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[HEY Hi: R T3hkEedric (Arterial Spin Labeling, ASL) i & Bk 2 sh g
(Attention Deficit and Hyperactive Disorder, ADHD) A [] 37 7 [ & ke v 5 (Attention
Deficit and Hyperactive Disorder-Inattentive, ADHD-1) K j& & % ( Attention Deficit and
Hyperactive Disorder-Combined, ADHD-C) 1)L Z fixi ifiL /i ( Cerebral Blood Flow, CBF) 2% 5,
Hilt— Dt X e = R 5PATIREMIC R, DURANERfF ADHD HIHE )R, 7.
ARFFILAIN 159 4 58 iAhiESE ASL(pseudo-continuous ASL, pcASL)FFH IR, 5 83
4 ADHD-I B J1, 51 4 ADHD-C B )L K 25 4 f@ )Xt 8 (Healthy Control, HC) , Fif§
W358 B ¥ AT NVEE PAT DhRE M4 (ZXKh) (Behavior Rating Inventory of Executive
Function-Parent Form, BRIEF) P¥Al B # FIAESHATIhRE. KW Z 8 (ANCOVA) ,
R =4 )LEAE CBF LIZE R, FERKKH] Dunn K56 Xf TA77E4LIA) 22 7 K X, Y
FRLR X #) CBF H, 5 Lik BRIEF #5370 K @ [ A2, 1t — 0 WY 22 e i X5 AT Dl g
Z 95 % 45 5 : ADHD-1.ADHD-C J HC = 417F 22 M 5] () CBF (= #7 B HL3% Gaussian
Random Field, GRF & 1E: &% /KF P<0.001, HH/KF P<0.05, UML) f77F % 7%
5. Dunn F 555 (Bonferroni £ 1E P <0.05) % 7x ADHD-C %5 HC (P =0.000) . ADHD-C
M5 ADHD-I B (P =0.01) Z[AAF/ER3% %R, ADHD- | BUBUH & w4 2 I LR A Ja) 78
CBF; 1 ADHD-1 15 HC Z[TR¥F%R. £5 BRIEF BEXR&GHEIHSHrd, K
ADHD-C M) CBF fH 51HRIIZHLF /0 B4 (b=-0.062, P=0.03) . %i: ADHD-I Al
ADHD-C ¥t 7.4 1) o 08 il 1L 37 47 5 ¥ 72 5%« ADHD-C AUAE Ze (551 1 ) CBF {H 351K
T ADHD-I B FRent I, B A A0 Jm i ML v] e 55 ADHD-C BY AT DI RESR I A %, TG
HAEH LT RIGE J1 7710 - 110 ADHD-I 845 HC 1 J5 A L 2 0] o i 35 22 5 o 125 itk
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[ Abstract] Objective: This study aims to explore the differences in cerebral blood flow (CBF)
among different subtypes of Attention Deficit and Hyperactivity Disorder (ADHD) [predominantly
inattentive type (ADHD-I) and combined type (ADHD-C)] in children using Arterial Spin Labeling
(ASL). Furthermore, it investigates the relationship between these differences and executive
functions to gain a deeper understanding of the neurobiological basis of ADHD. Methods: The study
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included 159 male participants who completed pseudo-continuous ASL (pcASL) scans, comprising
83 children with ADHD-I, 51 children with ADHD-C, and 25 healthy controls (HC). The ecological
executive function of the patients was assessed using the Behavior Rating Inventory of Executive
Function-Parent Form (BRIEF). Analysis of covariance (ANCOVA) was used to explore
differences in CBF among the three groups, with post hoc tests conducted using Dunn’s test. For
brain regions showing intergroup differences, the corresponding CBF values were extracted and
regression models were constructed with the BRIEF scores to further clarify the relationship
between regional CBF differences and executive function. Results: Significant differences in CBF
were observed in the left middle temporal gyrus among the ADHD-I, ADHD-C, and HC groups
(Gaussian Random Field, GRF correction: voxel-level P < 0.001, cluster-level P < 0.05, bilateral
test). Dunn’s post hoc test (Bonferroni correction P < 0.05) showed significant differences between
the ADHD-C and HC groups (P = 0.000) and between the ADHD-C and ADHD-I groups (P =0.01),
with the ADHD-I1 group showing lower local CBF compared to the other two groups. However, no
significant differences were found between the ADHD-I and HC groups. Regression analysis with
the BRIEF scores revealed a significant correlation between CBF in the ADHD-C group and
planning/organization scores (b = -0.062, P = 0.03).Conclusion: There are significant differences in
local cerebral blood flow between the ADHD-I and ADHD-C subtypes. The CBF in the left middle
temporal gyrus is significantly lower in the ADHD-C group compared to the ADHD-I and HC
groups. The reduced local CBF may be related to the executive function deficits in the ADHD-C
subtype, particularly in organizational and planning abilities. No significant differences in local
CBF were found between the ADHD-I and HC groups. These findings provide new insights into
the neurobiological mechanisms of ADHD subtypes.

[ Key words] Attention Deficit and Hyperactivity Disorder; subtypes; cerebral blood flow;
executive function; magnetic resonance imaging
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TERBEZ 5hERS (Attention Deficit and Hyperactivity Disorder, ADHD) #&—Ffi ILI
R E NG, FERINSFRAFRIER AL ZRMENIT . JLEFEDE
ADHD &N 5.9% % 14%M, 57800 %2 L B R m AP RAE I AR IR,
ADHD w43 ik & By £ (Attention Deficit and Hyperactivity Disorder predominantly
inattentive, ADHD-1) . £#hsh%A! (Attention Deficit and Hyperactivity Disorder predominantly
hyperactive-impulsive, ADHD-H) FIi& & %4 (Attention Deficit and Hyperactivity Disorder
combined ,ADHD-C) . ADHD-I f1 ADHD-C j& ADHD (] 3= Z£ 7 84 B], b i 2800 B0 27 1) AH
KW I A VELIL S T AN FIZREL ) ADHD fE N KIFIAT Ay b i 2 5 4, (i HL g D R 8 A 3
AT RTEE.

TR HAUR R ELR A B RS P A e bR . Sk A ERRid (Arterial Spin Labeling,
ASL) 1ER—M AR AN E B G REE AR HOR , REE 2 B Il i L &, ZE T 9 i I R AiE 7
T H A AR AP o BEAEAT 5T K B 5 fd BT B (Healthy Control, HC)#HLt, ADHD i JL7ER:
S8 Mo DX IR FE B S T REAFAE B35 22 80, IR H, ASL 67T 5 fMRI 54 IR &5 30 5
I L7 2[R 5 %38 ) IR TR A XK 2R, Tan S8 AR I ADHD 1R I L7 S 5 PR ki X AN Dl g
R E XA RSN, O Su SRS AR XTI LEALL, B ADHD )L
R H 4N Y] CBF-ALFF(Amplitude of Low Frequency Fluctuations, ALFF) ] & 2 B,
XKLL T ASL FAREHE 78 ADHD 55 2 AR BRAL ) H 78 70



BbAh, N T VR4 ADHD JLEE BT ZhRE, AR TS 147 P 2 AT h Ak i 25 ( Behavior
Rating Inventory of Executive Function, BRIEF) ZFK£h. BRIEF G844 P4l JLEE H % 4
TG PR R AT ThREBR G, LI LE BRI ST I B s B, RT3 E M AT Ih
REMNE AR LL, BRIEF Befig S 47X 73 s ADHD BB IE® & & 1 JLEM, Hd ik
AR H A e %) ADHD 7Ry 1 ¢ty 2 0,

DRI, B 706 R O 3% 22 3l ik H bR i (pseudo-continuous Arterial Spin Labeling,
pcASL) FiA, #t—4RiT ADHD-1 40 ADHD-C )| 8 76 6 L 5 T i 2 5, FFiF9Eix
s R 5PATIREMOC R, LLiER ADHD [#H 2 AR M) % Bk A o
1 NHRE5FE
LIFFAXNHR

R TR A RIEL G*power3. 1 FAFISIEEAT At 51618, f Ff ANCOVA I britE, 1R
P Cohen’s d RN B EN 0.5 (FFEEN &) , 48 E MK TH 0.05, I (1-p) HL 0.95
B, R SREAER 55 N, BHGENFEAERDH 18-19 £ ABGFEAEASZ
ISR, SULE R IERE E I KREA R,

RFFSERRIEGIN 159 4 55 4%: ADHD )L 134 4, L+ ADHD-1 %Y 83 4, ADHD-C
B 51 4, f#FEXFIE (HC) 25 4. HC 5 ADHD 2 LR . IrE gk 5Em 7 pcASL
fii. ADHD & JL¥K H T 2015 4F 7 H-2019 4F 12 A1EIb i K RNERE I 1282 )LE. A
MRt IAIRE: OFF & (GEERE MRS ZE S5 FMEEDUAR) (Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, DSM-IV) 1 ADHD (12 Wibnifk, it 3278 i
e UL HRRR ) LEAE MR T 54 B ) LI A & Rl R 2 R I AP I AR 2 W, FARE )L
i Ifi K12 Wi 2> B2 (Clinical Diagnostic Interview Scale, CDIS)#f 5 IIfi & 73 74 DA Az FE 25
VP @JLEFRN 6-18 % OFEEITF5 IR LER /&R VP2 28 7155 (Intelligence
Quotient, [Q)>70 43; @ MAAM I I EAREHRIZ54) . HiBRbriE: OREAEBINE ) LE RS> R
R RS . DIUHURE . KSR G IR AT W SRS PRS00 @ A ™ AR, npps
RGP, MIRFERT. B RTE Y i e, EEEssEE . HEdTEaE 79~204 N H,
P HE (119.09 £31.74) A

IR LEX Y 2021 4F 1 H-2021 4F 12 ARSI N e e A . NHRRiE: ©
g 6~18 ¥ ©IQ>70; ORI KEHEIZY); ©%ikH K NG FRE. ks
#E: OADHD JERVF 2 SR HiE R A 2 B P a2k H>4 5% QBRSNS MR . K
PPN SR L s O B RIRENG . MA RS R  BiIHREAGSE . SENHIEF X )LE 25 4,
HkVEHE 88~200 N, “FHHE (1255 +29.79) .

TN 125 2H H 5 L LU AN S8 6T, S T B DR AE 9 445 SR PR PR 38— 50T R s D 1 ) 1 ST
FRAZ RN AR R, AR AN TV

AHE T G R SRR AR TS Dl e B A, AR PR LS (2015) 16 £ (20) 5,
LR A 2015 4E 7 H 9 H, FrAZREWIFEES AT, HHHEFKEZMERE .
1.2 AR5
121 R TR
1.2.1.1 %) LE B RBBAS M RIER % (K-SADS-PL)

K-SADS-PL (Schedule for Affective Disorders and Schizophrenia for School-Age Children-
Present and Lifetime Version) & —Ffa5tfuityisr TR, BTV LEMTE D115 R
TR h 3 2E . BFFER B, K-SADS-PL BA R NG FERUE . VT2 # A5 BETE 93%%)
100% [8], E {5 Kappa R2E07E 0.63 3] 1.00 (G, HAE RS Eig— S 4
PR H =10, K-SADS-PL ¥ ADHD 44 3 FlllG AR A, By sfa 3R (ADHD-D
Z Mz N ER (ADHD-HD FIVRE &% (ADHD-C) o B4k, % T BB 0] LX) 37 Prfhs



i AT NG H BB LR G AR SE )L B AT N REAG DL AR RS FE IS RS . R o M G A5
DR A8 B I R AT 12 I
1.2.1.2 288 LEBATDIRBIT AL EBRR (BRIEF) FKhK

X—TH BB &AMl Z 7 AT DhRe 7 AT v in @, R KRB Z T ER
ATETHRIIAS , Ref AR5 A B I e iR AT DI RRAIR L, BB E I AT FE AR
JERO, KA 86 Nk H, WK : AT NEERIREL COFEME] . FoR i & ] =
Tif35r) FOCINENThAE 8 CBEESRE. TIECIZ. R, AUl I 5 @,
1.2.2 iR A B R R 5 A

ASL HE AL AL 5K 525 /S BR B b 22 548 0 (1) 35 15 38 FH FL <0 Discovery MR-750 3.0T 4
R RAR, I b Sk 2 B3R AT S8 A0 S FAZ LR A5 5 430 B RAR T IR 2 il
EARME R RFE I, W EIRE, REBMRFSEAD), FFHE T TR @ 525 1Sk
0, fEHARFEAS) . PR ZORPECF R RIR b, E7iE i B T A 2 b, SKERE Bk
&Y EE, DR B ZE FE A B2 gD R LA e A 4. X BRI T SR . &
PRLEFFUE TR B s O P RS, AR, ANZEE SRR ) f e F s, R P IR RS
PR B R L E AN B ARAS  F R AR, @ik xS yEpL ) LB AT S I8 , SR BRI AT ORI E 1L
KH pcASL JF 8 R, FhiriHi, FOV=220mm>220mm , JZ/5E=3mm , TR=4781ms,
TE=11.12ms, /Z#7=45, points=512, arms=12, #xicZEIRHT[H] post label delays=1525ms, &
[EFR, FHIIE: 6 47 51 #b. A T HREIE R R, (EHHE LRI BP0 R Sk s
BN, 5SS B EOR IR, AN BES R HRr R b 58 A 1 0 4 R B s i3 AT 0 T o

K H MATLAB 2014b ¥ & 42 £ K 1 414, (Statistical Parametric Mapping, SPM8) .
ASLtbx #F41 (Arterial Spin Labeling toolbox, ASLtbx) 1 DPABI #ff (DataProcessing &
Analysis for Brain Imaging, DPABD) , VLKIETF DhRERIILIR G4 E (FMRIB Software
Library, FSL) v6.0.6.4, H#JRiaEmit T b ee, FEAFHELUT AP 1 .
BB A% AESS  (Digital Imaging and Communications in Medicine, DICOM) {44y
T2 BA%15 BHEOR (Neuroimaging Informatics Technology Initiative, NIFTD SCfF#; 2)
THE CBF A, — M5, ASL BSURERE thxt B G AIbRic R 2 . 1 ASL R UR s 4 B
SRR R R UG AR IC U, (5 ASLtbx it 55 5h )y 2= A -5 CBF 18, HHiL IE R
#i+ FIFH BET-FSL (Brain Extraction Tool, BET-FSL) #EAT/iE #I%; 3) Biik: KM SPM8
A A #R K CBF %5 MNI 23 [l PET.nii MEEARGEE T AR MERCHE; 4) 13—1k:
{81 F] DPABI #f11) z-standardization i iy EME#EATAR1EAL, BLIE/D> ASL RCR AR ) /)
S RIAMAZE A RN, (TP gt ds 5 FiE: DL 8mm BSFIEAZ AT
P, 19 BT B R CBF map, AT RS Ab B
1.3 Gt ik

NHEE L ImPR BRI R 8 A Epidata3.1 24—k N, 8 H Rstudio #AF2E47 404, %
FT g 427 B R 4T Kolmogorov- Smirnov IEASTER S : R & IE A0 A I E 5248 8 %Rk
(Bt )RR, AR EECR 77 ZZ R 56 ANFF & IR 734 1) 22738 B R R [P r i (i
ME, BRE) 1FoR, AR ECRAIES S Kruskal-Wallis #5560 . i 7 G010k F
MATLAB 2014b ¥ & L) spm8 AL ) —Fir 0, LAERS. 1Q AR, BRI
JiZ 4508t (Analysis of Covariance, ANCOVA) #A7&4uka s, T =duEREE Gail
BfiHl3% Gaussian Random Field, GRF fZ1E: A Z /K P <0.001, HHIKF P <0.05, XUl
KB X, $EECE-AIAE RN X ) CBF fH, 7E R studio #1347 Dunn S a0, # &K
CBF e A AIfFE 2R R, M5 ik BRIEF F& I 188570 M s/ kg dl i ag
B EAER, PP E RN X SHAT IR R R .
2 8%



2.1 IR BORMRHIE

— #H 8] 4= #% (Kruskal-Wallis chi-squared = 6.0681, P =0.000). 1Q(F=13.49, P =0.000) % F 4
GiitepE B WiRitLE, K3 ADHD- | 41. ADHD- C 204 5l 5 f Je ot FR 4 i 4k 22
TR E P >0.05), {H ADHD- | 41. ADHD- C AR AF1E % 7 (Z2=2.38, P =0.025),
ADHD- | 1. ADHD- C 41 1Q /) T FExf [ 2H (t=-3.23, P =0.000).
1 ERXAOZER

$EkR ADHD- | (n=83) ADHD- C (n=51) HC (n=25) F/H P&

FE#(B) 117.71(100.18,154.25) 106.67(97.20 ,121.62) 128(103,144)  6.07 0.0481

C-WISC A&7 107.2+0.44 106.33413.35 120.32413.17  13.49 0.0000
2.2 fi M43 A1 R 4 [F) 22 7 He gk

5 ADHD AL ZH [ i ML At R B 1 5 HC SRABLA e 23 18] 7 A 00, LB Lo e v 1A
DX ARG S B el AR,

&l 1 ADHD- | #(n=83). ADHD-C £ (n=51)F1 HC(n=25) 3 I 3 2 4r
BN CBF BRI z 9 BbsiEA, BT 5238 i 3t B 1 135 LAAE ALK ()
RIS

ADHD-I. ADHD-C % HC —ZH7E A i+ [l ) CBF (GRF K 1E: A% /K*F P <0.001,
K P<0.05, XU ) 77553 % 5. Dunn 35 k6% (Bonferroni £% 1E P <0.05) &7~
ADHD-C %45 HC (P =0.000) . ADHD-C #!5 ADHD-I & (P =0.01) 2 [AIfF{E & Z 5,
ADHD- | T e i 21 e L A 1 J=5 3 CBF; 1) ADHD-1 15 HC 2 [A| R 2 % 7 .

B 2 ADHD PFAfEEUA{g Fext fi 2 1] CBF f175 =0 R ek



(A) ADHD -I. ADHD —C #4F1 HC 1] CBF #3772 437, e i [ A7 AR 4H [A) 22 57 (GRF K2
1E: KT P<0.001, HFH/KF P<0.05, XK ; (B) Dunn 35 K46 (Bonferroni
KZ1E P <0.05) & 7~ ADHD-C #45 HC (P=0.000) . ADHD-C %4 5 ADHD-I 4 (P=0.01) 2
[ AAAE 25 22 57, ADHD- | B3 H e i 2H R IR H AR I J= 38 CBFs
2.3 i M5 BRIEF BRI E AR Mg

fE5 BRIEF SR MENESHTH, FEEF1Q ME NSNS, hdsh) FHxt 4y
e RIR AR . KIL ADHD-C HIff) CBF 1 5itRIIH A5 MK (b=-0.062, P
=0.03) . Kl 3 R T A M a ¥ CBF {65 ADHD-C W% L2 BRIEF &R TR/ LG
Sy B Gt Rk, BART S, A Bl CBF Bmiy, HEVHRIFR 5 BAK,
HAL, THRIFCRE 2D, ThRe R RT . IX M A C /KW, 78 ADHD-C A!)L#E
e R (] SR R I R, L R SR R RN A 2R R R

& 3 ADHD-C B M+ [E K CBF 5HATIIREAE B4 B IH ih2:
3 JBIR T M A1) CBF {55 ADHD-C IE#Y JL# BRIEF 2R RIS 5 2 [0 47
ERENG T, AR E, A0 R CBF &imit, MUtk HiERIEL (b=
-0.062, P=0.03) .
3Tk

AWFFAE T ASL BoAR K5t )L#E ADHD &1 CBF A4k, ¥4, 5 ADHD-I %
Il ABFRXTIEGZEAHLL, ADHD-C Y JLAE 7o MIFRH (o] 2 30 HH Y 35 1) Jm0 350 i 1f v &2 P11
ADHD- | L 5 R AR R R 2 Z 5. #—P M airER, ADHD-C %
B)LAEMEF [ CBF 53 BRIEF &RMTHRIEHLE 4 2 A7 1R 535 A . AR
5, ADHD-C Y& L= [ ) CBF PR Hoit RN 2R ) Z A o0 . X — 45 SRR
ADHD-C B [0 AT Ty BEBRIE 1] BE -5 J5) 35 Fli L P BRI A 0%

BEAE {8 FH ASL H AR T ADHD F235 A M 2547 0% 90 (1) SCRRAR T 1 A if 7 A8 A4 32 B4R
HLEAI . B FISOIRARZE X 35222, BLAR) PET A1 SPECT W Fe48— g &t . Jint
R 25 [X 3 (R VE T /D 123270, 4RTT, 55T ADHD AS[EINE A (I AR/ o ASHIE 50 1 T
Eei 7 ADHD-I #4F1 ADHD-C 24 & ) LI BN AR, &3 ADHD-C 24 i ) L7 22 5[] 1)
CBF .3 FHI%, X 5 REAT 7045 Ak 7 — 8. IAT IS RAb 7 T IR LR B, R IX
B (4 L A5 4k 76 ADHD-C B 5 )L h B I e ik

RATRIM ADHD- C & &)L B [Eff CBF 5 BRIEF &R iR/ 5 2 [AIELE
B ARG o X RS 22 M [ () JR S HEVE BRI, A OGPAT ThRE 2 ik %, RITHRI/



HZRE I . BARPAT DIREAL Gt E A S8 ¢, (E B 28 18 R It S 30k
T R ALY X 3 PRI ARAT P [X S 7E A T 3 B 7 T 7E A L DRI 11 g 24 281, S [ fry 45 44
MINBERGE A, I T AR AZE2Hr (voxel-based morphometry, VBM) . # Bk &
Hif& (Diffusion Tensor Imaging, DT FIREAL A% 1% 845 (magnetization transfer imaging, MT1),
I ADHD 3 % 5 i B HEAE S X I A7 70 035 22 575 Beah, N ST RG220 BT et TMRIT 4R
P AT A0 3, R I ADHD ZH 7 B 25 DX 3 it A 2 o BRZELAS [ 290, B 2 e o g 1
FERATSS P IMTER AT R S ADHD B35 15 S SR S 7 THT (AT R 1) i A OG0, dx e e i 3%
B, @it/ ADHD S8 Pl Re — N EER R HE AL BN S 5HAT DIRe Tz,
WU BB BRARAE) I PN DI RERE RS A, IEAEAE TARIENZ . ARGV 1R ). HiH]
P RE I — RAIPAT ThRERAGEN, R, B X 55 T e 5 20 ADHD BB LT Thig
FHHRBAE . HAh, ML O A LI, ADHD-C AL E 7E - RIA L2 RE 715 T R
He RS LEZ NPT, AR R0 R T BRI,

g5 LR, AR E A ASL BiAR RGEHLLE: T ADHD W il 32 2230 B 7E =3 3 i 1 8
ST DI RE 7 TH ) 25 5% . 45 R BoR , ADHD-C &4 8 ) L7E A2 550 [71 /) CBF 2 & ik - ADHD-
| BRI et R4 . X — R I FR AR ADHD VRS (0 AR = L B AL T 9 A, 4 )2
TEPATIHRESBE B FE R o XS4 RN ADHD FIAH S AE DA e 3 AL 1 B i, B
AT REXT I R %0 AN [R] ADHD WA HAG B 25 3, FFA B T BN 1) T R

K FAAE— L/ RYE . B, RTINS L, KPR 7451 et ofF
WFFE 30, ADHD S5 (W in &5 MR Dh REAAAE 38 e 22 5 i, fMRI 50 R BLAE S
TR AR [X P24 T REATCE S5 P U AH DG AR S e i R B30 4, B3 1% ADHD S 7R3
B i X ()35 5 5 25 AT T3 ok R AL, T Lot ADHD 8535 AT X f 2 3 B4, [, — 10 VBM
WA RIS IER R B RS ML, B4 ADHD [ 5 5278 I8 MG F0H5 (5100 K B AR Dk, T
ADHD LM L IEH R E Lt KR BRGNS, X £k IR T 7F ADHD #4 A% £ A
FLH RS R R I B . DR, RORBIEFT NN NN S B S50 R A, DA B 4 it 2
fig % ADHD i s A8 2= R E A BAT T RE 52, AT B2 i i 7 48 SR 000 )32 3 FH P A PR
TIRAIHERTE . R, FEN ISR TH, =4S IR ™A ULHL, R ADHD #)L5
HC FHSILEL, (HAEW LA RIfEAE R 7 (P =0.025) ; 1Q fEM LA ULHD, (HF 4
7 1Q BT HC A (P=0.000) . RAELES MGl 5 1Q 1A REN, XLt
ZE AT RN A PR A — R . DRI, R SRI ST S Iy AL IS, DAY /b JR 24 AR B )
SO AN, RN IR R A B AN N . 2 MarekBIZE R 7T, BEAE: I B2 18 24T 72 1)
FEARERALECH n=23, KRS0 5P A E 2 /> 23 Bl vtE. R LSRN
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