EH A 2024 4F 4534 35 554 1H.379-385

doi;10.3772/j. issn. 1002-0470. 2024. 04. 005

ETRREHINEBESRSSMERF S

322"

(" BT ABOK F B F
("HEZRF

*JF wi

SHERFFR BL 710021)
i

Fome s

TR B

#E 22 716000 )

i % YMIEMDD) BEFAE N ER EHBRHWEREEIERARFE,
x¢ R (EEG ) SOtk A5 77 i x4 (0 AR AE B oy i vl BB AT AT 0, Bk 22 & # AT
BAT25 4 %AW 128 F H IR BEBCR S, AT 2R UM HREEEERR
AZ BRI, EREI, A TR R, WAEEE RS C oy IR KA
FEE, LG EMBCR A oy BB R8T E R A D WP Sem B &K, B
SH0RA B Z B W SRR D o AN BOR S CHBCRhA D M ERMERER Y
ERFMAHE, RAETHEBORA T & UHR B IWAE B ERE AW A4, A

AENERFH D BREEASE,

Keflial  TAVE (MDD) ; # &AM (EEG) ; Mk 55403, BORA; R

FNERAE ( major depressive disorder, MDD ) J&—Ff
R g, X A IR0 AT Bl AR 4 A T
Mt B AR R T, R DA S S
Bl Bon , ERAA 3.5 L N MAREE", It
A ROSIRANABRE B R 0% R DR (1)

W5 2R B AR 8 Ml &5 F A T e 34 k2B AR
b, R 9 45 1 28 57 % L iR HE (electroencephal-
ogram , EEG ) 5% FH A = 14 I5F ) 43 3 3 B 426 00 o A g
PRI By, DR A SR AE (9 % Bh a2 b A8 30 Tz
RO BT, A S ARE il B A T A AR £, i 4n
AT AT A3 T8 A4S Ry B 1 0 4 3
8 XL T IR 2 AR Y A TR B R, A R
ESTR N RGNS W

A FLBRCIRAS 7R 1987 47 p SCHR [ 11 ] #2H  #
A3k B 0 FRL A 5 0 I R 8 — ol obR 24 7 B[] Py
(80 ~ 120 ms) PRIFAHXT R E , Z Ja Pl i AR o —
FiRIRAS, 25 2 A Sl 2 6 I Tl i 2 A >
i FELFRCER 2 B A% L 5% Mk P ik e A8 Ak, 22 g

@ ER AR (12102240) R H

TR LRI T 0 X I AE fr) B
LR, SCHR[ 16 ] & B, MDD S IR A D #F
PRI ) | R BRI A 55 L3880 LIRS D
B4 S5 252 (1] 55 A0S o S A DG, 3R WD Mk FL R
ARZS AT B S J0 AR AE 12 W 48 1357 19 2 % i b, X
HRO17 J0F58 &8, 1R 97 J5 MDD B E TOIRAS A 19
PRRECE I B 5 £ 8 53R4T 70 DU G T ROIRAS B
SRS SERE AN TR €5 i b YN SN
SRR A TEM, SCIRI18 T &K, H 4
TARAE BB RS B 1% H B BIOR A 26 L 3, it
TGRS D A B BRI 55 /D | SR BT 5% 9
KR RCIRZS S8 SR 5 3R A5 43 2 (A1) b 5 A ¢
PE, PRI, IAIARE 8 38 R IE 3 A A SCTR A R X L
UREERSR IS

R T RSN R A KNG B A S AR A, AR S
K FHRCIRZS 307 J7 vk 45 4 A R e 0 Pt Fh 50, 4l
P AR £ S #2020, 5 PR IR
BSECGIARIE Z [ /) 56 R | T4 -5 MARAE AH C 1

@ 4,1999 4EA AL A BFSE T ) ARRPES) 1%  E-mail ; 221711017 @ sust. edu. en,

@ WfEhEHE ,E-mail; dumm119@ sust. edu. ¢n,
(ki H $1:2023-09-05)

— 379 —



EHAREIN 2024 4F4 H #3485 4

PR, AR G R L2 R R WS
I & ) &l

1.1 MRIK

AHFFE LT 22 N K27 UAILS 52565 2020 4E AT
) 22 £ MDD 81 25 £ 1E% A (healthy controls,
HC) # 2 M1 128 5 EEG B #E1 7/ 5% , N 0 4eit
HimREHE 3R 1 fros, MDD BETE 2N K55
TERBERIERE R TI2 B A T EATHE B, IE X IR
AT SE . AR R T 22N K25
B A FRZE S UE | JF7E S8 30 JF B Z i1 3R A% i A 9k
T 1 5 T 0 D

1 AOSHFIGERERE

25 MDD HC ‘ p
N 22 25 / /
A 29.4+9.2 32.5+9.0 -1.068  0.286
PN (5) 55% 68% -1.134 0.263
PHQ9  18.5%3.5 2.8+1.7 5.884 <0.00l
GAD-7  13.0%4.8 2.2+2.0 5.538 <0.001

Gt & B MDD ZHR1 HC 20 4E% 1k 1 22
FHIEGH R (p >0.05) o By A PFIHERAE
ifi 2 1 3¢ ( patient health questionnaire-9, PHQ-9) I
]9z Pk B i E (generalized anxiety disorder-7,
GAD-7) , 5 i i§ — &£, MDD 4 i PHQ-9 Fl GAD-7
450 BT HC(p <0.001) ,

1.2 HIER&EMTALE

fifiFH 128-Ag/AgCl HLAK (45 £ EEG TE Al Net
Station RN (JEA 4.5.4) 10 HELE S min HHR
A EEG (55, REEMIE R 250 Hz, 2% I
Cz, TCSRHITRY 225 AR BEAT , B DRl R AT, RS
BB T 50 kO,

iz ] Matalb {4 & EEGLab - 45 5% i 7 4b B
AR AT 1 He 1Y @ 8 A 45 He (141 I8
W Ab B 2 i — A g 50 Dh S A S, O 49 ~
51 HzBE I IE I A8 24 50 Hz (19 TA5 O s LU kAT
HEH ASCRHT S a8 oA
75 (independent component analysis, ICA ) FlIA T4

— 380 —

AR UL AF — 4 PRAE B R BRI T+
e LR 90 s MR AT IR S
1.3 RUIRESS T

MRS M LT 4 A5

(1) TR AP Ry 42 )5 37 58 1) 18] 2 510, B3
SRR ] BT AT A AR AL O bR v 22, s (1) B
R,

() = | X (w -u)/N (1)
Hrr, gfp(v) Fs ¢ W24 )R, N i iE 4>
B, ou, e WS ASEE R, w R e A
R E, BT gfp R8BI RN )
BAGE , A ST T gfp 52 W ALk 19 I R M I )
AT IR SR T

(2) TR T, B e xd B R Sk B
FEEAT H 30EER 2 IR 2K (automatic agglomerate hi-
erarchical clustering, AAHC) , BT KB 25
B AR A5 Je K 42 JRy it B8 J5 2% (global explained vari-
ance, GEV) BE iR AER IS SR 73 5K MDD 25 A
HC 4Ry J5LER BRI 2RI 4 DRUIRESE

(3) bR AR BUHCIR S I 18] 8], 4 41>
T A I ] AR AR AN ZE T 4 SRR AR
LR e e 1) — 28 T URCIR 25 I 8] P 471

(4) ARSI AR E S 8, d5.1) F1Y
FFEEIN E] ( Duration ) J2 48 HE AP HCIR A 355 22 ) 18] /4
BIE, an=X(2) fs , Hor N g BEFRGOIR S H B T
B times SZASCIRAS 56 @ U H BRI 45 B2 1) 1]
2) LR ( Occurrence ) TR ORA 1 s W FLAY
UL, X (3) B, Herh MO RS TROIR 2S00 Hh B
WEC, T AR E () 33) 55 E ( Contribution ) 3
PN B RCIR 2 B A 22 N ] 7 42 AR A I T B LUAEL,
I (4) Bz, H vime OR35S 28 53525 ]
H154) SRS HEAAME SR ( Transfer ) J&48 R A Z (A1 4H
HEAR AR, X (5) B, o Transfer (i, j) %
ISR @ B BIRES j AR om A OIRAS @ 1
W JE B BLRCIRZS B M, RS © /Y
B

Duration = }Vi times (i) (2)

i



Wiy LT BOIRAS (0 A R 7 T 53 43 B

Occurrence = M (3)
T
Contribution = tu}ze (4)
Lo My
Transfer(i, j) = i (5)

1.4 SFHitESH

K ] Shapiro-Wilk 46 56 $CHe f4 1F 50, 245 4
IEZSYE, MR FSUREAS ¢ #0560 A 2 S S 8000
25, AWK A Mann-Whitney U £ 56, 12 3 7K F
HLO.05, RS Spearman 4 AL M 8] I 507
MRS HS PHQ9 Al GAD-7 3436 A |

2 SR BT

2.1 BHEER

XF HC 1 MDD £ 35 1) A AR M o 50808 43 ) 6 1 7
LIRS 4317, 2 L3RS 4 Fh i RS H R 1
mE 1 R,

MDD ZHF1 HC 2 (1) 4 Jmy fit e s 2551 902K 73. 4
+5.7% M 71.6 +6.8% , R TLHIT¥E X (p =
0.329) AT LANREL R, 2 ZHTHCIR S Hb IR 161 34 15 28 i figg
TR ZSHARL, IR S A F B R 22 B IX -4 iy 46 B v
TOIRAS B A A2 A - A5 ik DX ), SRS € R
SRTAR - X HR], SORAS D B R A o B K (H
DL A P IS R R it AT it — 2500 M, 2 A
TR AR A 91. 74% , U W 1E 8 A5 FA0IE &
H RS MR I 22 1] 11 g B — Btk

"

Bl #ESHERRKERE

2.2 HRESHER

ST RFLE I (] S S HUR RS (Y L ZARAE
AT 2 AR RCIRES RO TS
Ry, A48 -S4 ) | R BRI 55 1L 3 2
B, AR 2 fis . B 2(a) Fon 2 AU RUIRES

WS i) E), e it 25 1 B n MDD AR D
BYF 25 45 22 B [A) K F HC 21 (MDD 0. 061 vs. HC:
0.064;p =0.038) ;& 2 (b) F~ 2 4L LIRS AY
IREL, Ge 45 R SR MDD 4IRS ¢ R
UBUE T HC 41 (MDD 4. 078 vs. HC:3.767; p =
0.013) ;& 2 (c) FR 2 ARSI L, o1t 4
KR MDD A HURAS ¢ R [ KT HC 4
(MDD:0.285 vs. HC:0.260;p =0.035)

M 2 AT RLE B, MDD #8235 f HC RUIR S S 5L
AW EME2E R (p <0.050) . 5 HC #HLEL, MDD ZH 1%
RZS D (7 RS20t 18] 44 48, Murphy 55 A
K-means RAETEM B TRIFEZR, BORE D 5
TERMETIAE " I, AT 45 R /R #E MDD

0.10

I HC
MDD +
2 008 |
=
=
=
S 0.06 | 1
e A B C D
TOIRZS
(a ) WCRAS 1 P25 4F 2 E) % Ee
6 I HC
- MDD +
%
S 4t
; 1
3
S
2 L L L I -
A B C D
(b) TARZS A H BB L
I HC
40+ T mpp +
g
=
2
T 20r
S
O
¢ A B C D

(c) THCHRAS IR 25 LEXT LG
( +#R p<0.050)
2 HC #1 MDD BHIRRESH S

— 381 —



EHAMI 2024 4E4 F 534 % a4

BETEMNE IR H , MR EoR, T 0=
DOA 24 A 342 308 1 AR AU TT B P A RE & 1B 114 T 1
ST MDD g K 5 R TR OE Y oy i e TA
W St T 0 LA B9 S AR SO 45 SR — B
I, WCRAS € R D BY4FAE 58 1T RE 2 53 MDD
SRR P A R A R D R A SR 2 —

H1F MDD UK ¢ MHCIRE D S 55
HC A AA7E 0 35 25 7 A SCHlE— D30 TICR S 2
5 PHQ-9 1 GAD-7 183 HUAHICH: , A 2 HIr f
AMREHEIAT 0T, R 3 iR, B3 (a) F
(b) ATLAE M, eRAS D 1B R 22t 5 PHQ-9
Al GAD-7 1540 A, iX 5 Murphy %5 A" ffi
K-means RIS IEG B HBFFREE R —30G W 3 (c)
F(d) ATLE Y BOIRA ¢ B9 BLE S PHQ-9 F1
GAD-7 1343 2 IE A ; AL 3 (e) FI(E) AT LA Y, 13k
RZS € IR 35 1L 5 PHQ-9 HIl GAD-7 1543 5 1E 4H
X, MR, BORE ¢ MBORE D MBS
PHQ-9 Fll GAD-7 133 AA1E FLZ MLk R R, R
ARSSHCS IARRE I PRAER AT B VIR &R

0.10 r=-0.326 0.10 r=-0.374
- oo p=0.025 ” e o p=0010
@ 0.08¢ eee ° @ 0.08¢90 o °
§ g
S S
= =
3
S S

0.04

0 5 10 15 20 25 0 s 10 15 20
PHQ-9754> GAD-715%
(a) DPEIFF 2 7] 55 PHQ-9 (b) DFIFF B2 ] 5GAD-7
r=0.390
p=0.007
s, >
o0
[T ]

Occurrence (C)/s™
Occurrence (C)/s™

0 5 10 15 20 25 0 5 10 15 20
PHQ-9734> GAD-715%
(c) CHILIXH 5PHQ-9 (d) CHIMIXE5GAD-7

r=0332 £=0.380
8 p=0.023 o S
S Teo ¢
§ LY % J §
S d se ® °° S
b [ ]
5 r . 5
S . ¢ S
! S
0 5 10 15 20 25 0 5 100 15 20
PHQ-944> GAD-7135}

(e) Cifizi tt 5PHQ-9 (f) Cifizi . 5 GAD-7
( ® FR HC, @ 75 MDD)
3 MRS S H S PHQ-9 F1 GAD-7 B HHIfExM
— 382 —

2.3 WMREERER

TR BRCBR 2 X6F 187 AN ] i ) B 19X 4%, A1 1 vl L s
IR S 22 18] B B S 4R R i X D BE#E SR 11
B FEAS RIS 22 [8] 1 48, AR SO S8 1158 T
REHIREOF TR 5, 25 R E 4 fis,
GEit4E R W MDD eI € BIRCIRAS A 1 4
YEL(MDD :134. 680 vs. HC:112.480;p =0.025) il
OIRZS A B € Z A Y 5 B ( MDD ; 133. 450 vs.
HC:114. 160;p =0. 048 ) ¥4 1 380, WiteiRZS B ) D
Z ] FEHRBL (MDD ; 83. 820 vs. HC:96.000;p =
0.041) E WD,

e EEERREEE g

BA AB CA AC DA AD CB BC DB BD DC CD
(+#7% p<0.05)

E 4 HC #1 MDD A&k Ak &

ARSCHE— DT RS 3 aniEl 5
IRo GEE R R MDD HEIRCIRES A B ¢
HEA (MDD :0.401 vs. HC:0.334;p =0.034) ik
A B #) C WA (MDD 0.390 vs. HC:0.334;
p=0.027) FIRCIRES D 3] € Z IR M9 5445485 (MDD .
0.350 vs. HC:0.301; p=0.041) 3 1K

R
NEERREREEERE

AB AC AD BA BC BD CA CB CD DA DB DC
( +3%/~ p<0.050)

5 HC 1 MDD ARUR SRR

E 4 FIE S 7T L& B, MDD A AF7ERCIR S
EEARHY SRR AR BRI ORAS A SR AS B
WARZS D 1M HURAS € MR ML ARG K 22 VL%
BAff ] K-means Z25 777545 2] MDD 35 UIR A



Wiy LT BOIRAS (0 A R 7 T 53 43 B

R R AE ML Y B 2 2% 22 AT A il
AAHC B8 155 MDD B H IR A 3 ¢ 1%
BRI X LB 5 AR O A A5
[, A 2(b) FT(e) s & B, WeRAS € BBk
BORA S L 2 . A5, T I ARAE B
(1R 15 4 VR0 B B S5 TR S € A 6 11 BROA 9 26 ( de-
fault mode network , DMN ) 9 53 % 4 2 47 16 &b 5 AH
K XGRS AR5, Bk, HA RS
RS € HABZE 4 v] B S e T MDD 8 3% 543
BB A RS

Hi T MDD ZH 5CTR 285 5 4 0 K0 R e e ik R
HC A 7E 1 35 25 7 A SCIR ATRTT T eI %
UCBCR L Mt % 5 PHQ-9 A1 GAD-7 1543 A HH &M,
AN 2 TR A RBUE AT 00, e A A R K 6
FIE 7 Fis

300 1 =0.328 r=0.382
-~ < p=0.008 o
<t h
O ) .
ii % 8 o e, :. ‘e
= = .
0
0 5 10 15 20 25 5 10 15 20
PHQ-91343 GAD-7434%
(a) CRIAFHIXE 5 PHQ-9 (b) CRIAR#H I E 5GAD-7
250 [ r=0.295 . 300 r=0.355
G p=0.044 ¢ & p=0014 .
< Fof < 200
F 150 5 °.. * o= ot 0
X i e =
= HE & 100 [ :' 0% o0 o
[ )
# g &
50
0 5 10 15 20 25 5 10 15 20
PHQ-9754 GAD-715%
(c) A B C¥e# ¥k 8 5 PHQ-9 (d) AB|CHH I/ E 5GAD-7
r=-0.342
8 150 p:(zm.g. . 5
) Q
100 =
£ g
& 50 &
# o #
0 ( ]
0 5 10 15 20 25 0 5 10 15 20
PHQ-91345 GAD-7434%
(e) BE|DFEH IR $ 5 PHQ-9 (f) BRID##H 1% 5GAD-7

( ® %% HC, ® %75 MDD)
E6 MURBSEAES PHQY 1 GAD-7 B4 HItHE 4

HE 6(a) F(b) Al LA, RS € 3 A 1%
BB S PHQ9 Fl GAD-7 154r R EA X, K 6
(c)F(d) ATRLE W, HORES A 3 € Wk S

PHQ-9 Hl GAD-7 4571 [ FE 2 IEAH G ; A 6 (e)
CE) T RLUR L HORZS B 2 D MRS PHQ-
9 Fl GAD-7 #5373 B (ARG . [WIINF, t &1 7 (a) F1(D)
AIRVE RS A BIBCIRES ¢ Mkl R 5
PHQ-9 1 GAD-7 1343 S IEAH S ; BN 7 () R (d) 1T
IE M, WOk ES B B ¢ MRS PHQO M
GAD-7 I MEL 7 () M LA H, ek 2 D 3
R € WG IMER S PHQ-9 [RIFEE IEAHDC,

0.8 1 r=0.310 r=0.381
& G p=0.008 .
=, 08 1 06f e ..
WL"CP () herid e
= 04 % Ag0%ee o s
& S, o0 & 88 ° 0%
=00 i B

5 10 15 20
GAD-715%

5 10 15 20 25
PHQ-9734)

(a) AFICH 2 5PHQ-9 (b) ABICH; #efff 2% 5GAD-7
0.8 r=0.366 0.7 1 r=0.425
%y p=0.012 & o
g 8 05
E ﬁos
# #
0 5 10 15 20 25 0'10 5 10 15 20

GAD-715%

PHQ-9134
(d) BRICH ¥ 2 5 GAD-7

(c) BEICH: #ff 2% 5PHQ-9

0.8 r=0321

A (D-0)
f=}
~

5 10 15 20 25
PHQ-97537}
(e) DRICH X H 5 PHQ-9
( ® F/R HC, @ F/8 MDD)

E7 #ksHEGEEE=S PHQ9 1 GAD-7 B4 MM X

HE 6 & 7 AT DLUREE, WOIRAS A RUIRES B il
RS D BIHCIRES C IR FIBCRE B 5 D
Z AR AR B S PHQ-9 Il GAD-7 15370 7 16 B %
MIRECR  ARCR S Z M R H L S5 T A
[Fi ki 2 o DO 4% 376 B AN A7, b P g 5 | S A AT
DA 4508715 D) BE R AR BB SR A

T EFEAMARAE B S R 2 B S
— 383 —



EHAREIN 2024 4F4 H #3485 4

By, AR SCR PR 285 43 B T 1k X 4 TS i 8 35 1 il
AR TTIE oY, e AAHC R 28071545 5
T 4 FhIGOIRES SR 5 SR FDBUREAS ¢ K 55 Mann-
Whitney U K30 X ROUIRS SHGIAT T 81007, e
K H Spearman #H5C 50 AT 1L P [0 5 43 M iR 5 5
¥ 5 PHQ-9 F1 GAD-7 1843 AH EAE

5T 2, HISRE A8 0 B F BOIR 25 45 1 3 A7
TERFZES (p <0.05), 5 HC AHLL, MDD 3% {4
AR C A B BRI 55 L3S K eIk D B
Freemtia)s /b BeIRZS A B D BIHCIRES C B
MESR A i R K R W AR B8 3 i i 48 B S 0
Bl I, WA AE B AEAE R . [RIE ek
C FIRCIRZ D 2405 PHQ-9 F1 GAD-7 1570 A .
RSN I L OIRZS S B AR RE RE AR
PIBER ek € AIHCIRA D B ECE T fig ik
i MDD £8 35 7= A5 DA N D) R B A 11 e A i
PHCRAS Ty ik Joe R B ) T il s 2804k 1 22 oo i e
I FLRESE e 2R A5 Ak 14 4 22355 2, R 48 78 K B
T RE R0 45 3 AE L AR BLAR B0 TR0

B ARG TR S YR T IARAE AR A
DI REZ B BIEEE , FFUE I L fCR A5 7 3k T LAl
PR HDHIRE 2B 55 I S A R, AR AE 1 IR
RI2IR IR NS

&% 3k

[ 1] YANG H, CHEN X, CHEN Z B, et al. Disrupted intrin-
sic functional brain topology in patients with major depres-
sive disorder[ J]. Molecular Psychiatry, 2021,26 (12) .
7363-7371.

[ 2] ZHANG B, WEI D, SU Y, et al. Brain functional net-
work based on small-worldness and minimum spanning
tree for depression analysis[ J]. Journal of Beijing Insti-
tute of Technology, 2023,32(2) ;198-208.

[ 3] ZHANG F F, PENG W, SWEENEY ] A, et al. Brain
structure alterations in depression: psychoradiological evi-
dence[ J]. CNS Neuroscience & Therapeutics, 2018 ,24 .
994.

[ 4] MI W, DONG Q, ZHANG L. Research progress on cog-
nitive impairment and influencing factors in adolescents
with depression[ J]. The New England Journal of Medi-
cine, 2023,54(1) :13-16.

— 384 —

[ 5] NETO F S D A, JOO L. G R. Depression biomarkers
using noninvasive EEG;a review[ ] ]. Neuroscience and
Biobehavioral Reviews, 2019,105(1) :83-93.

[ 6] BASHIRI F, MOKHTARPOUR A. Depression classifica-
tion and recognition by graph-based features of EEG sig-
nals [ J]. International Journal of Medical Engineering
and Informatics, 2022 ,3.14.

[ 7] HILL AT, HADAS I, ZOMORODI R, et al. Modulation
of functional network properties in major depressive disor-
der following electroconvulsive therapy ( ECT) : a resting-
state EEG analysis [ J]. Scientific Reports, 2020, 10
(1) 17057-17065.

[ 8] SPIRONRLL C, MAFFEI A, ROMEN Z, et al. Evidence
of language-related left hypofrontality inmajor depression :
an EEG beta band study[ J]. Scientific Reports, 2020,
10(1) :8166-8178.

[ 9] BACHMANN M, PAESKE L, KALEV K, et al. Methods
for classifying depression in single channel EEG using lin-
ear and nonlinear signal analysis[ J]. Computer Methods
and Programs in Biomedicine, 2018,155:11-17.

[10] LIU L, WANG G, ZHANG M, et al. Randomized EEG
functional brain networks in major depressive disorders
with greater resilience and lower rich-club coefficient[ J].
Journal of Clinical Neurophysiology, 2018,129 (4 ) ;743-
758.

[11] STRIK W K, LEHMANN D. Data-determined window
size and space-oriented segmentation of spontaneous EEG
map series [ J ]. Electroencephalography and Clinical
Neurophysiology, 1993,87(4) :169-174.

[12] MICHEL C M, KOENIG T. EEG microstates as a tool for
studying the temporal dynamics of whole-brain neuronal
networks; a review [ J]. Neuroimage, 2018, 180 577-
593.

[13] KHANNA A, PASCUAL-LEONE A, MICHEL C M, et al.
Microstates in resting-state EEG: current status and future
directions[ J]. Neuroscience and Biobehavioral Reviews,
2014,49.:105-113.

[14] XIONG X, REN Y, GAO S, et al. EEG microstate in
obstructive sleep apnea patients[ J]. Scientific Reports,
2021,11(1) :17178.

[15] KIM K, DUC N T, CHOI M, et al. EEG microstate fea-
tures for schizophrenia classification[ J]. Public Library

of Science, 2021,16(5) :e0251842.



Wiy LT BOIRAS (0 A R 7 T 53 43 B

[16] MURPHY M, WHITTON A E, DECCY S, et al. Abnor- chological Bulletin, 2013,139.81-132.
malities in electroencephalographic microstates are state [20] ARIKAN M K, GUNVER M G, TARHAN N, et al.
and trait markers of major depressive disorder[ J]. Neuro- High-Gamma: a biological marker for suicide attempt in
psychopharmacology, 2020,45.2030-2037. patients with depression[ J]. Journal of Affective Disor-
[17] YAN D, LIU J, LIAO M, et al. Prediction of clinical ders, 2019,254.1-6.
outcomes with EEG microstate in patients with major de- [21] MCVOY M, AEBI M E, LOPARO K, et al. Resting-
pressive disorder[ J]. Frontiers in Psychiatry, 2021,12; state quantitative electroencephalography ~demonstrates
1-8. differential connectivity in adolescents with major depres-
[18] HEY, YU Q, YING T, et al. Abnormalities in electro- sive disorder[ J]. Journal of Child and Adolescent Psy-
encephalographic microstates among adolescents with first chophar macology, 2019,29.370-377.
episode major depressive disorder[ J]. Frontiers in Psy- [22] LIAN H, WU X, WEI D, et al. Personality traits are re-
chiatry, 2021,12.1-10. lated with dynamic functional connectivity in major depre-
[19] SNYDER H R. Major depressive disorder is associated sion disorder: a resting-state analysis[ J]. Journal of Af-
with broad impairments on neuropsychological measures of fective Disorders, 2018 ,245.1032-1042.

executive function; a meta-analysis and review[ J]. Psy-
Analysis of resting EEG signals for depression based on microstates

CHEN Xueying* , QI Xiaoying™ , SHI Zhouxi“, DU Mengmeng "
( " School of Mathematics and Data Science, Shaanxi University of Science and Technology, Xi’an 710021 )
( ™ School of Medicine, Yan’an University, Yan’an 716000 )
Abstract

Patients with major depressive disorder( MDD) have cognitive dysfunction, but current studies did not clearly
investigate its temporal abnormal neurological activity. In response to this problem, this paper uses the electroen-
cephalogram (EEG) microstate method to study the EEG data of patients with major depression. This paper com-
pares the microstate characteristics of 128-channel EEG data from 22 patients with major depressive disorder and 25
healthy controls, performs statistical analysis and explores correlations with scale scores. Results show that com-
pared with healthy controls, the occurrence and coverage of microstate C in major depressive disorder group are
higher, and the transition probabilities between other microstates and C are also higher, while the average duration
of microstate D is lower and the number of transitions between D and microstate B significantly decreases. In addi-
tion, microstates C and microstates D are significantly correlated with the depression scale and anxiety scale. The
results show that the EEG-based microstate method can capture the abnormal brain dynamic characteristics of de-

pressed patients, and provide an objective reference for the early clinical diagnosis and treatment of depression.
Key words : major depressive disorder (MDD ) , resting-state electroencephalogram (EEG ), EEG signal pro-

cessing, microstate, clustering
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