Hart T AP R e AR Vol.41 No.7
20244 7 H Chinese Journal of Medical Physics July 2024 - 821 -

DOI:10.3969/j.issn.1005-202X.2024.07.006 E 248 38

ETERHBHSRIEBEFRESREMRME S

55, Fik
B RN K EE A B R, YL st 210095

[BE]EH:E A #0STRRRERAR I AP 5 2% B4 09 I M 45 R L4540 Bk . 773k Ik 4E the Center of Biomedical
Research Excellence #2459 35 & 4t 5 5L % & FAHME A B B 40 A R 35 4 4 AR 4 T AHE A x40, 3t F 7 4064 B 23
—H b, FRATSR T F oM. RJE 1) Dosenbach's 160 atlas #6345 2 4k W 25, 32 B A s A 4464 7 A~ ) 4 BOGAAE X,
W) 2 A JRARIE B B %, MR — AN3T W %, 7t H A il W) 45 B 37 ) 4509 4620 Btk B5 B AAY 3Lk B K o B X ) 4%
5 JRARIE B W 44 28] B BKIAKE K ) 25 1 23R 64 2 Ak 5 42 75 7 2 258,55 (P<0.05, FDR AR IR ) , 4 fimi W 44 3 48 2 400 BT F %, 2K
IAFE R W 255 ARARIZE 3h P 244 o, 0 ) 2 4 By o By BR AR IEAK(P<0.05) o S50 : M 0 5LE B H BRI X M 4 55 AR K32
Zh ) 252 [8) B BRANBE X, W 25 3R ) A5 B A R B F 8, BOABE X ) & 55 SRR I3 3 ) 44 Z 18] 46 41 3 PR 69 B 35 7 3 VT AE R,
HRBERF, WO, ZAE R TER TRIAEX WL 5 Rk IE 5 W %5 52 6 fiiih 2 0 AL 77 A2 L0 S 5T, At 3
KA o GLIE R M B 36 55 A T AR B0

[ SRR VA7 o 2z s 3 8 S T Rk 3R Il 455 B 36

[FESZES]IR318;R749.6 [ EfAREEG A [XE4S]1005-202X(2024)07-0821-07

Analysis of resting-state functional brain network in schizophrenia patients based on graph theory

REN Xiufang, LUO Jie
Department of Mathematics, College of Sciences, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Objective To explore the brain network and its topological properties in schizophrenia patients using resting-state
functional magnetic resonance imaging (rs-fMRI). Methods Thirty-five schizophrenia patients (patient group) and 35 healthy
subjects (control group) from the Center of Biomedical Research Excellence were collected, and the regional homogeneities
of the two groups were calculated for statistical analysis. Dosenbach's 160 atlas was used to examine the whole brain
functional network, and extract two sub networks of the whole brain network (default mode network and somatic motor
network) for constructing a new network. The topological properties of the whole brain network and the new network were
calculated. Results In schizophrenia patients, the functional connectivity between default mode network and somatic motor
network and that within the default mode networks were significantly weakened (P<0.05, FDR corrected); the clustering
coefficient of the whole brain network was decreased; and the global and local efficiencies of the network composed of
default mode network and somatic motor network were reduced (P<0.05). Conclusion Abnormal functional connectivity is
found between default mode network and somatic motor network and within default mode network in schizophrenia patients,
and the significant changes of topological properties between default mode network and somatic motor network may be the
key factor. In addition, this conclusion can be applied to qualitative analysis of the brain neuron stochastic differential
equations corresponding to default mode network and somatic motor network, which is helpful for the physical therapy for
schizophrenia.
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i the Center of Biomedical Research Excellence
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Table 1 Information of schizophrenia patient group

and healthy control group

2151 n AR PRI (B /4)
Bl 35 49.71+8.56 27/8
JRERREXT AR ZH 35 45.26+8.52 24/11
FIX* K% F=0.564 X*=0.289
PE - 0.488 0.591

1.2 rs-fMRIFH S

HFHEPLAF SIEMENS 3T ; 52 & B[] 2 000 ms ; 713
A 1] 29 ms; 70 HE R 64%64 ; BT 256 mmx256 mm; )=
J& 3.5 mm; 150 A ] A5, B4~ B ] s 4948 35 )22
1.3 rs-fMRIEIE S #7
1.3.1 FAbIE 5 FHEET Matlab A9 rs-fMRI B35 40 #2
B {42 DPARSFA V5.4 #1417 rs-fMRI Fil b 3, (1) Ky
R ALK 2 4 3 I FsF T s S ) 52 ), 2 R T 10 4 B[]
SRR DR B LS 140 B 1] s 50080 5 (2) SR T[]
ERE 5 (3) A7k sh G 1E 5 (4) $E A7 25 [ bR 4L,
¢ 3 mmx3 mmx3 mm [ RAE S BER E TR AL I A
fb 2 5 FF Al R & B 2% BF 5% BT (Montreal
Neurological Institute, MNI) %5 [A] #5245 (5) <28 PR 2
7%, W FHIE D% (0.01~0.08 Hz) ZbFH , HlE5: 5 47 £ BRI
[R5
1.3.2 ReHo &1t E 1 DPARSFA V5.4 8 AF3 b MA
i) ReHo fH'""', H 5 18 /K A1 i & %L (the Kandall
Coefficient Concordance, KCC) F 7~ M & 4 2 5 AH4R
26 1A 2 AE B[R] 3 51 A — SO B, H IO 05 L ok
0~1,KCCIH AN
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B = RUEE 3 142 4> ROLA3 5155 & 1 W3 0 246
(Visual Network, VN) | K& iz 5fj i 4% (Sensorimotor
Network, SMN) . & ] 3 2 W 4% (Dorsal Attention
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T P<0.001, R4~ H B B P<0.05, XU, 1 FH fif
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FDR # 1F (P<0.05) , fii 1] DPABINet Viewer £ & H A
Gt R

1.43 B 4& 4R #ME 14y 7 1 Y6 fdi F DPABINet
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Cp) s B 1T BRI 2% 5 YK A2 B D9 246 T ) it
W 2% 1) 4 Jm %4 % (Global Efficiency, Eglob) | Jmy 5%
% (Local Efficiency, Eloc) A1 % fiE #% & K J&F
(Characteristic Path Length, Lp) , 37 1158 iX 3 />4 b
JEPEAEAN [ 4% B T 4 AR (AUC) . 4P
H LS LA T SUREAS (K256, P<0.05 22 57 B Giit2#
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Table 2 Brain regions with statistical significance in ReHo between

schizophrenia patient group and healthy control group

- SRR SR IR AL A - e
X Y z
AR 12 18 9 5.72374 69
ZefiEi (el -45 3 | =27 5.01540 60
At 18 -42 9 4.87860 54
A 00 [ 9 =57 6 -4.493 52 30
AL el 36 -84 9 -5.34781 64
s s [l 3 -39 21 -4.91218 46
HRR B2 33 14 27 -5.03919 126

2.2 BN SR

XA 1 4 S0 B 25 fa R X TR 20 i ) 286 1) i
HEHEIEATRUREA ¢ K 55 )¢ FDR A IE (P<0.05) & , 15 %)
B A G5 3 0 M 2 5 0 D) RE i A 1
(142x142), WL 1,

R T M R A5 RO AT Ge o o A AR B
SR 142 W Dy e 3% 2 58 P O AR AE SE B 2 1 30 25
Bk, A520 51 5 Dl fe i He A B (K] 2a) 5 58 FO0 b b
S5 0%, FH 9% B R 7 AN TR i DX %) P9 7 B8R B3 2 0 &R
([ 2b) 5 2% A 3£ F Matlab /9 BrainNet Viewer 2 4% {4
A N E5 5 (18] 3a) 5 18] 2 45 il IX A7 TE 19 58 D e i 432
BT K ILIE 3b, MBI 2~3 AT LIt K A 4%
i 8 7 2 5 fil B X6 HE 2 (] 5L T Dosenbach's 160 atlas
) 3 PR I /DN ki kg DX 471 149 i I 246 B S A7 AE 22 57, HLAF
TR ZHAE SR, M 3b A, 5 DMN A SCHY
SR E R Z , HAET T SMN 5 DMN 2
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Figure 1 Matrix of brain network functional connectivity with
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Figure 2 Functional connectivity matrix (51x51) and the chord diagram

V€ 2a 2k 51 By Sl BE I 0 B, LA A B 7 A I T 24, SN AR A A SRS T 7 M 0 245 A A L TR 465 5 1] 210 6 10 T €] 2 fi 0 4% 34 R I 11 526 1) s

N2 i D99 28 A7 —F 0 0004 5 Bl ML 4 F0 22 18
T S5 /M B AR 28 AR e KA B R 22 [ A 7
20 AU L N N 2 GE LA B R AR
AR R, NI A F R (s B s g4 .
DMN 5 SMN i B~ 25 2 5 T IARIET 1 26 4k 3
3 A B v 5 iz sh T RE , WA I XA 55 DI RE i

Hen] BE 2 T BOW > ZURE B H ORI GE BGE I
A7 2 55 22 07 T B LU SORS M s A b . P
TIRE W 25 41 F DA AL B BN 5 R 14 4 Ja) Ly A8 R )
ol 555 ] EFEA 0 S S E R B AE ] . Cabral
SR TERG M ST R I DR I 4 202 rp i
B FAF AR AL AT BE 5 45 0 i 4 O ELRB B AR ) 1 22



- 825 -

" 12
s PBEME | 2
‘ » 10
T AR g[:ﬁgLZjJ H g 1 1
WMEEmL 2 | 1| 1 8
& g | 1 | 3 | 3 | 3 6
\ REF| 0 [ 1[0 |00 4
IR 0 | 1| 1| 2] 00 )
BRI 25 | 1 n_ 1|2 |1
4§ T\ . . . )
< /@/@ S @Lﬁa@% S
1 7 e A Q&V \\b\\\& \\\@ AN g@j&“ ®
Wt N

3 BrainNet Viewer % GEHEI E>22.50) B & X 5 740 B M T SEE R S # N E
Figure 3 BrainNet Viewer display (connectivity weight>22.50) and statistical thermogram of abnormal functional connectivity in each brain region
€] 3a 2y BrainNet Viewer T 18] 2 DI 7 HeE B 75 1 5K _E 19 /R GEHALEE>22.50) 5 18] 3b Ay 5] 2. 4% ik X AF7E 11 53 8 D BE i He et [, Hor
X FER A 25 Ji DX P9 AT 1 S5 e 1

011+ =-2.279 1
040 r * OREEEEERERERK KRR
0.10}
0.09| 0.35
.
2008} ¥ 030
4 &
S 007} iy
= 41025
0.06
0.20
0.051 ST
B B S
0.04 . : 05—
R 23 20 S5 el B 0.10 0.15 020 0.25 030 0.35
M
020+ =-2.192 0
0.60r * KK KKK KKK KR
0-18r 055}
0.16| I
" ) 0.50
Z0.14} ¥ 045t
> Eoaol
Soazr z U
< IF 0.35
0.10 030l
| 029
féﬁﬂ%%ﬁ%%‘ TR 0-20 510015 0.20 0.25 030 035
MR
137 =2.6108 O[3+ ssessessrsnssrsansnss
121 I
55 e
1.1(11 5.0 B A
‘(H Al
(1) g &l 4.51
ﬁr
O £ 40t
2 0% &
<07t 35t
0.6 3.0}
0.5 L 25 .
T A n g RN 0.10 0.15 020 0.25 0.30 0.35
(a) (b)

El4 B RESFASERINBAZ EMEHINEENETES

Figure 4 Population differences in network topology properties between schizophrenia patient group and healthy control group
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