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Detecting and Analyzing Brain Networks of Adult ADHD Using

Dual Temporal and Spatial Sparse Representation

GONG Jun-Hui'? LIU Xiao-Yan' ZHOU Jian-Song® SUN Gang'

Abstract Attention deficit hyperactivity disorder (ADHD) is a highly prevalent psychiatric disorder, which is generally
characterized by symptoms of inattentiveness, hyperactivity and impulsivity. As a popular functional imaging technique,
the resting-state functional magnetic resonance imaging (rsfMRI) is frequently used to explore the neural mechanism of
ADHD. However, after resting-state brain networks are obtained from the rsfMRI dataset with the traditional independent
component analysis, it is difficult to detect reliable ADHD-related brain networks via voxel-level inference because of the
high dimensions and relatively few samples of fMRI data. To address the problem, a novel framework and index using
the dual temporal and spatial sparse representation (DTSSR) is proposed, which is able to detect the resting-state brain
networks related to ADHD from a large scale network-level perspective in an rsfMRI dataset consisting of 22 adult ADHD
patients. First, the group-wise brain networks and coupling parameters are inferred from the ADHD fMRI dataset via
DTSSR. These coupling parameters are then processed by average-pooling as an index for activity of each group-wise
network. Finally, the Spearman correlation analysis between those obtained indices and the ADHD rating scores is
performed to detect the networks related to ADHD. Experiment demonstrates that the dorsal attention network and
executive control network are significantly related to ADHD. The result shows high stability under different dictionary
sizes and can be reasonably explained from brain science. The proposed framework can be used to explore the underlying
neural mechanism of ADHD in a new perspective.

Key words Sparse representation, functional magnetic resonance imaging (fMRI), attention deficit hyperactivity disor-
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Fig.1 The framework for detecting adult ADHD_RSN using DTSSR
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Fig.5 The inferred group-wise RSNs with DTSSR from the ADHD dataset

(The “activated” voxels were inferred by MELODIC)
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P K 2 H. P-value, FDR (False discovery rate)
K IE. ADHD A X M 45 i 45 5. MAH X RECKRF,
RSN#6 (F5 M2 4, = [a g 7 (a) Fis)
J% RSNALL (HATHmIM %, 234 7 (b) B
) WIS EREETE AR5 ADHD RS 2MEAH % 250 5,
3518 0.56 K 0.57, X B FH K R B MR I
(HO: #H3:Z%00 0) 1) P-value $3/NT 0.01. Bk
—&, ARSCRMFE MK FDR J5¥E% P-value #E4T
TRIE, 558K 2 Urax. WERFRA AR H, 5HA
18 4~ RSN #Htt, RSN#6 A RSN#11 #1F J5H) P-

value 15 HEA% (0.06), ENFEZEARBCHE, HEH
WE%R 6 %. BESRZEUE S St o s B K
F-0.05 (FE4a i B, HESHIREE R 5 %) L,
W S A S, (L2, R T SRS %) ki 1Y) 28 22 TR)AH Ok 46
BRL, A [i) ki D) % 2 ) 1 9 B B2 s A 8 i T A O
(F ey 0.83), X Al it 52 FDR. A& I i A28,
Ht, ARG RSN#6, RSN#11 5 ADHD &3
B Z AT ELA A A

Ak, SR A A SCOy A K I ) RSN#6 - Al
RSNALL (A~ (4 28 MG B2 £ 32 B A 15 28 1Y) fit
R, Il Il X, FEAR 2 5l 1 0 AF 98 Th AR BE 4R
AH R SR . A ) RSN#G6 (G5 v 5 ™)
24%) W R BN T b m] ., Aerfal . s g al L Fd e, &
wal, g bnl, @i el B SR, FERRAEE E
MRS . FERAT R n 55 ], 50
) 248 ) R S0 Bl 2 O KA T —Fh s FE B
FIRCRIRES, PMBIEAT 55 152 0. 324 e ml
SR ST P A I s ADHD 35 003 5 0 26 K2 AH o ki
XA S, HACEEE—5. #Ih, Sokunbi 4140 %
T ADHD [EEAEH ], &[], A s B 4 i
X 5 ADHD JEAR 5B A 2 1) 5140 % Schneider
41 53 ADHD S35 (0385 003 725 0 4% Fy T i X
75[}:#;%4, 73X 3173 Mo DX T (03 7 T 2% b o o A
Fla,

ARG I H 1Y) RSN#LL [ 28 FR by AT 445 ] )
28 B Y N 2%, BN DAL EE: P AT 55 A
T A S o A o 1 I R = T e 3
B &N SN SE KN 222 B AR 7
T W 24 Z2 0k B AE—SE i i ADHD 98 45
S A 3= 44) T AT ) IR 4 0 T 0 ], A
HEAE— 28 ADHD BF58 45 5, 1 Wang 20
38 T E T B RN ) B2 AE . ADHD
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((a) The cerebellum network of healthy group®”; (b) The obtained cerebellum network (RSN#18) with DTSSR)
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# 2 ADHD HERS;, NM TG ERTEEE fRAR . MR R %L, P-value & ADHD RSN #4554
Table 2 The obtained ADHD_RSN, indexes for activity of brain networks, correlation
coefficients, P-value and ADHD_RSN
% % RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN RSN
i S #L #2 #3 #4 #5 #6 #T #8  #9 #10  #LL #1213 #14 #15  #16  #1T  #18  #19  #20
Sub.1 32 61 74 96 75 8 96 90 94 52 73 101 78 72 104 90 111 58 68 54 92
Sub.2 31 110 8 70 74 90 107 77 130 56 68 100 70 117 91 80 134 53 70 59 53
Sub.3 48 88 85 89 58 97 8 8 92 54 55 125 80 78 8 83 123 38 80 58 68
Sub.4 35 94 100 102 70 113 122 102 133 54 64 93 92 83 8 67 158 54 92 59 92
Sub.5 21 73 70 74 60 68 8 7T 8 65 104 88 75 70 95 66 123 43 68 54 82
Sub.6 22 8 8 96 77 8 8 75 96 48 59 81 8 71 8 68 158 47 67 51 76
Sub.7 42 72 72 100 65 94 104 77 108 64 8 106 95 93 91 90 106 37 84 57 88
Sub.8 37 69 97 106 65 96 101 97 128 77 66 93 90 8 102 105 154 56 70 64 103
Sub.9 20 88 55 57 49 66 54 64 92 41 67 67 55 62 58 56 139 29 66 43 85
Sub.10 35 70 101 102 70 8 8 75 111 54 75 109 71 80 89 76 133 44 65 46 85
Sub.11 41 73 84 61 52 73 92 78 106 85 48 106 65 81 90 65 115 48 61 56 50
Sub.12 31 89 97 106 74 93 110 8 99 60 60 97 93 71 98 71 140 40 99 56 84
Sub.13 11 56 67 77 64 8 70 77 71 53 43 73 56 66 89 48 124 37 28 44 49
Sub.14 44 72 92 91 98 90 109 8 93 62 37 99 110 8 8 77 112 41 66 69 94
Sub.15 21 87 56 53 50 8 58 55 90 52 67 65 50 70 50 56 116 37 59 39 102
Sub.16 32 116 81 81 50 106 92 73 115 75 92 92 75 98 8 71 142 45 98 51 90
Sub.17 23 76 96 81 78 90 102 8 113 67 50 107 106 89 98 8 107 55 70 58 55
Sub.18 25 82 89 80 49 8 63 74 107 41 75 87 8 97 76 70 143 43 80 35 83
Sub.19 30 63 53 71 65 61 76 77 66 42 31 81 59 55 69 65 107 46 48 60 61
Sub.20 31 59 70 121 101 70 118 88 93 59 43 114 87 106 104 100 101 41 38 79 53
Sub.21 28 103 8 93 79 145 88 8 156 96 71 108 74 71 8 93 146 56 92 59 106
Sub.22 29 58 64 51 52 58 55 71 92 38 63 54 50 81 55 37 134 30 64 34 65
X RH 0.01 041 0.39 0.2 0.36 0.56 0.40 0.33 0.33 006 057 0.39 044 0.17 0.49 0.14 0.14 026 047 0.22
P-value 0.953 0.059 0.070 0.594 0.100 0.006 0.061 0.129 0.138 0.801 0.005 0.072 0.042 0.450 0.021 0.541 0.540 0.240 0.024 0.333
FDR fiE 0.95 0.16 0.16 0.66 0.20 0.06 0.16 0.23 0.23 0.84 0.06 0.16 0.16 0.60 0.12 0.64 0.64 0.37 0.12 0.48
A2 0 2% x x x x x v x x x x v x x x x x x x x x

¥E: Sub. 1~ Sub. 22 FREEHRS; “x” Fxg ADHD_RSN Jx; “v” #r5 ADHD_RSN #{x.

ADHD JEARAH X

Jioh, IR, ADHD Al ERA iz
ZZALAAEE, 518 GE Ry & T i X DX TR ) fE
HEHE W BT T 07 ¥R AR L, 78 305 ¥R AR RUBE I 2% 5%
ADHD #4734, HhgR ADHD 23 FLAHE.

33 FEFHRTT ADHD 482 RSN R

CL A A F 50 22 W42 290 R 1 i i 470 7 7K
-, RSO I 9 45 1) R R S R SR R
AN F IR o RGN ZE R A0, ¥ SR
7K Ap [ EBEE N 0.2, FHURT ko A 20 FFAR DA
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Fig.7 The spatial maps of the ADHD_RSN (The “activated” voxels were inferred by MELODIC)
((a) dorsal attention network (RSN#6); (b) executive control network (RSN#11))

Ky 40 MRV A 180, A T3k 5 AN
RSP AARZ ) ADHD_RSN; B )5 LA ko 2 20 B3R
5941 RSN Bt ) 2% (20 AR I 45), R
55 2.4 WRYTTIR, TR SRS TR A I Y
ADHD_RSN 54 9 2% (1 25 [RI A ¢ R K, LA €
Rl i i) ADHD RSN S5e4R M 2% 1 K & 5] 8 (a)
SRR ) 4 1) I 7 0 2% RSN#6, 5] 8 (b) ~

8 (e) AAEFHLR S 60~ 180 W, il id T3 3RAFHY
5 RSN#6 =E[AI#H Ky ADHD_RSN. "] AW 2 &
H, FEAFFHRGT T, 5RA5HX 28 ADHD_RSN 7£
23[R4T b SRR T RSN#£6.

3BT FIRT ks = 60~ 300 W5

B £ 23 [l A 6 ) ADHD RSN g geitah 1. M3
HRT DA, AR SO YRAE T AR RO A
i i) ADHD_RSN, #8047 51854 4 45 35 = 19
2% (RSN#6) FIHhATH M 2% (RSN#11) 2[RI KAy
T XM, R A AR ARk A5 1 45
FEAF 7 H T T RA R R I RE

4 HRIE

AR SR B 235 50U B R ik (DTSSR) %}\
ADHD #8238 IMRI £l rh e O fE2H 5 S S ™
%, TEULER b, R T — %*%ﬁ%ﬁﬁﬁﬂuﬂ%(ﬁﬁf“i‘a
br RSN _A; RAZFEIR, MRG0 25 f B #RF
BN ADHD {ER ML, EEE5eM A IAE:

1) — & IF %)\?EL% L) RSN, ¥R H
DTSSR M ADHD 4 # B 3 IMRI #5515 1)
RSN w1, JAEE, HEAXT MR RSN Z Bl A
SRR R, FEAS R 40 B ELA v BEAR R

2) R I 455 BRE FR AR 5 ADHD #3843 357
Spearman FH KP4, S5AFRIA, H MR R 2
PATEE R M 4% 5 ADHD &340 5. X A4S R MR
FH A GRLR R, FE BT A5 L RE FR B AH
IS S AR

3) R ARSI Ty YA RN PR AR AR A T O3 2 )

3 AT IR RG24 25 TR AR K
ADHD_RSN 4iit

Table 3 The count of the ADHD_RSN with each

template in different dictionary sizes

FILRA 60 100 140 180 220 260 300
RSN#1 / 1 / / 1 / /
RSN#2 / / / / / / /
RSN#3 1 2 2 3 / / 1
RSN#4 / / / / / / 1
RSN#5 1 1 3 3 2 3 1
RSN#6 2 2 4 5 3 4 3
RSN#7 1 / 2 3 2 2 4
RSN#8 5 4 7 4 4 6 6
RSN#9 2 5 3 2 6 4 3
RSN#10 / / / / / / /
RSN#11 2 1 4 3 3 2 2
RSN#12 / 2 2 1 1 1 /
RSN#13 / / / / / / /
RSN#14 / / 1 2 / / /
RSN#15 / / 1 / 1 2 1
RSN#16 / 2 1 2 / / 1
RSN#17 / / 1 1 1 1 1
RSN#18 / / 1 1 1 / 1
RSN#19 / / / 1 1 1 2
RSN#20 / / / 1 2 1 /

/7 FORARRME SRR A ) ADHD_RSN.

SERPAT I B N 2%, FEAR R FHR ST N EARET
FE M.

4) ASCHHR TR B T BRI s i ik, 5
RS EM L, AR D7 RN TR E IR A (i, B%
R 2% . 25 ek 0 A X 4 B . T a5 ).

TEIR A, ADHD 2—FhE 2R & 800
MRS, HIETERh EHUH AR AR, ARSI R
%} ADHD WA BB 5 AT X 4y, SRR IRATT R —21
WFFTE A
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Fig.8 The detected ADHD_RSNSs is correlated to dorsal attention network in different dictionary sizes
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