71742 13H9] =7o] FRHUAT AT WP A F
o7 PEe A28 vaA Ratm Jop. ‘

AR W o 2 PdAME TS 29 < (positron emission
tomography, PET) & oxygen—15, carbon—11, fluorine—
18 39 WM FHIAE o]ty diHZERdAES
dATsh=d], ADHD 313} o4z} FAdelAE tiakgo] 7t
2% 22& BRBPPP, 53] o]52 HS IF AF
el A tiAke o 7491 ADHD F4He] A4 Alolel] A
3t Adgo] USS LA oF 10H9 =Fo] ¥y
A% ok Hga BEXIXE YA 1 Ft o
T8 T8 ADHDS] 9913 ##3l9 fronto—striatal
779 olio] WHg fHo] Q& Aoz wekEy?

A A whio g 753 A71$H %4 (functional mag-
netic resonance imaging, fMRI)©] Stk o] #H-& 1990
W 22E) ARG Alaslel ulEEse) T AM Bl &
2357 v AHoE B2 42 w1 9tk Sunshine
57%0] 1099 ADHD 349 3 A& thdos zn3
) AT7L AlE o] 8Ho] BRFHYEU? o5 AT
oA FEAH T Yl 472 dACCY 750l AslEo]
e Uigolnh. 1 ol FEEE AOR striatal®] 7154
7 A A vepbed vlE), AT - B8 &4
< daERA] X3,

d AR o2 A7]F R34 (magnetic resonance
spectroscopy, MRS)©] Slt}. o] BPH& n]3EA o]y, o
2] A7AgEAE MRIo 2As ] 4sd 4= Q7] wiE
ol o 7|7t Hol =3 ek A A o] whjoR
TR EE 4 gle EAo] Ao, AE7k4 ADHDeIA
F2 N-acetyl aspartate(NAA), glutamine/glutamate/
gama—butyric acis(Glx), choline, creatinine/phosphocrea-
tinine FEgto] ATH oy AP} WA
g ola FAAA ARE AAIEP] ofth olge] A
4, B9 90] B zo)E Holp 17| whiEolct.

vpRjato 2 AR FEALR A%k 973 AHquantitative
electoencephalography, QEEG) &} 27492 A} event—
related potentials, ERPs) & ©}-8% 77} 9t} Barry

of

O

In

Do) FHERS B 1A HAEAPY 978 =
P sl HAP] ATEY AFelA vlmy 4" &
BHAFD S-S ANE ik &, A gzl v
3) ADHDI M= Aak(slow waves)BAE7L Fobd Q)
S % F otk 7P AFE ol B APoEE v
ZA @ARQlel A el (relative theta power)
ol 1 gof FhF Lt U wete] ¥A Fioldh wEg
tha dEHA AR Ao 2 A S Dt 84
59 ks #EE 3 Qlok dwtd o2 ADHDS A<
T-#3h=1 theta/alpha, theta/betat]&o] 7F¢ AZE &
e AER FEIL ok FEAAHAHERPs) & ADHD
9 =7 eE A7k WHeE ol o8 dt} Barry
S0 olo] Tl FANA ZAksle] BEH O CNV (con
tingent negative variation) ¢ 22 FH|4k3 (preparatory
response) oX 9] 2|, FZ A 7|2} A5 BFeA FAlS
A HESRE $7] MuprkR] BE Q4 2olE HY

[ o

tjo

2

o

8 d
AL o

N2

WA

61 Target
o~ -4
3 24
§ o=
g &
2 2
g 4]
< o)
8 +
10
[ Chitdren e Adolescents |
_7 r
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él ‘//
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' w&?ﬁ:
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Fig. 1. Representative ERPs to target and standard stimuli in an
auditory oddball task, derived from data reported in
Johnstone et al.(2001). Grand mean ERPs are shown for
children aged 8-10 years and adolescents aged 14—16
years, averaged across sites and groups{control, AD/
HDcom and AD/HDIn). Ticks on the X-axis equal 100 ms.
For responses to target stimuli, the triphasic morphology
of the N1-P2-N2 components is more apparent in the
adolescent waveform. For responses to standard stimuli,
the waveform of the child group is dominated by an N2
component, which is not clearly evident in the adoles-
cent waveform. At the grand average level, the domi-
nant N2 leads to alack of definition in the N1-P2 complex,
but individual subjects typically show quantifiable N1, P2
and N2 components to standard stimuli.
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ZFHl, 3| auditory oddball taskeld] FHHE P39
27F FEZYE 258 o8 AE EdE AFYY
AxNAANA AAATS AAEA o9} A EFE
2E fHA9) 259 72+ QoA ol zlolo gt
¥ Wsto] sl Johnstone V2 X122 Eu= 713
A A7AS Fig. 1914 ¥o51 9ok

2
> o yE 12 oY

4.5 MEAH 205

FEE AR d7E0) JPHYE dFEe] F
AFR 71eel 288 D5t A2 Barkley™ & 34
T8E AN F2 2 719, AF A$7), Ao

Nigg'”& ADHD$} #&ish
gt} =gt =EellM 53] HaE @A o3&t
o] Aslar Mok 200 2J8hd 28124 (executive control),
AFe] 2% (state regulation), ¥+8-%H]E (response readi-
ness), BAHHS-(reward response) 7} 1 7)5olX 9}
A A#=Eo] 911, o] tF-E 7|14 H, MAA, thalamus,
PFC, 28]1 A¥-dlx 3z AFAA el =3t ot
A 12 A¥7]5(executive function) ¥ B4 (activation)
2 ZM(arousal), 18l 7] (motivation) 7} A4S FHH
QA #All T A4 AT R ol T3 Bk
I U gylo] "asithy FA3,

%= dotr|e] AT (emotional reactivity) 2 A
Z4 (emotional regulation), =¥o] H Q3 A (effortful
control), ZHIHHE T (arousal reactivity), ¢1¢)7)& (language
skills) o] 452830 24 27|-2H (self-regulation) ©]
ZdstA ok ik Aol 270l F9, BT U A
2 T2 dRbreflex) o) Q&S SR Ao} £717t
g PAukeE £ Z7bQl Qe Be} Y 74
2 9 F3AA A x| o8 A d3v](2A
ZRH) 71 =9 AT AEE sk 2E 5] A8 74
g =g+ Zl(effortful redirection of attention ; 1=,
AT AR RE FAE 7 228 A g Fith o]
dojulA gk oA FE & Ro=E FEe AL 24
HE 44712 A& o7 dgsid, oF 3071€0] HWA A=
o g3 FEHE &% ¥ (stimulus—driven motor re-
sponse ; o, WHHolg}a 7E 7 Foy s
)& gAEl) 2B, 3, 4, 5471 ol2F Al T

ARG ol2BS AR

7

r
0|
e

2 A A Uz A=A Fo08 9 3% SA0lA
=3of 28 EA)(effortful control) & oFE7] U W&
A&sto, 2~43hd F< AAZR ATl 8 FrEse= vt
2 (competing stimulus—driven responses)S FAlsh=
8 % 5~7A Z& 1 oldellA YAt ¥k (primary re-
sponses) & AAlskE 58& ZI9WRICh WS- S vk
(prepotent responses) & ATFEE YL ot &Y
£ 23, 459 92 AAT &%, 9 A3, g9
Efog Fadr] Fet s Uitk

o] Zo] 8§ Q3h= TE Y By 44 By

L3k BAIE AsA FE 4 et

Qsjch o9} A 27) 27169 dEd Aold B
3} doj7} BAo)7] we] ADHDel| Ao)7)5-& Het 3
8] AW E Zo) AYH7 = 35l

2) NEMe|s a1

AR EE AFE - HRATEE - s F
F2 AAAA digh drse] FREEIAT 1 At o
BEA BuEA] etk AR Aoz Y el B
3 ADHD# oA ZHd X (arousal) 7} Adte 27L& Bl

s} WAk A AAlelME Bl dad A
£ Hol& ot} ol e A7ES T3 Tannock
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NEURODEVELOPMENTAL PERSPECTIVE OF
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER(ADHD)
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Attention-Deficit/Hyperactivity Disorder(ADHD) is the most common neurodevelopmental disorder in child
psychiatry. The etiology of ADHD is not completely understood, but involved in genetical and/or neurocognitive
deficits. This article reviews the current state of the literature pertaining to the neurodevelopmental aspects of
ADHD.

Although the neurodevelopment of ADHD remains unclear, emerging evidence documents its genetic and
neurobiologic underpinnings. A pathophysiology of ADHD has not been fully characterized, although genetic,
neurobiologic, neuroimaging, and neuropsychological studies of ADHD consistently implicates dysfunction in the
fronto-subcortical network and abnormality in the dopaminergic and noradnergic systems. Furthermore some
suggests that the timing of aberrant brain development in ADHD could be in early gestation and genetic and/or
early environmental influences on brain development in ADHD are fixed, nonprogressive. Although many studies
provide evidences for the important of psychosoctal or environmental adversities in ADHD, they may be not
specific predictors of ADHD but nonspecific triggers of an underlying predisposition or modifiers of the course of
disorder.
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