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K Pearson A ARSI HATAFHAFLE MM T HFZFNEBINERIERO AR, R AHm 4
R BRI G BE T G LA ET E R (AR S B F‘?"u}?‘gﬁ’?5%*in$)if%i’3%‘%1+%
FZSL(P<C0.05), Liasparsbia, ARG I7 50 BRIk ) & Ak A4 0 & & (MMSE) # 4 (25, 89+
2.16) % Z 4 A RikFif4E T R (MoCA)#4 (21, 162, 77) o ] 2 1e [ % 3¢ 39 i& f#whlrh ﬁm}\(AVLT N7)
5 (4. %+1 81)/\]&%3[&:&% 2 MK (BNT) # 2 (19, 47+3. 1) 2 JH e a3 H ER S (P<
0.05), ITAFHRATEMEKIBINBEIEFLAALE(P<0.05), it tDCS ’Tu%)‘yiwj%i«ﬁ; MCI A 42 48
X R SR B A Bk, Biiw}u’ﬁﬂ}} B .

[95%217] BEING SR B 8 P B W R 8 BE R IR R s i M 4

[hEESES] R749.1 [XEFRIZBES] A [XERS] 1671—8348(2024)12—1844—06

Effects of transcranial direct current stimulation on whole brain

network topologic attributes in mild cognitive impairment "
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(1. Department of Radiology A f filiated Hospital of Southwest Medical University ,Luzhou ,
Sichuan 646000,China ;2. Institute of Brain Function Rehabilitation and Imaging ,Second Clinical
College of North Sichuan Medical University , Nanchong ,Sichuan 637000,China )

[Abstract] Objective To investigate the effects of transcranial direct current stimulation (tDCS) on the
topologic attributes of brain functional network in the patients with mild cognitive impairment (MCI). Meth-
ods Thirty-three included patients with MCI were randomly divided into the real stimulation group (18 ca-
ses) and pseudo-stimulation group (15 cases). All patients received the tDCS treatment for consecutive 10 d.
The left dorsolateral prefrontal cortex (DLPFC) was stimulated by the anode, while the right orbital socket
DLPFC was stimulated by the cathode. The neuropsychological scale assessment and resting state functional
magnetic resonance imaging (rs-fMRI) image collection were performed before and after treatment. The
GRETNA software was used to preprocess the rs-fMRI images and analyze the graph theory. The Pearson
correlation analysis was used to calculate the correlation between behavioral indicators and network attribute
indicators of significant difference between the two groups. Results There were statistically significant differ-
ences in the node attributes (intermediate number centrality, degree centrality and local efficiency of nodes)
before and after treatment,and between the two groups after treatment (P <{0. 05). Compared with before
treatment, the scores of MMSE, MoCA, AVLT-N7 and BNT after treatment in the real stimulation group
were significantly increased [ (25. 89=£2. 16) points, (21. 16 £2. 77) points, (4, 9541, 81) points, (19, 4743, 13)
points |. Conclusion tDCS could effectively regulate the local topological attributes of nodes in the cognitive-
related brain region of MCI and improve the cognitive function.

[Key words] mild cognitive impairment;graph theoretic analysis;transcranial direct current stimulation;

magnetic resonance imaging;brain network
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B FEEIN AL S (mild cognitive impairment, MCI)
SEARIAHIBE 77 N B AR B2 M [ AR AR I 22 A (E R Gk )
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B AR . MCT 2 Wibr 225 0 R - (D EVRAIA
HUT B ol HOARURN R, (2) i B K MOIR S
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=17 53 INF 20 43 W R DL B> 24 G i R B R
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A [F— ARG 2 DS PEAY 4 BR324 (>18SD) 53 ANk
A A 1AV T8 bR s 45 DI RETE 3h R & (FAQ)
39029 415 3 AN U AR 1212 18 FIRAT DI RE
BANMGURA 2 DM HEdR . (ORI T, HBR bR
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ARVIBEFE S . (2) A ™ RS A B, WORS B 2L0E |
AR . (3) A7 ik 4R 4G A 7Y AH X B 2 X A% =
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M tDCS IR YT . Ml S K. B 02 R R B R 2
mA , AL F 22 0 DLPFC, $H % A7 F A7 0 HE %5 H- 1
2 FF8E 20 min/ds Dl ALALAE TF 4R 30 s e &5 AR
30 s FEAT R Hb A T U A HoAR S0 JOR
ARTR] o A7 3 1) o 28 O A f] 52 e DA R0 20 RE 1Y) 25
Y e HoAhih 97 F B, A MCL B &Y iR ran. e
B2 52 0 2 00 B AE PEAG B rs-IMRI BEUEOR S, Fif 2
RV B[R] — 2 2 50 10 % ol s PR B2 0 F ik ST 22
PR R AT
1.2.2 rs-fMRI BH# K&

K FEE GE A F] 1.5 Tesla #8 T @ 9z 47 #5{X
(GE SignaHDxt)8 il i Sk # £k BBl it 17 5 . MRI R
0¥ 5 L4 5 B T2-Flair,3D-T1 J3 51 L)L HEBR &5 53 #
J7AS ;s BOLD Zy g i /& 31 1 2 o % . 5 &2 i [
(TR)=2 000 ms, I [A] (TE) =30 ms. §IF% fi =
90°,JZJE =5.0 mm, SLEF =24. 0 cm X 24. 0 cm, 4
ME=64X64,KF K/N=3.75 mm X 3.75 mmX5.00
mm; YR8 =32, 1 140 > E 4.
1.3 s
1.3.1 HKFERLHE

f#i H GRETNAZ2. 0 Chttps://www. nitrc. org/
projects/gretna) B A4 X #4151 rs-IMRI K44 £ 85 3¢
A7 Pt Ak 2, oAb PRk A S B R . (D BRI IE 5 (2) 3k
BACIE 5 (3) 28 [ AR Ak s ()15 (5) R &M
(6) 473 P& P (0. 01~0. 08 Hz) %, #EFH AALIO i K]
AR IR 4 il 1) 5% 1 3
1.3.2 MM &5

* A GRETNA (Graph Theoretical Network A-
nalysis) 2. 0 A G R 1 2 Al I 2%, 35 o 1Y) 265 i i 2
15 14 AL 91 LA 0. 05~0. 50, L 0. 01 K IH5
AN TR R L 2T B P 2% 4 I 1 - R 28 &R B (clustering
coefficient, Cp) . fix 5} 12 K & (shortest path length,
Lp) .4 J5 3 & (global efficiency, Eglob) . Ja #f %% %
(local efficiency, Eloc) . 75 & J& # %0 & (nodular local
efficiency, Nle) | BE H1.0> B (degree centrality, Dc) .41
¥rput & (betweenness centrality, Be) , & B4 M
RN BN AUC (B H T 0 B 9 41 78 42 Jm 40 40 s
A S NE Y B 2E Rt
1.4 %it®Eam

R SPSS17. 0 BRAF X AR R VE I3 B 9 265 4 b
JR PSR AR AT ST A0 T L A B TR 240 A 1 3 i BER L
xbs FROR BRI ST REA Y ¢ K0, TH 50 9% R
FCBCR X0 K, A P<<0. 05 =R A ZIEE X,
2 & R
2.1 —f&FH

PA2H SB I O AR I L o R R T L R 22 S 1
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2.2 ARBFTAEINmIES LR

ERITET LR IG YT S LR AL T 5 R eIk A R
it 3R (MMSE) | 52 £ Fl /R A 34l i & (MoCA) |
W3 1) 15 2 >0 I B-20 min %E3R 42 (AVLT-N5) | I
15 A 44 W0 3K (BNT) 9143 B 34 &7, iE 263k A/B
(TMT-A/B) P43 B B R AIK (P <<0. 05) , B B4 TA 0
I BT A AT RE Y A B . Dl AV-
LT-N5 Wy 5 1) i 2% 2 I 56 - PRI CAVLT-N7) . 3l ) 1#]
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0.05), WLz 2,

* 1 FH— BB

%/ AE IR CCE /N /0
215 n o N !

(n/n) (z+ts,%) mH/K¥E e /a/n/n/n)
ELRE 18 5/13  67.26%45.39 0/8/7/2/1
hfllsal 15 6/9  69.65+5.18 1/8/5/0/1
t/X* 0. 34 —1.35 3.48
P 0.72 0.17 0.48

*x2 HWAEBITRIEINRIE S L4 (5)
FH% A (n=18) PhRIH (n=15)
i H
TRIT R RIT A TRIT R BT R

BARAHIIEE (£

MMSE 24,2142, 80 25.89+2.16 24,0643, 53 24,0042, 62

MoCA 16.4743.10 21.1642, 77" 16.8843.57 17.7142.85
e IZIfE (x£5)

AVLT-N5 2.32+1.86 4.95+1.81° 1.5921. 00 3.00(1.00,3.00)"

AVLT-N7 18.0043. 02 21.74+1. 24 17.764+2.56 19. 2442, 41°
WE e (x£s)

AFT 11.5343.24 13.1642. 27 11.2942.00 12.184+2.13¢

BNT 15.4743.68 19.4743.13" 16. 0043, 81 17.7644.01°
AT T g

TMT-A[M(Q,,Q;)] 100. 00(90. 00,143, 00) 88.00(69. 00,105.00)" 118.53231.03 107. 71427, 07

TMT-B(x +5) 239.84+63. 14 208.00+48.12% 290.714+87.71 278.47+62.33

*:P<<0. 05, 5 R 4RITAT K .

2.3 W.EiEI B
2.3.1 Bc

53097 R0 B B B ALE T e 2 ) HE R AR T
[ g 11 T T g 1 2 B ) g NS R 1 o
[l ZE AL b 1T 2 2 b iR X Be 25 A8 i it 22 &
X (P<C0.05), IRYT T E A A 5 O R 2 (%) A ) i
A S A O [ A X Be AR, 22 SR Giit
X (P<C0.05), W% 3~4,

x3 BRIMAETH S Be bb# (n=18,2+5)

25X TRYTHT RITIE ¢ P

HESRAR IR (L) 18,8344, 439 16.924+3.989  —2.171  0.037
HEFHA R (R 18.539=+4. 370 12.246+2.886  —2.344  0.025
WBZESNIX (L) 14.539+3.427 10, 64542.509  —2.219  0.033
PN B [B1(L) 10, 77022, 539 9.21642.172 —2.232  0.032
AN 15. 54943, 665 7.20741.699  —2.282  0.032
2 (L) 13,7613, 244 9.50642.241  —2.622  0.013

L2l RA 0,

2.3.2 Dc
5309787 B B A 6T 5 A B S A
¥ De Z2RHFEIHE L (P<0.05), GITE M 4L

PR E e SN L5 = SN v R 1 5 il 1 R I T R
Sk 0] K KU R AR -3 18] X De 2 %A1 St R B
X (P<C0.05), L3 5~6,

* 4 BITEFAE Be LbE (2 +5)
28 5 I X BRI (n=18) PHRIEIAH (n=15) t P
(R 11.96342.820  10.196+2.633  2.166  0.038
1 (R) 14.496+3.417  22.580+5.830 —2.588 0.016
1 (R) 18.919-+4.459  14.003+3.615 2.382  0.024
R: A0,
x5 BRIMAERITE S De tb B (n=18,x * )
22 5 X IRIT R W R t P
5 (R) 4.48541.057  3.22840.761 —2.534 0.016
AR 2.622+0.618 3.10140.731  —2.121 0.041
R: A0,
2.3.3 Nile

553697 A b, BRI AL IR T S A DU HEE PN AL [l
JOHR R X Nle 22 %A it %8 XL (P<<0.05) . iR
IR N a1l S G N 17 i S T e 1]
T 2 A K X Nle 22 5 A G it 2% 5 X (P <<0.05),
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W 7~8,
x6 B R™MAE De Lk (x+5)
o R Phstlen ) P
(n=18) (n=15)

A e (R 3.639+0.858  4.970+1.283  2.229  0.033
WK J2 (RO 3.793+0.894  4.696+1.213 —2.116  0.043
PRI S5 7] (R) 3.12840.737  3.476+0.897  2.306  0.028
B5 R 3.22840.761  4.98341.287 —3.634  0.001
IR 3.83640.904  3.48340.899  2.258  0.031
TR 2 [l (R 4.13740. 975 3.2240.832  2.140  0.040

-3 e [l (L)
- [l (R)

L:E{JH\IJ;R:E{)DIJo

3.895+0. 918
3.867£0.911

5.110£1.319 —2.410  0.022
4.54441.173 —2.077  0.046

xr7 BERIEMAEITRIJa Nle Lbk B (n=18,x *+5)

7 5 I IX. bEpidin] BIT R t P

fE % 9 (R)  0.02040. 005 0.03470.008 —2.826 0.008

T (R 0.0324+0.008 0.027+0.006 2.224 0.033
R A,

£ B 2 38 97 B L5 45 Ik X FE Be,De, Nle 97 15 B
KHINE bR T B2 5.
2.4 NS5 B 36 Al B MGG AR ST

AH S A AT BN R B AR 7 Ja ZE AL | ] Be
JE S MMSE #5 2 1IEMH R (r=0.475,P=0.046) ;
FAA A R )2 De JE M5 AVLT-N7 ¥4 &2 IE

r=0. 475

*,

I | | |
0 3 6

A | I *
9 12 15 18 21 24 27 30
AL L EBc{E

9- r=0. 511
84 g o
& P=0. 030

AME{=DAE

1847

A (r=0.471,P=0.049;r=0.511,P=0.030); 45
WUHE P9 &5 [ B Nle B Y5 AFT W4 R IEMH L (r=
0.549,P=0.018), W&l 1,

=38 BT B A Nle Lb %

Il 1% 4 i) 14 4
S 2K LA Fh , P
(n=18) (n=15)

i | (R)

By 3 AR AR [T (L)

T 2 ff1 [0 (L)
L. 22 RAT0

0.026£0.006  0.06520.017 2.374 0.029

0.045£0.011  0.026=40.007 —2.054 0.049

0.031£0.007  0.02940.007 2.247 0.032

2.5 WEAEI B EFRE T
5500 b A, ORI AL IR T S E A e
A T B Be 3558, A7 M0 5 1 Be BEAK, A7 00 & b
Bl B TR 2% 48 [0/ De 3858 , 4 M &5 7 5] B9 Nle
M5 SR YT AT LR, B AL IR T S AR R HEE S 5
B N 1 N 1 7 o 1 N 1 e 1 <5 O YO i g 1 R =N
AR De #4584 ST 919 Nle FEAK A 00 RE Py
AL Nle 58, WA 2,
2.6 & EIBANEEILE
HAIRIT RN E IR YT 5 W4 Bl £ Eglob, Eloc,
Lp.Cp FZERIG I E L (P>0.05), W& 9~11,

)
]
°

r=0. 471
P=0. 049 .

[
1
*
*

AVLT-N7 (43)
A
<
<
*
<

oo—
o

0 2 4 6

AFT (43)

-3- AMBEAET_EEINefE
B 1 NAMYEESTRAIEENBEXEERE

®9 HENMARFARZREAHEERER(n=18,r+5) F10  DRBEBTHEERAMBELE (n =15, +5)
i H TR R IR t P W H IH9T BT t P

Eglob 0.00640.001  0.00840.002 —1.038 0.307 Eglob 0.01040.002  0.01040.003  0.214  0.832
Eloc 0.01040.002  0.01240.003 —0.249 0. 805 Eloc 0.01140.003  0.01240.003 —0.474  0.639
Lp 0.0344:0.008  0.0424:0.010  —0.746 0. 461 Lp 0.04940.013  0.0554:0.014 —0.138 0. 891
Cp 0.02740.004  0.02040.005  0.108 0.915 Cp 0.01640.004  0.02340.006  0.354 0.726
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PWREHEEERBXATRLE

M BT S B AT A B IR R AR AR A

oG JRE R G A — SR IR DX A 5 A N R 2 R ks
HORSUHEE #8451 0] ) BeDe Nle ¥ 715 . 9 BLAH M 53

s BRI AR T ) A MIIE 3 E 8] Nle 5 AV-

B 2
*x 11 BT EWEELRHIMNEEEE (2 £5)
5 FA A il S 4 P
(n=18) (n=15)

Eglob 0.00840. 002 0.01040.003 —0.274 0.786
Eloc 0.01240.003 0.01240.003 0.537 0.595
Lp 0.04240.010 0.05540.014 0.111 0.912
Cp 0.02040. 005 0.02340.006 0.436 0.666
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BT R AE BN AC A B K AT O T 3 A R
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