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The application of graph theory analysis in the changes of brain functional activity in SLE patients LI
Xiao-lu, XIA Jian-guo, ZOU Hong-mei, et al. Graduate School of Dalian Medical University, Dalian
116044 ,China

[Abstract] Objective: This study aimed to investigate the characteristics of brain functional net-
work damage in patients with systemic lupus erythematosus (SLE) using graph theory analysis and
explore the relationship between these characteristics and clinical indicators and neurological scales.
Methods: The resting-state brain imaging datafrom 38 female SLE patients and 44 healthy controls
were collected. The topological properties between two groups were compared by graph theory analy-
sis. The correlations between topological property alterations and the clinical data and the neuropsy-
chological scales were explored in SLE patients. Results: At the global level, the small-world attribute
values of SLE patients and healthy controls were greater than 1,suggesting that the brain functional
networks of both groups had small-world attribute. SLE patients showed longer characteristic path
length (1=2.613,P=0.0107),lower global efficiency (t=—2.496,P=0. 0146) and local efficiency
(r=—2.442,P=0. 0168). At the local level,compared with healthy controls, the nodal betweenness
centrality (1= —3. 713, bonferroni corrected, P<C0. 05) and nodal efficiency (= —3. 793, bonferroni
corrected, P<Z0. 05) in the left transverse temporal gyrus were reduced in SLE patients. Correlation a-
nalysis showed that in SLE patients,there were positive correlation between characteristic path length
and C4 (r=0.742,P<C0. 001),local efficiency and MMSE (r=0. 353, P=0. 03),nodal betweenness
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centrality and IgM (r=0. 735, P<C0. 001) ,nodal efficiency and IgM (»=0. 543, P<C0. 001). The global
and local efficiency were negatively correlated with C4 (r=—0.708,P<0.00;r=—0.424,P=0. 008,

respectively). Conclusion: The global and local indices ofthe network topology properties in SLE pa-

tients were abnormal and were correlated with clinical data and neural scales, which may be used as im-

aging markers for monitoring disease changes in SLE patients.

[Key words] Systemic lupus erythematosus; Magnetic resonance imaging; Resting-state func-

tional magnetic resonance; Brain network; Graph theory analysis

ARG MLT BERIE (systemic lupus erythematosus,
SLE) & —Ffh &2k . 245 % RiEtt g 5 itk
G P A S R R Z R R T~ Y
Wi R RGNS SLE (B 2 i B — R 9 b 245
RER AL HE SRR IR I 28 R R N RERE RS . A
TF 9% 438 i 2P 2R GE PR 21 BE AR 1) R % ik 7500
JEF 8 SLE MEET- M EEFEHZ — F L TR
SLE &34 Bl i Re s v xF SLE BE A A7 05 DL %
G R 1297 A & EEAE] . SR . HHT SLE &35 I 2 g
2 B S LR o AN B L — S8 Ay R 1 i 8 i IR
L KT G R AE IR 32 W A7 A — 7 TR B 5 T 12 1R 12
SEBUSA RS, H TG R0 TE A0 E Y bR ok I
B SLE G875 B I 2 RE RS I AR A 0 2 -4k —Fh T
B H e B b [ B SLE #8535 il Ty 5 48 1k ik A T Be

P38 2 B ) P i T 335 42 2% A T X SC o A B
X 22 1] 1 ) B8 3% 43 5 SC o 300 s T I 18— > 4 ik )2 T
R L S ZI RE 0 2% K118 TP 1Y 1 22 98 AR 0] 40 /) 1 R
JRAE VRRAE PR AR KR L B 28 AR Y B A AT L 2 i
Do 2 (1) % A SRR AT O I L AT LA R e i I 4% 7 15 S
b BEFAL 3 R E R M A R G BRI
KR AL AT 7O . H ET e o B 5 T
SLE i i R 20 UL, TR BE A 0 9% 1) 32 22 H 1 258
i EE o M 7 ok WEE SLE (8E Ik S e i 22 4k . I #
AR Ee bR S SLE B35 1Y I KT8 bR 48 5 R I AT
B B AR B AT BE SRS AR AR ok Ik SLE
BE IR AL .

W5 %

L. 9 ) 5% 6

SR AN TN RS B WU S B 2019 4F
10 A= 2021 4 10 H 4K 35 38 1 KR 2% 2 (american
college of rheumatology, ACR) 5 #fEi2 W1 SLE i &
PTERAE . B AFRHE : DAFEIE 18~60 % s Q4 I T
QRERL A M L PR K A Fdh 280 B2 R A o e B HE B A
T« OME B/ P 28558905 B2 5 ) PP S 5 78 98 g
LB B 0 403 i SRR TR s L B A i 2 4 s O
by 1B G5 M 20 Kk e I B DR R bR @
W 5 SRS S0 s O e R A A AR S OiE , RS L SR

HELA 0 01l P R 55

g B HRAL(HO) AR BE BE M At X 52 4R 19 5
SR AR 20 A R DG TC 1 fl e A5 B . o 1
AFIHEBR b5 o 5 S AU A ). A BF 52 g8 A 40 B
SLE 214 8745 A 45 g B o vk iR B 4

H1 2 (37 52 2 B I RS A BT 58 A x4 1) A2 17 Y
PEA ARSI Z B AR IR N A BOR R T .
ik HIS KRG 408 H e w IR A AT 85 5 K
PAIL T AR ) 2 48 AR (C3, C4  Tg A TgG L TgMD |y 52 56 &
Ho A 45 2R SRR B 1 45 B (SLE disease activ-
ity index, SLEDAT-2000) 3k P £ #4114 %5 95 1% 3h JiE .
T B SEAR 371 8 A1 - >R R 2 A HiOIR 25 1 3R (mini-men-
tal state examination, MMSE) $¥A 528 3 119\ 81 3 fig

ARHEFEAT BN A B e P2 5 2 m St v B A 2 il
YA BS AW I8 T A R

2. KTk

MRI #; & % Al Siemens Skyra 3. 0T MRI 1
18,16 3 38 Sk B £k Vel E AT IR 18R 4 BT A 4 i 4R AR R
H [ — (o7 A% B L PR s S Bk R O AT o G A i W 52 3
PRR L DR 55 9 R Sk AN gl B e 3148 7 ) T WIL
T, WI K& T, A2 08 B e 91 . i P 220
R0 R AG ) 2 A, A5 PR 45 L AR B P v A 2 T 78 1Y
S o SRS R B [l - T AR T 8 LAAR A ) g
B 3% Ak B R BB . 1 2 % TR 2160 ms, TE
30.0ms, B & M 90°, 2% 40, )& 3 mm, #fl B
256 mm X256 mm, A ZE K/N 4 mm X4 mm X3 mm,
240 NSRBI E] AT

3. B A 5 43 p

B f AL B kT MatlabR2013b - &, fff
Gretna $fF X R BEAT WAL B . G145 LUR b 3 46
B O e s @ L BR BT 10 A~ ) 1 9 148 LU R
B J3E U0 8 3 AN 29 SO PE Y R 0 O SRV 52 3 O N
TG s QAT I A 2 AL IE L Sk S B OE (HEBR 3k 3l %
RT3 mm BAE M R E S KT 3"/ 2l & . 2 1
SLE S8 ke 1 {54 B X BR 2 g HEBRD s @ I 3 mm X
3 mm X 3 mm FRAE il — A BC e TR O R AT AR
HEAL AL 38 s © [l A B2 o 32 A0 AR 5T 5 U



542 AT 2023 45 5 A% 38 45 5 ] Radiol Practice, May 2023, Vol 38,No. 5

F5 I 24 AR BN S HG © BB 0. 01~0. 08 Hz
(R TE HEAT IR s D L BR R B Rl . ER 5 A 38
SLE H# fl 44 fi] fidt )3 xf B85 o A5 220 Hr .

Tae M 2% 1 # . 5 ] Gretna #fF () FC Matrix
Construction 55, {ff F 7 4b 3 J5 1) i o) 58 £ 9% it 17
LI RE 25 K o i D A R 25 4 5 SR 45 T s Ol X)) il
WO IX 2 18] B S RE & 2) . 39 5. il AAL90 B AR
HEAT A RE 3L 90 ANl XA 90 A5 A0 R AT R
W AFA R Z i BOLD {5 5 i 18] 1 51 (1) 7 #9482 LN
T A BOLD 5 5 b 8] 77 91 5 300« 484 22 5 A g
[X Z [E] B A] )3 8] (1) Pearson AH 36 R &L r & LA h,
XRE AR R IE L — A~ 90 X 90 1y 0 2% 34 432 40 14 L I 0k
T Fisher Z 46 .45 %] Z {H ) 8% H M BF .

IS 0T - B TAEM 8 i i ep I 3 B R
S R S PR — S
(14 T BE 3 4 o A O 3T 2 5 B AT S 1 R 4
I I 2 00 A, L R I BT s 22 ) 1 T o 4 R 8K
ANF R E W BAE 1 0 R 05 RT3 E 1 B E
B E R 1) K AR IE D) BE 9 2% (1) 4% 8 . AR5
SR JH I i B2 19 07 12 R AT A 180 g B2 7 ) 2%
PSR B A AE I I S B0 5 M 48 AT BE AR AE R i B H
14 AR 3 3% 45 38 1 A I 5 G R LA A HIE ) E 9 45 119 4
38, AT LA DR T A B I T RE I 2% 40 A TR 5 H
(R 0850 LR FRATT AT LA AE AH [R) 9 45 45 4 1 45 10 T LA 4%
W 2 F6 b 14 20 [) 25 50 AR S 22 W A 98 A eR BT
SAL AR AR R B e B R B (ELYE L 0. 10 ~0. 34, [i]
FE R 0. 018 i | Gretna 84 1 Network Analysis
REH HEAT D) RE I 2% 3 B o 75 BE 1Y Bl B S 1L T 35
P20 22108 1) 42 JRy 48 B R S5 48 b S 80 45 38 A
B,

4. Gt o

K] SPSS 25. 0 A # AT G it b . fF A IES
ST R L T £ s FoR RIS AR ¢ KRG e
B A2 R Z B ) 25 5 ANAF A IE A A o] i 9%
B M(Q1,Q3) %R, 5k il Mann-Whitney U K 5% Lt
WA ZIRE Z 2R, ¥ SLE B35 2R 548
b 55 I R A8 A Al 48 1 3R Z (A i 47 Spearman #H ¢ 1
38T, LA P<<0.05 A2ESFHASIFE L.

FE 0 M2 T i BUR — 4B T bR 4
bt s AN 22— A S PR 0 52 L OF HLUA B o8 & L

k2 RAZRAW-

k1 HbAHAHEGEREEX

B & o 7 45 AR L
4y 38 4%
M TR E RN T
£ AZHCCp AL R BT A A%
FHE R

v=Cp/Cp_random, B B T
Ju M % Cp 15 5 ALK %
Cp 14891k £

o AR R AE M A4S 8
A% i At
r=Lp/Lp_random, & 8 T
Ja W % Lp 14 5 K AL R %
Lp 1561k £

o=/ AR A R
= WHAT

W 2% d BT A A By sk B

AREARE Z (Y

A2 K E (Lp)

AR AL FER 2K E (O

Ay R (o)

4 By i % (Eg) PESYY Y PN
e AE B R
R
. 3 T AE W % El
#y 3 & (Eloc) R AE B A . R T
DS T
B 3 45 A7
P S R S L R
W B ¥B. AREZTEANAY LA
R o & B A2
EAT A A AT B A
% 5 il Yo A A
W S 56 TR
= A &R R % b A
HEiH E G REAKZKE
% bR W48 4 A BB 55 K
M 5 2 18 8

At A1

X952 99 1 | R 1) G 1) i 45 A 1 o A BT AUERE Y DR G AE
AWEFE B 30 A TR — 2% 4 R A A R A g R
R H 22T T AR DR AR R P 2 32 4 # Z [B) B R 28 95 bR 2
EREEZ RN HTF Matlab2013 S 4 . f# A Gretna
A Metric Comparison L8R L 4R & 11 Jy P 2% 4
M ST REAS ¢ G2 30 LU B8 2 52 33 I 45 98 Bk =2 (] E‘J

S Hoh e RiEts P<<0. 05 NN ERAG G %E
ST 38 #5{d F Bonferroni £ 1E , #2 1E J§ P<C0. 05
IWHERAGIEE X

% R

— MR Bk
SLE [ 415 (g3 % 41 MMSE 143 22 5 2
BRI FE L (P<0.05) AR A ERELERAEA
SiitE B L (P>0.05,% 2), SLE B H AW BN
8.0(5.8,11.0)4F,C3 ¥R H(0.8840.25)g/L,C4 ¥
JE k0. 13(0.068,0.21)g/L,IgAWE N (3.59+

FEHIE

18 A% SLE 41 (n=38) A B 5T B4 (n=44) T/Z 14 P i

ESED! 46.4+9.1 43.3+8.1 1. 605 0.113°
HEAE(F) 9.0(6.0,12.0) 9.0(9.0,14.0) —1.064 0.287"
MMSE 27.86(26.00,29.00) 30.00(29. 00,30.00) —5.617 <<0.001"

7 :MMSE.: ] 44 K& TR T H K ¢ 4% ;> Mann-Whitney U # 3



AT 2F Sz 2023 45 5 A4 38 %45 5 ]  Radiol Practice, May 2023, Vol 38,No. 5 543

1.7 g/L.1gG ¥l (14, 21+ 4. 92) g/L, IgM ¥k i
H1(0. 88 0. 27) g/L, SLEDAI-2K 24> 3. 82 =+
3.57,

2. B s bt

2 JR AR AR« 75 B8 1Y R (B YE [ N, SLE f8 35 4 f
e BRZH 1 /Nt PR PE(E R T 1, $R R PR 32 ik
TR e g BA /MR HE R AR A S
TR L(P=0.128) ; 5 g B X B35 A0 L . SLE 8 3%
FRAE 6 A2 BE i il £ 1 ARG K (¢ = 2. 613, P =
0.0107) , 42 Jry 0 3 1 il 4 T T AR AIG (0 = — 2. 496,
P=0. 0146), Ja) & &% Z& 09 #h £ F m B AL (0 =
—2.442,P=0.0168), B2k & Hib e/
]2 AR B g2 L (P>0.05, 18 1.2).,

JRIFRFE AR « 5 B X HE 4L AH L . SLE 58 22l 35
B A5 S A 80 (¢ = 3. 713, Bonferroni # 1E , ¥ 1E J5
P<C0.05) . S8 (1= —3. 793, Bonferroni % IF , &
1EJG P<0. 05) W fI% 5 9 41 52 3 3 LAt )= 8 46 A =z 8] 1
Z R NEA G %5 X (Bonferroni & 1E , 1% 1E 7 P>
0.05,K 3.4).

3. MRS H

A 0 B 45 S 7R . 78 SLE B L FRAE % 4%
KELH C4 BIFEMAEG=0.742,P<C0. 001) ; Ry #f &k R
5 MMSE 5 F A3 (r=0.353,P=0.03), 5 C4 217
MK (r=—0.424,P=0.008); 4

5 IgM 2IEAHK.

NG PO 245 e — ol JEL A /0N 5L T M 1 T 245 A A 4
5 TR 10 B 2 A BORARG 1  E J  K E 5  kL DA
JE S R4 A5 B A AL 5 AL A LA B AL
P 245 R0 P 45 B L 34 N A £ A L 0 0
P 2% FLAT 450 1m0 1 SR 28 R B (HURR AIE B A2 K 3 A I s Bt L
W 25 FLAT 45 S 0 R AIE i A2 K B L (IR 2K R BRI . o
iF B A2 K 3 227 I 2% oh BT AT 19 Rt 22 ) B S 1Y - 1
L T LA P A A 8 R o X S P15 8 M 36 45 BB 7 R AE I
R ER S G EEAR TR . M BORA IS4
JRY RN R FR AL, AT LA FH R A R0 4% Hp T 2 LY
15 BB AR T . M SRR AR (5 B E R PR, K
W58 R B 20 52 338 14 I T e ) 2 34 HL A /i LR
PE H P 2103 Z ) i /D s 1 25 5 B it
SCAE SLE #8521 4 filt HE 0 I8 41 4 AE % A% K B 1
15 AR RBCR R TR AR, $ 8 SLE B AF (5 B %
55 At 3 B 7 WA o [ BsF ) 2% 445 g 1) K0 D0 £ 7 1) P 4
Chen % BFSE & BLF 2 0 48 38 50 52 06 19 7 26 46 55 il
P 25 /0N i 1 3l e ) B K % 3 A 2% . Preziosa
GO Al R 8 g R 4% 0 AT L o M 5 R S R 5 B X
HEAL A F , SLE FR & Y 45 AF 5% 12 1K BE 388 55 | I 4% 3k R
FEAR X S ARDFIE 45 R —BG 2 F W SLE % 42
FEAR I EE . AT SLE 838 i o BE 57 19 & s L il

A FE Y C4 B AR (r=
—0.708,P<0. 001); 15 S A5 -
IgM B IEM % (r=0. 735, P <
0.001); 1 M HK 5 IgM R EA | =
%(r=0.543. P<<0.001. [ 5). | =
A X 25 F5 b5 5 16 R A b #i i
RZABA MM (P>0.05),

o

AW 5 i 3 43 O ik A i
W2 2 1 _EAFSE SLE 8 3% i oh fig
SE LIRS IG RIS bR M &
R ZE A BFEAER
7 5 5 f X IR A LG, SLE B
R 6 47 K BEE 86 K, 4 SRy ke Sk

% B R ACR WA s SLE i 2 72 M S
AU (] 7 7Y R BT R RO D

® He
® sie
10
L » x » »
RRE
B
B
£ £
H =
0
® e »
@ SLE ::.cs
» » » 2 x » »
BRE @ BRE @

(6. IS HES B 45 5 B8 . 7 SLE
P LR K CA R E !
HI 5 JR 2 % 5 MMSE & i 4l
%5 CA R R R R S
CA 52 URK 3 35 2020 B0 3 SA0R

SLE & M5 R BAETRAHRETHERIER, O BAZ
RHERBAFRE T 69 DR B b) B A %X F AR E AR E T 694
MR REOMBLREERRABRETHAARLE DRALAEE
ENCEF W S PAE &



544 AT 2023 45 5 A% 38 45 5 ] Radiol Practice, May 2023, Vol 38,No. 5

P=0.0107

020

P=0.0146

o __P=oows

015

RE

005

000
HC

g g 01s
g 030 7 »
<
HE 020
o HC SLE @

000

SLE @ HC SLE @

P<0.05 018

800

>
8

o

s

g

ENBHREN K
ENRHREHRNE

e
2
2

§

000" 000

B2 SLE&H4a 54 kB a
Z |8 W 254 By 35 AR 6G o R T | AR
2R, WAL IREZ MAFIEHS
BREZG E£5:D) HA LR
HFZMEREENY EF;0) WA
LKA Z ) B AR R £ 5

B3 SLE&Ha 54 EsREa
Z |8 W 25 By 3R 45 AR 4G o X T @ AR

P<0.05

&

HC SLE HC

S ER. MU AN
@ frmzrprmitra:hma

0 £ BRAR = T B AE £ A R F &L

%K.

AW S 2 A S 23 B A B R B AR KB S C4
KR IEA G R RRCE RIS RS C4 K27
L JR AR MMSE 5 0E AH 56 36 B il 9 45 1) 22 4k
HA—E K& . Aggarwal 27 BF 5 % B SLE
ST T S O AMA R e T 10 22 MR AR BT R AR T
FEREE Y. REULE T C3.CA KPR FEML. A
WS K BLBE A R AL B A2 1 I R AR . 2 R A0 LR B AL
HRIA I R - C4 KF- B AR L Il 199 2% 15 5 AL 315 14 3 RE )
FESI S AEDN C4 K- 14 IR T RE 2 ZE 5 il D) RE I
ZRIE T U RE R — AU HLE] . MMSE J2 i £ ™ 5 A

1Ty e R A5 0 R ) B T TR MMISE 154 430 /N T 24
S HERIN N T RERR AT AR 9 K B R AR
B 5 MIMSE 1543 16 = o 28 35 1 D0 1 1) 2% Jm) 30 250 %6 1
WA AT RE S MR I SLE FR & D0 T RE AR 1R 7E I A )
B .

JREB S AR AL G T A AR A BT OR S s
P B A R S S B A T S B H L T L
ok A f5 BN T O 4% o (1 EE AR L S A Bk
N AT RO At T A T ASORT 22 T 5 i AR 1 o R R
JEESO 5 SRR AT DA Ok 25 B R A SUTE T 4% v 1
BALERE T . BT R T Y AR N (R B AR T Y

4 SLE B F a5 Ry RBaANBAHEENAIRAFZGEZFALTFEL L FoE RSB AT LMK
=,



HOHEE Sk 2023 4£ 5 H 4 38 B4 5

Radiol Practice, May 2023, Vol 38,No. 5

545

LRME

60 20
r=0.742 =0.424 20 r=0.353
¢ P=0.008 P=0.030
L
19 L] ;
L
L ]
# . o
R Ban| e ®
o ® HOBP S
ﬁ 5& o , L
& I 17| @ ° o
& . :
40 16 . 16 .
-20 00 20 40 60 80 100 120 -20 00 20 40 80 80 100 120 24,00 26.00 2800 3000
c ® c ® - ®
14 r=2.708 12.00 r=0.735
P<0.001 P<0.001

00 d

00 50 1.00

IgM

150 200

)

& 5

SLE B H A MEIHSIERME AAZERZIAGMAER, OFERRZKEL CL ZEHMED) A

HHELH5CLERME; o AIFHELE MMSE ZEMX;d) 28%F5 CLERAMEs;e) T EMNME IgM £
EAED YT EZEL IgM ZEHMHE,

FEARE PR R R T, Duan 2500
WF 3¢ DU 11 5 B0 5042 0 K 2 AL 5 A B 5%

T B2 MRS [ P9 3 g A 800 200 3R R A 2 78 2 0 38

88 ] A o 2% o g TR RE AR L X S Cao S5 Y BFSE R

[2]

BLAY SLE 80U R ] A9 15 2003 M1 i B e iR
R A+ I ELAGATT e B 22 O 0RE [ 8y 3% s 2003 Y i B
SRR IR AT G DO KRR 4R 1R T S C A2 U 4R

AU TICIC I RERI IR E . AWF5E K I SLE & & 1

[3]

MMSE 153 73 800k B4 e Al . HL22 5 B GE o 3 3

LR Z W RIS 28 I SLE [ 22 SR 1] 5 g B2 A

[4]

HORMBEAR T B85 SLE B3 mic iz S e fi o A ¢

SLE J&—#f LA K F B B B0k 9 F5 Ak i 18 0 B 5 4

PEVEBIR - AR S BT 45 SR R A R ] g A
B SRR TgM B IE A 3¢ . 28 4 HE I 20 (390 A 1]

FTAESE TgM A A 5 S M B s 7 M0 SRS [ 49 4

[6]

BRI AR AT REZ SLE Jom 22 10 T 78 1 5 B s

Yy IR K T FEE— 2 RAEA BB FERAUESE

[7]

ABFFEAFAE LT SR BRE : OFEA R B A BE 23
Wi Xof 445 2R 1) i R ot B — 20 REEAR B s O W R iR

3 219 MRS B T B 0 R e B

(8]

£ L PTIR - SLE (8% 4110 il 9 45 25 1 15l HE X
UHAETE L S, FL SLE M BB IE B 42 K R R
TR I RO b 2 0 3 2 AR AR O L T

TEN M0 SLE (835 Bom 2L R R apn 59 . B —

E I R S .

[9]

SE 3k
[1] Kaul A,Gordon C,Crow MK,et al. Systemic lupus erythematosus

[J]. Nat Rev Dis Primers,2016,2(1):16039.

Kozora E, Ulug AM, Erkan D, et al. Functional magnetic reso-
nance imaging of working memory and executive dysfunction in
systemic lupus erythematosus and antiphospholipid antibody-posi-
tive patients[ ] ]. Arthritis Care Res ( Hoboken), 2016, 68 (11):
1655-1663.

T B Rt 0K E AR R R AR o LT ). 1 B S A T
e ,2019,42(3) :295-298.

PN 3%, 22 P B 00 09 05 55 B S5 M B HIR P R B4 A1 R4 A AE
1) e JEL S ) 8 3 R 5 A0 Ak 3 D7 Ok W T R R (T ). S A S R
2021,36(1):122-127.

Wang J,Wang X,Xia M,et al. GRETNA :a graph theoretical net-
work analysis toolbox for imaging connectomics[ J]. Front Hum
Neurosci,2015,30(9) :386.

Wang J, Wang L, Zang Y, et al. Parcellation-dependent small-
world brain functional networks: a resting-state fMRI study[ J].
Hum Brain Mapp,2009,30(5):1511-1523.

Chen D, Lu J, Zhou H, et al. Glucose metabolic brain Network
differences between Chinese patients with lewy body dementia and
healthy control[J]. Behav Neurol,2018,2018:8420658.

Liu Z,Zhang Y,Bai L.et al. Investigation of the effective connec-
tivity of resting state networks in Alzheimers disease:a functional
MRI study combining independent components analysis and multi-
variate Granger causality analysis[J]. NMR in Biomed, 2012.25
(12).:1311-1320.

Niu R, Lei D,Chen F,et al. Disrupted grey matter network mor-

phology in pediatric posttraumatic stress disorder[]]. Neuroimage



546

L10]

[11]

[12]

[13]

[14]

[16]

AT 2023 45 5 A% 38 45 5 ] Radiol Practice, May 2023, Vol 38,No. 5

Clin,2018,23(18) :943-951.

Qin K,Lei D, Yang J.et al. Network-level functional topological
changes after mindfulness-based cognitive therapy in mood dys-
regulated adolescents at familial risk for bipolar disorder:a pilot
study[ J]. BMC Psychiatry,2021,21(1):213.

Song K, Li J.Zhu Y.,et al. Altered small-world functional Net-
work topology in patients with optic neuritis:a resting-state M-
RI study[J]. Dis Markers,2021,2021:9948751.

Parente F, Colosimo A. Functional connections between and
within brain subnetworks under resting-state[J]. Sci Rep, 2020,
10(1).:3438.

Watts DJ, Strogatz SH. Collective dynamics of " small-world"
networks[ J]. Nature,1998,393(6684) :440-442.

Cao ZY ,Wang N,Jia JT,et al. Abnormal topological organization
in systemic lupus erythematosus:a resting-state functional mag-
netic resonance imaging analysis[ J]. Brain Imaging Behav,2021.
15(1) . 14-24.

Liu T,Liu L,Chen HJ,et al. Altered topological organization of
functional brain Networks in betel quid dependence: a resting-
state functional MRI study [J]. Front Psychiatry, 2021, 12:
779878.

Preziosa P, Rocca MA, Ramirez GA, et al. Structural and func-

tional brain connectomes in patients with systemic lupus erythe-

[17]

[18]

[19]

[20]

[21]

[22]

matosus[ J . Eur J Neurol,2020,27(1) :113-e2.

Aggarwal R, Sestak AL, D'souza A,et al. Complete complement
deficiency in a large cohort of familial systemic lupus erythema-
tosus[J 7. Lupus,2010,19(1) :52-57.

Rayes HA, Tani C,Kwan A,et al. What is the prevalence of cog-
nitive impairment in lupus and which instruments are used to
measure it? A systematic review and meta-analysis[ ] ]. Semin
Arthritis Rheum,2018,48(2) :240-255.

Renjini A,Swapna MS,Raj V,et al. Graph-based feature extrac-
tion and classification of wet and dry cough signals: a machine
learning approach[ J]. ] Complex Netw,2021,9(6) :cnab039.
Aki IK, Lebichot B, Aki JS, et al. Two betweenness centrality
measures based on Randomized shortest paths[J]. Sci Rep,2016,
6:19668.

Duan D, Shen L, Li C, et al. Memory impairment in occipital
periventricular hyperintensity patients is associated with reduced
functional responses in the insula and Heschl's gyrus[J]. Int J
Neurosci»2017,127(6) :493-500.

Collison J. Systemic lupus erythematosus: New pathway blocks
disease in lupus-prone mice[ J]. Nat Rev Rheumatol, 2017, 13
(3):131.

A H 1 :2022-04-18 &[] H 1 . 2022-07-22)



