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Abstract

Electroencephalographic (EEG) Microstates are an analytical method based on EEG that identifies
transient stable patterns of brain electrical activity to reveal the dynamic functional states of the
brain. In recent years, EEG Microstates have garnered significant attention in the study of psychiat-
ric disorders due to their potential as objective biomarkers, offering new insights into the diagnosis
and treatment of these conditions. This review summarizes the progress of EEG Microstates in the
field of psychiatric disorders and explores their potential value in early identification, transdiag-
nostic research, comorbidity research, and treatment effect assessment. Despite the promising
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application prospects of EEG Microstates, several challenges remain in their practical use. Factors
such as clustering algorithms and labeling criteria, clinical characteristics of patients, and the het-
erogeneity and complexity of psychiatric disorders can all influence their reliability and effective-
ness. This review systematically examines the existing research to analyze the impact of these fac-
tors on the application of EEG Microstates and discusses future research directions, with the goal of
providing a reference for future studies and clinical applications.
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1. 51§

Hi PR PG 2 4 BRYE ] E AR U B R Pk 2 — o R AR SR R, A BRE 10 {C N 2K
FRECHH ISR, FHRAE . AERBAE . RS20 BERE S5 RS #h i 1) SO0 R IR AR 2 T, RO R
g P F B RIR 2 —(World Health Organization, 2022). AT, A& #REhg 12 W7 2 447 3= B T I
PRIEIR B F MDA, B Z A AV 2EbR S X PR IRRR K2 Wi e e 12 W e i PE e JOW IR
HARGFRE. UL ST, FHRRRIERAE KN D) B 55 I AEVIbR BN, SRR P R 22 R R A B 22 A 5
R E T 1A

fixi H8 Pl (Electroencephalogram, EEG){EATCE . il [A] 0 HER (A & AR BRE R, KA AR R K
W AE SN EE TR . 144 EEG 3t E 2 RAETHOERME, MACIRES 704 Il 9250 Sk je s A7 1 7 18]
2B A E A (B H FREE 60~120 ms),  F57~ Kk 4 24 1 578 H A A (Lehmann et al., 1987). £ HLAH F0Ks
24 BEG BURERI AU, HIGCRES AL By CHID(LE 1), 350%0 B 2h RERE 4R B A% (functional-
magnetic resonance imaging, IMRDIRAI YT oe . MG, ™ R ANVE RN 48 (Britz et al., 2010), X—HA A
J BRI AT Al o

TERCIRES e, S RFEES (0] . ZERE 2. H I3 RN 4k 22 55 S 4 AR A SR F R KRS
Ak (Michel & Koenig, 2018). RFEEM [A] 2 47 € PR A TR FRESE (T3 I TR T, S b B SRR A i AR e
P o 78 55 FRAR R E TR A B R I 8] 7 SR I TR B 20 b, SOBRESRAOIRAS ) = St . tH IR 4R
F— RS TR SR BT IRE, RAZ RS TR BRAR B o TICRAS 2 18] 1) e 4 ik 2 2 A EBE AL,
FERTCIRAS Z (8] 375 5% & (Khanna et al., 2015).

IR AR, WORESSHORS G B8 h R SR e, AR N EMR S E RG],
S5 A5 FH 0 P PO S A # B A 2R A T 12 W B 9 T LB I 2 1999 4, Koening S50 7T K UK 1 70 2408
BEAF LIRS TIRUIRES AL R BRI, JCHZ D RCIRAS B RREE I (B 47 5 5 Im P IR ) 7™ 2 7% FE A
FK(Koenig etal., 1999). 75— I 57t BT 0PAS i b 263 e 6 T FEAROCIR S, R BDURG e 70- 2R RE 7 ()l
ARASFFLLEIT () 4550 F AR /e B 2R D 28, 1 A 28F0 C BHUIRAS 1 H I8 hn . 1XFh ik £k 1 46 2
T HE BB 3G I RT e S Bk 1A AE S A R S R (E B A EEE Rk AL, TCRASTE R KL
K BFEAEBIRSFIHLR FAEERE, XrTae5MIReH 2524907 % (Lehmann et al., 2005). /5, %
AN 22 PRSP R RS HT R T FE W IT . R GBI F OIS FE RS PR RS2 W b i BR 2 1 /L, W BAAY
AT IR IZ W AR R AL HLHR L — 2 275,
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Figure 1. EEG microstates: A, B, C, and D (adapted from Khanna et al., 2015)
1. BEHUIRTS A, B, C, D ({8 Khanna et al., 2015)

2. REBHRSHERESHZ
2.1. BRSNS RE
5B ATIFRL TROIRAS 10 5 U RS 3 65 DA T LA SR D B

2.1.1. BIBTALIE

100 FELARCIR A 43T (1 15 B0 B o L A i o PR B8 AT THAR 2, DU PR 8 I i S S5 B o M R R
T4k P 3ok P LGN FS RO AN oy B S R . SRR B AE Bk EEG 155 P ¥ i A900E 75 AR AL
¥, W HIIERIGHEA 0.1 Hz £ 30 Hz, BE)5, @M a5 i R BRIRED . LTSS b5
5, DIREERERIEREEL . UG, KHELSLK BEEG B o H A TN IS 1, NS SRReRES 9 Hr s
o
2.1.2. i+ E 2 BIATHE (Global Field Power, GFP)

Tk HEJ5 (¥ BEG 3 T i 5 A R ha, How SCHFTE ARIE MbRuE 2, BE 0% S B i 35 20 (¥ 8 1
% (Lehmann & Skrandies, 1980). GFP [ iH 5 B TR 5 I B g 2 (1 S 3E A A RRCIRAS I R B 4t
WAl . AN GFP 5[] J37 51 i SIS 3 B3 KA a5, 0K UG (R T 7 P i P 3 A A R AR A M L A v T FR
I EARS R 8, TR NS SRS AR PR U B A AR o

2.1.3. WPRASRRZR

BT HEUL) GFP WA mO B (I F AR 4B, SR RS A T i IURCIR S . FH I SRR R
1 K BMESRE . SR T RERE IR USSRy o3 i o i AR AL R i s SR — 38, 331+
MNEAREERIRSHE N — B, #8348 EBG £ rT 2 4 D F RS, B2 AL B,
C 1 D P4k, (HARHEHFT H AR R, T B HAm B O eIR S AR = TR g R R Al e
iE, DA R TCIR A A AR AN AT SE M (Tarailis et al., 2023).

2.14. WREFFIME

Y BT T R P10 i P A S R B SR A A AT A A L, AR AR LA 23 i S5 U T PR BRCIR A5
PRAE, TR BICRA T H . T R e, SRS ReRAS P P AR e, 8 5 BN A1 HEAT I (]
P ARER, R A DR B B P S T

2.1.5. RRASFHERRE

MICIRZS 7 51 R 3 L — RFVFFAE, BRG] 5 PRI RREem ). IR . ) a) 78 o 3R R il R 25
SR WHEEIBCIR S EHERATSEHT,  BRARAAS A N2 R, MR RORES S A s
BERS 2 MK R H RS REHE L. 7 2.
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2.2. BRE AR A B

2.2.1. #RETTTEBNFIR R

i LR S 7 A T 8 B J XIS R A 22 T (KT Wb R 2l XA W R Bl s 45 Sk B LA 5 BER LA —
b A AR S M — BOtIE S, R A SRR E BN R RIS . AR IR, BRI KR AR S
(KA 28 TR AR (1 TG B P A (0 o KA e TO AR AT A R PR 25 B ot DX, LA Toln L A
M4, AT A ROE R RO 2 AR R . FERF VIR TR, RIS e &issh 2 18 9FF
AbT RS, TR T H PO A Y (Koenig et al., 2002) 03X Fh PR U] 46 76 o FEACTR 2 1R B 1) 772 71 o 55
BUAA A RS Z (R A L e B — RBIRES I e e, AIRT AR AR A ACER T A R4 R 45 1) 5 I
FPo RS PHRRAG (B XA LR TC I S A R 57 W4 25 B P R AL 52 2 TR BUR N, 5T e T 2O IR
NEZ

2.2.2. MEEBE XN E-HIHITE

150 FELBRACDR 285 B8 A AN SR T A e T (KT B R B0, 3052 21 K PR % o A A0 ] Ao 22 A 3 FA 40
o EEERIIFTFURM], N RCRES I Zh 24 S 2 ST I DS - B ARG . X A1l 2 2
HI A3 R (2 B2 1R 0% Ay P 22326 I ) T y- 2 25 T iR (gamma-aminobutyric acid, GABA, = ZE[¥Hfi P4 £
) BIAH HAE I 4ERE . Rajkumar 5 AN (Q2021) K, 1EFESFM T, GABA 2RSS0 I RS 7%
FRANFE G E - FE M. BbAh, GABA BEFHZ A% A 1Y o (il 57 iy 78 P45 25) 25 8 25 SR Ml e eRas
MIZHASRFIE, BRI TR I RN DIREAT fr MRS E PE(Fingelkurts et al., 2004). XEEHE LRI,
i FEL AR A8 1 2 RN A4 T RE B 22 M S e 1 R e 22 A R Zh &SR, T AN Bl AR % A P B
FEAPRG B, XA GABA REMMEALILAERF AT - P T RESZ BP0, AT 3 BUl LIRS
157 o

3. MEBHRSEEHERMRPSENF
3.1. FHERNEAR SIS

IR RS RS IR ST B . BEFERBL, EXS R ZOERIAT ST, R IS AR 4 e 30
HACIRAS A A1 B IR P24 Rp 22N (8] R 55 22 S35 0 0, X nT e S it 7 RIS 45 1) 7 3 0 (da. Cruz
et al., 2020). UbAh, HIARGEEFH BRI R C B H IS B35 PR, X rTRe Ot 1 I 260 15 Dhag i
FHAHIE (Che etal., 2025)0 53— B K RE VAT T DA HHRE B4 06 B eSS B F R 9,
A EIECRE B IROIRAS By C 1 D PUFREENT 5 2K o fCIRAS A I C 1t BT R 2 3 BRAIG, ik
RE B I BUR R E N, FeRE A AT C M7 G 1) R38R, MR B R D 5 56 i 8] . 35 1
B(Zhao etal., 2022). IXLE 575 AT He 5 HAAE B8 78 B JSEAT P SN I 7 T A D BERRAG . DK PPAl
TR R AE . A5 A B Th BERRAS DL AGE B D BERRATAF A 5% . X T B FEAMAAE JE SR U, i FELBRCIR S 7
I AR R R AR, BERUIRA A-D Fl C—D BBl R 582 K, MHeRaE A—B Al C—B 1)
HeHE AR R E I N (He etal., 2021) . IX B HIAIAE 38 RO D90 2% Sh A5 48 40 5 48 B FRALAN[R] o % T B FAE
JUE AT N ORI FE R Y, FE IR EORAST, SIAS C IO RFEEIS TR G InA0 H AR PEAIS,  IX AT RE
SR ASD H R PE I 25 1) 57 i Bl (Nagabhushan Kalburgi et al., 2020).

SIS UL, iR FETCIR A AEAG A PR A ST R0 BRI 58 vh i S 2R A b IRAE — E R L SRR
PISRIUERE G . —J7TH, JLEMEDEROEAERNERE T, HS 505000 R AL A A X5
%, A A AT BE RHHLO B SO T IR fE 52 e i AN 1L T2 5 (Rodriguez et al., 2006) . 73— 771, 6 HE
BN LA DR 2 SRR ER ), BE— BN TSR (SR 2 A, 2021). RIS, HADE

DOI: 10.12677/ap.2025.154225 445 a3 2


https://doi.org/10.12677/ap.2025.154225

FARIE PR FEAR X 3 %, X — BRI REIREA OC . & D FHARAE I - IR S S g 20, HLICR R
RE FFEaS, MAMKREAL . AR RSB RIRZE (Thapar et al., 2022). A5 AR M0, 7R S3
PR fE R R, M RCIRA X TR EEAS I R A TR R 2 AT, DAHER B AR 1 R 2 W fe b
AIF-FREE A, SR A BT B ) 5 R AR 5

3.2. FHHERNESHSRERR

PSSR AR TEAN R 2 1) R SE R IR . ML BIG YT 7 iE . X PP 50 7 VE A 5 R T B — 0 1)
LW, T SRS [F B 2 AN S, DI B o R B A0 P AR AN R 5 A R YR T g (Dalgleish et
al., 2020). M FACIRZASTERS 12 Tt 70 U L il H 7 Dk I 0B, SRR RS it 23 20 £ R 300 H A 1)
FIRCIR S C ZRA07E 25 5380, ROIRZS D ZREF 14 RS2 1A) RN 7 55 292> (Thirioux et al., 2023). Wang %5
NQ2021) [FIRF T T RS 2 800 BB . OURF 1% BB s A5 3 RO xS HE AL (R i FELRCIR S, R I OURE 1 TR A
BFAEIE AL B KRS T HAFE, K b0 200 58 1 DU R BOIR S #RAZAE R W R IE . X SEARRAE W] B3R
1173 SRR B8 3 FFIUURH 7 % o S8 8 A o 2 R U 9 A1 AR 5 T AN [ V76 1R A4S 22 ) FRY S ) e 460 07 T A7 E V£
PISH . AT L 135 4 5K B E AN G, KIECARES D EM98/0 n] BE 2 RS # 4> 249E 5 H 7
P 1 R RS 1 — AN AE bR S (ftimovici et al., 2023) . HR L5 [F]— 23 [7] I A2 W6 b B 22 P s 5%
TRIE LR (Feinstein, 1970). Cao 55 A(2024)0F 5T 1 VHRAE F£ SR HR £ 1 0 A WOIRAS AP AE, JFER I H 5 8
SRR £ e i e IR ZH 2[RI 22 3 o MVARRE A SR IR AR 2 OIRAS B 210 HE IR 68 351K T SR Al A e
B, HSMEIRT &2 A, TR T M R w TGSl SOIRES C FEAAREFE RIR B H A 5
MR S AH G, 17 7E SR Al R ARE 28 2 2 b S AT R I e AR FEAR DG, PRSI 11 26 R AT R A A

M2 Eh Akt . — T XHFR 398 A RS A IR 25 8 B R RO S USRI, S0 G R FE HA S8
FHEL, FER 3L A RS AR S (BB AR SR, R AR IR S e, HACIRES C S B /b (74

2023). IR AR B R S MRS . A R4 .

XA A B G I0 1k BS 12 Wi F 7 A B T BT RN 1 188 22 Pk 1 B 05 10 1 ) e e Bk Rk, 7
SRR B AT S W EIG T . AT, N R RCIRASXT T ES AR 2 W T T HTE 22, (E0 T30 R e
FORELD, KRB FUAT CLIR TT S 2 305 5 AN A R 2 57 o R

3.3. FHEERSEIATT MR

A RORTT SRR MRS W B A B bR —SIR T HORIAE A, o fd F e i A FE B2 52 R T 46
WERIE TS , OIRES A SESF 3 RFSRI A] L tH AR AN 78 a5 6 AH 50T AT 535 19 N (Ding et al., 2023).
XS 0 SR AR I T R A B IR, I RTRE S R AT N R RIS A G . AR
PEIVAR S, RGP AR E DA BT AR 2P0 0 B S A AR E R, AR AR IEIR T SRS A R A] 1
I, HCIRAS C D IR B, IxX SR 4K 5 7R 7 s AT AR i A AIAIRE IR 2538 AH 6 (Atluri et al., 2018).
XLe s BSCRe 1 AR TR T BIP R B, RIS A 9T AR S I B A AL SR A s AR RE rhod BE VR
BRI ZS o B T HBOARIATT, DR RS R 0 25098 97 I R 5 HCRAES B R E % VA ¢ . @
T AT R ARIETT SR R I B CIRES ) Lei 55 A (2022) RILFAETRTT AT R I ROIRAS D R8T 5] 45
FIARCIRAS A B H UG NS S R AL, T AE IR 3R 5-52 0 Ji PR U 1) 71 (selective serotonin reuptake
inhibitors, SSRI)YAYT J5 X LERFAEHE T-1E % o o) — T 584 FH [ 2R 254, R FU i 254000 B FE AR SE B 1 ie
JTROR, R T I RO AS PG e R AR T A AR, XL AT AR SR T RN TE T RE b E R4
ZURMRAL(Yan et al., 2021). FEAOKUL, 1697 GRS A—C MEMER 510N, R KM RE S A 2%
HOAEAS RSN RO BRALFRAS Z A D1#e, X W RES AN T RE el G 00 . RN, HeRAS B 2 C M1 D 1%
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HBEAR AR, W R R 0 BELE 15 45 Bl R AR SOIRAS RO, TTTRRAD 1 AN b B R s 22
Z. BAh, RCIRZE CoA MEBERIE N, RUIKINRET AT Rt A B IRE VI BRI RS, X
B SCRF TINRIIIRESCE 1B BE. T CoB IR BB FRAR, AT RESme 1 R 7 A IR 2
THEHTRE I, X EHERTREEA L. BN E, XEAARUSTHIEIG YT REE il KR
IR A [ e e, et T IARIAIE 25 Dhe O R

REEHT SR, i FCIR S A B A RHIE SR e RS S8 HVR YT RSB IS, AR TG T RUR
FIEEAYIAREW . BLAh, J6IT R TP ReIR S B sh 20 nl 7 & R B sk S i T R Bk o, 8t G
“BlEE” SRS 0 Zhao S NQQ023)BTFURKIL, SEWNGITAIEL, Z9MNIkG R LA aa T B U
B ANAIRE 75 /D 48 BRI AE IR AN A7 AT e 5 g 2

4. PR AR STERS HRER T R P AR I B =
4.1. BEEZLMIRICIRERERE

LR TR R UIR SR M REFT BEE VR 2% . A4S & EEG 5 fMRI L& 0 #r, G 13
FRCIRZS,  JF R BUI LIRS I8 5 B0 X 28 AR AR K 28 SCIBK(Yuan et al., 2012). Custo 2#(2017)M
FRVESE LB AN T 7 MBUIRAS, RICIRAS E F1 G 4305l 5 BRI U 28 UK LIS B N 2847 0%, FF5 88
H EMEBERIE RS C P HIBOIRES Fo

R Z IR TAERCRE M, AF RIS AR KRR FE A . — 07, RAPIE
22 AR AU ARIC ), T HARRCR S IO IR IR 3 G dfE, g it e RELAR IS, A
TF FE AR SR 2L (K U AT BRic (Tarailis et al., 2023). IXEMRAE, EARIFFFEA, [F—HKHRE
F]RE 2 R (AN — S50 P B A R oF JE,  FE AP R HR N DhRE AR R -

PRI, X RS MBI 2 I T >R T RI5E . Damborska etal. (2019)%5 ANTEET % 3 [v) 15 B RS ) i FLSeIR 2
WEFEH, RERUREHRICN A B E 138, SelRaES A MBI S R 000, DONBRIRES A IOHEIN2 U 5 J
BRI — R AEMIARIC . Wang etal. (202 1) AU T AR RCIREFRIC NI, RN i 15 SRRt /B 5 A7 7E fol
RE A B HIFRTFHRHAE. FNZE R SEEYIRCATE HERT, 1T DhBE 22 57 W S X X 1) 175 TR SRS o B 8]
RIS . RO TR FRAE AL AN FL CIR S AT iR AN e, R AT B T HESIZ AT 3t — 2 A e

4.2. BB

SRS S i L OIS RHIE R B R R 2 —. WHFRE, BEEFRIINK, WHRBARSEAN R B
A AT AE 22 7 (Koenig et al., 2002) o MAEHARIZ IR, TCRAS C FRRSEI AR H B AR 2 #2920 (Javed
etal.,2020; Tomescu etal., 2018). IXZA RIS IZWI B R T —@sem, R BEFHEHQRE T AR EB B
Bk, IBFERE A AT RERIA A R TSR . O AR RS R, B0 R fR B A ) i FRLICIR S A 5 d
VLR 2, B TEGU T r Mr TP R A N P AR B AT A B (Damborska et al., 2019). SbAk, —LLHt
FIEKH TR Z 7778, 53 553 B AS [F) A R B e &S RFAE(Th] & Brinkmeyer, 1999).

PR ZE e B 2 S CIRAS B e A S5 e —ITRIEFE I, 55 I o) T DR RRAE SRR 7€ AR E ICIRAS, T2
P ) 2R B S B R PR A B 80 M 5 A BT 1 I VIR AS (Al-Fahad & Yeasin, 2019). TERE 505 (14 i B ACIR
AT, HETEA R EAM R R . R UCRORWT WL R A, sE G A R A
AR AT AR, BRI ERTTE, 500 A AS B R R AS R AE

4.3. BHEBNRERY
FEES A SER SRR, AREOERAEREZI TG SBEHRESNER. BHEEEESER
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S, SR A FRE IR R I T 6 3 BURCIR S 1 22 57 o — TG T ARG A B A2 T 110 i e SCIR S W 7 R B
TR R R R KU R v XU A A e T g B BE AL P BCIR S AN, B0IRAS D 7E %
MR R B EZR, ZHEEHRFCIRES D R 1] | H B R 8] 7 o5 5 2% (2 B xd i ZH (Luo
etal.,2020). [Ft, FEHATRE PRS2 WIE G0 A Bk ™ BT, S RIS, B—IuA
T F IR S BT 7R 1 BRI 5 22 B RS AN [ S B L i FLE 21 R 1 22 57 (Lo et al., 2021). ADHD
AP A=RE A, $ra & A ST BY(ADHD-). £3) - b5 (ADHD-HI) P 2 ()18 -4 % (ADHD-
C)o ZMFLRIL, REWEEH MRS B IR ANE SRR E S THRHEEZENIAER T, RH
FEEE R AN AL R AR R A AR B 58 5 3 M B T AR o CRAES A—C Z MR R IR &
WA A, THCIRA BoD MR MESRIG I, S 7 HAEMRZ I 26 A VI 5 T ) 5 . R
TERIFE P B 7070 2% R P B A 1 S S 1, Do S 285 SR A 22

5. g5
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HERIERE . BB AL RS B NG A R B E A, X 8 [ T RE oM FL ] SEVE A Rd:, DRI AE SEBR T 7T
CIANAELNEIVARS /e 1PN N DR 7/

&E 3k
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FRsE e 37(11), 1476-1480.

B (2023). A FE oSS PR RS B2 i B 8 BT K& 01 75 W2 S, 183 3 R RLR 2,

Al-Fahad, R., & Yeasin, M. (2019). Micro-States Based Dynamic Brain Connectivity in Understanding the Commonality and

Differences in Gender-Specific Emotion Processing. In 2019 International Joint Conference on Neural Networks (IJCNN)
(pp. 1-8). IEEE. https://doi.org/10.1109/ijcnn.2019.8851990

Atluri, S., Wong, W., Moreno, S., Blumberger, D. M., Daskalakis, Z. J., & Farzan, F. (2018). Selective Modulation of Brain
Network Dynamics by Seizure Therapy in Treatment-Resistant Depression. Neurolmage: Clinical, 20, 1176-1190.
https://doi.org/10.1016/j.nicl.2018.10.015

Britz, J., Van De Ville, D., & Michel, C. M. (2010). BOLD Correlates of EEG Topography Reveal Rapid Resting-State Net-
work Dynamics. Neurolmage, 52, 1162-1170. https://doi.org/10.1016/j.neuroimage.2010.02.052

Cao, Q., Wang, Y., Ji, Y., He, Z., & Lei, X. (2024). Resting-State EEG Reveals Abnormal Microstate Characteristics of De-
pression with Insomnia. Brain Topography, 37, 388-396. https://doi.org/10.1007/s10548-023-00949-w
Che, Q., Xi, C., Sun, Y., Zhao, X., Wang, L., Wu, K. et al. (2025). EEG Microstate as a Biomarker of Personalized Transcranial

Magnetic Stimulation Treatment on Anhedonia in Depression. Behavioural Brain Research, 483, Article ID: 115463.
https://doi.org/10.1016/].bbr.2025.115463

Custo, A., Van De Ville, D., Wells, W. M., Tomescu, M. L., Brunet, D., & Michel, C. M. (2017). Electroencephalographic
Resting-State Networks: Source Localization of Microstates. Brain Connectivity, 7, 671-682.
https://doi.org/10.1089/brain.2016.0476

da Cruz, J. R., Favrod, O., Roinishvili, M., Chkonia, E., Brand, A., Mohr, C. et al. (2020). EEG Microstates Are a Candidate
Endophenotype for Schizophrenia. Nature Communications, 11, Article No. 3089.
https://doi.org/10.1038/s41467-020-16914-1

Dalgleish, T., Black, M., Johnston, D., & Bevan, A. (2020). Transdiagnostic Approaches to Mental Health Problems: Current
Status and Future Directions. Journal of Consulting and Clinical Psychology, 88, 179-195.
https://doi.org/10.1037/ccp0000482

Damborska, A., Piguet, C., Aubry, J., Dayer, A. G., Michel, C. M., & Berchio, C. (2019). Altered Electroencephalographic
Resting-State Large-Scale Brain Network Dynamics in Euthymic Bipolar Disorder Patients. Frontiers in Psychiatry, 10,
Article No. 826. https://doi.org/10.3389/fpsyt.2019.00826

DOI: 10.12677/ap.2025.154225 448 LB


https://doi.org/10.12677/ap.2025.154225
https://doi.org/10.1109/ijcnn.2019.8851990
https://doi.org/10.1016/j.nicl.2018.10.015
https://doi.org/10.1016/j.neuroimage.2010.02.052
https://doi.org/10.1007/s10548-023-00949-w
https://doi.org/10.1016/j.bbr.2025.115463
https://doi.org/10.1089/brain.2016.0476
https://doi.org/10.1038/s41467-020-16914-1
https://doi.org/10.1037/ccp0000482
https://doi.org/10.3389/fpsyt.2019.00826

Ding, X., Li, X., Xu, M., He, Z., & Jiang, H. (2023). The Effect of Repetitive Transcranial Magnetic Stimulation on Electro-
encephalography Microstates of Patients with Heroin-Addiction. Psychiatry Research: Neuroimaging, 329, Article ID:
111594. https://doi.org/10.1016/j.pscychresns.2023.111594

Feinstein, A. R. (1970). The Pre-Therapeutic Classification of Co-Morbidity in Chronic Disease. Journal of Chronic Diseases,
23, 455-468. https://doi.org/10.1016/0021-9681(70)90054-8

Fingelkurts, A. A., Fingelkurts, A. A., Kivisaari, R., Pekkonen, E., [Imoniemi, R. J., & K&hk&nen, S. (2004). Local and Remote
Functional Connectivity of Neocortex under the Inhibition Influence. Neurolmage, 22, 1390-1406.
https://doi.org/10.1016/j.neuroimage.2004.03.013

He, Y., Yu, Q. Yang, T., Zhang, Y., Zhang, K., Jin, X. et al. (2021). Abnormalities in Electroencephalographic Microstates
among Adolescents with First Episode Major Depressive Disorder. Frontiers in Psychiatry, 12, Article ID: 775156.
https://doi.org/10.3389/fpsyt.2021.775156

Iftimovici, A., Marchi, A., Férat, V., Pruvost-Robieux, E., Guinard, E., Morin, V. et al. (2023). Electroencephalography Mi-
crostates Imbalance across the Spectrum of Early Psychosis, Autism, and Mood Disorders. European Psychiatry, 66, e41.
https://doi.org/10.1192/j.eurpsy.2023.2414

IhL, R., & Brinkmeyer, J. (1999). Differential Diagnosis of Aging, Dementia of the Alzheimer Type and Depression with EEG-
Segmentation. Dementia and Geriatric Cognitive Disorders, 10, 64-69. https://doi.org/10.1159/000017103

Javed, E., Croce, P., Zappasodi, F., & Del Gratta, C. (2020). Normal Aging: Alterations in Scalp EEG Using Broadband and
Band-Resolved Topographic Maps. Frontiers in Physics, 8, Article No. 82. https://doi.org/10.3389/fphy.2020.00082

Khanna, A., Pascual-Leone, A., Michel, C. M., & Farzan, F. (2015). Microstates in Resting-State EEG: Current Status and
Future Directions. Neuroscience & Biobehavioral Reviews, 49, 105-113. https://doi.org/10.1016/j.neubiorev.2014.12.010

Koenig, T., Lehmann, D., Merlo, M. C. G., Kochi, K., Hell, D., & Koukkou, M. (1999). A Deviant EEG Brain Microstate in
Acute, Neuroleptic-Naive Schizophrenics at Rest. European Archives of Psychiatry and Clinical Neuroscience, 249, 205-
211. https://doi.org/10.1007/s004060050088

Koenig, T., Prichep, L., Lehmann, D., Sosa, P. V., Braeker, E., Kleinlogel, H. et al. (2002). Millisecond by Millisecond, Year
by Year: Normative EEG Microstates and Developmental Stages. Neurolmage, 16, 41-48.
https://doi.org/10.1006/nimg.2002.1070

Lehmann, D., & Skrandies, W. (1980). Reference-Free Identification of Components of Checkerboard-Evoked Multichannel
Potential Fields. Electroencephalography and Clinical Neurophysiology, 48, 609-621.
https://doi.org/10.1016/0013-4694(80)90419-8

Lehmann, D., Faber, P. L., Galderisi, S., Herrmann, W. M., Kinoshita, T., Koukkou, M. et al. (2005). EEG Microstate Duration
and Syntax in Acute, Medication-Naive, First-Episode Schizophrenia: A Multi-Center Study. Psychiatry Research: Neu-
roimaging, 138, 141-156. https://doi.org/10.1016/j.pscychresns.2004.05.007

Lehmann, D., Ozaki, H., & Pal, 1. (1987). EEG Alpha Map Series: Brain Micro-States by Space-Oriented Adaptive Segmen-
tation. Electroencephalography and Clinical Neurophysiology, 67, 271-288.
https://doi.org/10.1016/0013-4694(87)90025-3

Lei, L., Liu, Z., Zhang, Y., Guo, M., Liu, P., Hu, X. et al. (2022). EEG Microstates as Markers of Major Depressive Disorder
and Predictors of Response to Ssris Therapy. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 116, Ar-
ticle ID: 110514. https://doi.org/10.1016/j.pnpbp.2022.110514

Luo, N, Luo, X., Yao, D., Calhoun, V. D., Sun, L., & Sui, J. (2021). Investigating ADHD Subtypes in Children Using Tem-
poral Dynamics of the Electroencephalogram (EEG) Microstates. In 2021 43rd Annual International Conference of the
IEEE Engineering in Medicine & Biology Society (EMBC) (pp. 4358-4361). IEEE.
https://doi.org/10.1109/embc46164.2021.9630614

Luo, Y., Tian, Q., Wang, C., Zhang, K., Wang, C., & Zhang, J. (2020). Biomarkers for Prediction of Schizophrenia: Insights
from Resting-State EEG Microstates. /[EEE Access, 8, 213078-213093. https://doi.org/10.1109/access.2020.3037658

Michel, C. M., & Koenig, T. (2018). EEG Microstates as a Tool for Studying the Temporal Dynamics of Whole-Brain Neu-
ronal Networks: A Review. Neurolmage, 180, 577-593. https://doi.org/10.1016/j.neuroimage.2017.11.062
Nagabhushan Kalburgi, S., Whitten, A. P., Key, A. P., & Bodfish, J. W. (2020). Children with Autism Produce a Unique

Pattern of EEG Microstates during an Eyes Closed Resting-State Condition. Frontiers in Human Neuroscience, 14, Article
No. 288. https:/doi.org/10.3389/fnhum.2020.00288

Rajkumar, R., Régio Brambilla, C., Veselinovi¢, T., Bierbrier, J., Wyss, C., Ramkiran, S. et al. (2021). Excitatory-Inhibitory
Balance within EEG Microstates and Resting-State fMRI Networks: Assessed via Simultaneous Trimodal PET-MR-EEG
Imaging. Translational Psychiatry, 11, Article No. 60. https://doi.org/10.1038/s41398-020-01160-2

Rodriguez, A., Tuvemo, T., & Hansson, M. G. (2006). Parents’ Perspectives on Research Involving Children. Upsala Journal
of Medical Sciences, 111, 73-86. https://doi.org/10.3109/2000-1967-025

Tarailis, P., Koenig, T., Michel, C. M., & Griskova-Bulanova, I. (2023). The Functional Aspects of Resting EEG Microstates:

DOI: 10.12677/ap.2025.154225 449 LB


https://doi.org/10.12677/ap.2025.154225
https://doi.org/10.1016/j.pscychresns.2023.111594
https://doi.org/10.1016/0021-9681(70)90054-8
https://doi.org/10.1016/j.neuroimage.2004.03.013
https://doi.org/10.3389/fpsyt.2021.775156
https://doi.org/10.1192/j.eurpsy.2023.2414
https://doi.org/10.1159/000017103
https://doi.org/10.3389/fphy.2020.00082
https://doi.org/10.1016/j.neubiorev.2014.12.010
https://doi.org/10.1007/s004060050088
https://doi.org/10.1006/nimg.2002.1070
https://doi.org/10.1016/0013-4694(80)90419-8
https://doi.org/10.1016/j.pscychresns.2004.05.007
https://doi.org/10.1016/0013-4694(87)90025-3
https://doi.org/10.1016/j.pnpbp.2022.110514
https://doi.org/10.1109/embc46164.2021.9630614
https://doi.org/10.1109/access.2020.3037658
https://doi.org/10.1016/j.neuroimage.2017.11.062
https://doi.org/10.3389/fnhum.2020.00288
https://doi.org/10.1038/s41398-020-01160-2
https://doi.org/10.3109/2000-1967-025

A Systematic Review. Brain Topography, 37, 181-217. https://doi.org/10.1007/s10548-023-00958-9

Thapar, A., Eyre, O., Patel, V., & Brent, D. (2022). Depression in Young People. The Lancet, 400, 617-631.
https://doi.org/10.1016/s0140-6736(22)01012-1

Thirioux, B., Langbour, N., Bokam, P., Wassouf, L., Guillard-Bouhet, N., Wangermez, C. et al. (2023). EEG Microstate Co-
Specificity in Schizophrenia and Obsessive-Compulsive Disorder. European Archives of Psychiatry and Clinical Neurosci-
ence, 274, 207-225. https://doi.org/10.1007/s00406-023-01642-6

Tomescu, M. L., Rihs, T. A., Rochas, V., Hardmeier, M., Britz, J., Allali, G. et al. (2018). From Swing to Cane: Sex Differences
of EEG Resting-State Temporal Patterns during Maturation and Aging. Developmental Cognitive Neuroscience, 31, 58-66.
https://doi.org/10.1016/j.dcn.2018.04.011

Wang, F., Hujjaree, K., & Wang, X. (2021). Electroencephalographic Microstates in Schizophrenia and Bipolar Disorder.
Frontiers in Psychiatry, 12, Article ID: 638722. https://doi.org/10.3389/fpsyt.2021.638722

World Health Organization (2022). World Mental Health Report: Transforming Mental Health for All.
https://www.who.int/teams/mental-health-and-substance-use/world-mental-health-report

Yan, D, Liu, J., Liao, M., Liu, B., Wu, S., Li, X. et al. (2021). Prediction of Clinical Outcomes with EEG Microstate in Patients
with Major Depressive Disorder. Frontiers in Psychiatry, 12, Article ID: 695272. https://doi.org/10.3389/fpsyt.2021.695272

Yuan, H., Zotev, V., Phillips, R., Drevets, W. C., & Bodurka, J. (2012). Spatiotemporal Dynamics of the Brain at Rest—
Exploring EEG Microstates as Electrophysiological Signatures of BOLD Resting State Networks. Neurolmage, 60, 2062-
2072. https://doi.org/10.1016/j.neuroimage.2012.02.031

Zhao, L., Zhou, D., Hu, J., He, X., Peng, X., Ma, L. et al. (2023). Changes in Microstates of First-Episode Untreated Nonsui-
cidal Self-Injury Adolescents Exposed to Negative Emotional Stimuli and after Receiving rTMS Intervention. Frontiers in
Psychiatry, 14, Article ID: 1151114. https://doi.org/10.3389/fpsyt.2023.1151114

Zhao, Z.,Niu, Y., Zhao, X., Zhu, Y., Shao, Z., Wu, X. et al. (2022). EEG Microstate in First-Episode Drug-Naive Adolescents
with Depression. Journal of Neural Engineering, 19, Article ID: 056016. https://doi.org/10.1088/1741-2552/ac88{6

DOI: 10.12677/ap.2025.154225 450 LB


https://doi.org/10.12677/ap.2025.154225
https://doi.org/10.1007/s10548-023-00958-9
https://doi.org/10.1016/s0140-6736(22)01012-1
https://doi.org/10.1007/s00406-023-01642-6
https://doi.org/10.1016/j.dcn.2018.04.011
https://doi.org/10.3389/fpsyt.2021.638722
https://www.who.int/teams/mental-health-and-substance-use/world-mental-health-report
https://doi.org/10.3389/fpsyt.2021.695272
https://doi.org/10.1016/j.neuroimage.2012.02.031
https://doi.org/10.3389/fpsyt.2023.1151114
https://doi.org/10.1088/1741-2552/ac88f6

	基于脑电微状态的精神障碍研究综述
	摘  要
	关键词
	A Review of EEG Microstates in Psychiatric Disorders
	Abstract
	Keywords
	1. 引言
	2. 脑电微状态的原理与方法
	2.1. 脑电微状态的分析流程
	2.1.1. 数据预处理
	2.1.2. 计算全局场功率(Global Field Power, GFP)
	2.1.3. 微状态模式提取
	2.14. 微状态序列拟合
	2.1.5. 微状态特征提取

	2.2. 脑电微状态的生理机制
	2.2.1. 神经元活动和皮质网络
	2.2.2. 神经传递与兴奋-抑制平衡


	3. 脑电微状态在精神障碍研究中的多维应用
	3.1. 精神障碍的早期识别与诊断
	3.2. 精神障碍的跨诊断与共病性研究
	3.3. 精神障碍的治疗效果评估

	4. 脑电微状态在精神障碍研究中的影响因素
	4.1. 聚类算法和标记标准的选择
	4.2. 患者特征
	4.3. 精神障碍的异质性

	5. 小结
	参考文献

