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Abstract

Objective: To explore and analyze the characteristic changes in brain network functional connections and local
Method: Sixty patients with mild poststroke depression(PSD) who met the inclusion criteria were randomly di-
vided into control group and experimental group, 30 patients in each group. The control group was given rou-
tine rehabilitation training. On the basis of the control group, the experimental group was given modified Yijin-
jing exercises, 40min each time, and both groups were intervened for 3 weeks. The Hamilton Depression
Scale (HAMD) was used to assess patients' depression before and after treatment and at the 30-day follow-up,
and EEG signals were detected before and after treatment in the experimental group to assess changes in brain
network functional connections.

Result: After treatment,the HAMD-24 score of the experimental group was significantly lower than that of the
control group (P<0.05) and before treatment. The global efficiency of f.6.0 waves and the local efficiency of
0.6.0 waves in the experimental group were significantly increased (P<0.05), which means that the brain func-
tional network connectivity was enhanced.

mission efficiency and information integration ability in different brain regions, and provide a certain theoreti-

DOI:10.3969/1.issn.1001-1242.2022.11.011
FILAIGE - T AR IR PRI SE 35 (20194 Y 0486) ;b3 r 58 24 K24 T8 P H (2021LK033)

1 FHFhE R R b, LT, 2012035 2 FHFhE MR E I P I ES S ER; 3 EiEY
S —VEF R  INERE, 2 1 B REFST s iR H 99:2021-05-08

1506  www.rehabi.com.cn



PHAAGE 4L 20220 3T 11

Author's address
Shanghai, 201203

School of Rehabilitation Science,

Shanghai University of Traditional Chinese Medicine,

Key word poststroke depression; electroencephalogram; brain networks; breathing; traditional exercises

A& J5 JAR (poststroke  depression, PSD)J& &
P R LA i 2 o B R DL O R, A R
33%". FFZE PSD 23 HE SN B H W AR TR 560
Rrp A R E R A AW Y, IRFPUIERZ &
PR A B PR OO, R T B R I AN
R, AR MIE R Y7 PSD R i —E
Pedi. o R 5 Al AR b B 2 B, HURE 5 2 A
YR ZEIAHINGE By, A7 15 22 (1) WP K AR RIORS A A8
FENRHEINAE: . B — SR E BT LIHEZ
(R 70 B 22 7% R R T B A e A il . T 1
BT, 16y B AR . A5 R 5 15
2 RS T AT T IR M ULEE , X A 1 o o 56
B ] 57 T AR Al 5T B A5 v i 6 743 (National  Institute
of Health stroke scale, NTHSS)#E4T T #EAl , 7+ & B
TANWHERCR . R, ARk B
Ty R AT AT R0 R VAR RE AR, IR A R,

Jixi H3, /€] (electroencephalogram, EEG)J&—FlJc
B R SRR A PRI R AR . TR
149 52 2% i I 2% 43 B B AR I S Rig I R A o8 i AR
] Rl R A R 4% B Bh S AR . AFIER
ks F1F PSD B3 M Im R B & v 30 el B &) 777
280 B AF PSD BB W RS T 28, T i — W e
() EEG i , Al 138 43 Bt 9% PSD S8 35 il D) e %
KN SRR, DR IG RIGYT PSD @it ic 4>
CIETSiOEIS Wigr e

1 #RERE
1.1 A5x4

20184F 1 J]—20194£ 12 J1 , bR Bifgrh B2k
i I e B PG B 2 R B i 2 R SRR SR 1Y
PSD (& . O A5 : LTS LT 2 33 4 (com-
puted tomography, CT) 5§ % 3 & i 1% (magnetic
resonance imaging, MRI)#fii2 K k548 # 7 ; @l
IREf12 A PSD, I %% /K i 4 AR 1t 7% (24-item  Hamil-
ton rating scale for depression, HAMD-24)=8 4}
@R 1—18 P s WA 60—75 4, P51

ANBR o HEBRFRIE : O™ 5 M B 25 R
A IO THALIE B S O B LR
WA JC T 58 B L RPN 71 s @ RB AR AL 232 46 25 It
BITE @R FHPTIARZ P i h E I ARE . SbR
I Y& 15 145, Aol A PSD B 60 1], R EEHLAL
43y BLER R4 60 51 PSD FR 35 43S i BE 4 30 B3], P-4
AR N (65.37+6.52) % 5 B0 41 30 4], F- I 4E Y
(62.70+8.63) % o K FMHLIL > BL AN 53R
Xof BEZH (n=30)FIIRX I 2H (n=30), PZH IAEES kI F0
W22 5 T B EE R L (P>0.05) . AP A B
PR B e S . 2019-125), FFrF B H HIES 5
W9, 2 B G R

&1 FWA—MABILER

R el popi:E) .
T H (1=30) (1=30) gt P
AERE (vts, B) 62.03+7.37  65.23£629  1.809(t) 0.076
TR [(%)] 0 1ED 1
B 17(56.67) 17(56.67)
Lotk 13(43.33) 13(43.33)
fetE(A) 7974527  7.53+4.09  0.356(t) 0.723
ZE KA Hi](%)] 1.002(;*) 0.317
AL 23(76.67) 26(86.67)
H 7(23.33) 4(13.33)
HAMD-24(x+s,4%)  14.57+4.66  16.23+4.19 1.457(¢1t) 0.151

1.2 2R

i 25 HR 2 Wb v 2 B Cr ) 45 288 3 S ik I 5
Wi 2019), PSD 2 Wik ifES B ICD-10 H14iX
P22 2R GENEPBE (GO0-GO09) P FEAS MBI 325 )7 %
SSWbR SRS 3 IRY
1.3 R HE

AR R I 25 T8 T4 BRI s il
I BRI S 5 2 R RIZTT o
1.3.1 X RRZ 6 BRZEA TR R IR, 1 IRR,
JA 70 AN ZR3 8, O EREH : B EN, LLhRekE
R 3, RS - TR 9T . QRT3 FR B,
Jer A, LTI . O R BRI 2 A Ty T i
Bl QTR : AT RERERFIIA £, 25 2 2251
JULPA A UL JREVO Sk AL MR 2 ULATL NG =Sk J%5

www.rehabi.com.cn 1507



Chinese Journal of Rehabilitation Medicine, Nov. 2022, Vol. 37, No.11

1.3.2 50 IS 7E X BRA At A TR AR s
MR B 2 B , L IRR B Tk, I3 3
Jil o OBRPE WY Z5 - i AW B, PR I RE A il
TREEIFIIR K 5] 2%, — W — WA 10s W58 . 4 TE
A P E VPR A R b A IR I I W T A
By 1 b 5 % BB AL AR, AE IR 10min. @ AR I L .
PR B 15 B R P IR IS W K A SRS 52 511 15min
R, HEA TR S ARG PR IR SR O B A,
FElE B E A RBGEETIE N E . OM RS M4
YNGR A LB I 25 > AR ShPE i AL 2 i 48, 0
FEA IR 26— . = = KB e
KRB E |, BK 15min,
1.4 WESER
1.4.1  JPARTTEAL : >R AL HAMD-24 174k £ 35 19
TERRREE , 15430/ UL AR S s . OF M
i : HAMD-24=35 43 ; @ i /A : HAMD-242=20
4% %% B AR : HAMD-24=8 43 ; @ 1F % : HAMD-
24<8771
1.4.2 EEG KGN : 52387 T15 e AT IR A IR TT
K BCF AR I L AL (EEG-9200K , H 5% Toll bk
AR EF)RIE E PR 10—20 2R Gebr e i E Bk, R4
19 RERMM LGS . 2555 H I, R
200Hz, 2% WA T Cz Al , AR HIBH<10kQ. HF
EEG 4 53 i 4 4~ B0 S) A BE , T Mk 9 254
NS5 D4 FEeK (global efficiency, GE)J MLk
ARG 2 B 1 BALBRRE 11 ; @JRRak % (local effi-
ciency, LE)Jt—~75 i 5 HATSE Y s Z 8 15
SABHRE T, X M X 2% e REAS YT 4 LE U (EA
F 4 fi V-3 LE.
1.4.3  $5 b USR] - 36 97 /T i 17 HAMD-24 il
EEG K WL 2E , 3897 21 K5 W5 HAMD-24 Al
EEG ek As , 30 K1 1121 A HAMD-24 /5% .
L5 Sil=obr

fdFH SPSS 24.0 A4 TG 40T . TR PR
A IR0 A F Y B0 hn o 22, 4L 10) HL R kAT
FEA K236 s ANAFA LA 2 A T A B (0 431 550 2%
N, 4L IR] LR AR 2 80K 35 (Mann- Whitney) .
EEG A Wilcoxon ARG I A 74511, ¥ M 2 H L
(R F A R 2 BRI TICIE , P<0.05 W22 554 2%

1508 www.rehabi.com.cn

2 #ER
2.1 4 HAMD-24 M4

e M IR Y7 ALAETRYT B AN [R]A [] o5 8
TR A 25 LR A SR F A 225 P < 0.001

TE A B At Je 22 0 R A I, N IR AE
3ANEFRLS Y IE 5 IR YT ALAE 3 AR S 1 2
5o WAEIRITRT LB TG 22 5, 7E36YT 3 e BlT
LA H I PO 25 5, k5T . k2.

HAMD-24 343 76 A 5] B} 1] 250 K .21 K .30
Ky AR Z B #4822 5 (P<0.001, P<
0.05), H:AWAYTF LBl T W R 34 i, HAMD-24
T B AL, B2 50 B 2R 0 R IR
ST G HAMD-24 P43 T, 22 o i &Mk L (P>
0.05), 7€ 21 K .30 K ~Bsf [6] 5, A7 Hij )5 HAMD-
2410 B B 5 M 25 5 (P<0.05)

2.2 A[FIE: GEFILE HAx

RIS IR AR YT R o BSOS B 1Y

GE J LE 25 547 i M L (P<0.05), WL 1,
2.3 £k M (area under the curve, AUC)H%
ERRITET L IRYT I B S A0 I 1Y GE 25 5
B E MR L (P<0.05); a3 .S P A0 % [ LE 2 54
i EERE X (P<0.05), W3,

%£2 WHAHAMD-24 b3 (s, 5
A B WITRE WIT3EE B FIE P

IRIGA] 30 14.57+4.66 12.10£4.75" 9.87+4.277% 149.792 <0.001

XTHRZH 30 16.23+4.19 16.60+4.55 16.37+4.95 0.155 0.696
FAH 2.121 14.028 29.633
PAE 0.151 <0.001 <0.001

T SR HT HE, DP<0.05 5 55 B8 21 [/l — s 1a] o4 He 45, @0P<0.05

£3 BENELBUZENENNERE TERLE (vs)

LiH o i B S ((})3
2RHY#E(GE)

JRIFRT 0.138+0.011 0.164+0.005 0.165£0.003 0.1560.007
BYT 3G 0.144+0.014 0.157+0.006” 0.157+0.009" 0.163+0.005"

Sy anich 0.1014  1.9586e-04  4.6608¢-05  3.0095¢-04

P1E >0.05 <0.001 <0.001 <0.001
BE%ME(LE)

JAITHEI 0.13240.015 0.126+£0.013  0.112+£0.015 0.120+0.017
BRIF 3G 0.14+0.020” 0.122£0.017 0.130+0.021" 0.098+0.017"

geilHE 0.0107 0.0837 0.0035 5.8916¢-05

Pl <0.01 >0.05 <0.01 <0.001

T 5IEYT AT, DP<0.05.



PHALE 5L 200248 537456 11 )

1 4NN MESHE

Groupl Pre vs Groupl Post for alpha band
5

0.3
2 Group1Pre
© Group1Post
0.30
5,025 »oqupqeaPsE
2 00888
5
5 0.20
=
LE =
~ 015 .
3
~ 0.10
s
0.05 i
0.00-—
00 01 02 03 04 05 06 07 08
density
2 Groupl Pre vs Groupl Post for alpha band
i “GrouplPre
-8 ©Group1Post
FEL
0.20 N
>
2
T Y L1 e
E 5
GE 8°
ﬁ 0.10 °
]
0.05
0.00
00 01 02 03 04 05 06 07 08
density
il
Groupl Pre vs Groupl Post for delta band
0.40
“ Group]Pre
© Group1Post
0.35 L2 ronp oSt
PECLE
.ge8"
0.30 qef
y 0g®"
£ 025
2
LE & 020
=
B 0USE evererensSelon 4 cereened
A
0.10
0.05
0.0 ="
00 01 02 03 04 05 06 07 08
density
0.40 Groupl Pre vs Groupl Post for delta band
’ “Group|Pre
035 ©Groupl1Post
. 08t
ge®
0300 000
> 00
9 58
5025 g8®
£
=0.20
GE 3
S 0.15F + rrereraseas
o o
0.10 0
005+ .°
0'08.0 01 02 03 04 05 06 07 08
density
3
A \/\
3 iTig

PSD & 2% HA 5 DL 1 4% B, HAT 85w 1 20
BRAFNELFC A, H Al PSD Y & i AL il 1 A ]
i HEEIAJy PSD Al 28 RS AL N, 2 1 35
AN ITSUNEI THLBEEL , O TR 5 IR A
& HUARZE T 2 ih SO 75 , # LG T, e 2%

Groupl Pre vs Groupl Post for beta band

0.20
= Group1Pre
0.18 sal ° GrouplPost
g200"

0.16
5014
5012
=
o010
3 0.08
=3
—0.06

0.04 or

g

0.02

o0
0.00
0.0 0.1

02 03 04 05 06 07 08
density

Groupl Pre vs Groupl Post for beta band
0.20

= Group1Pre
0.18 o Group1Post
05O
25388

0.16

£ 0.14

2

g

2012

53]

= 0.10

3

5 0.08
0.06
0.04

0.02 —#
0.0 0.1

02 03 04 05 06 07 08
density

Bk

Groupl Pre vs Groupl Post for theta band

“ GrouplPre
o GrouplPost|

Local Efficiency

o
=)

0.05

0.00

50
00 01 02 03 04 05 06 07 08

density
Groupl Pre vs Groupl Post for theta band
2 Group1Pre
o GrouplPost|

ag
LA
e8f

eef

gee®
g8

.
¥}
S

Global Efficiency

O'O%.O 01 02 03 04 05 06 07 08
density

09k

FOB I YT ) e R
17 HH B IR v R
FIELAT S NEFPHZERE RAR R
BEATARITRE S, iX LEAR SR AS
REYERFIE B IRETE SR 2K, F It rT
U EBE AT 1% 5 -5 I T RE 2% DA
P

AW R R R 2 i 4
TEVRYT SO0 Jy T 1 B
T B IA 55 | Dk A A
IR 5 fMESRE . MRS
i 24 PSD 5 I IR IR AFRAIE , 58
WP 5 RSS9 4 450
R R 2 2%k 3 J 5 PSD i
#H HAMD-24 343 A% , 2% B 5 4
Ik 25 23 W1 L G2 i B B i AR A
“5, HLWEE U s ] 38, 2500 ik
R X5 HAhAE A AT
GEIRIEAR—FT,

EEG J& — it s il A fi 4 it e
A B SRR AR W LR S, AT A
) A i R J2 B 9 245 3 Bl A
b B AN TR X3 i D) Re 4 . I
PR — 0K i FL T 200 4 Da
SN ) N RO S G A 2
AR BT B C 123 DA 5
QB WAL R Ak FHE A A
AR AT K J& — R o ik
PP DS B P T v T 1 G T
Bl @2 4bF IR R ER AR 6
W B, I 5 T 2 A O

P25 AR TR W A P 2R
I HH G (R4 28 KON e 5 AR ]
i DX 0] 3y i 3% 2 5 A7 R, —

SR N7 ) IMRI 1 EGG ifF 5% 42 BH , 50t 5 A8 i 1)

ZEAFLL , FVEIS A8 1) ) BE A 19X 245 B ML AL EL AT AR 1Y
FRAE AR DY DRI, AR 9 i0E— 2 DAING IO 265 41
FIAE £ 3 ek B ) [ 2% PSD A A5
IR B, B R 5 i 2 )11 25 )5 PSD J 5 4
BB GE M LEfE 2 Fh i B T ¥4 . AUC

www.rehabi.com.cn 1509



Chinese Journal of Rehabilitation Medicine, Nov. 2022, Vol. 37, No.11

TN BRI R 5 i 4 RE 4 = 0 8 (O MBI LE, 36
A R ) f§17 25 BE A 18 I AR08 1 A a] A D B 7 82,
POARLR K X (B 15 B A% 38 . o o SRR R BT
FToU X 28 #R R XTHF2E R fE HEE . B IR FEAIG
$EIR PSD F8 35 (ARG pil 5 o R B 0 55 IR 845 21 i
o SR FRMRAE R X SIE A TRE I A &g A2 s
AUGEER . 0GR I RN R 2 A DG 15
548 TTE PR 88 P 2 BT CBR IS 2 19X 248 AF DG 1Y IX.
350) FN A M A& I R S (AR T I 2 A S DX k), HCAth A
AR A 6 1 2 R A I ) — A R
1M B4 B 1Y LE JC s 25 M 25 55 X mT AR UE R Ak 22
S G i FIE R R R . SEGE M, B8 .0 Ml Bt
A5 S AL FRROREE &, $eR AR R AR B L T IR
FBAR B VE e 385 58 KM K2 )2 16 2l , e A ) fig X i)
T RS NEE 5 RO, RN ke TR,
TR BN G o 10 BT R E X £ 6 36 A1
SEREAS R A BT R R A T A T e b, He A5 A
2, B BT BG4 R, I T A SE T 16
K, % H Bonferroni #1722 5 L3 IE , K 1E S5 19 P
{8 /& P Bonferroni=0.05/16=0.003; &5 % i/~ : GE Fll
LE(a.B.8 .04 MIBOBY TR IG A EA B EE2E R

AWF5E i 1 HAMD-24 , #4375 EEG 454 ki [
28 B 43 AT 18 5 VR 9T e R 5 115 226 FE PSD iR
FHHIRIRIT AL, S5 R BN, R 5 i & Re A 3 5%
fif PSD 35 W AMARTE 45 , 2 AN [R i DX TRl A% 45
R TR BB RE T, W 2 R AR T —
NS . FEARSE B SE T 58K 38 U5 B KA
A BEHIXT BRI, I B AT & B 2 S50, L
FER AT FEAE G5 B R -

S 3Lk

[1] Das J, GKR. Post stroke depression: the sequelaec of cere-
bral stroke[J].Neurosci Biobehav Rev,2018(90)104—114.

[2] Villa RF, Ferrari F, Moretti A. Post- stroke depression:
mechanisms and pharmacological treatment[J]. Pharmacol
Ther,2018(184)131—144.

(31 TN . 7 v A0 22 P RO A ol A S0 (PR AR A 2
IIRERST RO % 2V EVFAS D). PRI LR, 2018,

[4] SR HETIARIE S PEALH Y H ARG R T AL 5E (D).
N R 23 A2 A2 BR R, 2019.

(51 /BTN, AT, MSL G, 45 A TR T AR IR TR I
PRI ], BAF B 1R, 2019, 25(3) : 398—401.

[6] BRI, WAL, BENT , 55 . 50 R o) 3 220 X i A ik 2 0 e G i £
H AR BT ARSI (0], BRESR 2441, 2020, 30(1) : 74—78.

1510  www.rehabi.com.cn

(7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]
[15]
[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

BETCFE G AL BT ISR TR L5 114 4328 5 12 Wb 1],
IR EE2h,2004,44(30): 62—63.

HAR B R I o) o, AR IR 2 e M 27 2 i 1 A
SR I A% 2 T I L 12 T 2019(T]. ARl R R A
#,2019,52(9): 710—715.
WK, HEEE . P R R R A 328 IS WA VE SR 3 R [ R
PG 7SS 10 BRI EL B [I]. I RS i 22 22 4% 35, 2013, 23(6) -
426—427.

FEART . RBRGEN 3250+ RLACD-10) F & T TR 4106 11
YBTS | B0 S AT N AR 45 28 SR (0] h R 25K
HirEZRE,1989,3(3): 4—7.

Trusova NA, Levin OS. Clinical significance and possibili-
ties of therapy of post-stroke depression[J].Zh Nevrol Psikh-
iatr Im S S Korsakova,2019, 119(9.Vyp.2):60—67.Russian.
SRIBHE  XGEHaT ST, A5 . Sk BB R I A It o &2 22
FEURE RO A6 P S T IBGE 2 U RE RS M2 12 2 K HL L Y 0
[0]. B P R4 A 2 ik, 2020, 29(24) : 2658—2662.

SKHEES . R 20T A S AR AE I R AT ST RS (0] e o
[£,2017,39(5):777—781.

XISE R, HRESUR . EF ARG AL T S AR I RBIE 5k D). S B
HHE,2019,34(20): 3220—3222+F0003 , FO004.

EHE . RS SR SRR BT (0], BB, 2017
(33)130—131.

F BT Sk R 0 e R S AR I R A AR B A R ).
LRI 240 FLARREAR, 2016, 52(2):240—245.
INGER, SR G, Tar i, 46 \BR IR A A AU 22X PCIAR S
SRR AR SO I DI RE R R (], P A F R, 2020, 56
(5):41—47.

Phneah SW,Nisar H. EEG-based alpha neurofeedback train-
ing for mood enhancement[J]. Australas Phys Eng Sci Med,
2017,40(2):325—336.

Sowndhararajan K, Kim S. Influence of fragrances on hu-
man psychophysiological activity: with special reference to
human electroencephalographic response[J]. Sci Pharm,2016,
84(4):724—751.

Gica S, Poyraz BC, Gulec H. Are emotion recognition
deficits in patients with schizophrenia states or traits? a 6-
month follow-up study[J]. Indian J Psychiatry, 2019, 61(1):
45—52.

Sroykham W, Wongsawat Y. Effects of brain activity, morn-
ing salivary cortisol, and emotion regulation on cognitive
impairment in elderly people[J].Medicine(Baltimore), 2019, 98
(26):el6114.

Shim M, Im CH, Kim YW, et al. Altered cortical func-
tional network in major depressive disorder: a resting-state
electroencephalogram study[J]. Neuroimage Clin, 2018(19)
1000—1007.

M AR IS S RIS M08 A RE N Zhoxd 2 o 28
& L IBGE g D RERYEZ R D], [ BE A PR 2 203, 2020, 35(2):
151—155+160.

Liu X, He C, Fan D, et al. Disrupted rich-club network
organization and individualized identification of patients
with major depressive disorder[J]. Prog Neuropsychopharma-
col Biol Psychiatry,2021(108)110074.

Zhang M, Zhou H, Liu L, et al. Randomized EEG func-
tional brain networks in major depressive disorders with
greater resilience and lower rich- club coefficient[J]. Clin
Neurophysiol 2018, 129(4): 743—758.





