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Although ADHD is often associated with executive deficits, little research has
report other cognitive dysfunction in ADHD. No study has investigated the effect of
atomoxetine on the cognitive dysfunction in children with ADHD. In addition, the
neural correlates and genetic variants of cognitive dysfunction is still inconclusive.
The doctoral thesis will answer these questions from four approaches.

(1) Neuropsychological approach: (a) Using 53 adolescents with childhood
diagnosis of ADHD, and 53 matched controls, we examined their EF assessed by
using the tasks involving the EF of the CANTAB. The ADHD group performed worse
in all the EF tasks, and needed extra assistance while complex tasks were assigned.

(b) Using 279 adolescents with ADHD, 108 unaffected siblings and 173 controls,
we examined their EF and VM to test whether EF and VM can be potential
endophenotypes for ADHD. The ADHD probands and the unaffected siblings
significantly performed worse in all the EF tasks. The unaffected siblings occupied an
intermediate position between ADHD probands and controls in the performance on
two VM tasks, suggesting that EF and VM can be useful endophenotypes for ADHD.

(2) Pharmacological approach: we examined the effect of atomoxetine on EF and
VM in 30 drug-naive boys with ADHD, aged 8-16, in an open-label trial after
12-week treatment. In addition to improvement in clinical and social functions, results

showed significant improvement in EF and VM after treatment with atomoxetine for 4



weeks or 12 weeks. Our findings suggest that atomoxetine is effective in improving
EF and VM among boys with ADHD.

(3) Neuroimaging approach: using 25 children with ADHD and 25 matched
controls, we examined the association between the integrity of FS tracts and EF. The
FS reconstructed by DSI tractography were subdivided into four segments, including
dorsolateral, medial prefrontal, orbitofrontal, and ventrolateral tracts. Children with
ADHD had lower generalized fractional anisotropy of all the bilateral frontostriatal
fiber tracts. ADHD symptom severity and EF performance significantly correlated
with integrity of the FS, particularly the left orbitofrontal and ventrolateral tracts.

(4) Genetic association approach: (a) we recruited a Chinese family-based
sample (n = 906), and screened 15 polymorphisms across the DAT1 gene, including
14 SNPs and the variable number of tandem repeat (VNTR) polymorphism in
3 -untranslated region (3"'UTR). Calculations of pairwise LD revealed three main
haplotype blocks (HBs). Haplotype analysis showed that a haplotype rs27048 (C)
/15429699 (T) was significantly associated with the inattentive subtype. Our findings
indicate that the DAT gene may primarily affect the inattentive subtype of ADHD.

(b) We extended the family-based sample (n = 1298) and examined the
association between DATI and EF. Haplotype-based association tests showed that a
haplotype rs403636 (G) /rs463379 (C) /rs393795 (C) /rs37020 (G) in HB1 was
significantly associated with SWM errors. Our findings indicate that DAT] plays a
role in the SWM errors of ADHD.

In summary, in addition to EF, we identified VM as potential endophenotype for
ADHD and found significant effects of atomoxetine on EF and VM. We demonstrated
that EF was linked to disturbed integrity of frontostriatal tracts and variations of the
DAT1 gene. Further pharmacogenetic and imaging genetic studies are needed to

establish the pathophysiological pathways underlying ADHD.
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1. 43 (Introduction)

2.

AY

o}

EREFDFOHMER T > BEEL—EF LR - BEE | 4
248 TEENRRESE | (Attention-Deficit/Hyperactivity Disorder » 4 #%
ADHD) - ADHD $#1BA#) 2 ¥ ~ TR ARG ~ TR B J) Foik & &7 o) 187
BimK -k ADHD @R H B ATHARRA T B AR LFREREZH
RARBARBRGGE > BRFZTARF S~ B~ S8 FEK o B I
BAEMETBETAFECHEZANEHRET MY EF o AU 4H¥ ADHD B
ARIEIRELZE ~ AT REAT  ARERE - AFECEE - EPRE S DA%

W6 E R & AR e

L1 AN AR BYENBERER - D8 - BRTHEFAE
ADHD ) X B CRERAEREZC - BEfoh - FE O @ B3 AFE
3w O RE  BEFEEZINBRHBEERONET LR
HBEBRORALES ~ AR THE TR N - FERFHREIFTATOF
CFEFRANRE - AARRBRL - BT | 845 BREE - RGHRIK
R~ HHNEE - REFE - AR EEEZNHEMMLT - 255 HERZE
R ERIUF T BB T EHELBREE EHWAF L TEAEER
WA AN R EE S L) BHEARBIEBTITA - B TREG LR T
HE O Bl ARBEEGNENT  ALBRFREZLFOFERET  CEKRRETR
ko TARBRE A osE 2k XSG HEEE T BRI R EE - HE @ o
it BRI s REHASRRA AL L GITEARRATES - AAYH
HRFBFFEELGRAA T CRIIABRT THEIREF DL UM REFHE TS

WEMF RCBE  FEXNALERL §HAARREYTAFR G ELHR
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AN AR H M BB G RA S  FBEHEHRE R BRI bl
AR BPERAF ARG b @ R B LB R AR S R & E etk T o MR
HoOBUEBTHALBBGRREZERRA R L EZA NN BAABARL
PR REARMB T BRAAXF MM - ETAHALTREA —LEREFRE
1% % T 1% 3] A94T %4 (Fischer et al., 1990) -

BRI BT MR A 42 ICD-10 (BMEREB 2 F 10 ) & BSR4 £ a8
#hr A& (Hyperkinetic Disorder) » % —fBR] £ £ B &) DSM-IV (G£EH R RiBH)
JE » Attention-Deficit/Hyperactivity Disorder » AD/HD » APA 1994) - A K FiE
RABHBENTARBMRREZERAY 2N ZAREARTH ER -
DSM-IV A8 TR & > AHNBFR T CHER T B4 58 0 @B #1878 69 /LR
YRR NBAFELE > FISAE SR RENREE > A FERAEEA (Combined
Type) * ZEKRBEAAFEFE RO/ HHERFZ— AIAFF IR
(Inattentive Type) =R i@&y/tkr#h2 A (Hyperactive-Impulsive Type) o ICD A| =&
HRERERBEY TR EEH B EGH e RFLZEAFLRALF4 LB
EHEBRAEE NIy BIWANBRECERTREANE RRBYEREHFE
ZR wWREHERED BRAE —BRAFETE - MEZSE RASE R LEERE
Flerh RAREERAL  FRRXHBALE-FEL > TRRZBEELERY

ADHD & — 18T M eyEiEm > —HARGFE > RALEREFEHER -
42 DSM-1V #= ICD-10 8935 7 2 A 40 & KgAK L B 48 7 3R A AT SEBA AR L 5 21
EERAARRBBEBRUAARIER ARRER > FT T2 - SRESE AR EA
Bargh BEREIBRAKNERBANERIARNE L FLEBEREH ¢
¥ DSM-IV 4B A R ATUAF R RERZERNLE MARCELETERER
AR - B LAk RFI XA TR R B E wREEIERXSHRER
HRBR O TR G DU IR B AR R E AR L e B R AR SR EBEIE R
B THENS @y A ey F KB E R

BE—ROMGBREFFERT I > BB R AE LS E 5 5
6



EARBHTHOCHERBANEAR T bHTARRARLT ENE S
T REHERGERRE B RERE  DAZER B EMERGLRE
9K A RBRL R G B R R A ADHD o B ATiRZ A 2 ADHD 8.3 32 )]
Boo Bk 2 BHEBE N EENMNK - BEKXME - o34 ADHD -
{87 B R 69 37456 S5 B 17 2 Bl 15 L fx Atk 230 l7 ADHD #977 X - spE T B ¢
HEBEBEEARA TR BT A URIH RO LD B WA R AL L2 A
SRR R 0 T W B AR SLAR AR AE F a9 BT o BE R B R £ B AR XA T
BmE BRI ARAL X EHASRE A ELERLARE - BATE B R
B P SURE R P FIRERRXBFRITHE R (CPRS-RIS) RATHE KA IR
it/ 2% (CTRS-RIS) MARXFFEERATEE A SNAP-IV » Mzt X &%k
012 R LR AT B 24 vl 5 € (Gau et al., 2009; Gau et al., 2008; Gau et al.,
2006) °

ADHD % &4 R & B BB AT R A8 % & 897% 5% ° 24 B AT DSM-IV &35 7 %
G BRI T BATRERYRE 5~10% » RABAE 4% 4 4 « @ difE
RugstEr AR R (BARE - BARDE - BiwF L8 e%) s TAFRR (&
HIRAG R A - o HSEekE L) PB4 &FRE (ICD-9 -~ ICD-10 -
DSM-III » DSM-III-R ~ DSM-IV )~ A BB & KR ARF (Ba&K B ~ RE#EH%)
& B RF B Gy BEATE  FEM 0.5~17.1%K % 54w DSM-III-R 8935 87 % 4 H 5%
ATRRA R 3~5% > & A DSM-1V % BAT R @R AF % - B A DSM-IV &4 € Z &
iz mAEZBLE A > RIFARER > S EAYME 50~55% > FE R
A2 30~35% > i@ E)/ My I8 A & 15~20% o

ENAEEEOTATRERR BAEARESH ¢S TA SR ¥ —FR2
A Bk A B Bk AT B ADHD 89 54T % & 7.5% (Gau et al., 2005) - 38 &
BB P& o9 ADHD #71 %% 48 R F Xk SNAP-IV » 48458 % 54 DSM-1V 453
B A A 95 Byt RARAETAH ADHD » L4754 7-8% (Gauetal,

2008) » LA EERRRIRE A 0 H AT R T £ 3] 8~12% (Gau et al., 2009) ©
7



1.2 A E N R RBEE 98 R 4o o) fEE SR

1.2.1 #4483 4o o) fE BE4E

b ag s 7852 % Hh b A 420 TR R BR G ASAR S0 R ~ 3R40 - JLAT B RS SR
At MBEeyAb e oI LRI ADHD 8947 B AR L ISR h A B AT
% BATH LT #2 ADHD S B 380k 09 4 4805 22 ) AE [ 4 R AT 3

(executive function) #9 & % (Willcutt et al.,2005) - 3AT3HAEBY T & AR B A
MBI A S BRENEET TR BEES  (goal-directed) #3840z 4k >
SLHAT I RE I IF B — 8938 %02 AE - M B ShER AR T 92 ADHD 5k A Bl i M a9 34T

EELIE dphsh s~ LR sk s T /Ee B -t 2 4EH % (Pennington & Ozonoff,
1996) - ™ ADHD #9#ATHHREEaRTTRE @ SR B HE L 2 E M AR L oy F st
(Faraone et al., 2000) » 4R 3% 8B X AT A9 # R > ADHD B 4485 % R
(visuo-spatial) #yFE#EEL3E S (verbal) &9[E4t % # juff ¥ (Martinussen et al.,
2005) > dboh > SRR AARLL 0 25 R RIER A) #E R 3wy ADHD & 09 AT 3 AE
Mg et ey P pusABE (Young et al., 2007) »

AERTFEYE ADHD B4 a9 34T » G586 ~ HREE -~ &4~
BAE# ik 89 % (comorbidity) % 0 M 38 4k B & F A8 7% 2 AFFE ADHD 8y 4T
JRElEdk © R& ADHD K& 3t @ 41 A BATH AE Y[k - B2 @548 8 % 2 B
EEAL O RIFSH S S AT (meta-analysis) 89FF 5 > B4R AR 4E H1 %5 AE ~ BISRAE )
DB A Rk 69 i mtk » ADHD 8510 A 88 % ey 34T sk (Willcutt et al,,
2005) - 7 shABH N B E) R B9E K 0 ADHD B35 e BT AE e sl T € 4
B Ay vEE (Barkley, 2004) » 51 % CBA T R A ADHD & %17 % & & $uT
hae ey B % (Muller et al., 2007) » M Biederman % A4t + 4 & & #7386 e o 70 2%
3R, Bp4E ADHD #9E K CEERF Rl A 2 i & (28T s R B 4L

(Biederman et al., 2009) » & 57 AT T AE FE 6 7] AE & — TA 45 H A% 32 (trait marker) »

8



i@ % 89 5t % B8 o7 4% i methylphenidate =] 24 2t & ADHD &3 4755 58 (Coghill et al.,
2007) o 7% $h e 4T ADHD #4949 &8 32 2 AEHF 78 B B /X & ADHD #9438 % F & -
R %38k A R BT % ) ADHD £33 2% (verbal Q) $23%4E% 7
(performance Q) A X BRA T FHE RO BEFRIF L THREATERFLELE
ADHD % # #4403 5 45 (Faraone et al., 2006) -

B2RiBE0 8 ADHD B2 H4TH e BEmen LS — A g 50 &
B 2N F D F ADHD EH W PATHRMRINAR S > MEARA A RER
M2 P R R e £ B B RR > Barkley £ AR % V4 ADHD &% i
A A BAAA 6 T AR e E R R EHp#] (response inhibition) 7 & &) %t (Barkley et al.,

2001) > B¥HNFH D F ADHD B I PUTHRER L E ZE—F MR -

1.2.2 A4 Wso g R /A

7 Sh— B 1A% 2 IR S A A B 9RARR] & N & A (endophenotype) < &
BIFAR S AT B 5 & ADHD &9 2 LA > L F RA TG K & ADHD sy N &
RA > R E LR ADHD 89 80% B B o P& FA 69 & A 45 thE iR Ao £
FHRAXEREROENSEREZEZRE  ffodbkBi B He)— B Z1EH <
HARGHE - ADHD N & BRA LBF AU T E L (Doyle et al, 2005) : (1) Fo
ADHD F] #3454 > 122 R AefL A ADHD S liey &5 — T HF AN EARA » L3k
RRHK B — A ADHD &4 1Rk R A - (2R 428 ADHD &4
—RAFARERRA;(2) TUHKEA R EHE (BEE2E) YRS T EA
B, Q)L BEAERNEIE, (4) v ADHD A REMRARYER  £A A
FHRBERESR > AEETRRIAMERRAAKRR > 252 &751% 2] ADHD &4
AR —fMmE > HECSHEGE S FEHGE - AR EELRE H @A T U A
ADHD 89 A RA - B BEN KRN b > & CHE i H B ILBET
LR ABRAMREY AR > Bibtik ADHD B XS H 0 AR RiOA1ES



w3 ADHD 84 %337 (Doyle et al., 2005) ©

B AT 1.2 (a) 89 B 5% AT LA koid - ADHD %4 € 6 fF A AT o Ak 89 [t
AT AEERE AL SR B2 ADHD TTRESY M AR A 2 — - BEH KRBT *
iTohhe et B2 % (heritability) % 0.72 (Fan et al.,2001)> B b2 —# & # FirE{E
PRI I 2 REfERE o B 0 R T ADHD &4 K& B R #ATH A dy st
@EWHARLEHR > £ ADHD 5%z - K &H ADHD 4R B ¥ oA x &1 ix
#] (D. L. Slaats-Willemse et al.,2007) Fo &R EH#p#| (D. Slaats-Willemse et al., 2003)
F ey £ F 0 A48 KA % (adoption studies) ¥ 0 # &K X FABtbE 0 ADHD B8
A XA RAMREEE S (visual attention) $2 & J&BFFi] (reaction time) &%
Bk £ (Alberts-Corush et al., 1986) » % 7k Nigg % A 64 ## % 84538, » ADHD &%
& & R R ARG 22 F & w4 £ (visuospatial orienting task) # # % &) R JE (Nigg
ctal, 1997) > d b ik 4% T 43 ADHD o 947 o e st B4 50k & Ak -
{e&. 7 By Rt RAR4E L A4 B ADHD B4 6988 A AT @e) B F (Asarnow
et al., 2002; Murphy & Barkley, 1996) » &7 & H i+ th 51 % £ B4 2 R A §
— PIEBR RIS PAT AL » SR AE A T AR B e T B R34 ADHD &4 H R4
B o) B PAT I RE o

AT @ 0 R T HIATHAET UAF A/ ADHD sy xR A 2 9h > 57
Ih—1B 7T fe 8y P9 & LA R AR e (visual memory) o i@ AF % #8~ ADHD %%
£ 4R A BA ah e e sh AE gk (Rapport et al., 2001) MRS e B L5 S REEE R —
BB 2% LAKENME LA EREDBEREAGBBEY R
WARDEHNRAERZA—BEEZHEER CBRAL £ T AR (Berman etal,
1999) - £ % WMy X & — S ARG R T U4E A ADHD ey R BLA -
F— ARRL S 93 EM T ADHD B 5 R &0t AR e Eay et a5 %
P 9%30301& (spatial recognition memory) (Kempton et al., 1999) ~ 2£ JZ 4 KB ¥
(delayed matching to sample) (Barnett, Maruff, & Vance, 2009) ~ # f& 933332 1%

(pattern recognition memory) (S. M. Rhodes et al.,, 2004) ~ A & &t ¥ 48 B 2 5
10



(paired associates learning) (H. T. Chang et al., 1999)% 7 & » b i 33 b5 2 2R X 4F
ADHD && 0@ SR ARG TR TROFA F= > REARAPLA
ZAREM MBLARBTRELRGEEEH 053 EEZINFTRREAL
RIZiR E ey % (Alarcon et al, 1998) ; % = » methylphenidate ¥} # ADHD &%
F AR E e kA A E R (S. M. Rhodes et al., 2004; S. M. Rhodes et
al., 2006) - # R A Ll ey 7 X FRE e Tre2 ADHD sy 23 A > 23] B
AT Ak > 5 B3B8 R RS — B ZAEA R EE ADHD &8 H KRR B 4R

B A AR IR e s o

13ER AR B ENNERRLDEREYIGR

$ATHRE & ADHD TTrE&) N RRA > MIRFATHREA Mo @B EmE £
% % catecholaminergic % #. (A.F. T. Arnsten & B.-M. Li, 2005) » & pbiZ :B1F A ££
catecholaminergic % 489 %4 » Je3% A 7] A 2L & ADHD 3T hAc ey [t - B AT A&
4 % 417> ADHD #4767 %4 £ %/ w4 > — 4% & methylphenidate > 7 #h —F& |
7 atomoxetine - H P atomoxetine & — 18 5 E R4 M 8 B B AR E B R H H]
(highly selective noradrenaline reuptake inhibitor): 7 €4 A # £ & ey &% S 4 g
(Simpson & Perry, 2003) = £ LA atomoxetine 7] L3R S ATZE ¥ 09 E B LAz £ 0908
JE o {2 R & # 7 nucleus accumbens A /£ FH & (Bymaster et al., 2002) > # nucleus
accumbens A $14% 4& 1B ) 2 Az & ME A8 B 69 B6 3R & 8% (Koob & Le Moal, 1997) »
It - atomoxetine & % —{B 72 2002 4% £ B FDA @& A 475 ADHD & JF +
teAp R ELEH o Mm%k ®F (Caballero & Nahata, 2003) #v 4 # (Gau et al., 2007)
&Y B 7534 BA 5~ 0 atomoxetine 7] LA A 2L 7L & ADHD &4 B8 g 4K 0 F) B R & Hn
BERR A A A R &Y% (Prasad & Steer, 2008) - atomoxetine ¥ # ADHD & A 34
15 (Allen et al., 2005) fu & & (Geller et al., 2007) &) & & 4.5 LL 8 IF 64 2L

#b atomoxetine £ ADHD #4B& K6 EIriE+ o TR0 A & o
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Faraone % % # 12 [ 34T ) A [ st JE 3% 4% AL A ADHD #9746 % BAZ 2 — (S.
V. Faraone et al., 2005) - %k 2K 38 5 % 88 57 AT 2 A #2 catecholaminergic % 4
eyiE B A2 £ A M (L. A. Newman, Darling, & McGaughy, 2008)> 12 B #] 2 4 48 /0
4% 31 atomoxetine ¥ 7 ADHD #4734 sE [t 69 T 2L - B4 69 FF R 88~
atomoxetine ] LA & & R JE BF ] (five-choice serial reaction time) (Blondeau &
Dellu-Hagedorn, 2007) ~ F&4&%7%51% (Robinson et al., 2008) ~ A R & &x & (L.
A. Newman et al., 2008) = AZa&9#F % B %45 38, > atomoxetine ] LAk V1 B 2 3R H
(Samuel R. Chamberlain et al., 2006) $2 s A ADHD % (S. R. Chamberlain et al.,
2007) Z A=k 3A3E 69 R BEBRR] (stop-signal reaction time) » 5 #h ¥ # &k A ADHD >
fe &% =38 (T. Spencer et al., 1998) Fv+ 38 (S. V. Faraone et al., 2005) &
atomoxetine 4k 2 1% » BH IPHIAE /) € REE I o 1218 KA R B M LT
atomoxetine ¥ 7 s A ADHD & #3545 897 & /1 (sustained attention) (T. Spencer
etal., 1998) ~ ;£ & h #3141k ¥ (attentional set shifting) (T. Spencer et al., 1998) ~ 1A
R %2 il T3 1% (spatial working memory) (S. R. Chamberlain et al., 2007) 3 7% &
B BE By L E R o

B 2K ES R L AR A atomoxetine & 52 % ADHD B AR A % > 2+ s 2 373
atomoxetine #7> 7, Z AT REAE A K » 1£8 — B L BeHT 45 B, atomoxetine
5L # ADHD &3 oy ik 7830 8 R 2288 (Rapid Visual Information
Processing task) B A & & #9% £ (Barton et al., 2005) - & 2R A7 ik 89 5} 5 4L [7) B 3%
& BHF LT HMATHE kol & 18 4#%4F ¥ (attentional set shifting) ~ % i 3+ E 4E
71 (spatial planning) ~ YA & R J& 8% ] (reaction time) » 124 # 3t kK 32 #] atomoxetine
N B EHAT AR R A 4ol > tesh > AN B ELRALAFURETALL E
% ZRAHRARERD B (power) REEGH - AR RER L &
#17% atomoxetine /£ 52, % ADHD &4 69 94T o) fE ik L o T8 4830 R %k
HRAFE R KRR E EE KRB GHF 5 RIK ST atomoxetine ¥ 52 & ADHD &%

AT T REFE S 0 T 2K ©
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T HATHhRe st 2 Sh 0 AT 1.2 (b) 85 69 7% 75 S ADHD B8 7T #E

BHFA R LIRES M N LT AR LR TRAE Pletv&ay EF LR
FAGEHAHNE B PRASIYE LR E0BR e84/ (Gibbs,
2008) - B4 by 2 R BA T E 2SR M AL AT Z B2 & (spatial memory) RIER
B ER LR EGEE @R ¥ he (Rossetti & Carboni, 2005) » %+~ E & Lz &
T HEAEARE 2 M3 8 (visuo-spatial information) B4 fF 89k 1 LB EL AL 5B
g Clayton £ AR E FILELR PRAMEGCHET EREFALY > TUABXER
B lsehse /1 (Clayton & Williams, 2000) « £ A &Y FF 5 F @ ° Moor %4 A
BAZETREZIAEBICEH EF LIvE > eBFRALRAEILTR
(visual recognition memory) #E 7 (Moor et al., 2005)  Frsbz 4h > EF Eag E b8
EENH T WG (T Coull et al., 2004) > 3 2 K BE & 4 64 £ § F AR 25L&

R e ERARMERHNRARAIR L (Carlietal, 1983) -

BHALF IRFAATLE I BHEER A E (218X 3% A 48 M UBRIRT
atomoxetine ¥ A2 0 B4E R b #eh KB B WA 58 BA T 0 atomoxetine
T LAV AR B 91383t 18 (Tzavara et al., 2006) A &% & 9485 (visual
discrimination test) #94%3% % (Seuetal., 2009) > H b A L ZHATHEUFE &

atomoxetine ¥ 7. & ADHD & F 8 5B EEa) 8Bk -

1.4 2 & h R R B &) 6y $AT REgt SLAY R 518 P

M7 ADHD & 48 2 08 R » F Rt R 7 X1 o A SR R ) re e %
BRI SHBMREE A MRL (Bazdik) DATRSEMEE REEE > @
MeaPrAIREEH (diffusion tensor imaging > DTI) 45+ LA 547 & H 8949 42 R
ek o hreEA R F X PET (EF#%) HIMRI (shetgaztik) o4
3R R TR A AL 0 SARI AT o AP T B A KRG o 3F S SR R — BB

ADHD B# ¥ 45 BE BB B EF A » @3 ABSe9ATEA % (prefrontal cortex)
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(Castellanos et al., 2001) ~ E#% (caudate) (Castellanos et al., 2001; Castellanos et al.,
2002) ~ £ &k (pallidum) (Castellanos et al., 1996) ~ 3 A7 fald= %+ & & (dorsal
anterior cingulate cortex) (dAACC) (Larry J. Seidman et al., 2005) & Jijt B 52 (corpus
callosum) (Larry J. Seidman et al., 2005) » A B /NE§8944 T 3 (posterior inferior
lobules) & #3] ¥} (vermis) (Castellanos et al., 1996)  # i1 &) 5% %2 88 57 ADHD #9 X B
RERBPEBY BA—RALEBAERMATNREEROAETE 8 Rt ®EETR
3% (peak) > 12 ADHD 2R & B R A XA EE 1l RAAAER TR MBI T F
DR — AR KSR E BB 0 1258 ADHD B35 R R 6k
HRBG KRGS B E & 2 (Shaw etal, 2009) » H st ADHD #4 &5 12 B 305
BRI mrER R AR B WG

#2% ADHD TREEAGIF S BHRMATAMN AT REZHEBA A
¥R RELAEAROIITART @ EEZ RO A E (Amsten, 2009) « AR
MERERZME > ATBRE X a5y B AE LR 6 B3k 45 T F Il
AIZA 3 & 'H (dorsolateral prefrontal cortex * DLPFC) ~ W {@]aT%8 % & H (medial
prefrontal cortex » MPFC) ~ Bk %8 ¥ & '@ (orbitofrontal cortex > (OFC) ~ BA K&
SMalAT%R E & H  (ventrolateral prefrontal cortex » VLPFC) » & ¥ DLPFC $147%) 4%
3+ & (action planning) A B (Fuster, 2002)> MPFC ¥ £ 3755 F o2 & h &4
(shifting under novel situations) % B (Konishi et al., 2010) » OFC #23R{% 3] & 4947
% (reward-guided behavior) # B (Price, 1999) » VLPFC R #1 7% [ 37 8 &) & 32
(spatial information processing) #& K (Wolf et al., 2009) -

R R AR IR BT 69 85 & > DTI 7T sA R4 8 % BAZ B AP S i 4 R oy A&
MATERGE N RBREFNEEZRETERZIHOE&E LB L - M DTI
&9 % ¥+ fractional anisotropy (FA)#t & 4k A RAE & KBS G H a4 el = 3
(microstructure integrity) &9354% (Johansen-Berg & Behrens, 2009) - % 7y &y DTI
B A R A FA E UK #E (frontostriatal tracts) (Ashtari et al., 2005; Casey et al.,

2007; A. Konrad et al., 2010; Pavuluri et al., 2009) ~ /]\f&§ (Ashtari et al., 2005) ~ g&
14



B A4 3448 (corticospinal tract) (Hamilton et al., 2008) ~ LA B L #¢ 47 4k 4 &
(superior longitudinal fasciculus) (A. Konrad et al., 2010) % &3k » &R H 2V F
ADHD &4 898 H ta i 480 R M A 838 - £ Lz ADHD &% T he th 5
AP AT A ER AR GBS IR B IR T 0 AR E BUK B 09 A S B B AR A ik — BRI BRI
(Liston et al., 2011) - 2 7 #2 ADHD 84935 B A A8 Bl 2 9b » B FF 5 1 — 35 25 30 40
ARAg ey FA B8 7, & ADHD &5 8RB ERE A M -

AR D By B AR ST ER B BUR R AT (8 45 L AT o AE 2 Fe] 9 Bl 4% » Liston %
A LA H BUR B AY 48 B 45 69 s @ R R %3 2 £ Ak go/no-go task #Y 3K
% (efficiency) (Liston et al., 2006) » % s Casey % A&9FF 52 03838, » A3 UK 52
&) FA 8 A& % % & ADHD %3 £ i /T go/no-go task Bf e84 & F F& (Casey
et al., 2007)> fMRI . 88 5~ 88 3 LUk 22 84 7% 1682 ADHD &% eh 4742 4] (executive
control) (K. Konrad et al., 2006) X & 4F ¥ #& 3% (task switching) (Dibbets et al.,
2010) A B

B AT ¥ 7% ADHD & & 69304 T 2 Al [ st 09 77 S AR BRAB M BB £ A1 5 F 0 4
M 0 M B DT 89355 7T AE € ¢ B 49 2 48 4 X X (crossing fibers) &9 -F 3 > LA Z
Bk ERESHAEAT M & e RN > BILR RN E & R & AT )k IR 00
M0 AR AE BIRABIR TR SURAR AL ADHD & 09 BT S AE SR AT 30 TR 49 A

&, o

15 &/ R R @S5 o A B g2

1.5.1 DATI X R EE &/ R R BEEHAMMERR

ADHD J§ 748 4 64 B4R MR % » 3L 3 ADHD 7T s /R % A R 41 A B o
Mo BEERN AR ERARCABETBER B oRR ) BREkET ™
ADHD "THeABEARNAZBRER TR EFAME LGSR - BATHAAH M

S E R BR 8 7T AEAEXE A R (candidate gene) #EFEIEF S EEFARME X
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BB E 2 4 % BBk (dopamine) % % AR JEE EAR % (norepinephrine) %
% H ¥ DAT] & & ¥ #4256 ADHD & :E KR -

DAT1 AR e st 5P1533 > & 15 {8448F (exons) 2 14 BN ZE T
(introns) AF#Lrz > K/N#1 2 52kb > B % O @63 4% £ 45 DAT1 & ADHD &) %%
KR F— > BATGHK ADHD &y v MRk % & Tieir & &L A
methylphenidate > @ methylphenidate # & 34 % FAE7 dopamine transporter (DAT) 1A
FREHHMR (Volz, 2008) 5 3 = » @£ &R R~ L E ADHD 8 £
#8538 DAT % FE bof JE #1 B 42 % 50% (Cheon et al., 2003) » 5 547 57 5 BA T A
A ADHD 1B % & B4 38 DAT 75 g B ¥ 88 48 5 17% (Dresel et al., 2000) ; % = >
f24# A methylphenidate 6% 7 =i 2 1% > ADHD {8 £ 69 843F DAT £ E T KRE
74.7% (Vles et al., 2003) » f£ 1% it {# F| methylphenidate % 1% > DAT 8¢9 % E L H 7
64% (Feron et al., 2005) ; % v9 » DAT1 konck-out #9 £ B T A4k & ADHD 4-i& &)
AKX (Trinh et al.,, 2003) - 456 A L& F @ eh3dE » 245 DATI AB#F R
ADHD & & R1ZE KR -

BEGARELE F 4 DAT1 X B £ 3 -untranslated region (3'UTR)#4 4% &
(variable number of tandem repeat » VNTR) » K &2 B4 F &9 & R 4 &£ $45 49 5
FAFBERMM > &4y e (Praa et al, 2009) 5 & 5
(Samochowiec et al., 2006) - # 2k Cook % A4t 1995 5F F — k%38, DAT1 A R &y
3'VNTR 2 ADHD B % %A 2864948 B (Cook et al., 1995) » {844 & ey s K3t 2 A
B85~ — 2 M a9 %537, (Stephen V. Faraone et al., 2005; D et al., 2006; Purper-Ouakil
et al., 2005) - Z A 3 AW %EE - A RAAH K 5 5 88~ DAT1 R EH &y 3'VNTR
&9 10-repeat (Chen et al., 2003) & 11-repeat (Qian et al., 2004) 2 ADHD = [i] B
FREAMKE  EECREMEER XFEHGMHE M (Cheuk, Li, & Wong,
2006; Wang et al., 2008) -

— R ETRTUABEL LR EEARERZIHOEETN > 5 — > BEH

T

% 8% ADHD 8% %% Fl 054 & b4t # %% %% (comorbidity) »
16
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ADHD  DAT1 #4948 Bl (Zhou et al., 2008)+ B #K ] 89 ADHD 57 % Ff 44 A 84
BEEAARRGEREFER > HePER DATI a4 0 F =
B % ADHD A % 6951 f£ £ B A (phenotypes) H7A 48 & R#y R K 1% #l4e ADHD
Ty REE N AR R E A (inattentive subtype) ~ B & #1 fE7 # = A
(hyperactive-impulsive subtype) ~ YA & &4 (combined subtype) > 183 &9 7% #8
%5 &N ADHD Z i B 2 F — A B A - BT U it BAE R AR A
# & (Genro et al., 2008; Waldman et al., 1998) -

DAT1 # 3'VNTR ThESL K w #f 3 ey A B 4 B & 8K -F 4 (linkage
disequilibrium > LD) » B b2 47 ADHD &4 5 F AR #F X 8% » % & DATI £
&y LD &4 (Greenwood et al., 2002) » 2 2K 8 % 3F % FF R #4183 DAT1 &
F g2 ADHD tyta it - (2 ¥ R F DB R A MELME R LD &4 > — 1R
EH5TNEBR R KRB LT > ADHD B %49 DATI £ H £ LD &4t 4
1B ¥ £ 5 & (haplotype blocks) * M f24& B (Friedel et al., 2007) #28, &
(Genro et al., 2008) &5 % BB T S48 B £ 8 B 1 - £o4E 47 — 845 5 09 1B 42
o B4~ AEZF (genetic drift) ~ MR MRS SR EL TR EFZE LD
ik RSbERRFI %R TRRGHFRN LD &4 0 RBFK/MITL - BEL R
% 4247 ADHD &y 3k B 7 4R 33 DAT1 f£ 3 Ak%f ey LD 245

PR T LullArdR 26y 3'VNTR » D B ey % % 484851 DAT1 AR Loy H © 4%
H#% % A M (single nucleotide polymorphism » SNP) ¥ ADHD . i & 48 B 1% »
540 Brookes % A ¥ 3% rsd40184 ¥1 ADHD = R B4 48 Kt (Brookes et al.,
2006) > 12 Genro % AT Bl R X F 2494 R (Genro et al., 2008) > 73 4 >
Friedel % AR]J#k % rs27072 #1 ADHD = B B A AR, » m A Gizer £ AW
meta-analysis 4L %8 5= rs27072 $2 ADHD x a9 88 Z 48 M & -

4T ADHD A RARAHER —BEZHE X Z A E > B AL
ADHD eyt m — A ARAER A E - ARG E R o d i - HILAETE

— ARG EREREIEFAMRNIAE > 122 DATI AR CBERAFHF LG
17



£ —EEZOMARLTELE SR TERA EROR LRI AER -
33— A7 kAR 32 91 ADHD 2 R 6948 B 44 o 25 B4 SARE M 0 7 X R EE R
ZREIZHARNGE  SERRX—EHRNT > BRI RZAAERZAMG T
EREBRTAREABROARE R > 85698 K #Eo+ haplotype-tagging SNP & 7
ETURBEREXARNEERELARN LR E£WEE (Kollins et al,
2008) » B &K 5T S A5 LD S HMARD R e RO AR ERE - i34
heE % ug IR R AR B o

SRR 0 34 DATI A B 4 ADHD @ 2 L H M E R A & 0 (24
FEFRERZ D AR GAAABRG £ EM > £ BARER AR B &R 2
THERBGBE  BHbHMEZHNEAESE DAT1 AR 8 LD 4480 A5

» 1 — % 7T L3k By haplotype-tagging SNP &) F ik » A8 2 @M HIE & DATI

£
A B 42 ADHD &% 32 4 32 4 4%

1.5.2 DAT1 £ B 1347 h s a2 4a Bl Mt

w7 btk B ey % B8 DAT1 & ADHD #9128 A > Mg — 4% L%
% DAT1 & % € i sk ADHD #4347 oh se ek - A T 71 & 7 @ 49389 L 45 DAT1
AREBATHRER A B > 5 — > DATI KB HIFx (knock-out) a9 RA%
BRAHEA PATH AR 848 o 2 F] T4 3218 (spatial working memory) (B. Li
etal., 2010) Fv R JE4p4| et (Trinh et al., 2003) ; % = » methylphenidate £ % 3¢
%] DAT mi2A40 @ RAERI 69 % AR > i85 24 3, methylphenidate =T
PP & 5% ADHD & H 893473548 (Vance et al., 2003) ; %= B EH KL CHE
;v DATI AR ARE L EHIATHRE-EE N LI (executive attention
network) &9tk E £ & A & (Ruedaetal, 2005); 5w HARK K £y 5 738
FAMEEXRXAE DATI ARG EHR TR B ERIERRBRE ML

(Stollstorff et al., 2010) » 4% E ARk - 48 & DATI X H #2 ADHD & ey 4T3h4E
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Mgt H ARt +o EABEEN -

BEBHTBOARERSE P/ DAT1 KR &) 3'VNTR #3047 5 A [ 5t 2 ]
& Bl 15 IS LA R & R LA R K ey £ E M (Barkley et al., 2006; Karama et al.,
2008; Loo et al., 2008; Wohl et al., 2008)> Karama % A %38, DAT1 # K &9 3’VNTR
WmHMATHRE P oy TR B M3t £ 4 B (Karama et al., 2008)» Cornish % AR
B & BAE 4 3'VNTR 4 10-repeat ey KB % & - QI F 664 A B £ 8983
e R EHpHIAE /1 (Cornish et al.,, 2005) > A Mm@ kb F RIS R G &
F > o]0 Boonstra % A% 3, ADHD B# % % %A 10-repeat 89 X R % &£ » R M
G A LB AT 6 34T 3h AE & 3R, (Boonstra et al., 2008) » sbok » A #2245 i DAT1
A B 3'VNTR £ ADHD & F&HATHEERtZ 3 |ARBI M @352 F 88
#AF ¥ (Wisconsin Card Sorting Task) (Barkley et al., 2006) 22 & = &,4F ¥ (Stroop
Color-Word Task) (Loo et al., 2008; Wohl et al., 2008) o i3 b5} 72 & R 4% sb 2 ] 69
ZETRREX T @R F A M 4 ADHD & 6445 M fo piie A 694 &0 32 £
BB o dbsh > THEAR A R A DAT1 KR Loy ¥ — 4% &gtk ADHD &%
B PAT S REESE » MR BB AR % B o s e 8R A R T AT e ey R
SLRAER AR AR (4o 3' VNTR) 3 &k ¥R % DAT1 AR £
ATHREIER T H A e wiEmAEL TBIARLERBILZ MY £EM Mill
et al., 2006) °

T 3'VNTR 298 R AR D #gH R H4R1 DATI AR H v R fmg
I o fE 2 R4 &Y B 4% (Bellgrove et al., 2007; Kollins et al., 2008; Rommelse, et al.,
2008) » Bellgrove % A%5 3R 42 B 3R F > DAT1 X R % N\{B N & F (intron 8)
&9 3-repeat 4 £ #1172 [ ;£ & /7 (spatial attention) % i (Bellgrove et al., 2007)° f&
— & T 152 18 ADHD i 8971 4R &35 i - DAT1 A B Eagwaf8 SNPs - &
1% 1537020 ~ rs464049 ~ 15409588 ~ £A K 152042449 % > I EE K AR
(Continuous Performance Task » CPT) #9%3%.% ki (Kollins et al., 2008) » 12.4& 5

Sh— 1B E T 350 42 ADHD &% 91 195 £ k 28 9% F 2 89 FHeHF % F  Rommelse
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FARVESR DATL AR E#y @4 2 > @45 3' VNTR ~ intron 8 ~ 152550946

rs11564750 ~ rs3776513 ~ A & 1540184 % » g1 347 2hfc 2 M 3t 4 B2 2 48 B

(Rommelse et al., 2008) > F 3t DAT1 3 F  3'VNTR LA 5} 4 4% & 82 30 4T o)) fE [ et
Z FIBEA A FE— R

BREmT o #ARA LM AR DAT1 AR $1 ADHD &4 a9 #U4THh fefEae 2

f B 48 M+ (Cornish et al., 2005; Karama et al., 2008) » 12 B4, &4 5 52 3 R % ¥

iz — 4% (Loo etal., 2008; Wohl et al., 2008) - K pb¥t# DAT1 A K 4 ADHD 3t

TR B A &N A FE— P 4R  -

1.6 At 5 B AR AR
HRAF £ ADHD #4948 4 ) 209 TR AR > &AM E TRl AR > 7 ¥
fic B i —F K3t ADHD 240 @ 328 - N ERRA ~ bk ~ WEHIEE X
BERBEZEE T @A KA AL F ¥ ADHD ey miB ks - £ H
F ¥ R R AR 7> ADHD & 2% 04 Bo IR 3745 8175 7%

1.6.1 ;£ & /1 R R B8 9 AT o) hE FESR
1.6.1.1 2 FAR : (a)ADHD &% & F A 8 £ B PATHRE
b)FATH R ERE R T A ADHD 9 3 &L RA

1.6.1.2 2 AR HR, -
(a)
HABEGAREZAMERE - RERFE ADHD & e HAT AR
Bt R RBULZ RS2 b &R 5 12 ADHD B AR PUTHRE
R b %A 2% 3t 69 B B o 3% A A A5 A 480 38 78] B (Cambridge Neuropsychological

Test Automated Battery * CANTAB) » 52 — B2 [ ~ JE2 5 &9 RS AE » 05
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T B &SRR B AR O T CANTAB 2 23R + A &
8915 2% (Luciana & Nelson, 1998) » 3t B ¥ L4 f& F 7 3F46 R ) 8945 40 72 2
Whoshhe 0 3E BB IE (Purcell et al., 1997) ~ 34 7% (Sweeney et al., 2000) ~ #
a3 JE (Levaux etal., 2007) ~ .k % J& (Egerhazi et al., 2007) ~ LA B AKEFE#EE
(Dolan & Park, 2002) = #7341 A7 B 7E 89 AT 3h it » CANTAB A w18 5 8] B &
A RFAEIATHAE > @45 SSP~IED ~ SWM ~ A & SOC » H gt CANTAB 7 24
TEIFE ADHD &% 09 ERHUTHAE - AB LA H D HYARHER
CANTAB #:#4& ADHD B #&y4Toh4E » L B 53R EE 4L SWM (Sinead M.
Rhodes et al., 2004) ~ IED (Rhodes et al., 2005) ~ #2 SOC (Kempton et al., 1999)%
wRBREARBE > {2 ARBEE KT &4 A CANTAB 17 ADHD 48
PATHfE o B SbRAVERE > SR 2R AF 48tk © & 0§ ADHD #4494 SSP

IED ~ SWM ~ 2L & SOC % CANTAB 84 34T 3h 55 48] B 84 7 334 8K o

(b)

B3R A A AR ST ADHD &3 2 KA % 09 0B L 3T S At » {2 st R
SR AR KR £ E M (Asarnow et al., 2002; Murphy & Barkley, 1996; D.
Slaats-Willemse et al., 2003; D. I. Slaats-Willemse et al., 2007) » 32 7] 4& & g 7 iB %
HAREATHR  TEAERE - T ERFPEIITHRE » RRBEA LY
Bt TN RAR K ADHD B2 RERBRB O ERIATIR - B ATl ey
CANTAB & — 18R A & EBUREEAF LGP S CHEFFAE T A > TR
ADHD &% 2 k%% 3.8 ta 46 (subtle) $h4Tsh gt » 12 CANTAB @4 it
A G 4E R A 4E ADHD &5 2 KERRB - RLBMFAFUNE=QBE > &4
ADHD %% ~ADHD &% 2 K% FE - UARMEEXRAE » B A CANTAB
&) SSP ~ IED ~ SWM ~ A & SOC % 4RI Bp 2R 3745 = 4018 £ e AT Th AE > HAFIIR
3% ADHD &4 &7 R E AT MRSt © M ADHD &4 2 R 4m F 24

PATHHE R B IE & fy> ADHD B2 fg X2 -
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BT HATHRRZS > RA AT CE T ADHD &% ¢ 66 ReEeyiE
gt 128 % I JAEFTHF R IR 3 ADHD &5 2 KRB R e Eohse Bk
RETIEAE T/E A/ ADHD & N & RAM A 45 i — 5 Bass - £ 1& i CANTAB
ARG BB 0 a5 EER AR Y (Delayed Matching to Sample » DMS) -
7 Bl 9382218 (Spatial Recognition Memory > SRM) ~ fe ¥} 48 B %2 ¥ (Paired
Associates Learning > PAL) ~ ;A & fE #¥3% 3218 (Pattern Recognition Memory °
PRM) » RPAEATHE = 408 R a9 F 2018 » &% ADHD X &AM &
AT TIESE - M ADHD B4 2 R4/ F R &R TR R A EIVE

ADHD %% 42 ft kA 2 f) o

162 XN A RBEHEAINRARALEY L E

1.6.2.1 # % B %8 . atomoxetine 7] 7% 2L & ADHD & %ty 8475

pu)
i
M

/|

RE RS

1.6.2.2 BB :

SRR AR AT e & ADHD ey N R R A > e d ik A A — 8/ A e
S Be#t 7 4% 31 atomoxetine & F AL 2 & 52 ¥ ADHD &% eh $4Toh se st (Barton
etal., 2005) B sbA7 £ i — 35 BF 72 LA3F 45 atomoxetine ¥17 52, % ADHD &% 2
HATHRENZE - KRIVEKE L £ 4952% ADHD &% - it H{z A CANTAB &
SSP ~ IED ~ SWM ~ 2L & SOC % 7R E&x » R4F & 4 K #94# A atomoxetine % 14 »
5% ADHD & H&HITHAREAT A &Y - &KAIB3% > atomoxetine R R L2 &
ADHD &9 K » &AE 2L & & F ) BAT A RE SR ©

AT #HAT RS S 0 B Ie9 P 43 ADHD B4 g At A AR E TR
Mgt > 3 BALZ 2T LA ADHD a9 & RA - B b &M% A CANTAB #

SRM #2 PRM % 4 R18; > R4E R £ K HE A atomoxetine 2 1% > 52 & ADHD %
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H iR TR B R TR B o KR % > atomoxetine FE L & B H R Bl

163 EE N AR BEEHPTHEERAFTEHE S
1.63.1 SR BESGRBHEBREZ T EMR T HE ADHD 25
AR Fo AT oh RE e g A 4 B 1

1.6.3.2 RN ¢

BARXEL ST A SRR DT ) ¥ ik K453+ ADHD &% 69385 &
KA 2 B E ta i 0y T M 12 B AR R A A J04E A ¥R #0083 % (diffusion
spectrum imaging > DSI) #4977 R # % ADHD % % 6938 ¥ 80K 38 - A3 4
49 DTI » DST % %9 £5 B 3F &9 A S B 48 & 4T £ R B 89 B AL 3745 (diffusion
measurement) > SA2 DSI sE %48 £ 4789 /4 B A #7 £ (angular resolution) R &
ALy X g A8 0 M B AT DSI S84 T 7T A U0 A R S &3 54k
T 64 RS SR AP 2 8548 > 3295382 (Chiu et al., 2011) ~ B4k (1. C. Liu et al.,
2010) ~ A& & PAJE (Lo etal, 2011)% o i@ 3 &4 &/ 58 BA T 42 0 48 4 4 T S84 At 3T
@ 3% 0 DTI % & & 22 45 35 04 7% 48 45 4 3542 (false fiber pathways) (Wedeen et al.,
2008) > A8 B & 0 AT BURAE 09 4% 48 818 B BRI B BUR AR 2 R 0949 8 4
o EAVERINELEHRE AT S ECHNEEERIX 0 BLE %A%
%uy DTI R ERAE LR EBE > SR eAFFTRBEN I MBEAE

B % 8 F8#E4E (manual editing) BAXTFREE R EAP LIRS - A H > 248 A DSI
REZAELCRB O EHAE TR T T LA BB AP B4 R ey A
i B3R 7] DU BR 3 BUK RS 69 49 3818 4F R A% 4m 69 3R & 4 (segmentation) > R 4R
tebiP 2848 g2 ADHD 2 f) & B 45 B M (specific) &R f4h o sboh - &I 2 38—

¥ %5 # ADHD &9 34T o) A [F 4% P88 3 SUR AR 69 A% 8 2842 2 R 84 Bl 13 © #RAPT A
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i DSI 9 7 A MBELRBOMEREE > R WEI{L > &4 caudate
nucleus—DLPFC (dorsolateral) ~ caudate nucleus—MPFC (medial prefrontal) ~ caudate
nucleus—OFC (orbitofrontal) - £A & caudate nucleus—VLPFC (ventrolateral) > 3t /8]

¥ ADHD B H i@ 2R E—MAHEXE 5 EdM (generalized fractional
anisotropy > GFA) » & 3%k > #1433 H 48k » ADHD &3 6938 wikip &
#1482 GFA BU& > 3t B 35 v 540 £ #5489 GFA € #2 ADHD &9 $U4T o fefEdt 2

P AR 048 B o

1642 FE N AR B EWEAREGFS
1.6.4.1 B R FAR ¢ (a) DATI R R F 1 & H R 28 %) E 48 B
(b) DATI # B & 5 S AT o FE B 5248 B

1.6.4.2 BRI ¢
(a)

# % DAT1 X 4 ADHD ¢ A BB P B E 2w A & > (2B k85t
RERZ D FLEBRG EZ RN » B2 ANGEEBE A4t DATI AR
ey E AE S 2B K 0 B R4TH DATI ARMBER L@ E » Bib
DAT1 3B {3 AxkB69 ADHD B iE e A &1 A ##3% (Cheuk et al,
2006; Wang et al., 2008) o #1495t 24§ #% A haplotype-tagging SNP &) 7 7% » &
7 DATI AR 2 ADHD 2 &g B4 - M B #H 4 e ADHD EHE %
AR H A (subtype) » 4Rt DAT1 KR 2R ] ADHD 2Rl 6y £ 45 £ &9 B
th o HAMEE > DAT1 XX F Loy 4 B R{2¢1 ADHD A 48 B4 > f B #1 ADHD #9

K ¥ 52 A A5 AR B A o

(b)
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ERmT o 3R BE — LRI R I DAT1 AR 82 ADHD & 69 #4759
fEfE5t A 48 4 (Barkley et al., 2006; Loo et al., 2008; Rommelse et al., 2008;
Wohl et al., 2008) > {244 FF %% E DAT] £ R BHITHIE P ey 2RIt E (the
tower of London) #1 T 43¢ & (working memory) % 48 B & (Karama et al.,
2008) > A 4t DAT1 A B g2 ADHD &3 69347 o A R a2 R 04 B 1440 A 4 i —
B4R M KRB E PR % E DATI £ B 2 ADHD #9122 £ R (Shang et
al., 2011) > M B A& S L2 R ¥ B EE T4 A CANTAB R3F4& 0934T
hAEEE 0 4 SSP~ SWM ~IED ~ A & SOC % % & » 7T A4F % ADHD &9 9
# 3.7 (Gau & Shang, 2010a) » H & X 24 SWM &y 2 14 (effect size) & & K °
S BAPAE T — B R A R R P i — F IR & DAT1 X R #2 ADHD &% 69

TYREFE SR X F &Y B 4% - IRIF RIS Z N EKRAHAR » KAIBRZ - DAT1 £
R 2 ADHD % & 83 AT ohselEek - 45752 SWM ey R 3, » b2 Rl e m B % ey

F8 B E ©
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2. R EEH¥ (Materials and methods)

21 2B ARBHEHH BRI sEfEsE
2.1.1 A4 FW4nshiEESE

2.1.1.1 £¥HF R H

AATUET 5342 11 2] 16 3-89 F 0 4 ADHD &% > H+ 404 % I+
13 f stk - P38k R 12,7514 5% > 58 848K 1R A ADHD K6 -F
Bt B 48517 R0 % — RAEERR LA D A ADHD o) 534 0 4 7.682.9 3R
AIBAEREFZFHE —ZEBRET B REESKEFAHR A HRasMH
B~ s B REMHFAEEYCHE ADHD MEtd o FRAE 1o

BB £ 34 o 5 B AR AP A2 BT 1 € 3K T A the Kiddie epidemiologic
version of the Schedule for Affective Disorders and Schizophrenia (K-SADS-E) #4)3#
1& > UL 7 - 48 53 4 ADHD %% > & 29 (54.7%) {1l B Rb 2R
17 (32.1%) A ExENRREAR > 7(132%) L A:BEHEESHEA o LRXEHES
CANTAB #4942 S 32 A5 > dbo)h > HAIGER % ) AE + digit span R 18 £
WFFRIER A F0E T TAER - FRBATE/MRA ADHD #4065 84 > Al
RREZATE VAZ LR B 24 NEFAE o M EWIBIR AT AR ES R
Rt SRR~ AN 80~ RN EREERR L - MEERR L

AP RIETR E >~ R M R EGUE R £~ AR/ LFE -

2.1.1.2 #F&.C3ER5 - CABTAB

A48 00 T R B T b B RO IR ET AR 2 CANTAB 694Z 8 74 42 A LA M 8] » HbEE A
SERERFEMHBEZNHEOERET > RBRGEFE AL SE 90 542 0 £RIFER

CANTAB & va 18 48] B BA3F4E 2 3R 89 AT RE > LA T 2051 1) 48 35 va 8 4R B
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Spatial Span (SSP). SSP & ¥4t %X ey M satiels — ML TSR L&

HRBARE AL By A e H A LR EE TSR BIARES > — B S E
—EF KRG RE RRELARB AT RBERENET RAERE SR ENE
B Allhd mES AL RS EABI R REA ZMBLERETRAEHERRA
(1) span length : #E4% s, 3 =) & A2 89 B & IB - 5 (2) total errors :© 44 3% 4% 3B 3F 649 H 4%
44 ; (3) total usage errors * %R A I — R A W IEIEF 09 H 2RI -

Spatial Working Memory (SWM). SWM & 3P4& % 3R F 04 22 ] TAE 18 0 23

FREREBREF SO IR EFRERLEL PRGN I SRS AERES
Ffig o LB TR RERETRABEERLE TR MBRAB T BT
WEETRMEKE G BEITERFTHERIEMEE T RbXE LB —
SERVMOECHT R — ST MO HRE & TR T - RhH RELHRA
# %R Fwh &3 1 (1) strategy utilization © #¢ 3749 F 4B 4534 F v R 3 5 (2) Errors
in total and three different levels of difficulty : 4% 3244 S 8948R > LR =B R F]
$# JE (4-, 6-, and 8-box problems) & 48 %44 F &k ¥ -

Intra-dimensional/Extra-dimensional Shifts (IED). IED & &% RXEEE N

e THER LS HARNELRFE G B RS —ERGNE B —ER]
AR BERBRAR B AR O MEAPE B > — F 46 X 3R L AARIBE AR 69 45 25
R E EFEGRA] 0 32 PTE 69 %) E M #2144 (intradimensional shifts » IDS) » 3 7F
RZRFLIBEBET N ERE R R EAE YRR R ATR 69 & B sh R
# (extradimensional shifts > EDS) » f£ 248 A58 2 ¥ 23R E L/BR ZRRE T

(trial and error) BA3% i EFEGRA] 0 MER — EAAR B[R L 6 RAF EFREGR
ezt RAK G BHEIE REAWELITEREIAFZOERR (DRI TR

&y stages 2 B ; (2)A T %R stages Frfk ) &R 483 5 (3)4 EDS X ATHY 44348
0 (4) 42 EDS BAf] ey 52488 -

Stocking of Cambridge (SOC). SOC &R E ) Z M4SN » — LR

HRLeAmaneR -3 A EEK LI EROBEF] I XL T 7 &k
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iR (template) » 5 & EIRZATAF LARLECTRE > WERAKD 5 E
KRBT 57 &P FI R L] &R - E7] &3RehBEF) 7 X F &zt R
BHEOREA 234~ %5 Reyx D FHEH R (minimum number of moves) °
REA WESHRETRENERR © (DR B EE 6 8RB Ao AR A 64 ]

RAEE S QFHBH R Q)RR EBL MR AMABE LS E B
ROGBER (DR AE LB F — B EKD] TR EFR -

2.1.1.3 &3t #

R MR G U B Fo B oL REE IR $ R P E AR R £ R B
TRIRAR SR o B T BATELH QYR B H BRAT R AR 54 X 60 B8 = 5 o4 AL
BEFMEHBAENENERBLER B %352 SAS 9.1 (SAS Institute Inc.,
Cary, NC, USA) #j Proc Glimmix 354 R 3t BB H tb (odds ratio » OR) Fv 95%84
RERM - HEgE > RMER G SR #H KX (linear multi-level model)
Rt 4 by CANTAB w8 7515 64 58 - $7 AR R R $E 5 42 5 64 BB
(SWM #a SOC) » HArI B 45 $2 3k 5 FE 69 X T AF M 05 g R B 42 [F] — 188 & Af
WATH) 4B E > Alpha 3% Z & 0.05 > #&A94E A Cohen’s d 44 F k3t Bk B A
(effect size) » 3% Cohen’s d A#* 0.3 42/ % 0.5 Bl &/ (small) &4 2C fE14
Cohen’s d A7 0.5 {2-\#> 0.8 8] & + % (medium) &L JE{E » % Cohen’s d R#>

0.8 sA LR & K (large) &L fE(E °

2.1.2 A& W4 N ERA

2121 £RXE RV
AFFRWET 27942 8 3] 16 ity 53,5 ADHD B > H & 85.7%4 B »
Yy B 12.551.6 % 0 4k B£8R AR ADHD sz ka9 T34 £ 8 B 4.2+1.6

R B REBEKREHEDE A ADHD 89-F3 58 4 6.782.9 3% » BRI E
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ADHD &% k8 m2F R £ 108 A T FE A 122433 KR B I KRMEHKE
HFHRE—Z2ERET I3 REIKEEAHRE > FHFE A 12.6£1.5 & -
R IR R o R &AL BT g3k T B K-SADS-E #93%4& > sAsgaL
LB o %23 E %2 CANTAB 6974 48,032 )5 » sbsh » RMwE A% A Rl
¥ digit span RIPAEME R G FFEE R N F0E T TAERE o F X B ATEARA
ADHD %469 84 > AR AR ATE VAF LA &49 24 A L - L EW
PR T ARESRER LS OERER ~ 28 H /N 80 ~ BARMF R
BRRE - MEBER R L H e R R R RS R L RE M

2.1.2.2 #4327 5%  CABTAB

#1192 B CANTAB & SSP ~ SWM -~ IED ~ SOC #4{& 5% X F ey A4T2h 48 0 I
A DMS ~ PAL ~ SRM -~ PRM 34 2 3 F 698 0 8 hAE > BN BAT I RERIBR3F

R 2.1.1.2 > AT RIS 8B E T8 69 w8 2 ) 5 -

Delayed Matching to Sample (DMS). DMS & 3F4&E 2 REHW 2 B4 2 8

Wz etedhfe  £HE—RARMBE > €7 —BERABAVERALERR T RY 4S5
# 0 42 B 01538 (simultaneous condition) P 0 F ik KB AR B FbF 0 W EEIR
Bt A RFHRT 7 5 B (delayed condition) + @ #hABM LK % X
BEBOH 4P R L2 wREEARMACERERRTH » XL
ZAERABN T ER—MAAZKRE L T2 — RO BN - ®REA W@ LKA LR
FO R (DRARZISEFRLENES L QEERENTFHER 5 Q) EF R KF
THEERERE (4 EEF R R E X% B R R TR -

Paired Associates Learning (PAL). PAL & 3#4% % X E A AR5 B 7 #1458 =2 Fal

WMEFRD  ABRFLEERAAMI R BLEHFRGRKBEAYEFMITH M
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AETRELSEVAL T mMELETRIPYBV I L e —BEE —EAHRLR
FHb R AL LBARRBRY RGEW LR S A AR BB - RIEAF MBS
HARARF O ER (DR A 604 E0 (2)IEAESE AT A B BF ey 4832 48 80
OF Sk & S EX S

Spatial Recognition Memory (SRM). SRM & 374E 52X F 22 B4 B ey 95302218

fed1  —HMHE BT RAERE M ERFHR £S5 Hk 0 BT RIS
T—REBRESTR A —EARALNCEHRBYME 125 —B AL KA
PR HBRBOME o R RE LAY A — B B R AR S AT O 4 BB ey 4
F o miEH BB S BR A2 RF LRI ¢ (1) the percentage of correct responses :
EFE R JE ) E 4tk 5 (2) mean response latency for correct responses : iE A% & JE & F
¥R B R o

Pattern Recognition Memory (PRM). PRM & 345 % 38 ¥ B B W 69 93303

BAES > —HSA — AR EGBEHRF R LGS H2E > FETRK
K4 —REHREEL  E P — BN CEHRBHHE 25— 8L L
RERBARE > LRFLAPR B A — ARV LA S i RBYHE - &EZ
A B 23X &2 RE KRB ¢ (1) the percentage of correct responses © iE# R J&
&) & 4tk 5 (2) mean response latency for correct responses : iE 58 R JE &4 T34 R & BF

fa] ©

2.1.2.3 & oHr

PP 3T e 2R B B A B 4 e RET IS B T AR £ R B
TIEAR R c HNRE YR KRIVMERA BM S PR K (linear multi-level model)
Rt =ty CANTAB $UTH e fo L Ee ey 3 > WAL A RE$® SR E
)81 5(SWM ~ SOC ~ DMS) » AP 12 AR B 42 7% $1 #f 5 7 & interaction B & A EAE
) — 1818 £ Fr #4769 488 & - Alpha {53% % & 0.05 > $494 A Bonferroni 4% iE.
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% Ehhy p A 0 I RS CANTAB i - # e = 2 B A S MM E - &
FIeiEsltEs] ~ Fd -~ 28 % - kB ER - ADHD EK ~ RARXEFRHKFT
#2 % > B A4 A Cohen’s d # 7 ik 3+ B 4 e & > % Cohen’s d A 0.3 12/
0.5 B &/ 3 JEAA » 3% Cohen’s d A 0.5 42\ 0.8 Al & ¥ % ey 5 B1E » %

Cohen’s d A 0.8 LA LB & K&y 2 JE{4 o

22XEBENARBEFEHNEKBEABY LK

2.2.1. %RE BRI H

ARUMET 304 8 2] 16 RAGIRABEY SN H £ ADHD &% > F
st 10705184 5% 0 BRAEEH S A BLEHBADEML R TR
K-SADS-E #9345 » sA#k 3 357 o f 30 42 ADHD B% % > & 15 (50%) 4%
7 24 A > 13 (43.3%) MAEB N R RER > 2(6.7%) L A&EEE) R A -
AN EHEE L CHRPFERLER > GEHIRIAEEREE 36.7%) T4
Rk E (33%) URBEAEEREERE (6.7%) 2:XE &2 CANTAB &
AECITERER c MENHERE ST AREFEERL ChERER - 2FH D
W80~ EBMERMERBEY WEERABL B> HRERL - BB R
FEstE R %~ RERMA L F -

2.2.2. #4072 0B - CABTAB

#1932 A CANTAB & SSP ~ SWM ~ IED ~ SOC ~ RVIP 344 % 3 4 th 30475
fE > 3£ LA SRM ~ PRM 345 2 3XF 69 B 32 B o fe » IS 3AT o A AR 2 e 1R A
B R 2.1.2 0 BT R4 RVIP A5 -

Rapid Visual Information Processing (RVIP).RVIP & 3#4& X F oy Z 41

BN BB RET L8NS E 100 EHRF  SRELARBHARTERTL
31
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SR BRBARFT] > 3-5-7 0 2-4-6 0 4-6-8 » 5K HARLIAK T ¥4 - RIEH N\
1B 43X k%3 F &3 1 (1) total hits : E 5% R E 89 R £ 5 (2) total misses © &%
RESP A R JE )R B ;5 (3) total false alarms © 7R J& 3% R JE 4P R E 69 R 2 5 (4) total
correct rejections : EF£EIE 4 R JE &9 R L 5 (5) probability of hits : EFE R E &Y E
kL 5 (6) probability of false alarms © 4535 R IE#E 2t 5 (7) A’ R R]3IE 6 SR

3 (8) mean latency : iE 58 R JE &9 -F-34 85 R o

2.23. &t
FAMERA 180 4 8 2] 16 sk f2 B 45 & & 69 CANTAB 4 #04F & %40 i Aot
% 30 4 ADHD & #49 CANTAB R4 5 B#hia iy z 5 H-PE%A 00 118
BEEZEA 1Bz 5 N BRMER —BXRE TS KRB BHLEFER
B0 %R A X (linear multi-level model) R Lok A T8 244 Wi ~ LA+ =
@ 4y CANTAB AT e AL K32 1% o F £ 5] ° Alpha {&3% % 4 0.05 > &A1& A
Cohen’s d & 7 i£ 3+ B % B 15 > 2 Cohen’s d A7 0.3 {2/ 7 0.5 B 2 /] 4 %5 JEAE >
% Cohen’s d K 0.5 f2/1\# 0.8 Al & + 4 6y B /&4 » 3 Cohen’sd A# 0.8 A b

Rl & R EAE -

23EBHN AR BEE HBATHAERSRATEHE P

2.3.1. £RE RS H
A RUET 254 5.% ADHD B4 B9 RMEML B HHE —LBRET
25 ERAFE AR > HRaEs -~ S BRTF - FH > XEFHH
F A2 A ¥ 291 ADHD % i 4718 AL ey e o
R EE R o R A AL Bt 38 T B K-SADS-E #93%45 - sABESL

BB o 42254 ADHD B85+ > £ 18 (72.0%) friBE 2R ©inits > FiA
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B 16 (64.0%) LBl b mA > 8(32.0%) MAEEANRREA 1 (4.0%)
1 B8 Byt gy B A o XA B CANTAB ay43 420 32 BB 1 MRI 3744 5 =&
BE GARA ADHD %46 &% > Al E#EX MRIFGHRZATE D KA %4 1 B
E o BN HRR G ST ARESBE R CRERRK - 2 H 80~ #
EMEERERERRRE D EER R L E RIER L R RESE R E
AR L F o

2.3.2. 4.0 AE - CABTAB
#19:E B CANTAB #4 IED ~ RVIP ~ SWM -~ SOC 34 % 3K 84 34T 3h 45 >

MABATHRE BB R 2.1.1.2 B 222

2.3.3. MRI F##4

2R E R 3T 69 MRI 374 ° 42 5] — 18 slice [ BFj & T2-weighted #2 DSI
#933% © 2 T2-wighted 89 TR/TE = 5920 ms/102 ms ° matrix size = 256x256 »
spatial resolution = 0.98 mm x 0.98 mm > slice thickness = 3.9 mm > /i DSI &) TR/TE
=9100 ms/142 ms > image matrix size = 128%128 » spatial resolution = 2.5 mm x 2.5
mm - slice thickness = 2.5 mm » 48 £ 74 102 183446 E € BUE » MR RAURE
f43 bmax = 4000 s mm * » AR5 AT 44K &5 DSI S0 KA1 IR 54 B
(orientation distribution function » ODF) » AP 7T sA F dy BA T A R B — AR M 2 31
o E &M (generalized fractional anisotropy * GFA) (Tuch, 2004) :

ODF 4% # % / ODF &-F 7 4Rk

BRIV R E LRI 7 S8 4 R B 5 B4 £ &K (regions of interest
ROIs) (4 ~ DLPFC ~ MPFC ~ OFC ~ fu VLPFC) % s ® 2] & w ik 4k 4 % it
7 caudate nucleus—DLPFC (dorsolateral) ~ caudate nucleus—MPFC (medial

prefrontal) ~ caudate nucleus—OFC (orbitofrontal) ~ LA & caudate nucleus—VLPFC
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(ventrolateral) % 49423848 » &A1& A DSI #7282 > 4% GFA X7 0.1 &) voxel
MR A G Y E B it BAE A seed voxel LA 3L tractography » % 2 B K b4 A 45 4K
“eh R E 0.4 18 voxel 89K E 0 KB T —EALZ - & & H UL Y voxel &
4 B A% (angle deviation) A7 60 & > Al B 8153 L 44 F AP L3I > MBARA L
45 4 R FRBUHE 3E 45 A mean-path analysis algorithm 3+ & & F3¥) — 252G
Ve (mean GFA) » % 7 &3 18545 # (lateralization index » LI) » 8] d1 50 F 24 &,
iHE

LI = (£ 4% 4& & 2 mean GFA—# ] #4 £& % 2 mean GFA)/ Wy {a] 4} & R 2 F 34

GFA

2.34. &E AT

SR o BB Fo B L RTINS P E AR R £ R B
TIEEGIE o BT TR BRI BIE 0 KIVER &M SR EK (linear
multi-level model) 5 bt 8 i 4264 1Q ~ ADHD % # 5% - CANTAB /8 535 ¢4
8- GFA~ s R LI % #3589 -F 34948 » ¥ GFA» i 4r4E A /& & 4 X (general
linear model) 2R 547 &2 A& W] ~ w9 AP G4 4 R ~ AR R 4R RH 8 £ %] > Alpha
3% 4 0.05 > &AM A Cohen’s d &) 7 &3t B 44 > 2% Cohen’s d A 0.3 {2
JNF 0.5 B B B ROREAE 3% Cohen’s d KA 0.5 42/ v# 0.8 Rl & b % 64 24 JEfd -
# Cohen’s d A 0.8 LA LR & K &Y 3K JE1H °

BTHERNAES ER GBI E A6 5% — AR E (type Lerror) » &AM
A % i@ 5k &, (multiple linear regression models) sk A B oy 42 79 44 b 48 45 4
% ) GFA #2 ADHD 3 4k Fo 3047 24 AE 2 P 04 B 4% > #4714 GFA 16 % & % 38 » ADHD
JE MR Fo CANTAB AT 77 A8 R Bl o B AF B4k 48 7R - FI A 42 1878 K7k (backward

elimination) &7 X% i 8 & a9 X, 36 B3 B> R AR A AL AR 00 A2 -
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24 XE N FRBEEHEREFS

2.4.1. DATI £ B #E & /) R R B &) 0948 B A R

24.1.1. RRHERFH

AR ET 27347 3 18 k9% V4 ADHD B% > £+ 85.7%4 Bt >
T3 e B 10.8£2.5 R 0 BRAEME R A EEHASE MR TR
K-SADS-E #y3%4& » SA#E L H 3585 - 42 273 4 ADHD &% % » 4 65.2% % ¥ 4R
AER > 289%BEENRRER > 5.9% L BEHEHED - ABAMLKET E
HH)F % DNA AR > B+ 108 18 e & —fuAnds &4 (proband) ~ — 4 F &% ~
AR RXEER 110 REA — L EE s DRXFER » TERER LAk
BH - —MFR S RA—RRABRRFR 9B REL AL ESE S LR
K REFM  RIBEHRAEA 06 A £ 133 F 2T 41.5%4 F M Fi 58
2 11.5+3.8 3k £ & 58 4 F 2 %44 ADHD % ¥7> M 25.9%%¥7 484 =4 51.7%

BEBARREAR > 224% 7B EHEH B -

2.4.1.2. FEE SNP s K H A48 &

P 3 E R E HapMap 34 F 7% 0% 3 A6y A B 5ok 30 50T F14R 1 1F A B iR
tag SNPs 694Z 2 1 (1) SNP 52 2843 # DAT1 4 H L ;(2) SNP #) minor allele frequency
ARER 0.1 (3) HEAAWKERE SNP £ tag SNP 4 LD 48 B ta S AN E 7
0.8 - & Eift4Z % ¢y tag SNP — 4 14 48 (rs2937639 > 12617605 > rs393795 »
rs10052016 > rs37020 > rs40358 > rs37022 > rs466630 > 1527048 > rs429699 > rs11133767 »
rs40184 > rs1042098 > 1s27072) » sk 5h £ AR5 BK = 8R » B3k 4 87T A 2 ADHD
A 48 # #9 SNP (rs6350 > rs403636 > rs463379 > rs6347) #ATH B A48 € -

Fir & SNP %R % 4% i matrix-assisted laser desorption/ionization time of flight
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mass spectrometry (MALDI-TOF MS) #47 A R A4 » 4 A SpectroDESIGNER
SRBE L SN SNP R & 89 3| F AR 41 0 3 24 GeneAmp 9700 R & 248 38 1R 4T 4
BT AR JE (PCR) KA K 6.4 SNP 4 & #9 DNA A #& (100-300 bp) » &
B Z R R B R A 95C 15 54844 > %1 95C ~20 % 34 56C ~
30 #p > 2EAf 72°C ~ 1 b > HEATAS RIBIE > RBUAT2C ~3 pETRRIE -
At Ao R REZ Z BB K A% H B (ANTP) > 7 PCR R B SR T o A Bl 1 45
% &5 (shrimp alkaline phosphatase > SAP) » 3£ £ 37°C R JE 20 4% » I3 R REZ
dNTP 2/t A& ahfk = 8 A% H 8 (ANTP) 2 A R ER AR E 85C ~5 n4E >
FF SAP 7EM o BFE AT T2 > AwAdR4t ~ Thermo Sequenase ¥l & #9 =
B X A H B (dANTP)/ ANTP /&4 » #1494 C 5% F646 52C~5 >
AP 72°C ~ 5B 0 AT 55 RIEER > &4 A MALDI-TOF » {RE & 4 R 7
B FE AP & 423" VNTR AR B2 38 X 64 SURK 69 B B % &\ (Genro et al., 2008)> 24 PCR

Fo LASE R o

2.4.1.3. &3t o

3 B A 64 B kg A Haploview k8% i 47 Hardy-Weinberg equilibrium (HWE)
HeB o [ B4, o4 Haploview #8247 8 £ 8% @ [ 093744 - #&474% A Family-Based
Association Test (FBAT) #k#2 47 4 B A 2 ADHD x [ 48 Bl b 64 547 - B X FA R
A%V 24 10 48 informative 2 e 4 € AT 447 » Alpha A% T4 0.05 > 7 Sh 4%
11942 A Bonferroni A% E AV % F L Ar & £ W3R £ o B RITELEA RER
FBAT #4 Haplotype-Based Association Test (HBAT) #4738 28448 Bt 0470 it

LA permutation /X JE % T LLE AT & A 8% E o

2.4.2. DATI ¥ B 8347 3 sE 5k 2 48 B 1%

24.2.1. ¥ %
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ARG T RALATHARERARL BT 3R mTE I8RGFDF
ADHD &% H & 86.1%% 5t » P35 & % 10.5£2.6 5% R ILE £33 5 5%
SRR A S BT €3 T B K-SADS-E #9345 » sAsk s £ 3585 o 42 382 42 ADHD
EHEF A 6T3%SET/HREGER  2T0%R/EEARELER > 5.7% k& EE)
LAl o FRFRMEICE T EEFHEDNAKEKR B 164 EFEL—finks &
# (proband) s —frF 2 - AR RXBEEH IS REL— it 5 R F L -
BB 144 FRRZ — MLk 84 - UARXEFER 17 B REZ ik
B —MFR - UR—MRXRARER R EREL— B EE - AR — 11
KR RER > RALHAAE 1298 A £ 211 F R 43.6% 5 Bt T4+
WA 114839 &% > £ ¥ 574 F 454 ADHD 2l >  28.1%% B A6 27 -

50.9% B AT RRER > 21% 4 BEEHEA -

2422, HEOE P E - CABTAB
#1192 B CANTAB &4 IED ~ SSP ~ SWM -~ SOC 4% 23X £ 4 34T 4 ° B

WIAT R BB A A 2.1.1.2

2423, R SNP R F A& T

FHAER T 15 18 DAT1 sy K B AR EERAY ik AR AE R F A 2.4.1.20

2424, B3

AR A 8y B k2 A Haploview #: 82 i# 47 Hardy-Weinberg equilibrium (HWE)
B > [ Bf oA Haploview 248 4T 8 £ 428 & [ 69 3% 4 - #4142 A Family-Based
Association Test (FBAT) #4547 & B A S $AT Hh e 2 Fl 48 Bl M 69 547 B X FE
* A4 ZV %A 10 18 informative K g 4 & 4T 547 » Alpha 3% € £ 0.05 > 7 5k

#194# A Bonferroni & E L%V % LB AT A A B93% £ - B I HRMTEER RERD
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FBAT #4 Haplotype-Based Association Test (HBAT) R 478 £ 8848 b1 o d7 i

LA permutation 4 JE % FLLE AT & A BYRE o
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3. &X (Results)

3AEB N AR BEE OB Wi sEESE

3.1.1 #4&&W4uzh et

53 4 2 E R HAMS T A ADHD &9 85+ > £ 194 (35.8%) 2| T F 2 58
MBS EEANRREA > 184 (34.0%) oA > 64 (11.3%) £461B%)
ey Al 0 124 10 4 (18.9%) 4R 7F4 ADHD e935Bi - feias #k % 6 3
THAE o I RIuEsE Bk % (oppositional defiant disorder » ODD) (73.6%) » &
REEEEE (41.5%) sigtidmAatt » ADHD @& 5 A HILRIUHESE - T4
#8575 B (conduct disorder’ CD)~ # A&tk 5 Bk A A 7% ~ R E ~ A REBEBR 4 (R
2) -

R 3HEETRAZIATHRERARE LI > B Bmatbs - £ SSP 7@ >
ADHD 48 A % £ 4945 F 44 3% 3L (total usage errors)’ {8 {& 48 44232 81 (total errors) Fv
72 Rl3e & & & (spatial span length) B2 F 2% 28 ; &£ IED @ > ADHD &4 %/
B3 8 7k R B PR € 3R 3L (trials to complete the stages) » 1878 7 Ak, 7B 5 49 X
# B (maximum number of stages completed) ~ AT &) & ) 4 4% 44 3% # (pre-ED shift
errors) ~ Fo 15 FE sh sk 3 4822 8y (ED shift errors) RlA A #E £ R ; &£ SWM & »
ADHD % 4 % # b9 4844 3% 3 (total number of errors) » 4% 3] & f£ 6-box Fv 8-box &)
PRE L > {24 fiek{E A b (strategy utilization) R|;Z A EAZE £ R » —F 547 8]
BAST > % SWM BBk FE 3% o > ADHD e g1 ¥ B 4a 04 £ & € BAAA3E w5 £ SOC
7 @@ ADHD %8 A # £ &) LAz 2V #5 8 A% 7= ] B8 2L (problems solved in the minimum
number of moves) ~ 4245 )3 (total moves) ~ #745 & # 85 F4 (initial thinking time) ~
FodF & BA 85 (subsequent thinking time) » i — 5 47 Rl 885 » & SOC R|5k #k

JE34 bt > ADHD 48241884064 £ B € 0HEAE o o
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3.1.2 #&WE N R R7AA

RABET 0 AFAART O K AR - KFHHFRE -
DBERGFET R £2E KSR ER @AM RITLE ¥ RBa
48tk - ADHD £ A8 %4 ODD~CD -~ #:d5% - F8 R & - UREEEE - &
KA %F R4tk 0 ADHD &% A8 %6 ODD #v CD ; g2t R atath » K% F
REBSHEREE -

R OBETXAERTHRARGER  SHBERLE  ABRFRES
@ * ADHD 4% 8 £ 6B FREF AR > MAERFRAABRENEFER
1 IED 7 & - ADHD &3 #i K580 F 25 B £ 09 @ R sh i asa 32 8 (EDS
errors) ~ Fv#8443% % (total raw and adjusted errors) ; £ SSP A @& » ADHD &% A
£ 8RN E IR E (span sequences successfully recalled) Fv4a4% F 44 3% 3
(total usage errors) * M K4EHm F LA BREG RS EIERE £ SWM % & > ADHD
Bt KR F R A B £ 0 R%4E A £ (strategy utilization)Fv 4844 3% #¢ (total
errors in searching the box)» i — 3 447 R B8 > 5 SWM 8| B # /& 3% /w i > ADHD
EHUBRRRRTREHR A Z L AR (B la); £ SOC 7 & > ADHD
BHEPRERFREAREN UKD 5 AR A (problems in the minimum
number of moves) ~ F345 £ # (mean moves) ~ Fu 44 E % 85 (initial thinking
time) » & — % 547 Al #A~ & SOC RIBx 3 38 ho bt - ADHD &4 AR K H F
RHBaE 2L CHBEE M (B 1b) s BB Az MERTHEI BT
F AR > R~ ki mEF R ~ 7v ADHD B2 £ L F e9R B &
RAA AN GRMEAEY > G HFREE ~ IED 6948 443% 8 (total errors) ~ SSP #4
2 Rle & & & (spatial length) Fv#84{# F 543% 3L (total usage errors) ~ SWM &4 4844
32 3L (total errors) FufE B K E& (strategy utilization) ~ SOC &9 LA 2V #5 8 f# = B 28
# (problems solved in minimum moves) ~ 4845 €2 (total moves) ~ Fu-F 344745 &

# 8% f] (mean initial thinking time) °
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R THRETXAF AL TRARG KA A Ratab > £ DMS | o
ADHD &#& A & £6) B" ~ BT E# R GG -F3HHEARERE (mean
latency of correct responses in simultaneous tasks) ~ 5] B 15 3% F 49 £ 58 R J&E 3
(number of correct responses in simultaneous tasks) ~ LA & 3£ 3B 15 35 T &) FE#8 R JE #
(number of correct responses in all delay tasks) > f k2855 F 2 4 3% £ 094532 R JE T
#EE (probability of an error following a correct response and following an error
response) ~ Fv ZE £ 1§ 35 T 69 £ #E & JE £ (number of correct responses in total and all
delays) » & — % 57 R BA5~ % DMS B8R 8k B 3% jubid » ADHD &% MR K3
FREYBaEZ AR (B 2): £ SRM @ > ADHD &H A B £8 E
7% R JE B 4Lt (percent of correct responses) » k& m F 2 &9 Z BN PR
42 PAL 7 & > ADHD &3 % & % 64844323 (adjusted total errors) ~ a3 49§ 3K
483 (total trials to success) ~ o 5 — R &Ry 32 1& 4 & (first trial memory
scores) » M KA Hm F R KRR NP £ PRM 7 & - KAV F ERARY
EZ& - fMBR-AXHART LRI BATARMEALY  ERERERBE - K
3% F &40 ADHD &% £ K3 n e) RIB R RAF A AR A S R T DMS

2 BT 6934 A R B85 T (mean latency in all delays) ~ tA & SRM #4 iE

7 R JE B otk (percentage of correct responses) ©

32EABAARARBEHEHNEKRERBEY L%

A S METSRENEARETR T3 1Q 4 10537 £13.55 £ iR /A atomoxetine
tR2I% 0 ZRFIA T EE 4 1.20£0.07 mg/Kg » 4R A atomoxetine + =
Bzt XAFENIEE - WG - 4FRE - UARER AR SRR E R

% 9 B8~ T A1 A atomoxetine % % ADHD & ik 89 2 4 » BER IR B &7 A7 3746 84
CGI-ADHD-S 4#t 42 4 885 dg 5.57 %4 343 42 12 AR5 A 2.83 5 £ X BFF

#F1% 89 CPRS-R: S v SNAP-IV-Parent forms- £ 4 38 (Cohen d, -0.51~-0.90) #v 12
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(Cohen d, -0.80~-1.15) B#F A G L& ©

# 10 #8o~ T 424£ M atomoxetine 2 % ADHD &% #AThe kB ag s @ £
IED 7 &4 & FE b s 34822 0 (pre-EDS errors) 6y B b s 44 44 3% # (EDS
errors) ~ Fu 48 € X $r ¥1 48 44 32 # (adjusted total trials and errors) K BHZA#E S 12

B a2 gt (EDS errors) ~ 4878 3X #4842 32 81 (adjusted total errors
and trials) ~ Fo 7% AR &9 5 Fx 8t (completed stages) A BHEA# S 5 &£ RVIP H @ 0 4
EFu 12 3@ 48 28 R JE . (total hits) ~ 4878 %k R JE B (total misses) ~ & R J& ]

fe Pt (probability of hits) ~ E#E4E 48 48 %, (total correct rejections) ~ ¥ 4% 3% &4 B
J& (sensitivity to errors) ~ FuiE 58 R JE &4 -F- 34 /£ 85 ] (mean latency to respond
correctly) %% AF A ; &£ SSP 7 & 4 B EF48 (% A 45 3% 3L (total usage errors)
HPAFAE Y - 12 BF R ® & & (span sequences successfully recalled) ~ Fv 484
A 4432 3L (total usage errors) A BAZA# Y ;| £ SWM F & > 12 3 85 K ek Af A
(strategy utilization) #Fu4244 3% % (total errors) % BAZAE S - i B 4844 3% L (total
errors) MR EE M= R BB M AR XEAER 5 £ SOC » i > 4 ABFAn4
Fodr 45 B £ 05 R (initial and subsequent thinking time) & BAEAE S - 12 BF4A 58
) 2L (total moves) ~ LA sk 2V £ 8 A% 2 ] A 2L (problems solved in the minimum
number of moves) ~ Fu 745 Fu % 48 B BFR] (initial and subsequent thinking time)
REAAEES o i B P B (mean moves) $145 4% B# 5] (subsequent
thinking time) ¢ REEE B =X BT ERZHMEARXLZHER -

* 11 #8°~ 7 f£1%£ A atomoxetine 2 & ADHD &5 R ZR ARG ALY » £
PRM 7 & ° 4 B 85 iE#E R JE & -F34 % A 85 (mean latency of correct responses)
Fo 48 F 7% R J&E ¥ (total correct responses) 4 BA #a i 5 » 12 i 0¥ E7E R JE 0y T34 7%
A2 8% ] (mean latency of correct responses) A BHZa# 3 ; £ SRM & 0 12 BB IE

R JE T3 A 05 ) (mean latency of correct responses) & BA#EE S (F 3) -
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33EBNARBEHENPTHRERAFE YRS

4 885~ T RAZ—F SMalAT%4E ¥ (caudate nucleus—-DLPFC) ~ B 4%—M 1] AT %8
# (caudate nucleus-MPFC) ~ EA%-BR %A ¥ (caudate nucleus—OFC) ~ A & B A%—
BE SMal AT 48 % (caudate nucleus—VLPFC) % v {&%F 3 sUK B0 2 9548 - % 12 5A
77 ADHD 41 81 %} 88 40 /2 R B4 @ aY 4 it o [8) 5 881 S B3 4848 Lt > ADHD
BB A0 W8] 64 B8 3 SR B A 48 3548 2 GFA 8K 0 2 th# A & wfal ey GFA » B3
3, ADHD % 3% £ Pl AT 38 3 137 SMal AT 28 5 MR P 8388 R X A by B K -
) 13 ATtk - ADHD %4 IED ~ RVP ~ SWM ~ & SOC £ %% &
BPATHRER AR E -

R 4B TARBS, EEMRAF I > BRAVEIEE R LRI A R
BBk BB ¥ 2 GFA R RAE A0 > M i@ )18 B Ak 91 2 ) 3 S AT 38 3 69 Fo 5 )
PRI AT3E ¥ 2 GFA B BA¥ AR - & 15 88~ ADHD B84 IED 44432y
R A RIR B ERIMIATZAE X GFA AR %484 ) RVP 443 RE T 14
( probability of false alarm) #Fu B £ fa]ok F 48 % % GFA F# £ 480 5 SWM 4
SR B A RIR BEA ¥ 2 GFA FAAE AR 5 SOC Ll ) #5 8y 42 4 M R Efo 34
ks BN 2 A R M AT B B 2 GFA A #a %480 5 SOC P35 B4

B Fal 92 & fR) 3 MRl AT 2B 3 = GFA A Ba % 48 B -

34XRNARBEHENIRERS

3.4.1 DATI KR $E & J1 K R B EyE 6948 B LA 22

42 19 18 DAT1 R R AR 2 ¥ A 4 18 69 5K B 48 2 ik o) FAE5 70% (156350
rs10052016 ~ rs6347 ~ rs11133767) > H gkah 15 184% 248 A 45 & Hardy-Weinberg
FHr o K16 ZRTE ISEARZLHREHBIEEIEE (minor allele
frequency * MAF) A B fe DAT1 JX B L agfr & - B 6 88~ T3 IS EARARZH

ID&H EP a4 T3IEBELRER  $—EEMANE 19kb A E = m ~
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NENEF F BB KNS 3D IR FEAN -+ —ENETF FEERK

/% 953bp » 4 3'UTR -

A AR E ADHD ZEieh et ot @ L BER LA ER AT BEER
£ ZEARRENEA - HE I A —18 SNP 1s37020 G allele (P = 0.038)
SRS EAAAEARMN 28BS FILBROREZZ RN X A — 18 SNP
15429699 T allele (P=0.017) $1x E AR R A FRE M > 228 % FLhiw
REZZRAABBMER X (R 17) -

LAEERS VTG FAEEEE R 1527048 (C) /rs429699 (T) #2 ADHD
A BA% AR B > 124838 permutation R IEZfZ AIAARBMH R Z RS AFREI AR
KAV E — 1B E £ 8 E R rs403636 (G) /rs463379 (C) /15393795 (C) /rs37020 (G)
PR A GBA K FEEFR R 0 {2481B permutation R IEZ 14 AIARBAM A & » B EE
BEEE R 1527048 (C) /15429699 (T) $1x EARR BA A E N > &8

permutation 4% iE 2 4% 48 B A AR FF A4 (R 18)

3.4.2 DAT1 £ B $1 347 5/ sE B sk 2 48 Bl &

TEHRFTEISEARABZLNIDEE RT3 EEEHRER > &
— &M AN E 19kb > L E =~ @~ XMENBETF > @B AN 3k
HENT— BN F=18& M K/ % 660bp 47 3'UTR - 42 & R 2 ADHD

DETARBE A S B B REMZEAERRFBEEER (K19 £EER

S E o B R EME NS ADHD 2 M it &SR

FEBATHE A F d » HAE 3R, 152937639 1 SWM 48 9 443% (within
errors) (P =0.049) 4 48 BitE » rs2617605 %2 SWM 48 P9 4%3% (within errors) (P =
0.004) ~ SWM %1 pg443% (within errors) 8 boxes (P =0.007) ~ SWM 4 & 44 3%
(double errors) (P = 0.002)~ :A & SWM # F 443% (double errors) 8 boxes (P = 0.009)

HABBAME » 15403636 #2 SWM # & 443% (double errors) (P =0.024) 4 48 MM »
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rs37020 2 SWM 4 & 4432 (double errors) (P =0.004) ~ XA & SWM # % 4432
(double errors) 8 boxes (P =0.033) A A8 (% 20) -

HBRBEON I E 0 F—1BE B 5403636 (G) /rs463379 (C) /rs393795 (C)
/rs37020 (G) 2 SWM 48 79443% (within errors) (P =0.0005) ~ SWM 4879 44 3%
(within errors) 8 boxes (P =0.001) ~ SWM double errors (P = 0.0007) ~ A & SWM #&
F443% (double errors) 8 boxes (P=0.002) A A8 R1E (5k 21)° 438 permutation A%
IEZ 1% > 15403636 (G) /15463379 (C) /rs393795 (C) /1s37020 (G) ¥ SWM % /9 44 3%
(within errors) (2-sided P = 0.0003; the smallest observed P =0.001) ~ SWM #a 9 &
3% (within errors) 8 boxes (2-sided P = 0.0003; the smallest observed P = 0.002) ~
SWM 4 & 443% (double errors) (2-sided P = 0.0004; the smallest observed P =
0.001) ~ SWM % & 443% (double errors) 8 boxes (2-sided P = 0.0007; the smallest
observed P =0.004) 13 23R % AR - Z# SSP ~ IED ~ fu SOC > it & v DATI

LA RARZ ZRARM M -
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4. %3 (Discussion)

MED LA RTER > RPAF —EAARARLEREREANF D F ADHD &#
At H AT ReES: (Gauetal., 2009) > H o 4,35 T4a 8 2 Mo te ~ 2R T3
B EABANRL - URERFERNET @ 0 H 5 A G RIERGEEL I o > Tk
MEst @ 94T ROAMA > PPAR A IER T ~ ey A ~ LB A ER I E R
#% > ADHD B 20847 e FEuiin RG4 - B 7 ADHD &2 & A6 34750 e
g2 I 0 KA iE—F 4R 0 ADHD &2 R0% F R#BABER LI RFE
ADHD #9351 > {2 fafd 23X 1Atk » RPATHRER B REMAZRF S A
BAuy e (Gau & Shang, 2010a; Shang & Gau, 2011) L3 7 SABL 5 /& B 04 1 -1
¥ (backward) A7iR| & #9355 TAEC & (verbal working memory) » v XA CANTAB
PRl E ey Rl ~ R AR - BRI E - RIBIPH - B AERY
AR E R PR F AR AT IR T HAT AR BT LI E8e /e ADHD
B0 kBRI @ ADHD &4 R5m F AL R EE ADHD #98 R
B - {245 2k A $2 ADHD & 48 SA 69 AT o ik AR ST 1G4t - B UL ¥T A 2 3%
A 4200 78 oy e L L SR JE AR R 43 ADHD Zuk KR ey £ 9% (D. L
Slaats-Willemse et al., 2007) » B tb &I REET T RATH LR L8 LT
A % ADHD ¢y R LA -

4 ADHD &y R RA 1 86 % | > HKAIA R L% — 184 5 & ADHD
% ) BF A % atomoxetine AT Sh Ao R e B AR 09 6 B % R (Gau &
Shang, 2010b; Shang & Gau, 2012) » 238 % R A EH &9 AR L » KA F

ETRLOKRA - ABRKWEHIE - T HAKS HBHRE (S.R
Chamberlain et al., 2007; S. V. Faraone et al., 2005; T. Spencer et al., 1998) » & {F] &
89 X 45 3R A atomoxetine 7T AR & & ADHD & & 04 BT o) fE LA R e e %

%t ARHSKEREN (RVIP) ~ #E#l4/H (RVIP) ~ 2 & /1 #iik ¥ (IED) ~ £H

46



sadnsedes (SSP)~ 2R T/eede (SWM)~ 2Rzt E @Al MMase s (SOC) -
fEprzefE (PRM) > R Z R PR (SRM) % - sboh - 2R E A R]AEAR A
AE /1 4y B & 42 L Ao atomoxetine & M 6945 4 B R SL R B o B A B o B bR AP 69

B9 45 R 138 X 69 €4 (Blondeau & Dellu-Hagedorn, 2007; L. A. Newman et al.,
2008; Robinson et al., 2008) #Fu s A (S. R. Chamberlain et al., 2007; S. V. Faraone
et al., 2005; T. Spencer et al., 1998) #} % — %k ° atomoxetine #& & 7] LA 2L & ADHD
BH R PAT I RE R 0 KA L —EHF 2225 3], atomoxetine ¥ 7 ADHD
BH AR A LSRR o ML fid AR (S. V. Faraone et al.,
2005; T. Spencer et al., 1998) — #3253, > K 2AAR A atomoxetine it R € ¥ ADHD
BRI LR A MBE S ’RE > ROLEIRER RRFPEREREE
FHAE ey T B 0 % BAoT atomoxetine At A b & & ADHD 85 6947 A K
(Bangs et al., 2008; Caballero & Nahata, 2003; Gau et al., 2007) °

1= ADHD 8430 AT o fE P S1 A4 L& 514 22 O 0 » #% % tractography-based #4 4
M~ TR A A B AE AR e AT 2 AiE ~ DA RELH 8 R ) 3 R AT Rk e
FA 35 F ADHD & £ M R158 3 SUK S 6940 L B2 ¥ B ta 454 M8y
#3803 HBE AR K B AT 7 AE It B3R 3 SO AR AP S 35S B R 3R 2 RAR B 0 45
%] & 48 orbitofrontal £ ventrolateral &4¥ 424k 4 H 4a Bt 2 /w#a % (Shang et al,,
2012) > B b &RAIB R IR XA T K SURMAY 3848 R AR e B3 0 R FB
ADHD #9 BR JRIE K Ao AT ) REFE S 69 T AE R B
4= ADHD &9k B 1% 27 @ > &AI69 B 7414 DAT1 Loy 1S EAREE >

B DATI AR L A =EEEHER > 3t B ¥ £ 527048 (C) /15429699 (T)
SRR N RR B 2 MA B S A M R R R B — B B AR P
DAT1 A H ey LD %4 #% (Shangetal., 2011) > M HAfIah4E R &3EE 7 DAT1 AR £
ADHD 92 m M LI B E R A & - HME—FHE T DAT1 A H 2 ADHD 8y
AT REF SRR 69 Bl 44 0 & R BLE £ 8 1403636 (G) /15463379 (C) /rs393795

(C) /rs37020 (G)g 22 F] TAF3etax ] A B 5 48 B Mk > B sb i Ar1 89 4 R X 3% DATI
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A B % B TR ® § 3% ADHD 0945 THAT H AEIESE > AT 0 BIsLiE A EHF R %

B et -

4.1 32 &N KR BB E 97 83 4o o) e gt
4.1.1. 348 4o 3h fE B

4.1.1.1. 33%

BAKRMER  BLELEFTHESE A ADHD 9 &% > 2| TH LV FHMA

ﬂ\

A ACBE 52 v b4 ADHD &) R3S BT 0 328 ADHD 64938 %) #1487 85 7K &
K& & 856438 & M i & %% T % (Biederman et al., 2000) » #1789 5 52 45 88
REPE R T F D FRRE 0 K S B B R E KRR 54 ADHD #3451
(Wilens et al., 2002) °

£ A CANTAB % T B R4 5% ¥ 69 4% &8O 32 ) fE 3P 15 $ 14830 ADHD &%
A AR AT e R (d=0.4~0.6) > TIAE RFnil L BIMGF RER R — B
(Willcutt et al., 2005) - 3t H #1869 & R & % 4F Barkely & A 893038 4 ADHD =
A B —hseEsaymm (Barkley, 1997) © R M #4194 3, ADHD & [ 8564 3 %
& @ ey $AT ) e B fe ik B A CANTAB %4 2. & ADHD &% 4951 7%
R A8 k& ADHD € 46428 % Rl /& (Pennington & Ozonoff, 1996;
Rhodes et al., 2005)~ 2 ] T4 324& (Rhodes et al., 2005)~ 7 & /1 ##4%& (Kempton et
al., 1999) ~ A & Rzt £ 4 /1 (Rhodes et al., 2005) % 7 & % ] AT Hh AE 89 [
e o YL@ EFF K 484 (Martinussen et al., 2005) » #4989 & £ 43, ADHD & %3t
KA AR OB TR Eey st 0 B b E R 69 AT A8 R BR BT LA R 85 ADHD

B AP 18 Ao Th RE AR o

KAV RE B AR E R & Gy Sk FE 3% ik > & 0 & ADHD %
# 8 34T Rt e @i P A BRTEZ2RFEXRLRYBHEER ST

ADHD $4% & B%5 5 H AR AR - £RAWI R BT (Youngetal,
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2007) » &R BR Gy SEFE B ha b o (R 2 RE 0 B A MR MR R @3 ho o (2
ADHD %% ey B A 05 3t R AT - RS LM RMR > SFE®RE
¥ meF » ADHD &4 4 & Ak MR ey i g e 38 o (BB 00 R RA 4 £

¥ AR PAT ) A E Sk 2 ADHD & 5 f8 3 2 A0 8 T R BR B A R R, » 238 X 5t

=

&%
)
=
(@it
&
Jo
&

&

&R A FE WY INAE 0 94w Gropper % A% 3R, ADHD ¢y
A BE > AT FeRese i Ems B A AMMM M (Gropper & Tannock,
2009) - Stavro 5 AR & £ G PAT S e Fo g £ 098 ) fe A A8 B (Stavro et
al., 2007) » Barkley % AR 45304424 7 ADHD gk iR ER2E 2 1% > FATHARERE
Hfo L@ TN FEHR XM A A MM (Barkley et al., 2002) > &y A AT ) AE 5
G % ADHD &H 0@ BMERN > TRELEREXBZFETHTRE FAL
T TAEF AR ¥ 0 B PATHAEFESETT SARJE ADHD &5 09 B I8 o) se 4k

B 2K 38 - & 7¢ B8 5+ methylphenidate 7] BA 20 & ADHD B = &) 3047 o e [ 5
(Elliott et al., 1997; Kempton et al., 1999) » {8 3k 119 & #7F % 47 %8 3], methylphenidate
6945 F Ao £ B BAT ) REFEBR A 48 B M 0 ST AE R BN R B AP 69 PR 50 F Bl ey is
3t JERE M BT 0 B sb— 4 T3E B & 0 4o ADHD &9 JK i & Fooks i i m o) 3
R B HN R AR TER MGk E £ E (Epstein et al,, 2006; Kessler et
al., 2005) - B b2 474 & # 7 ADHD B3 89 34T 2 SE sk 4 3K JE 2o A > A7 A 43

1% 4 AT 95 T B B 5 o LA 3
4.1.1.2. Bt 50 P& ] & A 26

AR AT LA RES > F— AR LRBINHARRABRMGF D F
ADHD B HHAMFHE D » 24l E R % 9tk A - 54 Bt R 24K % ADHD
oy B E Ml BT REESRZ 0 M5 B = KPP RATIE RIS HA
ADHD &% > R RERZFRAEE —KOEEF D F ADHD &510 4 A
i — 3 0 {2 % 18 X 49 meta-analysis 88 (Willcutt et al., 2005) > 2 & #F £ A A

B AT AE e ok JEE (Cohen’s d=0.49 £ 0.06) R u&ARH FI 2588/ 4 A Y 2%
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JEAE (Cohen'’s d=0.56£0.04) > BT A H » AT AEFESE LR RN FIS
789 ADHD &4+ @ h 3R -

T L ay a2 oh 0 KRR R K RBED > F— 0 RAVER Bt oy w5
BATR > BT AR A ] - s ARG - UAE T E TR FHRR
TR RGBE  F = KRIUERAZ B S22 R 5 CANTAB > TIA %
BRGNP ATHRE FZ RN F I FXE LR E
AT REGFFF TS B AR B G TR DR Bk R MR E
RITUEE F 2 F ADHD & H 4% A6t F BATHREFEGE ey R4 -

Ktk R > 3K ADHD #E K @18 F 23w MR & - A PUTHRE
Bt R e H G2 F D SN MPTHERRGE— T BEFT D FOIREPA
# AMhfe (Biederman etal., 2004) » B ghsk & $# ADHD &£/ 7 346 L8R

FEARZ IS 0 JEA EH H AT RS AT % 403045 - AR 4T £ ) & ADHD %
FWHREFEGABS TR ETARK A E (Biederman et al., 2007) - phsh &
E—FHR > §EM T FRBEEMFEFEEa#E R wes > ADHD &
MERGABATF > BEFRATUEZEADHD &L AaH FLEECEEFNER
fE¥rr g R REayRIE » Bobd n kB 691E £4 ADHD &% 0% > HMERIE
AL B BRI G B EEFRRA BT RN E c R T HATHREZI ) KRR
JE 4+ ¥ ADHD & 4 64 H A6 A 800 32 o) fiE Jw LASFAE » LAR #7> ADHD &% 32 4 32

HBORTMRA R @M TH# -

4.1.2. HE RN ZRY
4.1.2.1. 3t
AT F — B B B A AR ADHD & 540 £AHRMF L 0 2

CANTAB #o 8 F R B A T ARG R B E R 4 TR (%

MREfABTRE) Bafe GB35 2R TR JATHERER - RN
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FRREREBR T REPITHAEEERAE T T A A ADHD 8y & RE - B A5 %
47 Doyle £ 2 Fprie th RN ARA & 2454 (Doyle et al., 2005) » Bpig i
AT R Eat R 122 ADHD R 828 4 > @ B 348 ADHD %% F 28R 098
Bo b o stRiBFAETRILRET ADHD BH 2 k85808 H 4 &L
&) %t (Asarnow et al., 2002) » 12 F& 7 &9 7 235 F CANTAB A 1R 4F 64 SRR 1%
i@ A #1878 ADHD 852 K4k F B ANPITHRERES - AR ERE &
AT Bk e ShE R LA £ 531 ADHD 980k A R - B stk Rie— SR R 94T
o e M a9 K R 2 R e B B4 % A Bh 4R & ADHD #97% B (Nigg et al., 2004; L.
J. Seidman et al., 2000; D. Slaats-Willemse et al., 2005; D. 1. Slaats-Willemse et al.,
2007) »

KRIVERT P AR F D F ADHD &4 9 $AT I REE4R » @K % RS0y 3k

FEBE o 4443 B weAEE  (Gau et al., 2009) > M kA4 3318 B R FAAL 69 9 & 317 B
RYFREHEREETTEMELER > MELES —EEGRER ADHD &4 2 R45%
FR APATREEG QTR F RIREE I o /7 ROARE - SR B R AR A
R, B ) Y AT REFESE >l do RBP4 AE 71 (D. Slaats-Willemse et al.,
2003) > =T A4k A ADHD e9i RBA » {2 R 48 A 8 %) 505 04 81 5 RSP B Lk
BRRBAPATHRE  ATHRETRRFRNARERZM BB KRG LEN 48
b BRAIGARLERET > FRRA L BEHATHRET 2A1E R/ ADHD 8y N &R
A MmA S PATH RS € ¥ ADHD &y &M - RbEA 2%
a9 5 T B4o CANTAB » 7T ;A #+ ADHD &4 #i R F RABATHRE R R 5
HEE o

J2 A1 8971 5 F ADHD & & 2 R38R F R HATHAE R RN 7 ADHD &
Fofd B RHE 2R 0 sbdh 0 AL RA ADHD & - KRR F R - ARMEE
RAFE X R BAT AR RA BRE QGG AR T REAANRNZBST T

g A E N R esE R R PR E R E M mE R IR

E3)

MM R E - DR ERT AR S F > BH LR ADHD &4 6093
51



AT RETE SR 7T e 2 — 18 7 2 K B :BAR 09304047 & R A F 89 4%3% (the extreme of
a cognitive-behavioral phenotype with genetic susceptibility) (D. Slaats-Willemse et
al., 2003) -

EAEAE A SR 7 |0 BB BT A A L R R BT AR EE
e B ey ADHD &% » 34T seEgt s i £ (Oosterlaan et al., 2005) » # 2K #
eyt B8~ ADHD B4t KRR F A £ 5 9 H LRI R EFfT AR
Mgtk & 0 (2 BIEFHEAA A LR B 2% 0 ADHD & F0 K48 % F R 39147
KOG A B E O PHAT I AEFESE > B sbdg 49+ 25% 32 9F T2 ADHD & 3 Fo K4 %
FRZPATHAEIEGR ERFEH » SEFREB LB T GHRLERmEM (L]
Seidman et al., 1997; Willcutt et al., 2005)

PR T BT RE 6 N ARAL X b o BTy B BB ADHD B 2 R AR
FREFEHTHEARGRALEABRE T > @4& SSP & total usage errors >
2L & SOC #j problems solved in 5-move tasks * /2 ADHD & # {1 & 1838 B L]
ARG KA ERERITHREESRILE R EA1EAH ADHD #y A RE > TH
kgt AR % ADHD mm A Y > K& L BB FkEE A48 ey X B FAr
#% ax ) (S. P. H. D. Durston et al., 2004) -

T L e PUT A REFERZ b 0 B — S 1E A CANTAB A T B4R R4
R E % ADHD sy R R > £ R EBA ST+ > £&A135 ADHD &2 %k
R T REKEERATYE (DMS) &yEet - ™ % F A 54T #T » £ DMS 8y
4232 & (an error following a correct response and following an error response) BA &
22 9333 & (SRM) By iE#E & (percent of correct responses) % & » iz b R4
o FRAEZRNN ADHD B4 fof@ EH R R - LA REREBETT A
DMS #a SRM A7l & 09 F 5018 °T ;A4F % ADHD 8y W& RA - B/ EMHES T
Doyle % 2 & pri2 th & a945 4 (Doyle et al., 2005) » Bp iz sb78, % 2008 e R {2 g1
ADHD F] 854 4 > f B4 H 348 ADHD R ¥ KR RE & £ HLRME

R EE— BB RET T AR T AF A ADHD sy & RA -
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A R EE R BB By Y R EERABM 0 4537 ADHD & & £ A2 e 1%
R LA ARG IEER 0 345 T ZRIPEREE (SRM) (Kempton et al., 1999) ~ 3¢
B AREYE (DMS) (Barnett et al., 2009) ~ 7 A& 9332221 (PRM) (S. M. Rhodes et
al.,2004) ~ AR EHARHEZE (PAL) (H. T. Changetal, 1999) %77 & - sbobk
i — 303, > & DMS £ o i R 8 R 85 > 75 Br Rl B e 3% o B > ADHD &
FOREREESRGTEF R AR ETRKEAALTEESRRET ADHD &
H AT BayRYE (retention) HE & (recall) % 77 day B # -

#— % 5 KA 3L ADHD &% 42 DMS & ) 0515 35 92 48 B 3541 4 90 4R
#yEsE > 3R Kempton 5 A — A AZE N (n=30) 4R FAAHR
ADHD % # # simultaneous condition &)t (Kempton et al., 1999) » {244 Rk
Rhodes % A —BB AR (n=75) 64FF 5 + RI & &4 — 4% > 33 ADHD &4
4 simultaneous condition 42,7 BA Z5 [ 4t (S. M. Rhodes et al., 2004) - & ¢ RX#E 4
# 47 DMS ;8|8 4 simultaneous condition B > 5448 B4 B 4784 B3 /1 A PER )
2 Rl Rz M ey 2 2 (Moody et al., 1998) » kA &y &1 % & £ 438, ADHD &
FHayR R s Kl Ao Box ) Bk A AR (Nigg, 2005) ©

#2 ADHD & 48> § DMS RIS #EF I by > RBR F R AR LIRS
®IF R AR > BEA R T - DMS Rl Safe B34 T I A AEA B 0 455
AMBE ~ B AAEKHE (Owenetal, 1995) > mid k0B PEEA LT
wEME (Wolosin et al., 2009) ~ £ 1=4% (Lopez-Larson et al., 2009) ~ LA & % &g
(Plessen et al., 2006) % 3ffx ey & ¥ /£ ADHD &y R A MM LI /EE -0 E &
4 A & > Jbsh Durston ¥ 2545 3% - ADHD & &2 KR FRAEMIFBENRE
BiEeA RV M3 (S. Durston et al., 2004) » B bk R E & — F ey h et ig

WBAR R RAR % & 4T DMS RIEEF ADHD 3% F & 49 B 30 A AR LB 45 T Y

a3

i 4% B4 o

N

i@ E KA (Kempton et al., 1999) » & 173t & %4 3, ADHD & % 4 PRM

89 BB F A B £ B RE - PRM B5x 6 & 38R 388 3 69 I 3R 4 (medial
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temporal lobe) 895 %E A Bl (Luciana & Nelson, 1998) » # 28 7% 48 %514 20 R BA
7~ » ADHD &% 6982 3 134 & B8 A% %> (Brieber et al., 2007) Fu 5 3 fo 7% 7%
A (Kimetal., 2002) £ #6935 K - A2tp & .o 38 Z0t 505048 3, 0 A2 SL88 3 M) 30
A B eAp 232 A% F - ADHD &3 3t KA & £ 89 & 3L (Barnett et al., 2005) -
B 0 E i As X 5 885 0 % 2k SHR (spontaneously hypertensive rat) 2 ADHD
B A AT R RA 2 XA SR E RIS A B e ST A e E I
*HBREF (Wellsetal., 2010) -
LS AT B A T4 3L ADHD s KR BRI R & H B R0 Es
B ibig &~ ADHD ER#ERGHEFE EF FL M BH US> EHELEARE
LIRS R R EF D 5 0 AT SR SRR B ST AR A — A4 H AR
(trait marker) M JEJE K42 32 (state marker) (Biederman et al., 2009) o %47 84 5 724
Faow 4 A methylphenidate & 2 69 R %328 A A B 3£ B & K ey F8 4 12 A
methylphenidate & 1% [ # 47 &9 22 Rl $#38 22 1% > b 7> methylphenidate f& #% 119 &9 #F %,
3t JERE A 5 BT 0 B sbdo ADHD 87 AR R & B AR AT 5 0 09 2o ¥ T4 B &
T RE N AR TR B4 & £ %% (Epstein et al., 2006; Kessler et al.,
2005) » A sk methylphenidate #7* ADHD &% 894 80 B a4t 8 L B 4o f] > 10 A
FEA% 85 AT B8 M 89 B 5T Jm LAAR

4.1.2.2. % MR B AR B

HAI N R BRARA TR AT BB RA] » 5 —  $ARARH TG ADHD &
H LB AP S TP B 2 AT 64 2B oA B 24 [NBE o A2 B APT 3B K AT £ R KRR BY
Bpinin > WFEREH LT ARBIE T AR BRATIZLRA &4 0 AT AR &
HERDHRENHNPATARERR T LR THREROBE RBR AKX S HER
Ly ADHD B 54 A 5% %Eayis (L. J. Seidman et al., 1997) » Ff LA & AP &4 57

RERMARBEBRSFBE £ = KMAAFIER BT RERBRFE LKL
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T LAl 0 Bk EB s AT R B AT S @1 A ADHD sy &R
Ao AR R AIRT S B = ERMOHTL T AL S ADHD E£ 5 5
A B ERE—FHARRRTEI R FHN ADHD N EARABGBE S #
™ A FRAT BT K & sibling design M JE twin design © Byt & 7k 7 4 HEFS ADHD
BEERERFRZHEZIRERF (shared environmental factors) 74T
HreF R L REGRGBE -

T L RFIZ I RAR R KRR F— ROXE —EAARTLE
NGB FAAZ A by A 480 72 8B CANTAB » tA3%45 ADHD %% 2 k8% F 2
QAT » T CANTAB 28R FEE B R4Fe2 20 (Gauetal,
2009; Luciana & Nelson, 1998) ; % — » &Ml & 7 ARALL 4K > &4 T ADHD
BHE-RBERFE - UAMERHRE  RUBRMYOARERE T A RRAE
%= HATEF ADHD &4 2 F R fo LR BT R B ehap Aol &3k - 24k
Ay R =T sA ¥t ADHD &8 2 F RAF EAE 65l - 8 %05 AL & ADHD 5y

FRMANIERTF o

4.1.2.3. &3

4tk R > i CANTAB 307 /& B RIBR PRl & 8 BUT S AEFo AL B 22 lE Mot
TTUAE % ADHD &9 &2 RA » B A B LEHTHERRELEERA EZTHRAL
ADHD &4 % b » B8 ADHD &% 2 K45 F R4 ¢ % 348 2840 69 AT se Ao
RAETIEIESE o /£ ADHD &9 5 F AR R ¥4 A P AILE TT LR igdR IR R A
R Rk > BT E huf 83tk B ADHD 69 20m A B > B BF 47T 24
Fi P& \A KRR K ADHD F§3Ra949 @ % - £ F 7 & » #5> ADHD &4 %
BmFR o EARAEITAERELE KRGS ADHD 893587 - 127 48 b R AE B9 34T
N RECRERNDEDCTLEFRYREZE B AL LB oiF

HERPTHSZI L Bt i47 ADHD & H o985 k2505 48 44 ADHD
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BEZRERFRETHREHTI A W » &% E A% % ADHD &9EER%
By 2w T BRAE M BATHREFR T RER TR ELFELETAARLH R
j:, o

42 X R AR RBEEH N ERRL R R hiek
4.2.1. 3t

B 2K Spencer % A ¥ 3R 4 atomoxetine it R € # 7 ADHD B F&iE8x E A
(auditory CPT) # 2k & &% (T. Spencer et al., 1998) » 12 % 1] & 5 %7K & %5 35,
atomoxetine ¥] LABA A2l & ADHD &5 898 x & (RVIP) TBL&FHEHF L
B BT LRAIEE & 8932 %% — 28 (J. T. Coull et al., 2004; De Martino et al.,
2008) » b ) - atomoxetine 7] LA 2L & RVIP A5k P IE#£3E 48 (correct rejections) &)
Ltk % 54X % atomoxetine 7] LA F&4ik ADHD & =% &4 %7 %) 3t 32 7- H 4 4] 4E /7 (Barton et
al., 2005; Robinson et al., 2008)

B SR 12 38 % s A ADHD & 25 6951 32 F 3t k3R 45 atomoxetine 7] A EE & A
#3848 /1 (S. R. Chamberlain et al., 2007; T. Spencer et al., 1998) » {2 & 4] &) 5 72 7%
& 25 37, atomoxetine 7] LA & 2% ADHD &£ a2 & fH#ik4e /1 (IED) > $14p 57
RUFEHEBETER LR EFALKT A Wi e FEM (cognitive flexibility): B 2
MYRMBENETF LR FRECERTROMOET N BIBFEERRATH
(Lapiz & Morilak, 2006; Tait et al., 2007) > 48 R 3 > Z 3 mATsaE ) EF LA E B
BRI 422 & 4tk £ 69 % B (L. A. Newman et al., 2008) -

B AR e iB £ s A ADHD &% a9 7 % ¥+ 3 k4% % atomoxetine ] LA 2L & % ]
#21& (S. R. Chamberlain et al., 2007) » 12 #1769 &} % #& B %5 31, atomoxetine 7 LA
K& 5% ADHD &4 6y 2 M T4FeiE (SWM) Foz R4 #izeds (SSP) > &inst
KT EE MM AT ERN T/ RARN RATAENET LR FRE®

L+ (Rossetti & Carboni, 2005) » T A~ EF EMRETHRLH T ZRHMENES
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#4% (active maintenance) > M B E TR BYRIERLF (A.F T. Amsten &
B.-M. Li, 2005) - &I#F %649 5 —EHERL - ZRTE AR RN (SOC)
49 B & 42 L Fo atomoxetine % A 435 AR L RIBR R A B > BEAAR G E
#& % (H. L. Campbell et al., 2008) » 2 B % 34 42 4T B $E4F ¥ &) B AE AR R BT » IE
FEMEASMALRBREL AR YHEELZAL -

BT PATH RS Z D RO R EA — BB R > MARBERT
atomoxetine 1% ADHD &4 4R E e 8o A A F0HR - HRERBTLAL
1% 12 38 &Y 749 2 4% > atomoxetine 7] LA B8 # 4543 PRM #21 SRM iE 7% RJE & R JE i
Ml 2% —F @ HAT4 B atomoxetine 7T LA pu & IE & 7 R B by ROBE 85 R
sk 4k R & 57 atomoxetine &9 7% 3k 3E JE B &b 30 B ho bk KR 1ZAE M E4E  (psychomotor)
8 iR R AFE > B A2 B 40P 3L 4% 3 0 atomoxetine ¥ LA 4E 4a stop-signal &9 & &
B 0 M ) B Av & go-signal &9 R & 85 ] (Bari, Eagle, Mar, Robinson, & Robbins,
2009) » [ Jt atomoxetine &4 & 7] LAE L 3R AE B2 R B 89 R BRBF - ARIE R ) 49
o FRACALREZHORBEER -

i@ ¥ R A B K 3 K %538, atomoxetine ¥ PA2k &5 ADHD &£ a9, 200 (T
Spencer et al., 1998) s 12 £ 4/ &9 7 % %5 37, atomoxetine &4 74 & #£ E ¥] LABH 22 3042 7+
ADHD &4 09R T SHPHEZETRAXTABEREAM & — L F&
KAV AR NE 8 3] 16 349 ADHD &% - M Spencer % AFTILE 694 &
#Z 19 2] 60 sx 89 ADHD &4 > &gtk Aoy FdbmAfabol 0 2 ABmT A
FAr1E i CANTAB ¥ {8 8] 5z PRM £1 SRM R 3745 84 69 4% 3218 > ™ Spencer
% AR 2 4% A Rey-Osterrieth Complex Figure 2R 3F4% &5 6978, 8218 » MW E&L
o BB T B # 7 atomoxetine AL F MR B E AT > A FEERRE—
& B B o AR ST o

#¢ atomoxetine ¥ 7 ADHD & % 41,8 30 18 FE st 09 J 2k 3/ APT T LA 46 8]
atomoxetine fu methylphenidate f& 4% 48 32 2 7 & R ] 64 & 4V FA 448 - M eh

% B8 5~ atomoxetine ¥ 7 ADHD % %89 PRM #u SRM R|Ex & 3 H 8 Z 69 L &3¢
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% > #:Ki® % Rhodes % A{# A CANTAB % B8 T B > it k% 3, methylphenidate
¥ 7 ADHD &89 PRM &3 A & & &9 % (S. M. Rhodes et al., 2004) » {24 &)
WA F P > Tzavara % AR5 38, atomoxetine #£ % 7 SA L & F 5 8y 4 04 A E 9133
(pattern recognition) #g /7 (Tzavara et al., 2006) = st 9} » Kempton % A% 3R, + 18 4%
4% ) BB R AE 2L & ADHD % 69 SRM 25 & 3, (Kempton et al., 1999) » i3 38
4 R4 B — {845 ) 41 # methylphenidate & % 3 X5 % F A E (SM.
Rhodes et al., 2006) > M &£ &) ### %+ Zhang ¥ AR R EF EAR T T £ E R
PIALRAHE LN EZ EL WA E - b7 atomoxetine E B RMER AL F EiRE
% %> M methylphenidate 8| Z A % BBz 2 4 A £ 4546 L &M H 7 atomoxetine

B %% 45 £ 4018 % ¥} methylphenidate 8951 %2 4 £ (Kempton et al., 1999; S. M.
Rhodes et al., 2004; S M. Rhodes et al., 2006) > % ZF & AT 7T LA 3m AR B 0188996
BRERL EFEREFHDF-ELZCKREZZMNAE -

EREMGEERER T > &8 T 12 Be 54 » ADHD &% 3% 4 9
AU E ~ R~ RO B FEeH2E 0 KT atomoxetine f£ & 5 EEE 0 R A
£ A RARHZ 2 R BABEAGHGEMARIRESE L RERER
atomoxetine }5 % 5. & ADHD %% & % H 3.9 8/4/FH (Michelson et al., 2001;
Weiss et al., 2005) » {2 R Z &9 R385, 0 A& B R EA6)EHE 2 14 » atomoxetine
HREEZEEL RS mMAE KXY (Gauetal, 2007; TJ. Spencer et al.,
2005) o ZN B Foo o PRk F o #AR KA G R I K IR atomoxetine HAN T E
ADHD %% H4E4T% % > 12 7 atomoxetine #F A A EF LI & A4 Bty
#ME A atomoxetine &9 B H I ERIE T HE R H b B Ao ok 2 E A G % (S

R. Chamberlain et al., 2007; Kelsey et al., 2004) -

4.2.2. B % R4 R AR B
RV N R RA BB LB KA AT AIBA R R F— » BFEH LR
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% 3, atomoxetine B9 B2 81 B F 91 A 48 Bl (Wehmeier et al., 2012) > {2.4,5 #F
¢ BT atomoxetine &9 2L 3 & 1 5] Loy £ & (Cheng et al., 2007; Robison et al.,
2008) > # AR KA AT E B9 A S > R B AT R L4t ¥ 52 & ADHD &4y
AT P RE[E gk Fv atomoxetine (&R Z G R Pk £ 89 0 B R AR ED
AR A S £ 69 ADHD £ > Rt RMOGEREZFARBUEZLANEFRNAF
#—F 6)FF R A LA BREE 5 = & T atomoxetine ¥1% ADHD R[] g2 & 2 4T3
fEEsA ARG BE RAIAMEEZUEESNBAT eARHURENRERE
BIFRE %= RIVGARAARERHRE RS ARGEHX T EALERAR
RSB BE = RO R CHEBE > RILEZE R EL TS E AHZ THER
(loss of novelty) %% % ty% & (learning effect) M % & b 4L 18 F 4 & 3
(Lowe & Rabbitt, 1998) » 48 T AR LR M FIR » AP RKE N FHH S BEL
G Foib 20 T2 BB e R A B4 (Locke & Braver, 2008) » 12 g % CANTAB
BB R ARG R T B RAFHAE RN - B A 10 ERERA e —8A 7R
12 & (one-month test-retest reliability) it & A8 % %2 & > R #1938 % ADHD &%
B ER 2B E CANTAB Rlsg R SLIF WoARA ey o s » £ B8 o B ap oy ik A
AW mIERGR R RECE RATRARE D o ARG LB
atomoxetine ¥ 7> 2L & ADHD £ % 64T hse BB A AR - (2R /A7 F £3%3
TREVEAT B R K 0 Ui — F IR K atomoxetine & i 18 & B Ak A4 4% 4838 2L M
# R % & ADHD &% 6934720 s (S. R. Chamberlain et al., 2009) °

RT R agRpl 20 RAR LA RBEE F— KMAXE-—BEEHRLE
ARG 5L & ADHD & > 4T 72 5 a4 &0 3 2 A8y » AR 3 atomoxetine ¥
PATHREESR B E  F = RATHPEF R G Fo 38 B AT R BT B 645 4 #t
IS > T AR B E ADHD P #rey Esk M > 3 B ¥ 7 atomoxetine 76 & Z 1%
ITAHEKRNAERTH@NBRERNE S F = KIAREER EHE1Ls CANTAB
5B REHE B EHAT RS T B > M B RMEEREREZAF L

CANTAB & % BAE & %4 » 15 B 20908 B ¥k, z-score » LA B LtLiR B
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4.2.3. &%

4855 R KA B R 553 ADHD B f 4838 12 38 8 atomoxetine 75 7% 14
R TATAERA ABNEEZI RPITHEER TR RESELARENEY -
QIEEEN ~ApHlae ) ~ A BB - BRGEEE - TR 2R E
PR ~ HEPREE - AR ERPIRLEE - RMEpELE 12 BB
R4 k%> ADHD &% F it HST e i B 2R3 A4 2 EE AP
stk #A1% A atomoxetine ¥} 7> 4% 7+ ADHD & 09 $AT ) e Fo L E 32 B R A MR
by > MW s R L S 45 A Bh> ADHD B8 B A /T EL B > 3

ho e ARG i o

43 ERARRBEYEAPATHERGRF LR E
4.3.1. %

R M DSIay 7 ik > A3 RADHD &4 da 38 3 SUR A AP @ B8 12 2 R B M 3
FEAB0 IR % > B A S48 a8 b 0 ADHD B % %8 3 80K 884 48 542 6h IR 314
BCFABAS > THARAF S RER FT TR RSB LR Flloih @8 4P 7 @ 8RR,

~ b 4% ah R ) 4 MR /b (degeneration) ~ S A¥ & 8534/t (myelination) #:38 %
(Beaulieu, 2002; Mori & Zhang, 2006) » &AM &9 5 % 45 R 238 K DTl & R — 3
(Ashtari et al., 2005; Liston et al., 2011; Pavuluri et al., 2009) » % 57 %8 3 Uk 38 4 48
B AS 7% KM 69 8138 T 1F B ADHD & 4 4% 32

W0 B3R5 453 ADHD 85 Z RIATZA ¥ 49 K (Shaw et al., 2009)
Fo &g % (Mostofsky et al., 2002) A #:48 > o %A 697 32 1 — F 55 38, ADHD & % %8
HBURRAY 4 213 0 2 LR ROA [ ak 4R KA X8R 3 SURBAY i s Y

ARUER R TREER DI A M 018 T EFREE N ARG RSP RF
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#8F R4 pr & 3] (Weissman & Banich, 1999) > R b4/ &) 51 5 4& R 88T 18 7 2548
BYERE BURBEAY S B AS SRIB 2 4h > BRE BUK BT B8 A2 69 £ ML R R 7T REA
ADHD #9732 A B @i E 2% A & (Rubiaetal., 2000) -

4P &9 B %% %5 3L A4 18] orbitofrontal A4 & #484% & 5T B M A E & S R RE AR 2 R
BEARZARM > 2B R 9 ADHD 8972 & = 4l4r38 69 0o X A8 4 &
(Castellanos et al., 2006) » #x I &4 #F %% 88 -1~ #= 3% /o & 3] orbitofrontal & & ¥ H ¥ 5%
& By AE LB & 0 Rl @3RI AE LT S 09 AEE (Diekhof et al,, 2009) > 7 S,
A Bt %45 34 18] orbitofrontal (McCrea, 2009) #2 caudate (L. E. Campbell et al.,
2009) M EF@HRIBENEENEG A5 LEGAELE R &K% ADHD
% 7 ] orbitofrontal #¥ & ¥ /2 A BRIRTAE F B TEE AR LAY T/ R REAK ©

7 ADHD & EZ A A REARZ I > &A% 37 4 #] dorsolateral #2 4
fa] medial prefrontal #f 48 3848 6§ T RSB B B EpE K B A A E AR > BHRE
REBEYGEIR B B2 RERBFE > B A4 LR DLPFC a9 B84 T 44838
B EET S K A B2 (Kates et al., 2002; Mostofsky et al., 2002; L. J. Seidman,
2006) » @ Spalletta % AR 2533, £ 2] DLPFC 84 BS3f dn i B R B T > € 9188 E
4k A 48 # (Spalletta et al., 2001) » iz #3535 R 88 -1~ A 1] &9 dorsolateral % 48 3548 J
B R Ley@E g R EEERAE -

RIFLHEMG T EREREE —BHAEIR T ADHD B4 E LR &
BASHIB M PAT ) REESR X M &Y B4 0 B M T R &R ADHD &4
f 384T CANTAB RIBR B AT 2 L9 PAT I AEE SR > BT SURBAY G EHRIR X
FIRAA BAZ e 4a k] - SABR e RIBR R A > & ADHD & 4 [ED R[S A7 R 097
&1 sEsk > 91 4 f3) orbitofrontal Fv ventrolateral 4% 4& #8548 7 %<k 7 BA BA AR B -
B b AT B9 B F0 4 R X35 3R SUR B AT S B R 4o 0y BIE M (flexibility)
A+ n g &4 (Kehagiaetal., 2010)° 7 21 69 51 724 3 & & A& KE &4 /£ 4T IED
R A RN ES SREARERRARBOEF TR GFREIE NN

& F & (Downes et al., 1989) > ™ Owen % AR HEBE IR FHHRA
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AR BB €A RS (Owenetal, 1991) 0 Jbsbh > F Loy i3 R 142 257
REREIENBBENAB TG EREA 4K » &4 VLPFC (Hampshire &
Owen, 2006; Shafritz et al., 2005) ~ anterior cingulate cortex (Shafritz et al., 2005) ~
LUKk #% (Shafritz et al., 2005) ~ LA & %8 ¥ UKk #%3@ 8% (Monchi et al., 2001) % - &
b » OFC & % A 3R & 9172 & 1 383445 1 0938 8 A Bl (Kehagia et al., 2010) » 424
A 3%, > orbitofrontal $1 ventrolateral #9482 3242 89 B % A 7] e 281 7 ADHD £ %8
AT BTG R I A AR

ERAERVP RlBr E A BEHRR > FRAEAFNFHEEESN ~ pHlix
BIAE S ~ AR B RERIAEH 0 Coull £ A& F ETB7 B %% (Positron Emission
Tomography » PET) 47 » 3% 34 £ 84T RVP RlEx s » B3 @7 A @45
BBy g1 645 F2EE A5 (inferior frontal gyrus)~ T8 3 ~ # 4K B§:® (fusiform
gyrus) ~ LA R #5814 € %) & Bk (supplementary motor area) % (Coull et al., 1996) >
DA R E DA KRB RVP Al A A MG REZHEBRARERER
(fronto-parietal regions) (Lawrence et al., 2003) > o $& 419 &4 #7F % 285 370, £ 11
orbitofrontal 7% 48 #4518 8y 7 2k 92 RVP RIshey R R E A A EZMMM > 4245 R33% -
OFC (Elliott & Deakin, 2005; Rubia et al., 2010) ~ 3 & 4% (Jahfari et al., 2011; H. S.
Liu et al., 2011) ~ SA & H ] 4% 488848 » 42 ADHD & H 09358572 E A Fodp e /1
EahmihrEEERAL -

TR AR RA LB R A E IR F AT LA SWM tyRls kR & A A
Ba[%#t (Owen et al., 1990)> b4h > % M AR 4L (multiple sclerosis) &3 4& SWM
P50 o R R LB R I KON ZIBAE A8 B (Foong etal., 1997) » i #4964 27
7 R4 3, ADHD &= 42 SWM R Bx &4 & 3R, 82 % 4] orbitofrontal 4% 43 3818 a4 7 B
HABRM  BIRE R B I S 9P R EE R — B 4o Wolf % A % 3r4 i A ADHD
BB A AT TR 218 B8R 85 B orbitofrontal 3f4x 64 7E b @ F R 2 93 % (Wolfet
al., 2009) - du Boisgueheneuc % A Rl 4§ 37, %2 ] TAF 3o 18 FE et o o 7t 2 131 %8 3 69 9%

¥t A B (du Boisgueheneuc et al., 2006) » M #1695 & 2L 48 T Vestergaard % A
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G55SR, 0 A fal%A ¥ TR ¥ 49385 (frontoparietal network) &9 ¥& #4514 % FA 2 SWM 3]
Bty &I A B (Vestergaard et al., 2011) -
FEA R IRE BT 0 BEIREAE B B 84T SOC ah B ir ¢ R %

F3t A8 71 84k (Shallice, 1982) » Owen % A48 BLAR L 3 2 28 3 tilk F 4if 9
B H AT SOC RIBREF > & H 3 BE FRIE R 693 % (Owen et al,, 1990) > Rowe
FANGARECEREAF BT ER AR R EF SRR ARBEENY A

s R R E 2R AR AR MM (Rowe etal., 2001) » 1% 2K 6 3 AE MBS 31 & AT 72

FETAREALAERBAERERAN LN EZERW A E (Beauchamp et
al., 2003; S. D. Newman et al., 2009; Rowe et al., 2001) » &Fiay#F 0| £ & — 5 88
;= ADHD & 3 72 [ 3t £ 1 ] 28 A2 71 it /71 v £ 18] orbitofrontal XX & dorsolateral 3%
4R BRAT B R REE A BR E AR BAME 0 i@ 48 B Tower of London R 3P4& % 23X % 2 4 3t
EREN P A 0 A AT RIER BT S 3R orbitofrontal B 3k A A B EILE I K
(Elliott et al., 1997; Rowe et al., 2001) ; £ # dorsolateral & 5% * Curtis % A R %3,
DLPFC ¢ 488 x & /1 & = B i Rl R AR R a9 A2 (Curtis & D'Esposito,
2003) 2 & DLPFC H 3.5 8% kb B & 35 5% a4k 22 30 31 46 /7 69 12t (Makris et al.,
2007) > 474438 » ADHD &= %2 R 3t & 91 B B2 4% & A 77 F» £ 18] orbitofrontal 24 &
dorsolateral A 42 #8/% &4 T A AR R A BAZ 094 B A o

ERAVEAR MG @ RV A TR EE AR RERER S B PATY)

AEME g An orbitofrontal #h 42 35/2 & 5L KM A A RAAR B - B X AR
orbitofrontal & 3% A 2F % 4 B mesolimbic #1 mesocortical % & B & & 484 »-
(Depue & Collins, 1999) > % Bzt @185 2 46h B ¥ 44340 ADHD &4y
2 & AR R4k (Genro et al., 2010; Shang & Gau, 2011) #1347 shscfEat (A.F.
Arnsten & B. M. Li, 2005) A B > HIIARLEREREXITF T E RN S LI A
SKTReAZ B PBERELRB P L@ > Btk T ADHD B34 69 B8 KR AR

PLIMAT I E B ©
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4.3.2. 7 MR B AR 26

BATHPAT ARG IAY B PR LR A T RIAARIRS > £ — > K
179 649 B 5 A R 7 M 3% 3 (cross-sectional study design) » A7 B4 & sE5E 47 $) & S A4E
ADHD gL E R MR ELCRBAPEBAE R Y - KT & ADHD t9m B - &4
& R % ADHD /5 s ey K15 M 4 £ (compensatory consequences) @ B 3t F £44 45
KA EHA R RIR R A ESORBAY @82 £ ¥ 1 ADHD 2 By B R B4 5 &

P RITOAR A o BESCRBE TR B TEEAR LU QRS R FH
ADHD # B > )40 %8 ¥ -#2 ¥ 493 (frontotemporal networks) (A. Konrad et al.,
2010) ~ RERE-IKBE-TRE -/ B 493 (fronto-striato-parieto-cerebellar networks)
(Rubia et al., 2009) » B b % 4% 4157 R R AR H € 6949 2 #6480 ADHD 2 fij &
Bt H= &ML +F A 1848 ADHD &£ EfLE A Bt ABLER
HREEXEHLIRTFHATAZVFE—B BRI AREE T 2HR KL R
ADHD &% Bt $ RS SRR SUR AT SR B B E - Bk R R E Z4HH KT
AR Al ADHD 34 7% %4 ¢ (drug naive) & Ao lABFE - LAk % B H IS TR &
AMEBBE S aRRMMER B a8 B e FRi e Rkt Bit
BB IEARER R H AN BEE SR T E MR S R R JE & R F) SF#42 ADHD
BB R LB 0 AR R F b/ ADHD B H 3R E UK B T M AT I 49
Aé -

433. &

MER > RGP R AR ADHD &% £ 4w ¥ sURBAP B2 (b
#. 7 dorsolateral-caudate ~ medial prefrontal-caudate - orbitofrontal-caudate Fv
ventrolateral-caudate) &4 5% %1+ 4 B B8 4248 0 3t H i3 sb4k38 40 ADHD &Y B8 A ik
DBBATH SR BEAMM KRRV G ARZHATE A M-SR EHE
BERUKREI - HATIhEE - Fo ADHD B B B b 2 B e B4 o
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44 XEN AR B EHARRSZS
4.4.1. DATI ] R ExZEH R BEE S8 AR
4.4.1.1. %

HA 9 %A DAT1 AR EATasley =8 288 & M 1 B S ey 571 %A 48 )
fed 48 B ey H (Brookes et al., 2006; Friedel et al., 2007; Genro et al., 2008) » 451
ho HARBENA R BERRE —BEEMER A LA 3'UTR #25 # 28 DATI
PR FELH AR BB eyt (telemere) » B F GRS AR E4
(recombination) &4 7T #44 » {2 Greenwood % A% 3, » DATI1 % B 4 K F) 2% 2:47
RA%RH H8E B 69— %M (Greenwood et al., 2002) » 35 T LA ARFE 2y 47T 3547 69 B 55 2
BSby A R A ARG B R BB — > BRI EEF — L2 R f)]
BB RALE —EEEHREN O TN FENENET (1s27048) # %+ —
AP AEF (1s429699) & SNP » {2 Friedel % A R 3 & 4R 2 rs27048 4% 6,4 WM A
MEEREMZ AN (Friedel etal., 2007) » @ Genro % AR R =B E £ & R
6,4 T fw % -+ wa{E 7 B2 F 69 SNP (1s40184) (Genro et al., 2008) » {2 £ 1 &9 &7 5%

A 3t kA58 SNP MEfT —EEEHERZ A > FRRERN EERE
T R F) SNP 4% sb 2 R 38 8 R P #4769 48 4 B 4% (Greenwood et al., 2002) » H sbfE 4%
Bx DAT1 2 B 85 & 3% i 18 % 69 SNP » 2A{@ 4848 & DAT1 ¥ K #2 ADHD x [ 8948
B

KAV R4 5, DATI A B #y SNP (1s429699) 1B £ (1527048 (C)
/13429699 (T)) #» ADHD ;& H R R B A2 A A BRE M EER W F
BB T B AR (1527048 (C) /15429699 (T)) A EAFRERM R EREH
Bl > Mm@kt b3 DAT] AR ¥ ADHD & A R R & A (Krause et al.,
2003) Fuix & A4k (K Konrad etal., 2010) A 4881 > 2 T DATI £ B = 4 >

A ECHEREIRES ADHD ZE AR E R AR » @45 SHTIB (Smoller et
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al., 2006) #v alpha-2a-adrenergic receptor (Schmitz et al., 2006) A K % - 28
Waldman % A % % 3 DAT1 & B #v ADHD #4884 )& 3k 8 A M % (Waldman
etal., 1998) » {2 & A1 &y # % 3t k4538, DAT1 R B L #9447 SNP K B £ 52418 %)
EHIEARA B o % Ih AT FR T 3L K45 DATI 2 ADHD #9846 52 A 4 B %
i3 2h4v Wohl £ A #9552 — 3 (Wohl et al., 2008) > 1281 1 & B Bh 64 B 50 48 R B R
48 [5) (Asherson et al., 2007; Genro et al., 2008) » iZsb 2 Z M T L WL T % H
@B FATE AR 0 LA RARTARE - ARG KD~ AR ADHD R 5 t9E8 R &
HME -

BRI DATI AR Loy 4t &1 ADHD 4 #8 % ey 48 Bl 1% > {2 AP 3%

14

AABHEEG R RITHEME SN > BIbigie8 & 8 ADHD 2 B2 & A B R

f

B A Fimss ANBTHARNEER e ERARY T REARARBRA
SR TNETHGEADATI AR AR L HEER M A6
(Greenwood & Kelsoe, 2003; Kouzmenko et al., 1997) > 540 Kouzmenko % A %35,
F—ANBRT T 7] & 58 DAT] A B 49 & 4a B M9 49 & 3L (Kouzmenko et al.,
1997) » ™ Greenwood % AR 3 DATI AR L FE AL - F+= > LA FE +w/E
NIEFey 8 B T A8 5 DAT] X R &3 838 A R1E (Greenwood & Kelsoe,
2003)

BB FERF) BB R BT > 3'UTR 8y 10-repeat allele £ 3 A ~ FH A~ 2L
B H AN LB BB A b5 & % (Mitchell et al., 2000) » i 47 &9 4% A 88~
10-repeat allele &9 tb 5] & 91.6% > #2138 X J8 3 AR BRPRAE 695 %48 — 2 (Chen et
al., 2003; Cheuk et al., 2006; Qian et al., 2004) » B sb4X & A 69 5F 5% 3 St 1B £
#9471 (selection bias) o My B &K AP ey 7 #2318 % H v ey A1 3% (Gizer et al., 2009;
D. Li et al., 2006; Purper-Ouakil et al., 2005) » 2 4 1% 4 55 84 35 #5 #8 3'VNTR #4
10-repeat allele ¥2 ADHD = Fs A 48 B & > %t 2K A %18 meta-analysis 2§37, 3"VNTR
#2 ADHD z [ 3t & 48 Bi#E (D. Li et al., 2006; Purper-Ouakil et al., 2005) » 12 Gizer

% AR 2 B 25 3, 10-repeat allele #v ADHD % A sb4eh48 M (A A 1.12)
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(Gizeretal.,,2009) > B3t 3'VNTR &9 AR S R THE A R A T2 ADHD ¢9% R -
X & — 18 5 3 A E % B 894222 (Greenwood & Kelsoe, 2003) » %% 3 'VNTR

& B IR 35 64 X A AE A i i ADHD (Brookes et al., 2006) -
4.4.1.2. B30 IRB B AR B

KA ARBELHARAANTHABARARRS F— ROOBRALBEN A
KR FE 4y ADHD A » #575] R @& g A > AR /1 g s 4h » bR R0
FEHHFFNEAKREE S04 A S F= RMWALRARE —EH LY
DATI1 AR » ##>% ADHD Sk ey k7 > B R L AR — AR AT Ry -
R bR RADE BEH AR AR AR 5 F = £4r749 ADHD AR &R A 7]
THEAN RAILARERLITRBAEE —RNRE > B F L& — 5 0HF %3 v A
B o

4.4.1.3. &%

HERR - R AFEILDATI AR Loy —EEEHE K& ADHD &%
ENRRBAAAMM > XIFT LKA %E ADHD e A B2 iy HE &
ZAG - KRIMGARERBLEEIT ADHD 5 FEE LA KR E R E M
BERR > BB TARBRE S ERBAG ARG R

4.4.2 DATI 3 B #3047 sh fE e sk 2 48 B M

4.4.2.1. 33

2 K Byt %2 (Pioli et al., 2008) Fu A 87 % (Mehta et al., 2001) ZRZET T
Eﬂﬁti‘l—'—}ﬁ éﬁ gfﬁﬁl/f/ﬁ aa .]’_;}57\/5?%‘% é 4975/\%"[&& éﬁ‘ﬁm%‘#%’l%ﬁi
DATI $% f] TAE a2 M a9 B 14 > &7 DAT &£ ADHD &9 £ Z:55% %4y

methylphenidate #94k F {43 > i@ % €A 3R 4 B85~ methylphenidate v LA 32 FH12 B
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%34 (Elliott et al.,, 1997) #2 ADHD % # (Kempton et al., 1999; Mehta et al.,
2004; Turner et al., 2005) &) % M TAF 2GRS e £ B > MARMGAREETT
DATI A B #% B T2 iR 2 F# T B A a1 - 2R TAE iR B3 e B T &
BA M > a3EATZaE (Nelson et al., 2000; van Asselen et al., 2006) ~ 14 TR ¥
(Klingberg et al., 2002; Koch et al., 2005) ~ XA & /& %&3& (Abrahams et al., 1999)
% #ADATI AR X ERXLKBALKE  MAANAE KTBRE - UREHEY
# R g8V (Diamond, 2007; Durston et al., 2005; Schott et al., 2006) > 12475 K % 7
& a9 DATI AR B B8GKMP L E @i RPE R e
& F— FRTTA BRI SRR S IR ATRE T Z RN
Fauyta Bt (Landau etal., 2009) ; 3% = @ B3R5 2 LB F T2 ARG &R
EHORRZAMBAE > mALMEEE UK - URTAE FE B (Stollstorff et al,
2010) 5 3 = > PhAe MRS 3P P RA o > DATI a9 A B % & e 4T T4F e 8 Al B o
Gy AP 4275 M A BAAA B9 48 B £ (Bertolino et al., 2006; Bertolino et al., 2009;
Stollstorff et al., 2010) » 4% &~ E Wi BFF 50 45 R » AT T PR30 30 A AT TAE 218 A1 B
B AAAEMTAEMERNAE R DATI ARG EHPE -

KA 69 B 75 45 32 2582 15403636 (G) /rs463379 (C) /rs393795 (C) /rs37020 (G)
1 SWM #4 within-search errors 8 boxes #u double errors 8 boxes # #& 2% 48 B » 35
BB E AT REF 5T 0 B A BLE R B ¥ 38w B > ADHD & ey 3473
fefFEst g %45 2w #E (Gauetal,, 2009) @ # & 14 25 R F8 T § TAF TR
B ) $EFE 3 Aoy > ATEAE MUK S g2 E g w (C. Chang et al., 2007;
Wager & Smith, 2003) » Stollstorff 2 A4 2830, > & T A 3018 R B 0 $# 7L 3% o B >
B3R a9 B G R A DATI ARA G AE MAREGRIE - RRE E4HFEERH
15403636 (G)/ 15463379 (C)/ rs393795 (C)/ rs37020 (G)#2 ADHD & # &) % B pz &%
Z [0 B4 0 BAT RIRAG AR R -

BT IARRIEZ N R R AR DATI AR S A G HHATHAEA 48

Mt GFEZMBEE AR NBBFE - URZMFNEE -HACEAFLAR
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BRSO RAEEENMIREN T M EER A E (Robbins & Arnsten, 2009) » 3t
A3k & /) #1344 /7 92 DBH (Barkley et al., 2006) #» COMT (Schulz et al., 2011) %
AR FAAM AMBEGARERER DATI AR REE N BMEHNZHEA
48 B (Barkley et al., 2006; Boonstra et al., 2008; Karama et al., 2008; Schulz et al.,
2011) > HbABHNATRAEM S E A% > Schulz FARBEIKBEH SR AL

HRIEE ) AR ) a9 B #L (Schulzetal, 2011) -

4.4.2.2. B 5% R B R AR T

AV AT AEFESR B DAT1 AR A A AT ABHA LIRS - % —  &KAFIR
FEE—BA R 522 A TR e ik MR AR W ERRER %
f T4 22 1% $1 DRD3 (Ersche et al., 2011) ~ COMT (Nagel et al., 2008) ~ Dysbindin
(Donohoe et al., 2007) ~ MAOA (Rommelse et al., 2008)% 3 F #5448 B » & & o #7

CARMKA B RMIEN ADHD &5 2R T/FCREse) R R A L 2@ T
%= RV T AE R a9 s BRI By £ 25T Al ADHD & 693475

REREEE 0 R R MEIFE T DATI AR N HE BB I REESRYBE -

4.4.2.3. &3

Mk R R E 3 DAT1 A R 1 ADHD &%y 2 M T84 48
B PE > & # methylphenidate =] A 2t & ADHD & #8492 i TR0 54t » B bk
RFF 1 —FRRBRATATE R F £ 4% R # methylphenidate 2 ) R JE 2 [ 4
Mt > Bobdp 2 TiFieiER ADHD EH 6N ARAE » Rk RRTURE B
AE MRS AR % B R IE £ DATI AR #ib ek oy B %

69



5. B¥ (Prospect)

50 #HERS

B AR ERIR AT 7 T4 BA T 406 B $E7 ADHD 89 sk > 2 R A3 % B
BB AR EHABRDNRTIMARIET OGFALT S E£R % T % ADHD
BRARGAHABRRRARET B eABNRRABIREER  CREHRRNEL
BTRBEOENER - URFARBE TR GCEL LY ERAMERGEL L F
REAPARTAEGRE RS > CEFRRA S AR E DB R 2 R 6y B
14 B IR &4 3 B % (pharmacogenetics) #89#t % (Kieling et al., 2010) - & 3t
FRANIRZT ADHD 9% 32 A 324448 » B X X BB 5 7 4 B 4h) R JE 5L DATI
AR FHeyRifh - B & DAT1 KR A e :# 4 a k) % & ' dopamine transporter

iE 2 6% ADHD &) %4 methylphenidate 1§ A 894 & > {25 bt RAPBER T R —

REGER Bl F s K553, 0 DAT AR 4 3'UTR #94 & 2 A 10-repeat allele »
AMEF & A Bk ey # RIE (Stein etal., 2005) » 1240, % 5 7 BT AA R B &R > Bp
10-repeat allele & i 2 82 £ &) %4 R &4 48 Bt (Winsberg & Comings, 1999) >
H e w5 R 8o~ 10-repeat allele #1224 R J& 2 4 3 & 48 Bt (Langley et al.,
2005) » @EWERZIFAGCHEBHRNYEZR > THRAA X LORE AR
IME Bt Bl & 691 A O XA R &R Bl Z (outcome measure) & T E > # A 7T A

%7 DAT1 29k » 7 9~ — 18 % 45 % ADHD # 47 4 B £ 45 B 4% % DRD4 &
B T893 % % Winsberg % A% 3, ADHD &% &9 DRD4 2 7-repeat allele & K
7 22 methylphenidate &9 3k f] 3t & PR Za 6948 B £ (Winsberg & Comings,
1999) > M Seeger % AR %3, & ADHD %% [ 85 % A DRD4 L &4 7-repeat allele
LA R serotonin transporter 3k & &4 long allele » B # % methylphenidate &4 3 R &

# # (Seeger etal., 2001) - /& 7 7-repeat allele Z 9} » 4-repeat allele & DRD4 E %
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4 1E3T e A B 44 £ > Cheon £ AL 5% ADHD &2 %4 44 kAR - Al
e 4% 8 3 49 methylphenidate 2 7% » &% & A b BF ey %4 R & (Cheon et al.,
2007) » KR4 E Z 414 DRDS b oy R ]k B R IR 24 42 24 ROJE 2 Fd] 04 Bl 4% ©

B ¥ K % $eh) ADHD £ 4 K R £ 51 % 45 & 4% 37 methylphenidate #4934
F ARV BB 5 47 2 R #2 atomoxetine &2k 2 F4 89 B 44 (Ramoz et al., 2009;
Trzepacz et al., 2008) - Trzepacz % A # CYP2D6 # F &) poor metabolizer $1
extensive metabolizer % i) 89 & 2 ¥ 2 4y %) & » 45 R 2535, poor metabolizer 1% F
atomoxetine &) | & Ltk extensive metabolizer &K 0.1mg/kg > 12 & B& IR 76 % L 4E4E
FEBFEh4iE ADHD &4 CYP2D6 9 A R A » Bs R B EP - AEARIEE IR X &
& B R 18 % Hb 3 & atomoxetine B9 %] & (Trzepacz et al., 2008)- &5 7 atomoxetine
% 4k A £& norepinephrine transporter £ » & gt NET A A & atomoxetine &4 2 47 3 R®
2o & £ B 4Z > Ramoz % A% 31 4838 6 B #Y atomoxetine ;4% 2 1% » ADHD %
# e NET 3B b2 %A X2 SNPs » Bl Hkz €82 425 (Ramozetal.,
2009) > KR E B4 NET AR B T tay ARG RER > UL R LBEEN
B EY R AR

4k ADHD &4 84 K B 25t KR T 7 A4t # 5 s B H jw AIEH| 2 9b »
LEZHREGAR -~ FE %Y (R atomoxetine) ~ BB K H g A R oy X ZAF
A ER ARt R A T RA H ADHD &y £ R EZ M ey Btk 0 MmiE
Se B 7 48 R A BB AL B & (individualized medicine) #9% & © KRR TARME
ADHD 18 % 7R 5] 0 45 B A1 R R 4% R &3l 0 B i » AR TG R 2OR 3 IR K 8]
ER &3 A -

#78 B AT $7 ADHD %4 A R 2695 L B/ o > (24T HBEYARTER
ERBBUR—BNRAL > KIMABHETRRET ADHD 4 A LRHA R LR
A E R B AR =0 iR 00 R F 7 X AR @ A 69 B R 0 TR
EEREBAMARNIATROAAYE R - B LR ATIE AR T > BRI EAL

BRIEF X 0 HATEEBITAR T @ o BRIy B AR 25500 E 160
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fir 7-18 3Rk G4 M @ %44ty ADHD &% - i3ub B2 5% » & E RS
> H b 80 AdE methylphenidate » % #h 80 A% atomoxetine » f£ — 8474
B AR A G AR IS B e R X F ARG T B A SNAP-IV (&R
MEEIR) > HAbIP4E Rk 6h 218 T B 8] 6,4 Achenbach Youth Self-report

(YSR) ~ Child Behavior Checklist (CBCL) ~ Clinical Global
Impressions-ADHD-Severity (CGI-ADHD-S) ~ Clinical Global
Impressions-ADHD-Improvement (CGI-ADHD-I) ~ Social Adjustment Inventory for
Children and Adolescents (SAICA) ~ 22 & Chinese version of the Family Adaptation,
Partnership, Growth, Affection, and Resolve (Family APGAR-C)% - % sMRIE i@+
#Arity ADHD A RAMAER » EFLFEIFECERAR  a2MRILE

718 ~ 4 E BB - AR CANTAB % » BB RIS ERA 2 REH
DNA # A& 4 HTREBFEM AR GMH AR (DATI, DRD4, DRDS, NET,
COMT) #ATEER - FiA EHF B RE 24 BRI » A LA P8
Wi fe kAR BREBE LR AMEARE R -

BB GFHZOBEZT » KRG EHAR 25 % 4£ 2000 FEFRAAAE=
FAAAR S E 09 8h (NSC 98-2314-B-002-051-MY 3)- it # 2009 4 £ 2012 4)ig
Hl7%ax 160 4 ADHD &£ 690 % > BATATA &8 © 2 24 B ey B He - RAAIFAH
AARBAEEE AL R L2 ADHD ¢y % B2 > 4% @45 ka0 R
ARRG R GMB M- BEREGRET XA E R AR H B RIE
ER > 45 & F B & E v 7 4 ADHD &% 32 4 32 4% 88 > R RARIE B HE A ey &
B A A7 2 R B 4B ARG RS & R ORISR ~ B S e P DA R e B 8 4
BoMRib ZERELETABBIRERBEERAMOARA > BT %
BRXEAABROEY - RV EHER LR AR RV 6 ADHD 6% %49 7 @
CEREZOEN ERARGARRAE BB E T X T ARBE KRR E DR
QIR BAFTURBRRNGARA > mIERLRE G B4 RFEREZ

fa oy 22 Bk o
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52 &M ENEEFEZ LS

Eo@ L EBIGEATLER - ADHD &4 & FHHRE R ¥ M3 B
BAT#a%E ~ dACC - striatum & /M B » dorsolateral & ventrolaterl prefrontal cortex
WA S HATHRE AR 12 2EE S ~ 2 - T Z 4 0 M ventrolateral
prefrontal cortex X Fu47 Z 3448 B s JACC B MR 15 @ 3% (reward circuit) &) —
o R geRi R BN AT Aied] - RREZAEHMABY 5 striatum 332 A Fo AT
AR WAR GG AR 5 RS B AR AR A AEAR B 0 R ohsen A AR
& o ™ ADHD & # ® F##MEE T EBERBHB|ELRB LY > 28—
¥ it R AEAEFE ADHD &8935 2 %M > 6,35 superior longitudinal fasciculus
(Ashtari et al., 2005; Hamilton et al., 2008; A. Konrad et al., 2010; Makris et al., 2008;
Pavuluri et al., 2009) ~ A & inferior longitudinal fasciculus (A. Konrad et al., 2012;
Pavuluri et al., 2009) % 4% &2 3% /& 72 2 M a9 4k &% 4% 18 % ¢ DTI 5% % %5 37,62
ADHD &y KA A B4 - BlSbAn A 4F B S A 5 T MR T 285 sUR A A 46
HyAb sk 4 R4 ADHD &4 89 at - £RFGHIRNBIFZT » KM EE
BRELWET 40 12 2% ADHD & DA R 40 i R iR 4a 0 3 B BA8 3 4R
He 2 ba Y BE ARG RSP S ~ AP RIS AE R B ~ AR DSI st IR EH 0 K
R #4945 th gt ADHD & - Fofd JE # B 4a 2 ] » f& superior longitudinal fasciculus
24 & inferior longitudinal fasciculus ## 4835 /2 8y Z M F £ B H £ 7] » A E a3k F]
BT EESGREZINE w it ADHD # B 64 23848 B

B R A1 2 48 DSI 6977 50 R BLAR I SUR A 09 AP 42 3842 52 B M2 82 ADHD
B R Ao AT AEFE Gt X R A AR B 1L » {2 DSI & B MM 808 % » &
B E 2w T AR ADHD &) PAe4p 48 [58t - IR T &M 8B4 P 29 0 B
&, & 5] B4t ¥ ADHD & 3 09 B3R AP L B8 B AT h REMAP BB R ERAR - £

REMAT & BB EPARLT PETREY —AZTZHHARLTA PET W REZAA
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FE RGP E 0 T ARG SR 64 B) B AR A A R SRR LAY B R 0 T R A
% dopamine &) 4X,3t & dopamine 48 i &% %5 ( dopamine transporter 24 & dopamine
D; receptor) » 12K % PET AF X A X4 09 P1 58 > AHE L RESANLERF
DEFRR 0 L F R AT RGN RET 0 ©aR T A A% IR Bt BAX PET -

BRI REMEM BB EEM R T  IMRIZRFHARFEAATGTE B A
fMRI =] 24 2 FLHG 3R fn R B GOAK AE » TR RJE B AP 27 E B ek /8 » REBAR
AT AT B B B 04 TE 3545 R 4848 (default-mode network) 894 % (X%
resting-state fMRI) » LA R 2 L3R o R B B 6 BG 3R 75 8 B 3K, o [ B 7 B ) B & By
RAENELABIHE BRI MBS IEE R > R E %A A7 S84 R 6
Bhék o Bpab s ssah L ey B 45 (van den Heuvel, Mandl, Kahn, & Hulshoff Pol,

2009) - AR A EERIELEIKRLRETINA FEAGIIEE > SEELLS
T precuneus / posterior cingulate cortex ~ AT %8 3 + Sz i R TA ¥ (parietal lobe) %
B3> M AR X AL MRRIFFE G TF > S5 BEEFTE i)
BRI G s o MR R iR @5 KRBT L FEE M
& PP & o fie L A8 B 69 B 3% o Z BT 69 A T35 TR o 78 A8 TR SR X 48 48 3 R 3R 4o
BBy o ADHD B4 0y 3B B A @ &R E T3 o (A5 E - TAE - UK -
INBE) BBERFEFTARER  EEEBRSRBIRGEREARRKE  EFHF
#4269 £ 4 A fronto-striatal & fronto-cerebellar =i 4E 1 8% 4 (K. Konrad &
Eickhoff, 2010) -

4 2007 8% > Sonuga-Barke #2 Castellanos % A ¥ 4842 i} ADHD 2% —f# A%
R 48% =R (default network disorder) (Sonuga-Barke & Castellanos, 2007) F %
ADHD #9835 X 4848 A L U a9AP M8 2 S AR E - Fb @ H B4k
AT AP R IR BB ik R T45 0 M R I A ADHD &3 6938 40 o) fE [ 55
(Castellanos et al., 2005)> Fassbender % A3 % ADHD &% B4 30 09 FA 2% A2 R 48 4%
SR8 % wHp 4] (Fassbender et al., 2009) - Peterson % A B & i — 35 #F 22253,

## 16 42 ADHD % % # % methylphenidate ;4 1% » £ A& 35 42 AT 28 3 Fv posterior
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cingulate cortex #9 F8 3% 4% X 4948 7] LA 4R IR % B9 4% #p 4] 38, % (Peterson et al.,
2009) - M Liddle % A4 3, ADHD &£ B3 AR X W& EFirF R % > €9
B2 3] methylphenidate ~ $y 4% 69 21K (3R B 49 FH 1K) ~ AR ETZ ] X ZAF A 6955
% (Liddle et al., 2011) » &3t & 3R & #% % go/no-go A5 A » #H R A% T Rwmie
2 RARIRBN 69 3L T © AR AE A OB IR TR A A L0 E M BT HN A A RA
methylphenidate 49 ADHD &4 2R3 > A A £ 53R B &Y 1FET 4 e A ZOb AT
A RX LB 0 % AR A methylphenidate 2 74 » ADHD & # R 3% 5 K
WMEBNE I T IR A A PR TR AL X &0y F 4 (Liddle et al., 2011) - &g 3
B L R AR~ £ ADHD B 5 B30 e TR A & ~ RAendEH 8% ~ AR
% A %43 (limbic network) 2 R > F 2 A DS RG T LB ER K
By @Bt mMARXRAE —EBALE TR BILRR S FRFET
BN AR GG Z IR K A v 2 @ik T A2 ADHD B 3R 64 4 48 B
4 PR 4T B PR AR o

B RE 0 ZEH R P (Child Study Center) & B A7 B £ /A3 4 ADHD
14 S W AR 0 LB B4R T A Castellanos #dx e 18 =+ 480 & 7 &+
& W7 ADHD B§3[ o) fle tEAP @ AR 20 R » KARIE T L &M B2 R
ADHD #f 42 4938 et 6y T 47 > H 35 39 F) B4 Impact Factor #& % &9 Bl X237 ¥ >
B st & 3t £ 42 2013 42 2014 4/ £ Castellanos 203% 49 B B4 8 sbit 092/ 5E
PEAPE R E > ARRE—F G EE > SARH LR T AR E Lo (T 547 resting
state functional MRI &9 B 4} 2 4) > 3B AE B G4 18 M 09 A9 L8 0 45 YL o) REMEAP 8 75 &
Z R BifR > EMEE TS EMERE GRS GRENEBRE B
WE S RREESE ARBARSHREE > &M — 8L wd@ey ADHD ay4

BAMPHER

S3IMGARE
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WRIFE KB E G KA, 0 ADHD B 5 K B 4 R SR 3RA9 42 8018 w4 M
BEF RRRBIMETH B BEARZE (imaging genetics) B9 K » RIFEA
WEARA G EHMINEHEEGRAEANTE » 32 T4 ADHD & KK R 4 & 2]4f
BARAGE T AL R - B XA ER I ADHD 8 R AR Km0 F
& #ZH DATI AR £ 3'UTR 94 & A 10-repeat allele > B 5§ 2F 3512 885+ LUK 2
(striatum) &9 dopamine transporter /& M # 4K (Durston et al., 2008) © 2. o fie £ A

DAL RBER > R E IR 0 DATI AR £ 3'UTR 94 & LA
10-repeat allele & ADHD %% > H KE§ % R AT40 % & E (dorsal anterior cingulate
cortex) &M & (Brown et al., 2010) - Waldman % A& 73835, > 22 & 4 48 K
R % BB B AR A AR LT - DAT] S B 6938 & 4% € 5 2 ADHD J2 ik 69 it
FE 3%/ (Waldman et al., 1998) o Fifi i3 sk 5} %3588 » ADHD R§3f shhc ey %
HARNZMAFFRENGMBLE FRSERELEREER > 5 R T
KB RREEA THEE AP RAFERANEFT EMETREIEN TR REE
&y a4 4k (Durston, 2010) ©

PR T DAT1 A B 2 4 > 7 9 ik F AT % 49 & 61 %F DRD4 S R 2 ADHD 4% &
AR 0 B ATIR 3T - FEARY AR AL A ASARAE ARSI b ey Rl B AR {2 3 R
3, DRD4 ¢4 £ B A $45 ADHD B H eyt A B2 09 2% (Bobb etal., 2005;
Castellanos et al., 1998) - 12 5z ¥ &9 #F % R & 4+ ¥ DRD4 £ 1§ ¥+ 45 %) & & B9 /4

T ARLH R > 540 Shaw % A 3R 4 DRD4 X R % =188 F (exon
IIl) E% R %A T-repeatallele 98 % - ARIATEAE A RL TR E 9 BE3I0 & E 8
(Sheridan et al., 2007) - % $hA # %45 f » % A #b 7-repeat allele 89 ADHD {8 % >

HONES &8 88 Z 8 8 (Monuteaux et al., 2008) » iZ LB 3 45 £ 43K 7 DRD4
AR#F 4 ADHD B3 HF X EBRE L ARG BE -
P TDAT1#1DRD4iE B & B 2 51 @k vk D BB R AR LR RRF L E 0
catecholamine £ K ¥ 7 ADHD & # #¥ & [ 2t 89 %5 % (Baehne et al., 2009; Bobb et

al., 2005) - Bobb% A % 4+ #1128 1% 1% &K B g1 ADHD & B 14 BATHH K » & RE R
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DRDI#NET:E W18 2 B fe ADHD 2[5 B4 #2 % 6948 Bl 1+ (Bobb et al., 2005) » £
E—FHMRFELARNFELT @Y EADHD & F M T BB M &R
B TLAG ST 04 B A 138 b2 R A B 2 R 3t S PR AR 948 B (Bobb et al., 2005) ©
Bachne % A R & #F % tryptophan hydroxylase gene (TPH2) &£ K % £ (Baehne et
al., 2009) » TPH2 4 g1 T 4 48 4% H 49 & serotoninéy A A% > serotoninfe ADHD# 5%
BB T L EERA G 0 MmBachne ¥ A4 B TPH2 69 & B A 2k K Fo AT %8 3 09 B
W& B %K BAZ MM (Bachne et al., 2009) o

B HAGARZ R —FIMaA RAAR > 2 B AT Ak A F R D B FFI4H4
ADHD &) %4 AR 2 MM » L ESLATE ¥ AT @ATIRE 49 DATI
#2 DRD4 & mEZEARHMEIFMELNOBE > MAARERHES —2NH
(Durston, 2010) - N A EHG R AR BT ARG KB > MARPGLEH RN
BREERMTUEZEAMS LY P ERLARFABES L ARG ERAF Bt

BREH—REY REERR LA ENAGRE - BALRPEZERE

RKBAL AR R BRABE AN SARS ZD R INESHE RN R
¥ PRIAZAEREFSECERR THEE -  ADHD £ R MR R
(developmental disorder): B pbJE3% 2 & R H /N IRIB AT R EBR YR E
R FHREETHARHWCHBREFTHMELANBE ARFRZELBGLEA
DR RS H AR AR EIEHARE B & > B RZLARA % R ADHD %
F ARSI MRS AE T T o B F ey o

BB GHZOIBEZT KON ALBE R CERE T 40 4289 2% ADHD
B BB BEA WA 0 — R A methylphenidate » % — 8 R] Ak A
atomoxetine » f£ Fl 2 AT 647 MRI %% > f£ A % 12 B2 1% B 47—k MRI
%H 0 R R A S R o) fik 3B 34T DNA #4664t > 3 F R &R AF 4T
BB BIFEF AR P RER UREMER=H 2RO MG AE L
@ T A% ADHD #9532 £ 32 M 9% -
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5.4 HipE X

B K& R A LA N RARI R E KB E 94T A& HA (Sontag et
al., 2010) > @17 ADHD &35 Bf 6 ALAT AR AL L HRE RN AR ~ &% ~ 1
B AEE) A% 0K 0 Bt ADHD #9844 X, (animal model) & B &R EiE =
FrEeER o RS o @E s et BT ADHD g AR ¥ B
(monoaminergic) EE FASKMETAHMN  HPE&FHARIZ S CBPER
PREAZGAEFOHYHEAX (Russell, 2007) @ kAR & 69 ADHD 448 K Al

7 SHR (spontaneously hypertensive rats) o k45 7 4& 1% & 4 % a4y 5% 52 B8 » SHR

2001) > BT AE AR ARG E WA M (Rejaetal, 2002) - M B SHR 2 A7 %A
RS ORRES TR  HbAMIFER LAREM S CRIRE R -F4T » SHR
& %3 ADHD 894 S AR TR T SME 89 R R A 2 Sh > A 8 0 38 2 R Bp 4 88~ SHR
HRIREGERAR o Bl EH B ARl > FAEE L THEYEF - SHRBRAE S
& A #w%$ 8 RE (Handetal., 2006)> it B SHR £ % 32 [& (spatial memory) #9
e N1 &R FG o A TEE ORI B P 0 SHR Zaw 80 89 iR B (startle response) »
EHE ARG R LR R F 0 AN —F T A2 ADHD ahAb @ 4 38 2 4 4L -

# K SHR f£3F % 7 @ #f a2 — B3k % A B 1469 ADHD $ip X - {218
FEEAEIEN AR H @a &I SHR KRR 2K % ADHD » f4o 4z 3 b
2% /18ER F (five-choice serial reaction time test) » SHR it k 2 3,85 £ &) R JE »
i B4 24 R JE 6971 %0 F > SHR 3 % B8 5T # methylphenidate #4947 % 78] 5 20 & 3%
% (van den Bergh et al., 2006) > R st 22 SHR A &4 X7t % ADHD 8% > 48 %
A BABI AT R RN > ERER E— e B st AR o

% 9k DAT1 knockout &£ B 4. % DAT1 £ R » & ¥4 A £4F &4 ADHD &%)
## X, (Sontag et al., 2010) » i 4k DAT1 knockout 492 &, & & 34T 418 %)

(Gainetdinov & Caron, 2001; Gainetdinov et al., 1999; Giros et al., 1996) &4 JE Ak A
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B 7% e l&Esh s (Gainetdinov & Caron, 2001; Gainetdinov et al., 1999) L &4 4k
B Mzl ERERAAS CBNOFRFETHEAMNM (Jonesetal, 1998) - 24
DAT1 knockout #5 % A £ it #8410 ADHD #4377 1k > {2 B A7 3t 72 4 %645 £ 4 ADHD
8. ¢4 dopamine transporter F F 5693, % » R A #F % %4~ 4 ADHD &%
Z &K B2 649 dopamine transporter K M & L FH 8937 % (Cheon et al., 2003; Krause et
al., 2000) - B b3z 4. DATI knockout & B AF # ADHD &) )45 R 69 8125
TR ReayshiE X &g A ADHD 893 5+ > flao R BN 5
B Rz ey & # % (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, MPTP) #4 % F >
BT EERERANRREMR B AN GO LART METAEE N BBEE
(shifting attentional sets) A & B ] 405 (time perception) #9[E#t (Decamp &
Schneider, 2004) » K b2 MPTP R 894 F ikl A8 45154 ADHD (£ & 5
FREBAGEH MK o KRR KM K E BRAFIRIE ADHD &4 69 35 B 51 K 48
R BRAERGEHMER - RIRAIR ADHD f£iv & G0 F miv s ik @

MEMERT
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6. HXFE X i (English summary)

The doctoral thesis summarizes that the research results of the author in the
neurobiological and genetic studies on ADHD. The main strategies include
neuropsychological, pharmacological, neuroimaging, and genetic association

approaches.

6.1 Neuropsychological dysfunction in ADHD

6.1.1 Neuropsychological dysfunction

Introduction

Attention-deficit/hyperactivity disorder (ADHD), a common early-onset
neuropsychiatric disorder (Gau et al., 2005), is recognized to have multiple cognitive
dysfunctions (Willcutt et al., 2005), particularly in executive functions. Among them,
the most consistent results are tasks requiring abilities of planning (e.g., Tower of
Hanoi) and inhibition (e.g., Stroop test), followed by tasks requiring subjects to shift
efficiently (e.g., Wisconsin Card Sorting Test), then tasks concerning fluency (e.g.,
letter and design fluency) with negative findings (Pennington & Ozonoft, 1996).
Recent literature has documented that executive functions has discriminative validity
for ADHD with moderate effect sizes (Willcutt et al., 2005), and with greater
reductions in the visuo-spatial executive functions than the verbal working memory
(Martinussen et al., 2005).

The prefrontal cortex develops dramatically in adolescence, and this

development has significant influence on the cognitive control (Blakemore &
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Choudhury, 2006). Although executive function deficits appear to continue across the
life span from childhood into adolescence, there is still relatively little information in
adolescents with ADHD, which has yielded mixed results as to the degree and
domains of executive dysfunctions (Barkley et al., 2001). For example, Barkley and
the colleagues found that adolescents with ADHD showed no deficits in working
memory or response inhibition, which questioned whether executive dysfunctions
were as robust in adolescents as in children with ADHD (Barkley et al., 2001). It
warrants to investigate of adolescents with ADHD to clarify whether executive
function deficits reflect a delay in maturation or a persistent weakness (Martel, et al.,
2007). As the majority of previous studies are conducted in Western populations, their
results may not be generalized to other ethnic groups, such as the Chinese population.
The current study aimed to investigate the verbal and non-verbal executive functions
of adolescents with childhood diagnosis of ADHD and to examine the effect of the
level of task difficulties, persistent ADHD, psychiatric comorbidity, and use and

treatment duration of methylphenidate on executive functions in adolescents.

Materials and Methods

The sample included 53 11-16 year-old adolescents (40 males and 13 females,
mean age at follow-up=12.7+1.4), who were observed to have overt ADHD symptoms
at mean age of 4.8+1.7 years old, were clinically diagnosed with DSM-IV ADHD at
mean age of 7.6+2.9 at the Children’s Mental Health Center, Department of
Psychiatry, National Taiwan University Hospital (NTUH), Taipei. Fifty-three
comparison adolescents (controls) were recruited from the same school district and
were matched for sex, age, intelligence, and parental educational levels of the ADHD
group.

The Cambridge Neuropsychological Test Automated Battery (CANTAB) tests
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were administered by a psychologist (Chiu CD), who had be trained to administer the
CANTAB following the standard protocols at a laboratory designed for the CANTAB
assessment at NTUH. The testing lasted approximately 90 minutes, and was
administrated at a fixed schedule to all participants. Four tasks of the CANTAB
involving executive abilities were employed in this study, including Spatial Span
(SSP), Spatial Working Memory (SWM), Intra-Extra Dimensional Shift (IED), and
Stockings of Cambridge (SOC).

The descriptive results were displayed as frequency and percentage for
categorical variables; for continuous variables, mean and SD. To conduct a matched
case-control analysis for the binary variables, we used conditional logistic regression
to compare the rate of psychiatric disorders at adolescence between the case and
control groups, and to calculate the odds ratio (OR) and 95% confidence interval (CI)
by employing the Proc Glimmix procedure of the SAS 9.1 (SAS Institute Inc., Cary,
NC, USA). For the continuous variables, we used the linear multi-level model to
compare the mean scores of the performance of each CANTAB test and 1Q. For those
tests with different levels of difficulties (SWM and SOC), we further adjusted the
repeated measures within the same subjects while we examined the interaction
between group and the task difficulty levels. Alpha value was pre-selected at the level
of p <0.05. The effect sizes (standardized difference between two means) were
further computed using Cohen’s d. We defined small, medium, and large effect sizes
as Cohen’s d 0.3 to 0.5, 0.5 to 0.8, and > 0.8, respectively. In addition to the
comparisons between the two groups, we also test the effect of persistent ADHD,
comorbidity, current use and duration of methylphenidate treatment on the executive

function in the ADHD group.

Results
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The ADHD group had significantly more total usage errors than the controls.
There was no difference in total errors and spatial span length. The ADHD group
needed more trials to complete the stages than the controls. There were no group
differences in the maximum number of stages completed, pre-ED shift errors, and ED
shift errors. The ADHD group had significantly more total number of errors in
searching the box with blue token than the controls, particularly in 6- and 8-box
problems with small to medium effect sizes. There was no group difference in strategy
utilization. The ADHD group had significantly fewer problems solved in the
minimum number of moves. Three additional measures were compared by the two
groups, and tested for the interaction between group and within task difficulty levels
(i.e., 2-, 3-, 4-, and 5-move problems). Our results showed that the ADHD group had
more total moves, particularly in 5-move problem; shorter total initial thinking time;
and shorter total subsequent thinking time, particularly in 5-move problem than the

controls.

Discussion

As the first to examine neuropsychological functioning in a Han Chinese
adolescent population, this study lends evidence to support the non-verbal executive
dysfunctions measured by the CANTAB (such as short-term spatial memory, spatial
working memory, set-shifting, spatial planning, and problem-solving) in adolescents
with childhood diagnosis of ADHD, particularly in the executive tasks with increased
demands, regardless of IQ score, use of methylphenidate, persistent ADHD and
psychiatric comorbidity (Martinussen et al., 2005).

Previous ADHD studies have criticized the construct of executive functions as
weakly defined and overly broad (Pennington & Ozonoff, 1996). Although the present

study did not employ all but several domains of executive functions, our findings
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demonstrated similar effect sizes (¢=0.4~0.6) of executive dysfunctions in the ADHD
group to those found in the majority of previous studies (Willcutt et al., 2005). Our
findings did not support the dysfunctional behavioral inhibition as a single deficit in
ADHD proposed by Barkley (Barkley, 1997) but deficits in several key domains of
executive functions (Willcutt et al., 2005). Our hypothesis of deficits in non-verbal
executive function in ADHD as revealed by Western studies (Pennington & Ozonoff,
1996) have gained support from the findings of deficits in spatial short-term memory,
working memory, set-shifting, and problem solving measured by the CANTAB
(Kempton et al., 1999).

Major methodological limitations of this study are relatively small sample size,
only recruitment of clinical participants with ADHD, and neuropsychological
assessments at follow-up only. Although our sample size is larger than earlier studies,
it is not sufficient to fully explore the heterogeneity of ADHD. A clinic-based sample
limits the generalization of our results. However, a meta-analysis has shown that the
mean effect sizes (Cohen’s d = 0.49 £ 0.06) on the executive function measures in the
community studies are only slightly smaller than those (Cohen’s d=0.56 = 0.04) in
the clinic studies (Willcutt et al., 2005), suggesting that the relation between executive

dysfunction and ADHD was not restricted to clinic-referred samples.

Implications

Despite reductions in ADHD symptoms, deficits in executive function, which has
negative impact on academic performance, remained at adolescence. Assessment of
executive dysfunction at adolescence in children with ADHD is recommended to
provide important information that cannot be extracted from assessments of
psychopathology; therefore, early identification and prevention for the adverse

outcome of ADHD and executive deficits at adolescence can be achieved. We strongly
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recommend extra assistance and educational intervention to these children while the
complex tasks are assigned to them. Future studies will be carried out to examine the
neuropsychological functioning other than executive functioning in a larger sample to

explore the heterogeneity of ADHD.

6.1.2 Neuropsychological endophenotypes

Introduction

Despite substantial evidence supporting the genetic etiology of ADHD (Faraone,
2000), molecular genetic studies, even using ADHD subgroup approaches such as
comorbidity, persistency, and subtype, so far have not provided any conclusive results.
To address these challenges, there has been growing interest in using endophenotypes
such as neuropsychological, neuroimaging, and electrophysiological paradigms
(Doyle et al., 2005) for ADHD genetic studies. Among them, neuropsychological
functioning is recognized as a valuable endophenotype for ADHD genetic studies.

Some studies have shown decreased performance in some domains of
neuropsychological functions in unaffected siblings or other relatives of patients with
ADHD (Rommelse, Van der Stigchel et al., 2008; L. J. Seidman et al., 2000); deficits
in attentional control (D. I. Slaats-Willemse et al., 2007) and response inhibition (D.
Slaats-Willemse et al., 2003) were found in unaffected relatives of ADHD, evidencing
the familial overlap of ADHD and executive dysfunction. However, executive
functions have not been comprehensively assessed among unaffected siblings of
patients with ADHD and no study has examined the neuropsychological functions in
unaffected siblings of ADHD patients using the CANTAB.

In addition to executive fucntion, several rationales endorse further examination

of deficits in visual memory as ADHD endophenotypes. First, there is growing
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evidence for poor performance on visual memory tasks in ADHD, including
impairment in spatial recognition memory (Kempton et al., 1999), delayed matching
to sample (Barnett et al., 2009), pattern recognition memory (S. M. Rhodes et al.,
2004), and paired associates learning (H. T. Chang et al., 1999). These studies support
the extension of the range of neuropsychological deficits associated with ADHD to
visual memory functioning. Second, for neuropsychological measures to be useful
endophenotypes for ADHD, they should demonstrate evidence of heritability.
Although data on the heritability of specific neuropsychological functions are limited,
the heritability of visual memory is estimated as 0.53, somewhat greater than those for
verbal and perceptual speed abilities (Alarcon et al., 1998). Third, despite no
improvement in performance on executive tasks (S. M. Rhodes et al., 2006),
methylphenidate is effective in improving visual memory performance in children
with ADHD (S. M. Rhodes et al., 2004, 2006). Fourth, no data on visual memory
function have been reported in unaffected siblings.

In summary, the literature on neurocognitive impairments in unaffected relatives
is inconsistent with small effect sizes. The CANTAB, which has not previously been
used in studies of ADHD relatives, may have greater power than clinically
administered measures to detect the subtle deficits we expect to see in unaffected
siblings because it is a computerized battery that captures the reaction time of
responses as well as errors in a wide range of executive functions. An investigation of
the executive function and visual memory as potential endophenotypes for ADHD in
a large, ethnic Han Chinese population in Taiwan by comprehensively assessing the
verbal working memory, non-verbal executive functions, and visual memory using the
CANTAB in ADHD adolescents, their behaviorally unaffected siblings, and
unaffected controls, is warranted. We hypothesized that unaffected siblings, similar to

adolescents with ADHD, are more likely to have deficits in executive functions and
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visual memory than unaffected healthy controls.

Materials and Methods

The sample consisted of 279 probands with ADHD, 108 unaffected siblings, and
173 school controls. The probands were 279 patients (male, 85.7%) who had had
overt symptoms noted at ages 4.2+1.6 years and were clinically diagnosed with
DSM-IV ADHD at the mean age of 6.7+2.9 years. They were recruited consecutively
mainly from the child psychiatric clinic of National Taiwan University Hospital
(n=240, 86%). Their current and lifetime ADHD and other psychiatric diagnoses were
confirmed by the Chinese Kiddie epidemiologic version of the Schedule for Affective
Disorders and Schizophrenia (K-SADS-E) interview at the mean age of 12.5+1.6 years.
We recruited 108 unaffected biological siblings, who were 8 years old or older and
assessed by using the Chinese K-SADS-E at the mean age of 12.2+3.3 years; and 173
controls (male, 72.8%) from the same school district as the ADHD probands, who
were assessed to be without lifetime ADHD by inquiring into childhood and current
symptoms using the Chinese K-SADS-E at the mean age of 12.6+1.5 years. All
participants who had a clinical diagnosis of psychosis or autism spectrum disorders or
an intelligence quotient (IQ) score less than 80 were excluded.

Four tasks of the CANTAB involving executive abilities were employed in this
study, including SSP, SWM, IED, and SOC. Inaddition, four visual memory tasks
were employed, including Delayed Matching to Sample (DMS), Spatial Recognition
Memory (SRM), Pattern Recognition Memory (PRM), and Paired Associates
Learning (PAL).

The three comparison groups were probands with ADHD, unaffected siblings,
and school controls. The descriptive results were displayed as frequency and

percentage for categorical variables, and for continuous variables, mean and SD. We
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used a multi-level model with random and fixed effects to address the lack to
independence of the probands and their siblings within the same family. The Proc
Glimmix procedure with binomial distribution and logit link for the non-linear mixed
model was used to compare the rate of psychiatric disorders. We used a linear
multi-level model to compare the CANTAB performance and the Bonferroni method
to adjust p values in post hoc analysis due to multiple comparisons, and we controlled
for sex, age, IQ, comorbidity, and parental educational levels in the statistical model.
For those tests with different levels of difficulty (SWM and SOC), we adjusted the
repeated measures within the same subjects while we examined the interaction
between the group and task difficulty. We used the Goodness of Fit test to compare
the model treating the three groups in an order ranging from unaffected controls,
unaffected siblings to ADHD probands, and as a categorical variable to the model
treating the three groups as an ordinal variable. We found that the three groups can be
treated as an ordinal variable. Then we tested the significance of the linear trend
across the three groups in an order ranging from unaffected controls, unaffected

siblings to ADHD probands on the CANTAB performance.

Results

ADHD probands had significantly fewer digits recalled forward (Cohen's d, 0.25)
and backward (Cohen's d, 0.48) than unaffected controls. Unaffected siblings recalled
fewer digits backward than unaffected controls. ADHD probands (as well as
unaffected siblings) had more EDS errors, and more total raw and adjusted errors than
unaffected controls, with small effect sizes. The significant differences, except total
raw errors, disappeared in multivariate analyses. Both univariate and multivariate
analyses revealed that ADHD probands (Cohen s d, 0.67) and unaffected siblings

(Cohens d, 0.46) had significantly shorter span sequences successfully recalled than
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unaffected controls; and ADHD probands had more total usage errors than the other
two groups, with small effect sizes. ADHD probands and unaffected siblings showed
poorer use of strategy, with small effect sizes, and had more total errors in searching
the box than the controls, with medium effect sizes; the significant differences were
the same in the 4-, 6- and 8-box searches. The majority of patterns of significant
differences remained in multivariate analyses, except for the 4-box search. ADHD
probands and unaffected siblings solved fewer problems in the minimum number of
moves, mean moves, and shorter initial thinking time, with small to medium effect
sizes (absolute Cohen’s d, 0.33 ~ 0.56), particularly in the 4-move and 5-move tasks.
The majority of patterns of significant differences remained in multivariate analyses.
In DMS, ADHD probands and their unaffected siblings had higher probability of
an error following a correct response and following an error response than the
controls. Unaffected siblings had fewer number of correct responses in total (d, -0.46)
and all delays (d, -0.46) than the controls. In SRM, both univariate and multivariate
analyses revealed that ADHD probands had fewer percent of correct responses than
the controls (d, -0.49) without group difference in mean latency of correct response.
There were no significant differences in SRM performances between unaffected
siblings and probands with ADHD, or between unaffected siblings and controls. In
PAL, ADHD probands had more adjusted total errors, more total trials to success, and
lower first trial memory scores (absolute values of Cohen’s d, 0.41-0.48). All the
patterns of significant differences disappeared in multivariate analyses. There were no
significant differences in PAL performances between unaffected siblings and
probands with ADHD, or between unaffected siblings and controls. In PRM, we did
not find significant group differences in percentage of correct responses. But ADHD
probands had shorter mean latency of correct responses than the controls in multiple

analyses.
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Discussion

The current study is the first to comprehensively examine executive functions,
which consisted of low (spatial span and digit span forward) and high (verbal and
spatial working memory) executive tasks, by using the CANTAB and digit spans in a
large sample of ADHD probands and their unaffected siblings. Our findings
consistently demonstrated that despite no obvious ADHD symptoms, unaffected
siblings, like ADHD probands, performed significantly worse than unaffected
controls in verbal working memory measured by digit spans backward, and in the
majority of non-verbal executive functions, such as spatial short-term memory, spatial
working memory, spatial planning, and response inhibition, measured by the
CANTAB. These findings indicate the significant familiarity of executive dysfunction
in ADHD, consistent with the idea that subtle cognitive traits may be more closely
linked to the underlying genetic factors than the behavioral phenotype (D. L.
Slaats-Willemse et al., 2007). And, this strongly implies that executive functions
measured by the digit span backward and the CANTAB fulfill some of the important
criteria of an endophenotype (Doyle et al., 2005): executive dysfunctions co-occur
with ADHD and are manifested in unaffected relatives. The CANTAB is also shown
to be a suitable instrument with good psychometric properties. Our results suggest
that studies on executive dysfunction in ADHD probands and their unaffected siblings
can shed light on the effort to explore the genetic etiology of this disorder (Nigg et al.,
2004).

Although individual measures of executive function, such as response inhibition
(D. Slaats-Willemse et al., 2003), have been identified as potential endophenotypes
for ADHD, the use of isolated measures may be problematic and the results may be

inconsistent across settings. In contrast, our findings have shown that a range of
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executive function components may be relevant to the familial risk for this disorder.
Because children with ADHD show a range of deficits on measures of executive
function, a comprehensive battery approach is assumed to be maximally informative.

In addition, our results provide strong evidence to support that visual memory
measured by the DMS can be cognitive endophenotype for ADHD. Our findings
demonstrated that in univariate analyses, unaffected siblings, like ADHD probands,
performed significantly worse than controls in visual memory measured by the DMS
task. In multivariate analyses, unaffected siblings occupied an intermediate position
between the ADHD probands and the controls in probability of an error following a
correct response and following an error response in the DMS, and in percent of
correct responses in the SRM. Although the impairments in visual memory were
modest in unaffected siblings and the tasks in the CANTAB are multifactorial
(Robbins et al., 1994), to the best of our knowledge, this is the first study
documenting that visual memory measured by the CANTAB may be a useful
cognitive endophenotype for ADHD.

The major methodological limitation is the questionable generalization of our
findings to community-based samples. Moreover, as a naturalistic design, although
the currently medicated participants held medication for at least 24 hours before
receiving neuropsychological tests, the concerns about the medication effect on the
executive function remain. However, given that many ADHD children receive
pharmacotherapy, the executive function of treated samples is relevant to clinical
practice (L. J. Seidman et al., 1997). Moreover, the use of only one verbal task (digit
span forward and backward) is another limitation of this study. Lastly, this study is
limited by the fact that the majority of patients (86%) were male. Hence, further

studies of relatives of females with ADHD are warranted.
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Implication

Our findings imply that several measures of executive function and visual
memory function may constitute novel cognitive endophenotypes for ADHD. Our
findings also support the sensitivity and usefulness of the CANTAB tasks in assessing
the executive function and visual memory deficits in ADHD probands and their
unaffected siblings. In addition, the executive function and visual memory as
endophenotype approach may increase the power to detect susceptibility loci and
candidate genes, and can also be used as a paradigm for functional brain imaging

studies in ADHD.

6.2 Neuropsychological endophenotypes and atomoxetine in ADHD

Introduction

Atomoxetine, a highly selective noradrenaline reuptake inhibitor (SNRI), is a
potent inhibitor of the presynaptic norepinephrine transporter, with little affinity for
other noradrenergic receptors or for other neurotransmitter transporters (Simpson &
Perry, 2003). Atomoxetine augments prefrontal norepinephrine levels without
increased catecholamine levels in nucleus accumbens (Bymaster et al., 2002), which
may underlie the addictive properties of stimulants (Koob & Le Moal, 1997), the first
approved medications by the Food and Drug Administration (FDA) in the United
States for treating ADHD. Atomoxetine was approved by the FDA as the first
nonstimulant substance for treating ADHD in the United States in 2002. Previous
studies have shown its efficacy in reducing clinical symptoms of ADHD (Gau et al.,
2007).

Human studies have demonstrated that a single clinically relevant oral dose of

atomoxetine was associated with decreased stop-signal reaction time in healthy
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participants (Samuel R. Chamberlain et al., 2006) and adults with ADHD (S. R.
Chamberlain et al., 2007), and decreased commission errors in adults with ADHD (S.
R. Chamberlain, Muller et al., 2007). Despite the growing clinical use of atomoxetine
in children, only one pilot study reported significant effect of atomoxetine on
sustained attention measured by the Rapid Visual Information Processing task in nine
children and young people with ADHD (Barton et al., 2005).

Animal studies have shown that norepinephrine efflux is selectively increased
during a task measuring spatial memory (Rossetti & Carboni, 2005), suggesting that
norepinephrine may be involved in the active maintenance of visuo-spatial
information. Activation of neuronal circuits related to norepinephrine release
contributed to a significant enhancement of performance on visual memory in rats
(Clayton & Williams, 2000). Moor et al. have found that intravenous infusion of
norepinephrine improved visual recognition memory in healthy participants (Moor et
al., 2005). Animal studies showed that atomoxetine decreased the errors in visual
recognition memory (radial arm maze) (Tzavara et al., 2006) and the number of
perseverative errors (visual discrimination test) (Seu et al., 2009).

Hence, we conducted the current study to assess the long-term efficacy of
atomoxetine on the improvements of executive functioning measured by five
CANTARB tasks, and visual memory measured by two CANTAB tasks as the primary
aim and on the symptom reductions as the secondary aim in 30 boys with ADHD. We
hypothesized that atomoxetine would improve performance on the CANTAB tasks
with prominent executive and visual memory demands in addition to ADHD-related

symptom reductions.

Materials and Methods

We recruited 30 drug-naive male patients aged 8-16 (mean + standard deviation,
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SD, 10.70 + 1.84) with clinically diagnosed DSM-IV ADHD from the Children’s
Mental Health Center of National Taiwan University Hospital, Taipei, consecutively.
The participants and their mothers were interviewed by using the Chinese version of
the Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Epidemiological Version (K-SADS-E) to confirm the participants’ DSM-IV
diagnoses of ADHD and other psychiatric disorders.

Five CANTAB tasks involving executive abilities were employed in this study,
including SSP, IED, SWM, RVIP, and SOC. Two visual memory tasks were employed,
including PRM and SRM.

Using a sample of 180 normally developing children, aged 8-16, without
DSM-IV diagnosis of ADHD based on the Chinese K-SADS-E as the norm for the
CANTAB assessments, we transformed the raw score of each parameter to its z-score,
which has a mean of zero and a SD of 1, by using the mean and SD derived from the
norm. The data of the CANTAB were expressed by mean £+ SD of the raw scores and
z-scores; the data of the CGI-ADHD-S and self-administered measures (SNAP-IV
and CPRS-R:S) were expressed by mean + SD of the raw scores and 7-scores,
respectively. The 7-score was defined by multiplying the z-score by 10 and adding 50
with a mean of 50 and a SD of 10 (z-score = z-score x 10 + 50). Because the repeated
measures within the same subject, we used a linear multi-level model to test the mean
differences in the repeated measures of the executive functions measured by the
CANTAB tasks,the CPRS-R:S, the SNAP-IV and the CGI-ADHD-S at Week 4 and
Week 12, as compared to baseline (Week 0), and to test the interactions between visits

and the task difficulties.

Results

At baseline, the mean CGI-ADHD-S rating was “markedly ill” to “severely ill”
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(5.57 £0.73). The score significantly decreased to 3.43 (“mildly ill” to “moderately
ill’) at Week 4, and to 2.83 (“borderline ill” to “mildly ilI”’) at Week 12 (Table 3), with
a significant linear trend of decreasing symptom severity. Regarding parental ratings,
children with ADHD had significant score reductions in the Chinese CPRS-R: S and
SNAP-IV-Parent forms from baseline to Week 4 (Cohen d, -0.51~-0.90) and Week 12
(Cohen d, -0.80~-1.15) except in the oppositional subscales, which showed
significantly reductions at Week 12 with small effect sizes.

In IED, the pre-EDS errors, EDS errors, and adjusted total trials and errors
significantly decreased at Week 4 from baseline with medium effect sizes. The EDS
errors and adjusted total errors and trials were significantly lower and more stages
were completed at Week 12 than at baseline with small to medium effect sizes. In
RVIP, children with ADHD had more total hits, fewer total misses, higher probability
of hits, total correct rejections, better sensitivity to errors, and shorter mean latency to
respond correctly at Week 4 and Week 12 than at baseline (Cohen d ranging from 0.35
to -0.80). There were more total correct rejections [Cohen d, 0.21; mean z-score
difference (95% CI), 0.33 (0.04, 0.61)] and shorter mean latency to respond correctly
[Cohen d, -0.39; mean z-score difference (95% CI), -0.51 (-0.79, -0.23)] at Week 12
than at Week 4. In SSP, children with ADHD had longer span sequences successfully
recalled at Week 12, and fewer total usage errors at Week 4 and Week 12 than at
baseline with medium effect sizes. In SWM, children with ADHD utilized fewer
strategies to improve searching efficacy and had fewer total errors at Week 12 than at
baseline with small effect size. There was marginally significant interaction between
the three visits and the task difficulties (4-, 6-, and 8-box problems) on the total errors
(regression coefficient estimate, 5=-1.25, p =.062). In SOC, the participants had
fewer moves, more problems solved in the minimum number of moves, and shorter

initial and subsequent thinking time at Week 12 than at baseline (Cohen d ranging
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from -0.35 to -1.12). Moreover, they had more problems solved in the minimum
number of moves at Week 12 than at Week 4 [Cohen d, 0.57; mean z-score difference
(95% CI), 0.58 (0.26, 0.90)]. Their initial and subsequent thinking time was shorter at
Week 4 as compared to baseline. There were marginally significant interaction
between the three visits and the task difficulties (2-, 3-, 4-, and 5-move problems) on
the mean moves ( 5=-0.10, p =.053) and the subsequent thinking time ( 5=2.19, p
=.044).

For the PRM task, the mean latency of correct responses decreased (Cohen’s d,
—0.50) and total correct responses increased (Cohen’s d, 0.53) significantly at Week 4
from baseline. The mean latency of correct responses also significantly decreased at
Week 12 from baseline (Cohen’s d, —0.50). The mean latency of correct responses of
the SRM task significantly decreased at Week 12 from baseline (Cohen’s d, —0.42),

but there was no significant change in correct responses.

Discussion

The current study is the first to examine the efficacy of atomoxetine in children
with ADHD (Barton et al., 2005) using a wide-range of executive tasks of the
CANTAB with a greater sample size, longer follow-up, and more visits than previous
human studies (Barton et al., 2005; S. V. Faraone et al., 2005). The major finding was
that atomoxetine was effective in improving a variety of non-verbal executive
functions in boys with ADHD including sustained attention (RVIP), inhibitory ability
(RVIP), attentional set shifting (IED), spatial short-term memory (SSP), spatial
working memory (SWM), and spatial planning (SOC), mainly noted at Week 4 and
lasting to Week 12 except that significant improvement in performance of SSP. SWM,
and probably SOC was noted at Week 12. Moreover, the magnitude of improvement

in spatial planning and problem solving was a function of treatment duration of
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atomoxetine and task difficulties. Hence, our results lend strong evidence to support
the findings from animal studies (L. A. Newman et al., 2008) and previous human
studies (S. V. Faraone et al., 2005) that atomoxetine is an effective treatment for the
executive dysfunction associated with ADHD, not only in Western populations (S. V.
Faraone et al., 2005), but also in an ethnic Han Chinese population, and not only in
adults (S. R. Chamberlain et al., 2007) but also in children. Consistent with previous
clinical trials (Gau et al., 2007), our findings also demonstrate the efficacy of
atomoxetine in reducing ADHD-related symptoms based on two well-validated
parental rating scales and investigator’s assessments.

Unlike the negative findings in adults with ADHD (T. Spencer et al., 1998), the
present study demonstrated the association of atomoxetine with some visual memory
functions measured by the PRM and SRM tasks. This disparity may be related to
differences in the mean age of participants and the paradigms deployed. The sample
in this present study (8—16 years old) was much younger than that reported by
Spencer et al. (19—60 years old). We used two CANTAB visual memory tasks
whereas Spencer et al. used one (Rey-Osterrieth Complex Figure).

The neuropsychological profile suggests that atomoxetine may be functionally
distinct from conventional psychostimulants, with different effects on the visual
memory. The significant association of atomoxetine with the mean latency for correct
responses on the PRM task found in the current study was not seen with
methylphenidate (S. M. Rhodes et al., 2004). Our findings support the evidence from
an animal study that at doses relevant to those that increased cortical norepinephrine
release, atomoxetine improved pattern recognition in rats (Tzavara et al., 2006).
Additionally, in contrast to no improvements on the SRM task with stimulant
treatment (Kempton et al., 1999), our findings showed that atomoxetine was

associated with enhanced performance on this task in terms of speeding up correct
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responses. Our finding further supports norepinephrine playing an important role in
regulating the spatial recognition memory (Zhang et al., 2008). Taken together,
improvement in the latency for correct responses on the PRM and SRM tasks with
atomoxetine suggests a more important role for norepinephrine than for dopamine in
the cognitive processes required for optimal performance on these visual memory
tasks.

Several methodological limitations should be considered when interpreting the
findings. The sample size and male subjects only have limited our ability to examine
the differential efficacy of atomoxetine on executive function and visual memory as a
function of sex, ADHD subtypes or comorbid patterns. Next, as a repeated measure
design, the vulnerability of tests to factors as loss of novelty and learning effects has
been highlighted (Lowe & Rabbitt, 1998). The high stability (high ICC no mean
difference for one-month test-retest reliability) of the CANTAB suggests that
evidence of strong change in the CANTAB performance could safely be interpreted as
due to atomoxetine treatment effects rather than to random inter-temporal fluctuations
neuropsychological functioning. Furthermore, longer follow-up period up to 12 weeks
compared to previous studies minimized the practice effect. Last, although this study
demonstrated the effectiveness of atomoxetine in improving executive functioning
and visual memory, head-to-head comparison of atomoxetine with psychostimulants
warrants further investigation and functional brain imaging studies are needed to
explore the precise effects of atomoxetine on the neural circuitry of executive function

and visual memory.

Implication
Our findings indicate that in addition to symptoms reductions, atomoxetine is

also efficacious in improving a variety of non-verbal executive functions and visual
98



memory. However, their performance at the endpoint is still not normalized. Therefore,
long-term administration of atomoxetine is recommended for improving executive
functions and visual memory, which may mediate the amelioration of the academic
performance and social functioning in children with ADHD, particularly when they

face difficult and complicated tasks and situations.

6.3 Neuroimaging in ADHD

Introduction

The evidence that ADHD is associated with neurobiological deficits in the
frontostriatal network (T. J. Spencer et al., 2002) has been demonstrated from
morphometric studies showing reduced prefrontal, caudate nucleus, putamen, and
globus pallidus (Overmeyer et al., 2001) volume and cortical thickness (Shaw et al.,
2006); and functional imaging studies showing frontal and striatal hypoperfusion and
hypoactivity (Dickstein et al., 2006). Recently, diffusion tensor imaging (DTI) has
been used to investigate the microstructure integrity of white matter tracts (Ashtari et
al., 2005; A. Konrad et al., 2010). Fractional anisotropy (FA) is usually used as an
index to reflect white matter integrity (Johansen-Berg & Behrens, 2009). Abnormal
white matter microstructures relevant to ADHD have been found by DTI in various
regions including the frontostriatal tract (Ashtari et al., 2005; A. Konrad et al., 2010),
cerebellum (Ashtari et al., 2005), superior longitudinal fasciculus (A. Konrad et al.,
2010) and the corticospinal tract (Hamilton et al., 2008). Among those regions,
disturbed frontostriatal microstructural integrity is recognized as the most consistent
finding in ADHD.

Despite considerable interest in both ADHD and DTI research, to our best

knowledge, there has been no study to correlate the microstructural integrity of
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frontostriatal tracts and a wide range of executive functions or to use diffusion
spectrum imaging (DSI) to reconstruct frontostriatal tracts and to probe
microstructural abnormalities along these tracts that may be related to the functional
deficits observed in children with ADHD. In contrast to DTI, DSI is able to resolve
crossing fibers by performing more comprehensive diffusion measurements than DTI
(Wedeen et al., 2005). Tractography reconstructed from DSI data has been
successfully demonstrated to resolve crossing fiber tracts (Wedeen et al., 2008).
Using a matched case-control study design, the present study aimed to compare
the executive functions and microstructural integrity and asymmetry patterns of the
four frontostriatal tracts, i.e., dorsolateral-caudate, medial prefrontal-caudate,
orbitofrontal-caudate, and ventrolateral-caudate tracts, comparing the DSI
tractography of children with ADHD and typically developing children, and to
investigate whether the white matter tract integrity of frontostriatal circuit was
directly correlated with ADHD symptoms and executive functions. We hypothesized
that frontostriatal connectivity was involved in ADHD pathophysiology and that
disturbed frontostriatal fiber integrity was correlated with ADHD symptoms and

executive functions.

Materials and Methods

We recruited 25 Taiwanese children with ADHD consecutively from the child
psychiatric clinic of National Taiwan University Hospital, Taipei, Taiwan, and 25
typically developing children matched individually for age, sex, handedness, and
full-scale IQ from the schools with similar school districts to the ADHD group rather
than through advertisement. All participants were right-handed, as assessed with the
Edinburgh Inventory (Oldfield, 1971). Children with ADHD were clinically

diagnosed according to the DSM-IV criteria and confirmed by the Chinese Kiddie
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epidemiologic version of the Schedule for Affective Disorders and Schizophrenia
(K-SADS-E) interview. Four CANTAB tasks involving executive abilities were used
to assess the non-verbal executive function, including IED, RVP, SWM, and SOC.

Participants were scanned on 3T MRI system (Trio, Siemens, Erlangen,
Germany) with a 32-channel head coil. DSI was performed using a twice-refocused
balanced echo diffusion echo planar imaging sequence (Reese et al., 2003), TR/TE =
9100 ms/142 ms, image matrix size = 128%128, spatial resolution = 2.5 mm X% 2.5 mm,
slice thickness = 2.5 mm. A total of 102 diffusion-encoding gradients with the
maximum diffusion sensitivity bmax = 4000 s mm > were sampled on the grid points
in a half sphere of the 3D q-space with |q| < 3.6 units. To divide the frontostriatal fiber
tracts into four tract bundles corresponding to different cortical regions in bilateral
hemispheres, five regions of interest (ROI) were identified using MARINA software
(Bender Institute of Neuroimaging, University of Giessen, Germany). These five
regions were the caudate nucleus, DLPFC, MPFC, OFC, and VLPFC on the Montreal
Neurological Institute (MNI) template. Linear transformation between non-attenuated
image (bp) of DSI and T2W image, and non-linear transformation between T2W
image and MNI template were performed so that the image coordinates of DSI data
could be transformed to the MNI space. The coordinates of the ROIs defined on the
MNI template were then mapped onto individual participants' DSI data through the
inverse transformation using the calculated deformation matrix. The tractography was
reconstructed by using in-house software (DSI Studio: http://dsi-studio.labsolver.org).
Tract-specific sampling of GFA was performed using an in-house mean-path analysis
algorithm developed in Matlab (The Mathworks, Natick, MA, USA).

The descriptive results were displayed as frequency and percentage for
categorical variables, and mean and SD for continuous variables. To conduct a

matched case-control analysis for continuous variables, we used a linear multilevel
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model to compare the mean scores of IQ, the SNAP-IV, the CANTAB test, the GFA,
and LI values of the four pairs of frontostriatal tracts between the ADHD and typically
developing groups. For the GFA values, a general linear model analysis for repeated
measures was used with the sides (left and right hemispheres) and tracts (dorsolateral,
medial prefrontal, orbitofrontal, and ventrolateral) as the within-subject variables and
groups (ADHD and typically developing) as the between-subject variable. Then the
post hoc analysis was performed using the paired t-test (two-tailed) to compare the
differences in the GFA values of dorsolateral, medial prefrontal, orbitofrontal, and
ventrolateral tracts within the same subjects. To control for inflation of type I error in
calculating multiple univariate correlations, multiple linear regression models with the
backward elimination procedure were conducted to find the relationship between the
measures of executive function and the GFA measures of the four pairs of bilateral
frontostriatal tracts (dorsolateral, medial prefrontal, orbitofrontal, and ventrolateral).
The GFA values of the 8 frontostriatal tracts were entered as independent variables,
and ADHD symptoms based on the SNAP-IV and each of the performance scores on
the CANTAB tasks, as the dependent variables. We used backward elimination
procedure to identify the fitted model containing the variables from 8 frontostriatal
tracts which maintained significant effects on each of CANTAB measures. The R
value provided a quantitative measure of how well the fitted model with frontostriatal

tracts predicted the CANTAB measures.

Results

Children with ADHD had significantly lower GFA values than typically
developing children in four pairs of frontostriatal tracts (Cohen’s d, 0.88 ~ 1.54).
Children with ADHD did not demonstrate significant left-to-right asymmetry in the

dorsolateral and medial prefrontal pairs as shown in typically developing children and
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had lower LI of the medial prefrontal (d = 0.53; P = 0.047) and dorsolateral (d = 0.57;
P =0.051) tracts than typically developing children.

The multiple linear regression with backward elimination analysis revealed that
the GFA value of the right orbitofrontal tract significantly associated with inattention,
and GFA of the left dorsolateral and right medial prefrontal fiber tracts significantly
associated with hyperactivity/impulsivity within the ADHD group. Within the ADHD
group, results showed (1) that left orbitofrontal and left ventrolateral GFA values were
significantly associated with IED total errors (adjusted) and IED total trials (adjusted);
(2) that left orbitofrontal GFA was significantly associated with RVP probability of
false alarm and RVP B” (right ventrolateral GFA, too); (3) that left orbitofrontal GFA
was significantly associated with SWM total errors; (4) that right and left dorsolateral
GFA values were significantly associated with SOC problems solved in minimum
moves and SOC mean initial thinking time; and (5) that left dorsolateral GFA was

significantly associated with SOC mean subsequent thinking time.

Discussion

With the strengths of using tractography-based analysis, complete assessments of
clinical symptoms and executive function, and a matched case-control study design
with matching at the individual level, we found that children with ADHD had
disturbed microstructural integrity of all four pairs of frontostriatal tracts, and that
clinical symptomatology and executive functions correlated with integrity of the
frontostriatal tracts, particularly left orbitofrontal and ventrolateral fiber tracts. Our
findings lend evidence to support that disturbed frontostriatal integrity might be
responsible for the clinical symptoms of and executive dysfunction in ADHD.

Reduced white matter integrity of all the frontostriatal tracts in ADHD are

consistent with previous DTI studies (Ashtari et al., 2005; Pavuluri et al., 2009),
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suggesting frontostriatal integrity changes may be the structural correlates for ADHD.
Low GFA values may reflect axonal degeneration, or a less well-organized tract
(Mori & Zhang, 2006). To our best knowledge, this is the first study that demonstrates
a direct association between frontostriatal microstructural integrity, mainly the
orbitofrontal and ventrolateral fiber tracts, and executive functions measured by the
CANTAB in children with ADHD and typically developing children as well.

Our findings should be interpreted in the context of some limitations. First, a
cross-sectional study design has prevented us from determining whether the white
matter abnormalities observed in these frontostriatal tracts reflect the primary
pathophysiology of ADHD or are the consequences of a compensatory
neuro-developmental process. Second, the present study only focused on the
frontostriatal tracts. Exploration of frontotemporal (A. Konrad et al., 2010) and
fronto-striato-parieto-cerebellar (Rubia et al., 2009) networks, which may be
associated with executive dysfunction in ADHD, is warranted. Third, we cannot
completely exclude any potential long-term effects of the medication on
microstructural integrity of the frontostriatal tracts given that 18 children with ADHD
had taken medication for treating ADHD at least one week before the scan. Fourth,
due to the matched design, we were not able to study the age effect in the whole
sample. It merits further investigation to clarify the developmental trajectory of the
microstructural integrity of the frontostriatal and other tracts using a longitudinal

study design.

Implication
Combining previous DTI studies and our DSI tractography analysis, there is
strong evidence to support disturbed white matter tract integrity of the four

frontostriatal circuits (i.e., dorsolateral-caudate, medial prefrontal-caudate,
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orbitofrontal-caudate, and ventrolateral-caudate) in children with ADHD, and
associations between integrity of the frontostriatal tracts and measures of ADHD
symptoms in children with ADHD and executive functions in children with ADHD
and typically developing children as well. Further imaging genetics research on the
relationship between frontostriatal circuitry, executive function, and candidate genes

1s warranted.

6.4 Genetic association studies on ADHD

6.4.1 Association of DATI gene and ADHD

Introduction

Several lines of evidence point to the potential importance of the DAT/ gene in
the pathophysiology of ADHD. First, methylphenidate, the most widely used
stimulant for ADHD treatment, inhibits the action of DAT, thereby increasing synaptic
dopamine concentration to achieve the therapeutic effects (Volz, 2008). Second,
previous neuroimaging studies have also suggested the involvement of DAT in ADHD
(Cheon et al., 2003). Third, after 3 months of treatment with methylphenidate in
children with ADHD, a down-regulation of the DAT with a maximum of 74.7% has
been observed in the striatal system (Vles et al., 2003). Fourth, the DAT1 knock-out
(KO) mice represent an appropriate animal model for ADHD to elucidate the
underlying neural basis of this disorder. The DAT1 KO mice exhibited marked
hyperactivity, and this activity was exacerbated by exposure to a novel environment
(Gainetdinov et al., 1999).

A possible explanation for the inconsistencies of the DATI gene in ADHD is that

a combination of susceptibility variants across the gene exists and these combinations
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differ across distinct populations (Genro et al., 2008). Thus, simply genotyping one
marker per gene will provide little conclusive evidence for association of that gene
with the disease. While numerous SNPs have been identified in the DAT/ gene, a
relevant question is to determine which of these SNPs should be tested to detect an
association with ADHD. Genetic studies using markers chosen at random from
polymorphic sites may not be reliable for the detection of nearby causal variation.
Association studies require that SNPs be selected to maximize the probability that
significant LD exists between the unknown causative mutation and the markers
genotyped in studies. Genetic analyses using haplotype-tagging SNP approaches
allow for a more complete examination of how polymorphisms in specific genes may
be associated with ADHD (Kollins et al., 2008). These methods aim to improve
efficiency by removing redundant genotyping and gather additional association
information via LD.

Taken together, although the DAT! gene was implicated in the pathogenesis of
ADHD, significant heterogeneity was present across studies and no conclusion can be
drawn about the association in any single ethnicity (Cheuk et al., 2006). More studies
are needed in each ethnicity before a firm conclusion can be made. As Han Chinese is
the largest population in the world, further studies are needed to determine if there is a
relationship between ADHD and DAT1 gene. Using a haplotype-tagging SNP
approach, we performed a family-based study to investigate the genetic associations
between the DAT1 gene and ADHD and its diagnostic subtypes in our local Han
Chinese population in Taiwan to establish a role of DAT gene in the etiology of this

disorder.

Materials and Methods

The probands were 273 Han Chinese children with ADHD, who were recruited
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consecutively from the Children’s Mental Health Center, National Taiwan University
Hospital, Taiwan. Families of probands were also recruited, resulting in 906 subjects
in total. There were 108 families with one proband, one sibling, and two parents; 9
families with one proband, two siblings, and two parents; 110 trios (one proband plus
two parents); 7 families with one proband, one sibling, and one parent; and 39 duos
(one proband plus one parent). The probands were predominantly male (85.7%) and
their mean age was 10.8 (SD = 2.5) years. Most of them presented the combined
subtype (65.2%), followed by the inattentive (28.9%) and hyperactive/impulsive
(5.9%) subtypes. Among 133 siblings (male 41.5%; mean age, 11.5+3.8), 58 (43.6%)
were suspected of ADHD based on the Chinese K-SADS-E (inattentive subtype,
51.7%; combined subtype, 25.9%; hyperactive/impulsive subtype, 22.4%).

Tag SNPs were selected by searching Han Chinese data from the HapMap

project (www.hapmap.org) using the Tagger program. The following criteria were

used to identify tag SNPs: (1) SNPs were located in the DATI gene; (2) SNPs had a
minor allele frequency (MAF) > 0.10; and (3) the other unselected SNPs could be
captured by one of the tag SNPs with an LD correlation coefficient (r*) > 0.80. SNP
selection was completed in September, 2008. In total, 14 tag SNPs (rs2937639,
rs2617605, 1s393795, rs10052016, rs37020, rs40358, rs37022, rs466630, rs27048,
15429699, 1511133767, rs40184, rs1042098, rs27072) were identified. In addition, we
selected other 4 SNPs (rs6350, rs403636, rs463379, rs6347) based on relevance in the
literature.

All SNP genotypings were performed by the method of matrix-assisted laser
desorption/ionization time of flight mass spectrometry (MALDI-TOF MS). The
VNTR in the 3'UTR of the DATI gene was amplified using the primers: forward,
5-TGTGGTGTAGGGAACGGCCTGAG, and reverse,

5'-CTTCCTGGAGGTCACGGCTCAAGG. PCR product with various sizes ranging
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from 323 bp (6 repeats) to 523 bp (11 repeats) were electrophoresed in 3.5% agarose
gel to visualize the repeat number.

The quality of genotyping data were checked on indicators of Hardy-Weinberg
equilibrium (HWE), using Haploview version 4.0. We used Haploview software to
construct haplotype blocks constituted by strong LD markers. We used the
Family-Based Association Test (FBAT) software version 2.0.2 to conduct data
analysis. This program used data from nuclear families, siblings, pedigrees, or any
combination and provided unbiased tests with or without founder genotypes. The
FBAT empirical variance option (FBAT -e) was used for testing association in an area
of known linkage with multiple siblings in a family. Haplotype analyses were
performed using the Haplotype-Based Association Test (HBAT) in the FBAT
program. HBAT —p option (which used the full conditional distribution of offspring
haplotypes) was used to compute an “exact” P value via a Monte Carlo method for
each haplotype separately and for the minimum observed P value among the
haplotypes. Because of the small number of probands with the hyperactive/impulsive

subtype, separate analyses were not performed for this subtype.

Results

A total of 19 polymorphisms (18 SNPs and the 3'VNTR) were investigated here
to cover a region of 50kb in the DATI gene. An SNP was included in the analysis if
the genotype missing rate was lower than 30%. Accordingly, four SNPs (rs6350,
rs10052016, rs6347, and rs11133767) were excluded from further analysis. All the
remaining 14 SNP markers and the 3'VNTR were compatible with the
Hardy-Weinberg equilibrium distribution. Observation of D" values indicated three
main haplotype blocks (HBs): HB1 covering 19kb and including the variants of

introns 2, 4 and 6; HB2 covering 3kb and including the variants of introns 8 and 11;
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and HB3 covering 953bp and including the variants of 3"UTR.

For ADHD inattentive subtype, one SNP showed biased transmission for ADHD
children: rs429699 T allele (P = 0.017). After adjustment for multiple testing, the
corrected P value did not remain significant. One SNP (rs40184, P = 0.081) and the
10-repeat allele of 3'UTR (P = 0.061) displayed trends for association. Haplotype
analyses revealed an overtransmitted haplotype rs27048 (C) /rs429699 (T) in HB2 in
the inattentive subtype (P= 0.008). This haplotype contained the SNP (rs429699) that
was nominally significant when considered on its own. Permutation test for this CT
haplotype showed that association with the inattentive subtype subsample remained
significant (2-sided P = 0.006; the smallest observed P = 0.022). The SNP rs429699
that was nominally significant for inattentive subtype also showed nominally
significant association with the inattention severity (P= 0.019). The haplotype
rs27048 (C) /rs429699 (T) that was significant for the inattentive subtype also

demonstrated significant association with the inattention severity (P= 0.012).

Discussion

To our best knowledge, this is the first study on the genetics of ADHD to
describe the architecture of LD across the DAT/ gene in the Han Chinese population,
and our results highlight the necessity of characterizing the DAT1 gene for association
studies, and choosing a subset of sites that are representative of the LD structure of
variation in this gene. Our findings provided evidence for a role of the DAT gene in
ADHD, primarily with respect to the inattentive subtype, in both SNP (1rs429699) and
haplotype (rs27048 (C) /rs429699 (T)) analyses. Quantitative analyses also revealed
positive association between the haplotype rs27048/rs429699 and inattention severity.
The findings not only support that DAT is a susceptibility gene primarily for the

inattentive subtype of ADHD (Krause et al., 2003) but also suggest the association of
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DATI gene with the inattentive symptoms based on DSM-IV (K. Konrad et al., 2010).
In addition to DATI gene, previous studies have shown the effects of other candidate
genes on the inattentive ADHD subtype. For example, a haplotype block
encompassing the SHT1B receptor gene (Smoller et al., 2006) and a polymorphism at
the alpha-2a-adrenergic receptor gene (Schmitz et al., 2006) were associated with
inattentive subtype.

Although the present study shows that the DATI gene is a susceptibility locus for
the inattentive subtype of ADHD, no direct functional effects of these polymorphisms
have been examined and identified. Thus, the causal variants remain to be established.
The DAT1 gene is expressed primarily in brain areas with dopaminergic circuitry,
such as mesostriatal, mesolimbic, and mesocortical pathways (Ciliax et al., 1999), and
this highly restricted pattern of DATI gene expression is presumably regulated by a
unique combination of regulatory factors. Although intronic polymorphisms have no
direct effect on the amino acid sequence, there are a growing number of examples of
intronic sequences that play an important role in the tissue-specificity of DAT1 gene
expression (Greenwood & Kelsoe, 2003). Future studies are needed to identify
intronic variants of the DAT gene causally related to the ADHD inattentive subtype.

Our findings should be interpreted in the context of some limitations. First, the
number of individuals with the subtypes of ADHD was relatively small in the present
study. Although our findings show significant association with DAT gene in the
predominantly inattentive ADHD subtype, the power to detect loci of modest effect
would be correspondingly lower for subtype analyses. A larger sample is needed for
stronger evidence of association with the markers at the DAT locus. Second, only
one gene was examined in our study. For complex disorders, analyses of different
genes involved in the pathophysiology of ADHD may enhance our understanding on

the genetic contributions to the etiology of this disorder, and therefore gene-gene
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interactions should be considered in further research. Third, ADHD may be accounted
for by both genetic and environmental factors. Further studies are required to detect
the effect of interaction between candidate genes and environmental factors on this
disorder. Fourth, the probands in the current study were clinic-referred, and thus they
represented the upper ends of ADHD-related symptoms. It is needed to test whether

our findings could be extended to the general population.

Implication

In summary, our analyses identified an association between a haplotype of DAT]
gene and the inattentive subtype of ADHD, supporting the relevance of the
dopaminergic system in the pathophysiology of ADHD, especially in the dimension of
inattention. Single marker analyses within this haplotype block also demonstrated
nominal association with the inattentive subtype. The focus on the complete gene plus
the use of haplotype mapping with LD structure in association studies of ADHD may
help to better understand and interpret the results in the DAT/ gene for ADHD
genetics. Because significant ADHD-DAT1 association can only be detected with the
inattentive subtype sample, our findings highlight the importance of establishing
genetically homogeneous samples for ADHD molecular genetic studies. To enhance
our understanding on the role of DATI gene, more biological studies are needed to
examine the effects of different polymorphisms on the DATI gene and protein
functions, and to determine whether variants at this gene causally related to ADHD

and the inattentive dimension can be identified.

6.4.2 Association of DATI gene and executive dysfunction in ADHD

Introduction
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It has been proposed that use of endophenotypes relevant to ADHD is likely to
be informative and allow for increased detection of genetic effects (Castellanos &
Tannock, 2002). Because previous studies in Western countries (D. L. Slaats-Willemse
et al., 2007) and in Taiwan (Gau & Shang, 2010a) have provided strong evidence to
support that executive function can be a useful cognitive endophenotype for ADHD,
examining the relationship between the candidate genes and executive function may
provide insight into the pathways leading from genes to ADHD. Given the
well-established neuromodulatory influence of the dopamine over executive function,
several lines of evidence point to the potential importance of the DAT gene in
executive function. First, the DATI knock-out (KO) mice represent an appropriate
animal model for ADHD to elucidate the underlying neural basis of this disorder. The
DATI KO mice display impairments in executive function (B. Li et al., 2010) Second,
methylphenidate, one of the main drugs used to treat ADHD, targets the dopamine
transporter (DAT). Much research has found that methylphenidate was associated
with better executive function performance in children with ADHD (Vance et al.,
2003). Third, previous studies have documented the role of the DATI gene in the
development of executive attention network in healthy children (Rueda et al., 2005).
Fourth, imaging genetic studies have shown that the neural response to working
memory load varied by the genetic variants of the DATI gene in typically developing
children (Stollstorff et al., 2010).

Previous studies exploring executive function in relation to DAT/ in ADHD have
focused on the variable number of tandem repeat (VNTR) polymorphism in
3 -untranslated region (3'UTR), and the results revealed a mixed picture (Barkley et
al., 2006; Karama et al., 2008). Several indices of executive function (digit span and
the Tower of London) appeared to be modulated by the 3' VNTR of DAT/ (Karama et

al., 2008). Children with ADHD and homozygous for 10-repeat allele showed
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impaired performance on selective attention and response inhibition compared with
heterozygotes (Cornish et al., 2005). However, contrary findings have been also
reported, in which ADHD patients with the 10-repeat allele performed better than
those with the 9-repeat allele (Boonstra et al., 2008). In addition, no association has
also been found between the 3' VNTR and executive function measured by the
Wisconsin Card Sorting Task (Barkley et al., 2006) and the Stroop Color-Word test
(Loo et al., 2008) in children with ADHD. Methodological aspects, including
differences in ADHD measurement methods, participants’ characteristics, and
neuropsychological tasks employed, may contribute significantly to the inconsistent
pattern of results. In addition, because a combination of susceptibility variants across
the gene exists, it may be the combination of certain risk genotypes rather than one
single risk genotype that leads to presence of cognitive dysfunction (Mill et al., 2006).
Taken together, significant heterogeneity is present across studies and no
conclusion can be drawn about the association. More studies are needed before a firm
conclusion can be made. As Han Chinese is the largest population in the world,
further studies are needed to determine if there is a relationship between the DAT
gene and executive dysfunction in ADHD. Using a haplotype-tagging SNP approach,
our previous work has confirmed the association between polymorphisms in DAT/
and ADHD diagnosis in the Han Chinese population in Taiwan (Shang et al., 2011). In
this study, we further extended our sample size with 382 families (n = 1298) to
investigate the genetic associations between the DAT1 gene and executive dysfunction

in probands with ADHD and their family members.

Materials and Methods
The probands were 382 Han Chinese children with ADHD, who were recruited

consecutively from the Children’s Mental Health Center, National Taiwan University
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Hospital, Taiwan.

Families of probands were also recruited, resulting in 1298 subjects in total.
There were 164 families with one proband, one sibling, and two parents; 15 families
with one proband, two siblings, and two parents; 144 trios (one proband plus two
parents); 17 families with one proband, one sibling, and one parent; and 42 duos (one
proband plus one parent). The probands were predominantly male (86.1%) and their
mean age was 10.5+2.6 years. Most of them presented the combined subtype (67.3%),
followed by the inattentive (27.0%) and hyperactive/impulsive (5.7%) subtypes.
Among the 211 siblings (male 43.6%; mean age, 11.443.9) in our sample, 57 were
suspected of ADHD based on the Chinese K-SADS-E (inattentive subtype, 50.9%;
combined subtype, 28.1%; hyperactive/impulsive subtype, 21.0%).

Four tasks of the CANTAB involving executive abilities were employed in this
study, including SSP, SWM, IED, and SOC. All SNP genotypings were performed by
the method of matrix-assisted laser desorption/ionization time of flight mass
spectrometry (MALDI-TOF MS). The VNTR in the 3'UTR of the DATI gene was
genotyped using the PCR and electrophoresis. We performed association analysis for
the ADHD families on the quantitative scores of executive function as measured with
the SSP, SWM, IED, and SOC using the FBAT and HBAT programs with the

additive model of inheritance.

Results

Observation of D" values indicated three main haplotype blocks (HBs): HB1
covering 19kb and including the variants of introns 2, 4 and 6; HB2 covering 3kb and
including the variants of introns 8 and 11; and HB3 covering 660bp and including the
variants of 3"'UTR. We then tested for association between DAT genotypes and

quantitative scores of executive function as measured with the SSP, SWM, IED, and
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SOC. We found associations for 152937639 and SWM within errors (P = 0.049); for
152617605 and SWM within-search errors (P = 0.004), SWM within-search errors 8
boxes (P = 0.007), SWM double errors (P = 0.002), and SWM double errors 8 boxes
(P =10.009); for rs403636 and SWM double errors (P = 0.024); for rs37020 and SWM
double errors (P = 0.004) and SWM double errors 8 boxes (P = 0.033) (Table 3). The
association between rs2617605 and SWM double errors survived the correction of
alpha level for multiple testing.

Haplotype analyses revealed an overtransmitted haplotype rs403636 (G)
/1463379 (C) /rs393795 (C) /rs37020 (G) in HB1 for SWM within-search errors (P =
0.0005), SWM within-search errors 8 boxes (P = 0.001), SWM double errors (P =
0.0007), and SWM double errors 8 boxes (P = 0.002) (Table 4). This haplotype
contained the two SNPs (rs403636 and rs37020) that were nominally significant when
considered on their own. Permutation test for this GCCG haplotype showed that
associations remained significant for SWM within-search errors (2-sided P = 0.0003;
the smallest observed P = 0.001), SWM within-search errors 8 boxes (2-sided P =
0.0003; the smallest observed P = 0.002), SWM double errors (2-sided P = 0.0004;
the smallest observed P = 0.001), and SWM double errors 8 boxes (2-sided P =
0.0007; the smallest observed P = 0.004).

No allele or haplotype was significantly associated with the scores of SSP, IED,

SOC, and strategy utilization in SWM.

Discussion

In the present study, we tested the association between DAT on four executive
functioning tasks that were promising endophenotypes for ADHD. Our findings report
novel associations between a haplotype rs403636 (G) /rs463379 (C) /rs393795 (C)

/rs37020 (G) of the DATI gene and performance on the SWM task that survived
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corrections for multiple comparisons. The current study provides evidence that allelic
variation in the DAT1 gene accounts for significant variance in neuropsychological
indices of spatial working memory.

Our findings provided some insight into the effects of the DAT/ gene on the
spatial working memory in ADHD. Spatial working memory, one of the major
executive functions, seems to be mediated by a complex network of brain structures
including the prefrontal cortex (PFC) (van Asselen et al., 2006), posterior parietal
cortex (PPC) (Koch et al., 2005), and to a lesser extent, hippocampus (Abrahams et al.,
1999). In a study to examine the neural correlates of various aspects of spatial
working memory in a group of stroke patients, damage to the right dorsolateral PFC
and right PPC impaired the ability to keep spatial information on-line, as indicated by
the within-search errors (van Asselen et al., 2006). Moreover, patients with damage to
the right dorsolateral PFC, right PPC, and the hippocampal formation bilaterally made
more between-search errors (van Asselen et al., 2006). Although DAT! is mainly
expressed in the striatum and to a lesser extent in the PFC, PPC, and hippocampus
(Diamond, 2007), several lines of evidence suggest that the influence of DATI on
spatial working memory is mediated by the striatum and its cortical projections. First,
DAT availability in the caudate is associated with activation in the parietal cortex
during spatial attention (Tomasi et al., 2009). Landau et al. have found that caudate
dopaminergic function is related to PFC-dependent functions, particularly brain
activation and behavioral performance during working memory tasks (Landau et al.,
2009). Second, higher accuracy in the performance on working memory tasks
engaged prefrontal-striatal-parietal regions (Stollstorft et al., 2010). Third, functional
magnetic resonance imaging studies have found that parietal activation during tasks
tapping processes of working memory vary by DAT1 genotype (Stollstorff et al.,

2010). Polymorphisms in the DAT gene are associated with neuronal activity in the
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working memory cortical network, including the PFC (Bertolino et al., 2006;
Bertolino et al., 2009). Thus, these results may imply that prefrontal and parietal
activation is sensitive to DAT1 allelic differences during working memory tasks. For a
full understanding of the underlying mechanism, our next step is to examine genetic
effects on the relationship between spatial working memory and brain activation in
patients with ADHD.

Although an effect of DAT] on spatial working memory was demonstrated in the
present study, we failed to find evidence for association between allelic variations in
the DATI gene and performance on other measures of executive function, such as
spatial span, attentional set-shifting, and spatial planning. This might be related to
subtle differences in the underlying neurotransmitter pathways mediating the
executive functions. Several studies have found attentional set-shifting appeared to be
modulated by dopamine-related genes, such as DBH (Barkley et al., 2006) and COMT
(Schulz et al., 2011). However, previous studies failed to found associations of DAT
with measures of performance on the set-shifting tasks (Barkley et al., 2006). Schulz
et al. suggest that while prefrontal dopamine turnover seems to modulate performance
in set-shifting, striatal dopamine turnover mediated by DATI polymorphisms seems
less important in this regard (Schulz et al., 2011). In regard to associations of DAT1
with spatial planning, inconsistent results have been yielded (Karama et al., 2008).
Our current findings need replication before firm conclusions can be drawn on the
specificity of DAT1 in relation to spatial working memory.

Our findings should be viewed in the light of several limitations. First, only one
gene was examined in our study. Analyses of different genes involved in the
pathophysiology of spatial working memory in patients with ADHD may enhance our
understanding on the genetic contributions to the etiology of this disorder. Second, the

probands in the present study were clinic-referred, and thus they represented the upper
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ends of ADHD-related symptoms. It is needed to test whether our findings could be
extended to the general population. Third, the neuropsychological measures used in
the present study are by no means of the full domain of cognitive functions relevant
for ADHD. Our findings need replication before firm conclusions may be drawn on

the effects of DAT'I on neuropsychological functioning in patients with ADHD.

Implication

In summary, the present study has provided strong evidence that DNA variation
in the DATI gene predicts measures of spatial working memory. The association
found between DAT1 and spatial working memory may help to increase our
understanding of how this gene contributes to ADHD susceptibility because spatial
working memory is one of the main deficits and an important endophenotype of
ADHD. Our findings support that cognitive endophenotype may be an important tool
to understand the genetics of ADHD, given their more direct link to the genetic

etiology of this disorder.
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8. & ¥ (Tables and Figures)

% 1(Table1) : #pa:Rsor)fefEstmt X+ ADHD S St Bay Ao f45Y

ADHD HEE
(n=153) (n=153)
SRR E) R (T3 = REE) 127+ 1.4 127412
BHE ML 75.5 75.5
4 3.8 88 ADHD JE Ak ey e (P34 = 2R Z£) 48+1.7 -
WLt A ADHD tg s (3 + 1ZEE) 7.6+2.9 --
WL ET A REHZ MM (F) 5.0+3.1 --
B AT A ADHD #4565 8 4Lt 60.4 --
%4 4s Al ADHD #4698 4Lk 83.0 --
{# Al methylphenidate &5 23 F () 28.4+24.9 -
X EREEE oL 90.4 92.9
KHHFRE (Bath)
AERUE 62.8 62.5
&5 P 23.5 29.2
PR ATF 13.7 8.3
LRBE (Bath)
LE¥ANE 22.9 24.4
AR 77.1 73.2
JEFHT A B 0.0 2.4
FRHUFLE (Tt
ARERUE 50.0 56.5
&P 38.5 32.6
B R 11.5 10.9
HR™ME (o)
B¥EAE 4.2 2.4
B A B 60.4 73.2
BT A B 35.4 24.4

160



191

2By SIS,
FEEEZ =10 WEH MO BEYH

121°0 - - - (0°0) 0 (LS) € QA B
2005°0 - - - (00 0 (6'T) I P H
vTy0 (2601 LE0) 00C (8°¢) C (9L) 4 B ghat
610°0 (0€'TT ST SL'¢ (6'81) 01 (9°6¢) 1T B ¥ n T
000'T 1L ¥1°0) 00'1 (8°¢) 4 (8¢) 4 Tegr gt
2005°0 - -- -- (0°0) 0 6'1) I E'3F 0
I¥€0 (¥8°8C 1€°0) 00°¢ (6'1) I (Ls) € QR
I¥€0 (¥8°8C 1€°0) 00°¢ (6'1) I (L) € FHIYRPY
L60°0 (6L'6¥  TL0O) 009 (8°¢) C (TeD L AP X
12170 - -- -- (0°0) 0 (L°S) € FHYUYHHEY
L90°0 (arel 26°0) €e'e (9°L) b (8°02) I FHIYAH
110°0 (LTLT SH'1) 00'S (t'6) S (1°2¢) LT T 2
¥€0°0 (919 LO'T) LS'T (8°02) Al (S 1p) (4 FHEY
82070 - -- -- (0°0) 0 (+'6) S YT T
€9L°0 (€LC §T0) €80 (€11) 9 (t'6) S FHBE
€7€°0 (65 19°0) L91 (€11 9 (681) 01 PRl
600°0 (LY erT 86’1 6671 (8¢) z (T0¢) 91 FHYE UYWL
100°0> (6€°LT 99°7) 089 (681) 01 (9°¢L) 6¢€ FHHYY T
) (%) z (%) N 1
1D %S6 4O (¢s=u) ®WrdE (€S=1) qHAV

Hfkud (£ :(Z9l1qel) T ¥



% 3 (Table 3) : #HATHARER B KR Z LR

ADHD HBa Cohen’s d
FHE (REZ) PHE (REE) F P
Spatial Span
Span Length 6.79 (1.52) 7.06 (1.39) 0.87 0.356 0.19
Total Error 15.02 (7.32) 14.31 (6.63) 0.29 0.590 0.10
Total Usage Error 2.32 (1.46) 1.75 (1.27) 5.10 0.028 0.42
Spatial Working Memory
Strategy Utilization 33.89 (4.76) 33.19 (3.67) 0.71 0.402 0.16
Total Errors 30.38 (19.41) 20.04 (13.91) 9.94 0.003 0.61
# of Errors: 4-box problems 0.81 (1.47) 0.57 (1.29) 0.90 0.347 0.17
# of Errors: 6-box problems 8.43 (7.47) 5.34 (5.71) 5.74 0.020 0.46
# of Errors: 8-box problems 21.13 (12.93) 14.13 (9.41) 10.15 0.002 0.62
Intra-dimensional & Extra-dimensional Shift
Complete Stages 8.55 (1.12) 8.68 (0.73) 0.52 0.475 0.14
Complete Stage Trials 79.49 (19.74) 72.57 (13.62) 4.42 0.041 0.41
Pre-extra-dimensional Shift Errors 8.51 (5.87) 6.98 (3.23) 2.90 0.095 0.32
Extra-dimensional Shift Errors 8.72 (9.70) 8.53 (9.70) 0.01 0.921 0.02
Stocking of Cambridge
Problems Solved in Minimum Moves 7.89 (1.89) 8.55 (1.70) 4.36 0.042 0.37
Mean Moves: Total Moves 17.87 (1.79% 17.18 (1.84) 4.45 0.040 0.38
2-move problem 2.01 (0.07) 2.00 (0.00) 1.00 0.322 0.20
3-move problem 3.25 (0.41) 3.21 (0.35) 0.26 0.612 0.10
4-move problem 5.65 (L.11) 5.40 (1.05) 1.68 0.200 0.23
S-move problem 7.10 (1.57) 6.58 (1.31) 3.46 0.069 0.36
Mean Initial Thinking Time(ms)
Total initial thinking time 3800.91 (2539.52) 4953.12  (3305.08) 4.05 0.049 0.39
2-move problem 119438  (778.00)  1393.75  (999.90) 1.31 0.257 0.22
3-move problem 314747 (2877.39) 4235.14 (4072.45) 2.52 0.118 0.31
4-move problem 4725.33  (4204.48) 6056.42 (4873.64) 2.27 0.138 0.29
5-move problem 6162.79 (6335.71) 8127.17 (7016.33) 2.26 0.139 0.29
Mean Subsequent Thinking Time(ms)
Total subsequent thinking time 443.05  (370.64)  688.91  (723.36) 5.13 0.028 0.43
2-move problem 90.37 (171.34) 22151  (530.85) 293 0.093 0.33
3-move problem 206.14  (426.25)  212.11  (379.50) 0.01 0.940 0.01
4-move problem 882.67  (934.39) 135341 (1973.81) 2.61 0.112 0.30
5-move problem 567.48  (560.53)  968.61  (1238.12) 4.54 0.038 0.42

162
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ADHD (N=279) F2(N=108) # 8 (N=173)
FHEGREE) PHAEAGEE) FHEGEER) F

or % or % or % % i
SPAL B Y Sl 12.5 (1.6) 12.5 (3.4) 12.6 (1.5) 0.06
M % 85.7 40.7 72.8 79.79%*x*
B4t 6.0 0.69 2.7
B A7 4& A methylphenidate 50.9
{# Fl methylphenidate &) %A 20.1 22.1) 431
B (A)
%07 103.0 (11.6) 103.0 (10.6) 110.7 (9.5)  29.97*%**
R
£ 42.7 (4.2) 43.6 (3.9) 4.84*
HKERE
RERULE 50.6 63.9 7.16*
&P 40.0 29.7
PR 9.4 6.4
ER N 4.1 6.2 4.09
B A B 59.3 66.4
re 36.7 27.4
A
£ 45.7 (4.8) 46.2 (4.5) 1.07
HERE
AERUE 59.9 76.0 11.41%%*
&Y 29.6 18.4
P RT 10.5 5.7
E¥ANEB 14.8 20.6 2.24
B A B 79.9 74.0
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* p<0.05; ** p<.01; *** p<.001.
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%8 (Table8) : ADHD &4g A0 8454 « BB E - UA LG E

ADHD
FE + RREE (N=30)
Sy (3HE) 10.70 + 1.84 (8-16)

2% (FE) 105.37 + 13.55 (80-135)

T3 LAERE

BF (z %) -0.38 +1.33

# (z mE) -1.03 + 1.02

P 28 A7 12 34 F.29) p

BmE (&) 38.66 = 12.76 37.19+ 11.88 1.08 309
Atomoxetine B X #| & (£ 46.12 + 14.67 46.02 + 14.42 0.10 756
FIEE, BR/IAFT/ER 1.20 +0.07 1.20 +0.08
#o JR

S 95.58 +13.48 92.42 +17.38 0.43 523

IR 55.00 £ 8.28 55.13+8.36 0.05 820
k3% ik % 83.79 + 11.97 90.42 + 14.14 3.13 097
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% 12 (Table 12) : ADHD B Hfo¥fButh A 02455 di% g

ADHD ¥
F P

FHEARE £ (0=25) (n=25)
F /% 22/3 22/3
FEs ($0E:8-17) 11.4+2.1 11.4+£2.7 0.04 .840
] 108.4+12.7 111.1£10.9 1.66 209
Bl 105.9+15.4 107.0+12.4 0.13 718
FEAHEM 109.8+10.9 113.1£10.9 2.57 122
Verbal Comprehension Index 110.9+£10.0 113.5+£10.9 1.82 191
Perceptual Organization Index 107.3+14.6 108.0+12.8 0.07 796
Freedom from Distractibility Index M)5.3+15.9 110.8+11.7 2.26 146
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% 14 (Table 14) : 22 ¥ SUK B AY 423572 7878] ADHD B35 2 & /1 R 2 138 84

B Ak
SNAP-IV

ERBARE B 1EE)

B p p p
¥ sMpl AT 4R L - - -394.25 .001
P fR] AT 3R 3 R - - -279.11 006
REFAE R -127.09 <.001 - -
FE Sl AT 4R 3 R - - -131.77 068
F values Fa20)=16.54, p <.001 Fi20) = 6.96, p=.002
R-square 0.43 0.51

4% L, Z1; R, A&18]; SNAP-IV, the Chinese version of the Swanson, Nolan, and

Pelham, version IV scale.
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% 16 (Table 16) :
allele frequency, MAF)

DAT1 AR E 15 E4R2 e M B SR ZHAB A RS R (minor

AR AR E SR HEEAR MAF
(%)
1s2937639 Intron 1 1496728 A/G 14.6
rs2617605 Intron 2 1495521 A/G 17.3
rs403636 Intron 2 1491354 G/T 32.0
rs463379 Intron 4 1484164 G/C 47.5
1s393795 Intron 4 1481514 A/C 47.3
rs37020 Intron 6 1471374 G/T 33.7
rs40358 Intron 7 1469142 T/G 35.0
rs37022 Intron 7 1468629 A/T 50.0
rs466630 Inton 7 1468404 G/C 493
rs27048 Intron 8 1465645 C/T 17.9
1s429699 Intron 11 1462127 C/T 25.1
rs40184 Intron 14 1448077 G/A 26.1
rs1042098 3'UTR 1447815 T/C 10.6
rs27072 3'UTR 1447522 C/T 26.9
3'VNTR 3'UTR 1446863 9/10 repeats 5.9
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4% 17 (Table 17) :

DAT1 X FH E 15 B8 & R 2 A X Bstit

AEER g“‘;ﬁ‘ $18 24 B % I“f";};;ge* z p

rs2937639 G 0.146 38 0.438 0.662
rs2617605 G 0.173 46 0.384 0.701
rs403636 T 0.32 50 0.232 0.816
rs463379 C 0.475 46 0.563 0.574
rs393795 C 0.473 46 0.563 0.574
rs37020 T 0.337 47 0.232 0.816
rs40358 T 0.65 54 0.471 0.637
rs37022 T 0.5 49 0.229 0.819
rs466630 C 0.493 39 0.679 0.497
rs27048 C 0.821 35 1.511 0.131
rs429699 T 0.251 44 2.393 0.017*
rs40184 G 0.739 48 1.746 0.081
rs1042098 T 0.894 29 0.557 0.577
rs27072 C 0.731 42 0.361 0.718
3'VNTR 10 0.916 20 1.877 0.061

*<0.05
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4% 19 (Table 19) :

DAT1 R Lk 15 4%z 82 ADHD B 5t 4

AEER g“‘;ﬁ‘ $18 24 B % I““’;Q;;Ze gz b
rs2937639 G 0.144 115 0.758 0.448
rs2617605 G 0.172 134 1.018 0.309
rs403636 G 0.697 167 1.694 0.090
rs463379 C 0.464 182 0.368 0.713
rs393795 C 0.462 178 0.370 0.711
rs37020 G 0.675 165 1.619 0.106
rs40358 T 0.657 179 1.836 0.066
rs37022 T 0.502 189 0.300 0.764
rs466630 C 0.489 152 0.058 0.953
rs27048 T 0.175 142 1.018 0.309
rs429699 C 0.756 158 1.742 0.081
rs40184 G 0.731 167 0.195 0.845
rs1042098 T 0.897 99 0.396 0.691
rs27072 T 0.272 150 0.142 0.887
3'VNTR 10 0918 81 1.062 0.288
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B 1 (Figure 1): ADHD % &~ k2 F 2 -~ ¥1 ¥ B8 48 £ a) Spatial Working Memory
BB P 4-box, 6-box, Fu 8-box []AE &Y 484432 2L, b) Stocking of Cambridge /8|5

AR

b)

Mean Moves

a)

Total Errors

25

20

15

10

—— ADHD
==O== Sibling

—¢ — Control

7

7

Group: F(2,1221):30.32, p<.001
Task: F(2,1221)=559.00, p<001
Group*TaSk: F(4,1221):13.64, p<001

6 8
Number of Boxes
—— ADHD
—O=—Sibling
—<¢ = Control

Group: F2,1775=17.75, p<.001
Task: F(311775)=2985.89, p<001
Group*Task: F,1775=6.63, p<.001

3 4 5

Minimum Number of Moves
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Percent of correct responses

B 2 (Figure 2): ADHD &% - k%% F & - 2 # B 42 4 Delayed Matching

to Sample /A& ¥ simultaneous, short delay, medium delay, #2 long delay &9 iE

R JIEB otk
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B 4 (Figure 4) : Regions of interest (ROIs)fu%B ¥ LUK AP 4R IRAZ - K F &5
dorsolateral prefrontal cortex » ;% & &, % medial prefrontal cortex > #y4r & 4
orbitofrontal cortex > 4% &, % ventrolateral prefrontal cortex » #% &, & caudate
nucleus ° & &, % dorsolateral prefrontal - caudate tract > & @&, A& medial
prefrontal — caudate tract - sy 4r & % orbitofrontal — caudate tract > 4% &, %
ventrolateral prefrontal — caudate tract
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B 5 (Figure5) : ADHD &% 1 ¥ B 48t £ 4 %8 3 80Kk 3% 2 generalized
fractional anisotropy &9 kb #%; d, Cohen’s d.
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