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FEEMARENISUEREEGHRYE.
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P AE 1% 2 f% i (autism spectrum disorder, ASD)
AR T LB A M R B, FER
IR A S 3 A RN BEA, SR BRI . 20 AR AT S %
A, EEWATR AN R, 20124F, 8% L&
T ASD UG F A 1/68, 53 4% U 1/42, Lok
1/188. th EASDIEF RN ANS 49N, 155 LT
ABER R4 TT A16. LA HHT, ASDHIE K Al
RIRHLE AR, U512 WA BR T4 s afifie tk
27 2 T A ULEE 511 IR B A= 1) F UL K, iR SR 0
B A 1A bR R AR S ASDIVIR R IZWT 51697 . IT4EK,
B T AE & >R FH 2 6E 3 9% B4 (functional magnetic

e, # R AR ARG, RWIET, AN, —FKE

resonance imaging, fMRDF AR T ASDAKALH] 5
HHAYARCY), X B4 ASDIFSE B — KA T
R DA RERL R S B R (resting-state fMRI,
R-fMRDH A &4 ToA . 3 HL 55w 1 25 18] F R[] 73 B
(8 5 St S RF A, 13T B A 20 I ASD G FI & 1
SEFL B EE AR T B

iR AT RE R LR SR 5E & B, ASD 5 KM H
R BN S5 A . ASDER A A7 AE N [R] 1 Xz [A] 1 2
fiE 1% #% (functional connectivity, FC) 5%, TR HEAY
S H Uk 55 (hypo-connectivity)™*™® F1 34 58 (hyper-con-
nectivity) "\ TEREAERF 7T I A HRGE. 5 Ah, ASDWLAI
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R-fMRU= HHE 7 1 55 A 5. ASDEEFAHEL T TCHE
TEALFF (amplitude of low-frequency fluctuations)Flt
RACIYR I (fractional ALFF, fALFF)7®, ReHo"', DC!"”!
DL K 5% 15 4K & 6] 42 % 4% (voxel-mirrored homotopic
connectivity, VMHO)!!! [ ¥ 7E7E 5%, SR, X LLHf
FEIEE I AR —B, 7T RE S i X SeAIF 5 U 4 /N
FEA 3 B 5", Di Martino % A\ "33 T 36044
ASDEH L)} 4034 TCH XA T REEARRN ST, S5 R A&
L, AHXSTTCH, ASDE % X ) D g 14 He s 55 )12
FEAE T 2 M [, % 23 s AR PR T390 4 B T #%
H 5 W) &St 32 8 B2 J2 [R] .1 7E R-IMRUR) 5 48 b5 7
Ifii, ASD5fALFFHIReHofE &M 1) 5 # Tt L & DC
FIVMHCTERBU 1 575 B AIA K.

SR, H AT ASDAUER Y K 22 B R-MRIAF 52 AL %
TN B s SRR, 20T Al & T S AE B
(I 2EJE A shASZRRERE. A 0F5ETE ., AIN7E 2 Fh
i I R 38 3k 3l 285 1) 38 A 5 9 3% DA T XoF PR 3 s 47
T A s R L AT ARk, Bh W 3h 1 (sliding
window) 7k, 5T E X AR N R K254
H & G5 s sh AP ST TR, e, W
Bl # FC 7 v5 A AU LA 7R 1 5 DL 205 P g £ 38
K A2 24 9E "(schizophrenia) . Bl /R 2% i 2R 5E U8
(Alzheimer’s disease) . = 4 1 Al & A5 Y(major de-
pression disorder) . J§ & T£ 4 & 1 % “*(idiopathic
generalized epilepsy)7E DI HE s & L) 5% . ASD
WF5E 7 10, Zhang®5 N PR AW S FC T LR T
ASDE NG shah B2 S 2 M LR, SRk,
ASD 8 35 76 80 0 i X A7 7E 3 A A S0k
Chen% NP F 0 FF K BE A 143 T ASDEE 5 1 4
M & FC, kK IMASDEE A KBS Y6
RSN ST, R, RRETFCH IS
FRIEIT I ANGE, TR R iR B 25 00 HE R 0 AR B R 48 7R
R A 28 0 B AR AR KR i 3h ). BAkE
AVFZ W T I [ & T 30 5 5848 b 14 B 3k 2 2
FRAEP2 (B = A R A BF9E R SR ASDIR 2 K
- JR AR A B AR

AN TRl Y R-EMRIFE 5 S B 1 i H & 1 2 A W) 7
T, X485 Z 8] ) — 3P (concordance) AL T A
) T B 2 T Y A R EE PO FRATT SR A AIF 5% 20 % B
AR ERFE A 09 sh A RRAE 8] Can A FH ¥ 30 2 07 v 1
ReHo . ALFFEEFSHR Y SIS FRIE ) A TR 50 3L TR R 1Y
I3 - B5F [8] A5 B9 — B0M: (voxel-wise  concordance and

volume-wise concordance), FLiXFh—20t: FEAFEES T [%.
Fu A\ 23% Bl 8h 25 ALFFAI 3 25 FCRfi 7] %2 25 028 Y
B AEAE— Bk, HakFh— B Aok oo 2405 18 5 &
TCH IR 8] £7 76 22 5. R-IMRIJ=) 3548 b ] 1 — B 78
ASDIEH T AR AR — A RHRZR I IT 1],

R B A RZ 5T/ IMEAR T FHA [F] 46 bR %)
7 I & sl R R e S LS, B R
WF9T 2 Gt 7% 2 PRUIE R-EMRR) 3848 bk 14 3 25 R 1E A1
Jri R AE bR Z 18] B — BOPE . AT T A I B s A <A
TS i AR B PR 2SR (autism brain image data
exchange!"’!, ABIDE IMIIL, W] 5 [A] ¥ 3 http://fcon_
1000.projects.nitrc.org/indi/abide/ I % F1 T 2% i 2
5), 7T T 4804 ASDE A 153944 TCH I 9 ik 1%
B, RIS E ik, REHHHR T 2R ERHLS
T RERG A4 IR 6 AR 1Y 3h S AR E 72 ASD F8 4 FT TCHE
RZ 25, WS #—2 58 T R-AMRIFE bR Z [H]
) — B0 XL B SRR, JFHRER T X SE 48 A5 0] 1 —
FOPE S A HRAE 7 % 51 ASD £ FTCHE I Hh 1% 9 7 17
FH. B 58T 48 b [H] — BUrE 3 B R AE 5 ASDYE i
i DR ™ AR B 2 (] (A OC.

1 R ik

1.1 #ik

ABIFSE A FH 088 48Rk H A TF Ui 42 ABIDEL/
ABIDEIL 4 A\ GG S A 0 2 F R (1) gk
P51 A 5 1 (P 1 38 PICIE A7 7E AR i 1 1 S3) s L B3
PRI 3> ABIDEFEA 990%); (2) S5H15 73 75 5¢
BHMHERYG; 3) k3hFE¥HA7F (framewise dis-
placement, FD Jenkinson'®")<0.2 mm; (4) FH4BHT 8] 4
X, Y, ZJ7 (- sh AL 2l /N T3 mmA3° (e Kk 3 i
W X7 A3 2.41 mm; Y7 mSE3h: 2.91 mm; ZJ5 A
3 3.00 mm; XJ7 58l 2.99°; Y75 1.89°;
ZJ g 2.61°); (5) JFRTE AR S A FRAE A TG
BRI (6) ILRARFAIQWRESE; (7) & Bk
O e AR EHEBR JT, 105 4 A ASDZL I TCAL i B i A
B 10N, FABERCT R A 217035 536101944
Pk A ASDHE #4480 A, TCHXS39N), P4 #HK
H A A I 35 25 57 (1=—0.037, p=0.82).

1.2 %P piiben
AHIF 5T I A oAb B2 4 ) << B S Th R 4R B
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P 4k BT B(DPARSF? http://rfmri.org/DPARSF),
T HIET“SHS01 K (SPMS, http://www.fil.ion.
ucl.ac.uk/spm) FI i Ji 15 2 P 4k B2 4> T B 46>
(DPABI™, http://rfmri.org/DPABI)#EA 743 4b B

AL PSRN R (1) MBRBEAR-IMRI [ [ 51)
(R 1O I TH) A, DAPRUEZEAT 43 B 0 B 02 1 il ik
o F 4 PR BT LW 73k BN RS E JR B R AR RS, (2) Xt
R-fMRIEMG AT I ] R R TE, T B B 2 4 4 L Y
WAL 22 (3) SkahAE, A ANSENIMAR L 1
R Bl Y D RE 4SO 55 =5 — IR R, X SE R
SFRITIREIR: (4) SEAMERT S, BRI T UINAL (G 8
7S H i B N S = B REAR (5) AR
oy, AR 7 K 5 (gray matter) . FJB{(white
matter) F1 i B X (cerebrospinal fluid); (6) Mg [A] 14,
T R RIF 5 2 A PO s A R UG T
/N Sk B 2 e i B S TR R b b = A O3l (A
AR R 1k s BB (AR Pk
FIFD<0.2 mm, X, Y, ZJ5 [l A R s AL sl /T3
mm3°). I A FSE L I v AR A A A 2 R
Sk AN B, R AR 9256 I Friston 24 245058
(BDe~ 3k sl ZHOm 64~ B — I a] £k 2h 28 % — ik
) (5] U519 B 55 i DO REAR K S8y . AE ) 22 4E 1T
Syt AR, Sk 2 AN 38 A 7E 21 K SF ] 05 43 B B
PN FDIEAE A Py B e AT Pl ok oh, B
OB WA 5 o Bl e B, AU W R B 1Y) 52
M. 2% FE 3] L A MK 5 /K F- (blood oxygen level de-
pendent, BOLD){5 5 iy [ 4fEE, FA7E &R, i@
B IMAZAE BLE 7 £ BR s po 2 e fu a3 5
174 515 5 [ (global signal regression, GSR)
P34 & 4l 57, HGSREHEin it Y FCIF I ZEFCIY
Gy, WA KR TGSRALEE; (7) Wi, TR
5753 1y 2% 6] 2% 45 B JIDARTEL(diffeomorphic
anatomical registration through exponentiated lie alge-
bra) T H K B ) 2 BE 15 1A 23 1] FiE 4 21 MINT152
Z3 ), HRAERZE K/ N3 mmx3 mmx3 mm.

1.3 ErR AR RERGIL IR AR A hr U5
N T RGHIMAE 85 25 1IN 3 %1 3 1 3 25

FROE L AATE SR8, R shd () & 7 8 T o i
EATRERE LR AR F8 bR, LAZI1E ASD & 35 FITCH
TRAE 2 A R T A AR AR A ] — B0k By sh AR k.
Xt FE—AEHE S, TR T LU AR,

(1) ALFF/fALFF. RH T ALFFHIfALFFi153 ik
H & T 3RS S A SR . ALFFE08 34 2% i i i)
J7 50 SEA T A0 L AR 4 J ) AR AR S L (AR F 58 B
0.01~0.1 Hz)W ¥R g HUI1E, 1EMi% 14k EK 1) ALFFE.
1T ALFEXT (57 0 A 28 55 DXl 18 M 57 4 kg Rk, A
WFFEt [ i 145 T fALFF. fALFF2{d B 25 46 )5 1
BOLD [A] 7 41| B — i Bt (A F5¥ H0.01~0.1 Hz) Ay #
W 2 A5 4 0 B I e 2 FAH B A9 L. ALFFR] LA
SN & T S AR R 5 i R, 1 FALFRN 2 i) T kg
E N R 5 T8 BB b A X L R

(2) ReHo. ReHoi & T fMRIAF [] ¢ 51 Y [X dek 15
B — 2t/ 2. ReHoE S 445 78 TR Y sk a] 5 471
FF B R 4B I A AR R (R 92 8 LR 264~ 1R 2 B[]
F 30 2 18] B4 15 75K Fi 2 80 (Kendall’s W).

(3) VMHC. VMHCH A 22 45 2 BR (8] 5215 5%
FRRZR B AFC, -t RIVRE 040 22 (5] M) 2 BRAH )4 &
1A Z Y BOLDA 5 B} (8] 5 51 (%) B2 /R b AH G R %, i T
fof 2 2R 1] % FR A4 22 58 B RS B 09 X L, BT SR R K
FEMNIZS (8] (9 D) BB 15 e 21 58 i % FR A 25 1) . S 1158
Fr A B MNIZS [ TS5 AR 0 218, AR5 %11
G IEAT 2247 B A8 T 24915 B AL KO X PR AR . B R
P AE MNIZS [8] 19 T 1458495 (5 HMNIZS 8] (19 T RE R
2 O 110 ) T 2] 2 7K X AR |, AR A5 i
IR N MNIZS (8] A8 #2060 7725 [ 15 8., e
ZAF B HBIMNIZS [ A DI REAR L. T2 K ) X
IS UNE N e G | X R TEOD O VA WY Bii B S =
W5 % 4 mm2}e =54 P (full width at half maximum,
FWHM) -8 %) LA 55 1k 22 5 I 2 1 42 T2 3K 8] X FR
TR WA X — S P 2 2 VMHCTH 5 i 2 3
it B A X R, (T SRR R I G 4 K T e
(B 22 A7 B A% 5 19 A 7K ST 8 5 R i 2 7K ST s 5 B
FEVWE N VMHCHY 2 25 1 T80 A4 30 Bl (36 A i) — bk
1155 K F IRl ALFF, ReHo%5 48 b A [7] 4 JF 20 7K 37 8
JED). 94 A G S VMHCE 26 53 Fisher-Z 78 3 14

1) DCHIVMHCA T FHF I Re#E AT M. Rid, M58 R 7 S D REE AN, DCHIVMHCH) 54 IX I A 6 1R, sk
WHAZE S 0 X5 A A 3 A R IR, kR BIZ 5 0 o DX RS AR AT S . 0 38 (0 Fh S D AR B A AT X AE A, AR 5 o i
X557 I RE A S0, AIREF R RS R, XA SR, AT X AR R R | th B R g AR B 1 A
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FrRUEsT K.

(4) DC. DCRHIAR 52k RFCH T e
B A AN B A R, ARBFSE v, AT AR Kt
BHS 2R ZEAKERFC, FHFCH H o B8 (AR
5% WL r>0.25) 0 1E 2 422 R AR, 453 B4R K F- 1y 4
A DCIA.

(5) GSCorr.  GSCorr %t it 5 4 /K V- # i 4 T A
R B B P 504 2 R S, BT 4K
R PN 30 R 2 SRAZ AR 2 B[] 7 910 ) 42 J £ 5 1) B2 IR i
I Z KL PowerZs NPV& B, GSCorr ()43 8] 43 4ii 7]
“IF K pCO, 5 BOLDAR 5 #H & 9 25 [1] 43 A ££ 4E —
P, A A GSCorr[w] MW 1 32 1] BEAEAE OCIK ;A Il
it 98 19 (cerebral blood flow regulation) t X} f= 4=
GSCorr =3 [ 43 A e T HEAEH]. WAREHAR
GSCorrf{H N %4 35 Fisher-ZZ% i AR 73 %1

1.4 FIER-IMRIFEER

J TR CE NG AR S B A RRE, SR A
Bl AR B A B A R R AR Y. 1 %, X4 liBOLD
& 5 B IA) P 2 W B B hamming %, 14 96 M 324~TR,
K R A TR AEAS B 8] 7 4 55 B[] ) 91) 4 3 ]
SRR 32 I A) s, RSB TR) B A A LA AT H L — A
A 1) 7 A9 RS R A e 4 TR). SRS, 7 B i) 7 Hp
115 b ik 6 F R-fMRI S 4 (B ALFF, fALFF, ReHo,
VMHC, DCAHIGSCorr). )5, N T & ft %)l 45 48 b
() B () Bh &SRR AR, TR0 T 4 G 4% 1A 3R g o 35 s o B
[6] 28 Ak B s 14 22 (standard  deviation, SD). 20 A i1t
A R-fMRIFE b5 SDEI TE H HERE N 4T T 2% AL (BP9
£4Wimean LR VA INSD). fcJa, X4 R-fMRIFSEFr
(B VMHCAb, PR AE 74k B b 2 5F ) B9 SDIE] #F
7 T F 1 (FWHM=4 mm)PI 2551 . R DPABI
A ) B8 3h 2543 M7 (temporal dynamic analysis)f&
XA SRR AT 54N, T HERR B SERT
FH5 R, B 8 N48/64 N TRER T 30
By 4B, Has B 532TRINS: Bk —3%, 4558
WA FEM R EIS 1~6.

1.5 Silobr

(1) R-AMRUSF 8P sh B2 R 8. XTefp
3l A R-fMRUR 5 48 b5 1 SDTE ASD i & 5 TCHE ik [11]
()22 ST T WREAR TR 56, BR DT D T P4 Wil i)
AR, ATDRE AR IS 1 S B AR A (] 05 R R L) HE Bk

XFGE 45 R 1 B SE e [a] IEk RSk SR
DA B [l A 5B, Dl s A5 A A 4 Sk B A s e
N TR 2 E G R, (i I DPABIXS 4 73 #r 45
HEAT T 5L T 0 9 (H AT e o ) B R 5 2 1 AR
1E (permutation test with threshold free cluster en-
hancement, TFCE “”, P<0.05, BfiHL10007%). FefTH)
BOF ST R P, 2853 TRCEAL B A4 & e A6 46 S — b
BRI 2 H ICRBCIE 7 v, AR A% [R] i HL A3 IR
() 1B BH 1 2 (false  positive rate) F1 AL iy (19 7] 8 &2 1
(reproducibility).

(2) R-fMRIR FRHE b5 ] — B s S 4FAE. AR
W B AT 2 6 9 BF 55 B9, 31 T ALFF, ReHo, DC,
VMHC H1 GSCorr fi. ff 4§ A5 — H ¥ 49 3h 25 %r 1k
(volume-wise concordance): RJi%& A% 315 1 Fh 48
P A 25 (BB 09 8 7R N 2R B iz i ) i
i — 2tk B IR ANE R EE N — R AR S H06G 56 7
5, AT EAR B A SRS A3 1M E4 R-IMRI$E A3 1]
AN TR) %) 2 X /NSRS, A AR BIF 5 2R S UK
s RO A — Bk, i TFALFFAIALFF S AR 5E
SCENTHA A R Z ) Y BAT IR s A v, R 2
WP H 2 — A — BT DLk e R R —
PE. A H ALFFA A GE it HEBR FALFE, [A o —
J5 T ALFFHE AR 7E I S5 1 220KG #0059 F8 3 106 745 2 5
Jr i AR OS5 —Jr i, ALFFRY 3h & R AEAE
ASDHVELE K i i 3 5+, FALFFY SRR 225
GEHRETE WA | JF 022 5. Bl R FRATTAT ASD A ¥
A TCHE X R-MRIFE 5 — M I ] 7 8] (B A B ik —
F) I mean M SDIHAT WREA TR B, LA 12 43 ) g
AR ACE R e . Gt Rk | kol
Ll AR Ry PR AE ik DA HE R A0

(3) R-fMRIFE b5 — Z Pk 7 1 15 ASDAE IR 79 A1 O
GIFT. BT B EER-IMRIE bR — B RFE 5 ASDAT
W& FEARAFAE B NTEBR &R, TH5 T R-AMRIFE b5 — 2
£ 5§ 1E (mean F1 SD) [] I AE 12 Wr WL ¢ 5 3% (autism
diagnostic observation schedule, ADOS)#% I 1573 ) ffi
A, G T AR SR . 24145 ASDIEE
() B 1HE A AH DG 2B, AL LA & i ADOS #4545
P AE 12 W WL EE B 3R 5 7r (ADOS_TOTAL) . JIUMUAE
LM g R AL TS 71 (ADOS_COMM) | JIVHAE i2 Wi
WL F 415215 43 (ADOS_SOCIAL) I i 12 i W
S R 2 MAT 5 2 IR 4TS 7r (ADOS_STEREO_
BEHAV). — SR [7] ADOS 5 43 A fi AH G 22 5t
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FIMATLAB ¥ mafdrpR 21T T FDRA 1E (P<0.05).
2 gh

2.1 ASDHH ik fabrah APk i

XF ASD B I TCHER M & 16 o0 8 b 78 5[] 4
JE L sh A7 Fm (SD)EAT T WEEAR TR 5. 45 Sk
B AR S E TR R, FoiTas R BoR,
X FTCHER M 5, ASDEE ERTHIM B L2115
FrReh A METE R, AEAE KR 5 55 P s ) 52 28 8h 2
PERFAR.

TERK X 36 s SRSk R AE 1T, ASDER#H R
W Z WALFFEh AP % . ALFFR I & B A IN1G

FKFHY B E 3 bR, ASDERF AT T TCH R, 763U
ST L R B B Rz S DA K A A P S s
ALFFShZ T E, e S R ya . Bkl & (8
J& FAT ] R ALFRSh S PEREAR (R LR D). X F
i DX P 0 265 0 BE, ASD FR A 1 A5 5 H (9] 0 e ik
I DCEh A AR 5 3% T 1E 5 % B (R L& ).
XoF T R R R S 0 —EbE, ASDHERE A L T TCHR,
FERUMEECR Y . BRI, FH ] 550 5 X Y ReHo
A TEREAL (B 113 1). ReHoFIDCYSE ik — %
¥ T ALFFiY & 91

2.2 R-fMRIfEhzE] SRR 5
58 T R-EMRIFE BR 1) — B R AR, RO XS FAE—

| et e |
Wl RS FATE I RESE

El1 R-MRUEHRIIEIZE(SD)TEASDA FITCLL Z [ U RUREA it 2 22 5 AikiX.. (a) ALFF; (b) DC; (c) ReHo. fALFF, GSCorr, VMHCTE i (121 ] 2 5
Figure 1 Brain areas with significant group differences in R-fMRI dynamic indices (SD) between ASD and TC. (a) ALFF; (b) DC; (c) ReHo. Of

note, there was no significant group difference in fALFF, GSCorr and VMHC
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F1 RAMRUEEFRS SHESD)EASDARMTCAZ MEEBE £ R HMHX"
Table 1 Brain areas with significant group differences in R-fMRI dynamic indices (SD) between ASD and TC

MNI4E f7 (mm)
i X A48 4y X Gik2NAN e AE £ T{EL
X y Z
ALFF
WM LG/Cu/Cal/PCC/FG/MOG/PreCu 17/18/19/30 1274 9 -39 -6 -4.969
# MMFG/SFG/IFG/OFC 10/11 527 42 45 -12 5.5645
7= MIFG/MFG 11/47 127 —42 45 -15 5.828
# MMFG/SFG 9 60 36 33 39 4.5667
DC
XANTHA 77178 85 6 24 12 43199
XU Cu/LG/Cal 17/18 70 0 -87 6 -3.7287
£iMIMFG 8/9 67 36 24 42 4.9612
ZEMFG/LG 18/19 37 -15 -90 -18 —4.0379
FiMIMFG 11 35 33 54 -9 4.0516
ZEMILG/Cal 30 25 -15 -60 3 -3.8375
ReHo
XM LG/Cu/Cal/FG/MOG/ PHG 17/18/19 1013 18 -81 -15 —4.4583
FiMiMB NA 14 9 -27 -6 -3.6418

a) LG, lingual gyrus, 7 [F]; Cu, cuneus, #201}; Cal, calcarine, #iJki4; PCC, posterior cingulate cortex, J& 3147 [F]; FG, fusiform gyrus,
Ak [8]; MOG, middle occipital gyrus, #{HIAl; PreCu, precuneus, #2F{[M; MFG, middle frontal gyrus, 47" [Fl; SFG, superior frontal gyrus,
% I [9]; IFG, inferior frontal gyrus, % F [fl; OFG, orbital frontal gyrus, HE%H[7l; THA, thalamus, F-Ji; PHG, parahippocampa gyrus, 5%
T, [a]; MB, midbrain, Hiti; NA, not available, JG. HHA/NDT 1044 A4 Ik X A 98 A 45

PAEAE —BF ) 2, TH 5 L4 R-IMRIFE A 5] %5 [R]85
A —Erk, XFEA A WK RS B — S — Bk )
A, WnE2) s, ilid bR —4 A Y ASD R
) — S 1k s ] 2 31) 11— 44 TC R R B I 18] 2 81, 7T LA
F i, MOERKE AR AR I, ASDREE I —E
PEACTFTCHE . X AT T Geih A4 58, X — Stk
B 18] )5 51 i) mean M1 SD 47 ASD I TCH 1] 2% 5 1 6k
5. SUEEAR TR 645 B4 E 2(b), (c)iis, ASDZH—3K
P 5 AE B mean 5 2% K T TC4H (T=-2.32, P=0.0203),
HSDL i # K T TC4 (T=—2.05, P=0.0404).

2.3 Sk A S s e EE AR A O
PE— 2 T R-EMRIE A — B0M: 3 B4R AE 5 90
TAE B # ADOS R AF 4 R A 3¢, il 1 4 Ak
SN, 5 FIMATLAB ) mafdr & 5/ 47 FDR ¢
E. SR MEBETR, — M 3 SRR KOF- mean 5
ADOS_COMM £ 7E it % 11 #H 2K (mean-ADOS_COMM:
r=—0.2111, P=0.0082), TR-fMRIF5¥5]—Ft:sh 54
TEAY 7S ST (SD) 5 4R ADOS /3 B AN 1778 i A .

3 W

AT 5T 42T % 5% T ASD R N [ &1 ol e R 4
bR BB SRR S0, Kk P ASD H 3 2 3 A1) 2 -
R BHAE B T m, IS AE ALFFRIDCH A~ 46 75 1
SR AT L. AR, ASDE - F B H AL X Y
S E AL, ZME W) M AEALFF, DCAI
ReHo = Matnh. BifG, #F—2H 5T X &5
bR 2 6] f — 301k, & BLASD 8 % i 48 b 0] — Sk Y
meanf1SD B FAL T TCHUL, R B T I EEE
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Figure 2 Differences in the concordance of R-fMRI indices between ASD and TC. (a) The concordance time series of R-fMRI indices for a typical
ASD subject and a typical TC subject; (b) two sample T-test of the mean of concordance among R-fMRI indices between ASD and TC; (c) two sample
T-test of the SD of concordance among R-fMRI indices between ASD and TC. Of note, the demonstrated mean/SD were fitted values with the effect of
head motion, age and site regressed out. * means significance level P<0.05
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Figure 3 Correlation between the mean of concordance among
R-fMRI indices and the subscores of ADOS. The demonstrated ADOS
scores were fitted values with the effect of head motion and age re-

gressed out. ADOS_COMM: communication total subscore of the clas-
sic ADOS. ** means significance level P<0.01
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Aberrant dynamics of spontaneous brain activity and its
integration in patients with autism spectrum disorder

Bin Lul’z, Xiao Chenl’z, Le Lil’z, Yangqgian Shenl’z, Ningxuan Chenl’z, Ting Mei3, Huixia Zh0u1’2,
Jing Liu® & Chaogan Yan'**

' Key Laboratory of Behavioral Science, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China;

2 Department of Psychology, University of Chinese Academy of Sciences, Beijing 100101, China;

® Peking University Sixth Hospital, Beijing 100191, China;

* Magnetic Resonance Imaging Research Center, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China
* Corresponding author, E-mail: yancg@psych.ac.cn

Autism spectrum disorder (ASD) is a neurodevelopmental disease with unknown etiology but high incidence. The objec-
tive biomarkers of ASD are urgently awaited to be developed using neuroimaging method including resting-state fMRI
(R-fMRI). However, the majority of current R-fMRI studies only examined the static features of brain activity in ASD
patients, but neglected the dynamic aspects especially for regional metrics. Furthermore, the concordance of the dynamic
regional indices was reported imbedded in human intrinsic brain activity, while its abnormality in ASD is largely un-
known. In order to shed light on the abnormity of ASD from dynamic perspective, we analyzed R-fMRI data of 480 ASD
male patients and 539 healthy male controls (HC) gathered from ASD public database (ABIDE I/ABIDE II). We used
sliding window method to calculate the dynamics of mainstream regional indices of R-fMRI (amplitude of low frequency
fluctuations (ALFF), fractional ALFF (fALFF), regional homogeneity (ReHo), voxel-mirrored homotopic connectivity
(VMHC), degree centrality (DC) and the correlation with global signal (GSCorr)) and generated the SD statistic maps of
these six dynamic regional indices. We performed z-standardization and smoothing on the SD statistic maps. After that,
two-sample #-test between the SD statistic maps of ASD group and HC group was performed. We also calculated the
concordance of dynamic regional indices for each time point, which is the Kendall’s coefficient of the ALFF, ReHo, DC,
GSCorr and VMHC maps across voxels. Two-sample z-test between the SD and mean of concordance time series of ASD
group and HC group was performed. We found a significant increase in the dynamics of ALFF and DC in the lateral
frontal cortices in ASD patients as compared to HCs. Dorsal lateral frontal cortex (dIPFC) is a critical brain area for cog-
nitive control and execution network. The abnormal activities in dIPFC indicate the disruption of control execution sys-
tem and the impairment of relevant cognitive function. In the visual related brain areas, the dynamics of ALFF, DC and
ReHo showed a decrease in fusiform gyrus, calcarine and lingual gyrus in ASD patients. Recent studies have indicated
that the abnormal face processing in children with autism may be related with the impairment in social cognition of them.
The deficits in face information processing of ASD patients may stem from the inflexible intrinsic brain activity in visual
processing brain area (especially in fusiform gyrus). After further examining the concordance among these dynamic in-
dices, the mean and SD of concordance of patients with ASD was found to be significantly lower than that of the HCs,
demonstrating that the ASD patients’ inferior integration ability for different aspects of brain functions. These findings
suggest that there exists abnormality in dynamics of spontaneous brain activity and its integration in ASD patients. Dy-
namic R-fMRI regional indices and the concordance of them could be efficient neuroimaging biomarkers for ASD.

autism spectrum disorder, resting-state fMRI, regional index, dynamics, concordance

doi: 10.1360/N972017-01260

1463




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


