Advances in Psychology (OB Z2HERE, 2025, 15(9), 450-458 Hans Xl
Published Online September 2025 in Hans. https://www.hanspub.org/journal/ap
https://doi.org/10.12677/ap.2025.159535

SR TR A R A SR 2 4 A B
RS ST

BER, R B, K O, K M, A B, T

KRR B A, L AR
TRIEEEBAME S TR, Wb &S
SERERRAE R, EE LI

Woks H . 202548 H17H: FHER: 20254F9H5H: & A HI: 20254F9H17H

R

HH: WREANBREMC)ZEANSAMIERE EENEESMNEE(EEG) R IEHENER . k.
HE60H Ll EEFE A544 (MCIZH 296, ESTIRAH256), REFR(EC) SR (E0)# ESEEGE S .
X F 645 BiNeuroscan R 4 i 5, WA f5iHidIWelch 51 H Delta (1~4 Hz). Theta (4~8 Hz).
Alpha (8~13 Hz)fIBeta (13~30 Hz) 3B 4 XF ThER, FHLh ThEREH B (PSD) L . 55 Bl
RAET, MCI4Delta (6.71 vs 13.44 pv2/Hz) I ThetalhZ& (1.31 vs 2.37 nV2/Hz)& TR HB4; FABRIRES
BHMMEZRIRTS; MCIALEThEEL, Alpha/Betam R IR T F. PSDHY B ERMCIA KM
(Delta/Theta) i T E ER N H R, =B (Alpha/Beta) )5 3T, SLH Alphatk X i53) ZEHIR,
AR ELHCE B EL. 4518 MCIREZE S ESEEGEY “BEib” (IRFITh R .. mMhER K&
2 IR AL EHME, AT R RRA AR EY, EEGHE M AMCHFE BT PP AR A T ZWEK
#.

XK ia
i, #EE, hERE, BEIMERS

Characterization of Resting-State EEG Power
Spectrum in Older Adults with Mild
Cognitive Impairment

Bicong Jiang?, Ying Zhang!, Qun Huang?, Nan Cheng?, Ying Liu3, Haining Liu®*

IDepartment of Psychology, Chengde Medical University, Chengde Hebei
’Department of Bioengineering, Chengde Medical University, Chengde Hebei

EIREE

WEG| R KBRS, Sk, BB, RURE, XUB, XUIEET(2025). AN B DD SRS B R O\ S0 B RS AR N BE A O RRAE S
Wi OFIHHE 15(9), 450-458. DOI: 10.12677/ap.2025.159535


https://www.hanspub.org/journal/ap
https://doi.org/10.12677/ap.2025.159535
https://doi.org/10.12677/ap.2025.159535
https://www.hanspub.org/

3School of Nursing, Nanjing Medical University, Nanjing Jiangsu

Received: Aug. 17t", 2025; accepted: Sep. 5%, 2025; published: Sep. 17t", 2025

Abstract

Objective: To investigate differences in resting-state electroencephalogram (EEG) power spectral
characteristics between older adults with mild cognitive impairment (MCI) and cognitively normal
older adults. Methods: 54 older adults aged >60 years (29 in MCI group, 25 in healthy control group)
were recruited. EEG signals were collected under eyes-closed (EC) and eyes-open (EO) resting-state
conditions. Data were recorded using a 64-channel Neuroscan system. After preprocessing, abso-
lute power in Delta (1~4 Hz), Theta (4~8 Hz), Alpha (8~13 Hz), and Beta (13~30 Hz) frequency bands
was calculated via Welch method. Power spectral density (PSD) scalp topographic maps were plot-
ted by MATLAB R2022a. Results: Under EO conditions, Delta (6.71 vs. 13.44 nVZ/Hz) and Theta power
(1.31 vs. 2.37 pV2/Hz) in MCI group were lower than control group. Similar trends were observed
under EC conditions but with weaker differences. Total power decreased in MCI group, with reduced
high-frequency band (Alpha/Beta) power. PSD topographic maps showed that insignificant frontal
power differences in low-frequency bands (Delta/Theta) for MCI group. Lower posterior power in
high-frequency bands (Alpha/Beta) for MCI group, especially significantly decreased Alpha activity
in occipital regions. There were more chaotic overall distribution compared to HC group. Conclu-
sion: Resting-state EEG in MCI patients demonstrates “slowing” (increased low-frequency power,
decreased high-frequency power) and disordered spatial rhythms, which may serve as biomarkers
for early identification, EEG spectral analysis provides an objective basis for MCI screening and in-
tervention evaluation.
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1. 5]

BN EN T BE RIS (Mild Cognitive Impairment, MCD) & —FLLd1Z. B 5. EEMIERE 1B AT
BERINGAFIRFRE . KEWFFREY, 2 8%~25%1) MCI E 35 1] fg ik & AR R ki BRI (Alzheimer’s
Disease, AD), H3&E 60~80 % &4 A 1 MCI &5 22 it 7 8 T 51 M 11.8%38 %2 28.1% (Babiloni etal., 2013).
BT MCIL FSH2 W] S35 SO R A, 1A% 48 AN B3R 5 52 SO /KSR A 5% A 32 1K 2 W s,
R Z Sem [ 2 D e A A K R 7, BRIt H AiTE U) 75 22540 & W BUR I A= 0 bs ) (Babiloni et al., 2015).

IR, 1 F Pl (Electroencephalogram, EEG)E N —FPTC Al B4R N M EL R 25 i i il T B
FLRB NS S IC SR K B2 B A RS By, T N R ) RE B RS B R A A BB T R AR AR R
PUF R (116 2 0 2 b [ 5 X HRR(2023 AR AR TR Y, R AHDIRES B AR BAA R IAR &, T
INFEI T AERERS R 1 IR 2 LB K. 5 PET. MRI &4 5 ARMEL, EEG BA LAl MAMK., #iE
(T A S 2 AP T ) 3 e AR S AR 3, UG A T RBUBNBE IR A, P s R B JE M 2 o R 1 B K
HUE SNBSS B an By 0. O SRSB4 AT, DR G AE DA R B i e S 7 A A S L

ik
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O FTLRIRTE A EN RS AR #8 E 2 EEG (5 5 8 R I 918 A (B A Th 28 1 B AIRAR T 22 39 )+
IR R B AN 2 [A) 25 A0 S5 s (Babiloni et al., 2014). BUKIT S, S1EWZEAMEIL, MCI BEEH N o B
DR R ERRAC. 0 DR EET &, i, mF5EHRE MCL AKX o FAHX D3] BACT XA, T
0 PARXT TR B = T AR AL, Das S5tHR I MCL EE HIRFEES T 0 i & @ B i (Das et al.,
2025) Bk, FFFUE KL o IR RN GINAPRAE 2 IEASC, M 0 WIhFIE N mIhae P& P RET &
KB RPUR, @ E 0T EEG S AT DL B FUHRR R B AL, ARy MCI R e 22 4 3R
EW)(Deng et al., 2024).

2. NREFE
2.1. i

FEF LA AT IESE 60 44 60 % LA LB EIEH, I VP ROHRSER AT IR & oAl , 4%
REBR IR bR AE I 2t At 54 Ao SERE R AR TR A B AR B R 3 2 B o A FURR G A 2000 BRI B i PR
BWIFRHESS N MCI 4(n = 29) RSN IEE X2 (n = 25), ATA ZRE B TF S A OB bR FEHERR HoAth
ML RGRREAIIR S2, W WAL ZhRE LY, IFREB R FE . DTSRG R B B by 2 Lk

22. ARTEHE

2.2.1. —RRAO¥#ERnE
AFERR TR . R, BOE M. BRI s,

2.2.2. IGERHRITEE B R BT

FERRWEICIL A R HW SRR R S RS SR FF UL NEHEET 6
ANk K Likert 5 ¥k, #OURIZIEH (0 7). AIBE0.5 70) BIEHFA 7). PEHREFEQR )M
MEEBEG MRE: LAHeL R E, EEHM S MRESIREG AT E G, FIENIER. 8RR, &
FESRIR . R R B FE R
2.2.3. HEEEGHESR

FEEAHE 14 Mo %H, S TAEMEHEAEEDEAHFEERINANEE, B0N%EH 7,
1593 Bk e 0 AR BB
2.2.4. BFFIRIANRIFEER

FERRET 8 AN, ARREHIC . MR RERE . AT ThEE. R TR, EBE.
THEAE R 7 g e, 12 AR, W90 30 45, IRIEAFBE RS E T 4 E R 55
LHMAKT 13 5 NIEH . DFHRT 19 40 RIER . W KL EA KT 24 70 N IEH .

2.2.5. WrSEiniE s 3 mse

AR B SR (G N 2 ST U, 0 60 A, LG AR R [F]1Z . K AER
[l 7 FEE SESR B2, Foar 43 3R 36 43l 12 23l Al 12 23l ARHEAS [RIAERS BRI 43 8 B 400 35 (P48 4y
—1 SDYMEH B FECF -2 SD),  “F4r—-1.5 SD” 2R INFIThAES FEMCDH I EAETE R A5 .

2.2.6. EIRREEHFIESR
B 15 ADNTH FECE T ER, #lbl “27 8 “B7 %, 1. 5. 7. 11 8% “/”7id 1 4,
Fofh R “27 0 14y, Bm A 15 45, ks, RORIARRERER I, 1550/ T 8 7 AR R I
FEERLISAKE, ERZAERE 7 HEF7 . 1, 5 7, 1LEE “B” Hid 14, HitE
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W %

B CR” HIE 4. @SN 1S G, G, RoRIIEEERBAE, B9/ F 5 9 NIEY.
2.3. SCIEEt

SCUS AR R L PR E AT, RS E . ARE PR AR BT, Sk, B RE R
B85, S8R PR IR A 10 SN HRARAE 55, Ak 4 0B, B PIHE P HRCIR 25 A0 7 8 IR AR
& BMRRREN: ZARE A RETT IR 5 MR 15 5 P 12 ORI 04T PR AR O R, AR ARRAS Fr St 1 708,
Seit 2 B, DR P - B - PR - T BB - P - - P, DT TR RE AU RN . SRR A
G RSe B S DRI AR, R Sz IR A B AR 3

2.4. EEG R&ES5mibE

Jidi B84 52K F Neuroscan SynAmps 64 HIE RE R Guid 5%, HARIZRERR 10~20 Fr#ERE, S5l
NAEMFLTRM2) . B KA 1000 Hz, @ JER 0.1~30 Hz, FIN15 49~51 Hz FEIIENE LA 2Bk T
BT o P A7 308 T (73 TR0 IR, s 3003 3 ) B0 S B SR AR IR AT - R S8 i 5 SR 46 EEG $4E  \ MATLAB
R2022a HHT LTI, ARG ESHHE AT AT, UM GEAIBR & A I AR . LR EE 3 D2 1)
B . FalibH G, AT AT R4 43 8T (independent component analysis, ICA) k5. TALEESE R 5
BB T4 1S 28 EEG 155, T IR,

2.5. WRESHITE

X TRALFR 5 ) BEG 155 7% L M4BT Th 3 Delta (A)i#: 1~4 Hz; Theta (0)7%: 4~8 Hz; Alpha
(a): 8~13 Hz; Beta (B)J%: 13~30 Hz.

T Jex B EEG Bl k47 & ek 8000 3 5 (8 L AR 45 (FFT) [ Weleh 77 k(G B D28 %L, G
HREIMB AR R, BRI R A MATLAB R2022a 385 F5g /K, 1331464 28 S Th
KL, DU JE2EHET F A MCI 25 1E # 411 2% 5 (Ding et al., 2022).

3. &R
3.1, ANOSR4SE

BN RS 5 IE W 2 NHAER (= 0257, p=0.919). TERI(t=—0.71, p = 0.935). ZHBE R
=-0.24, p =0.869) Z A BTG 1125 .

3.2. BESERBEMRIIREFLLER

PR iR BE RN RS 22 AE NSO EE 2 A N RS I F D) SR AE AN R B o A 22 5%, ARHIE 72 3731
fEMIHR (Eyes Closed, EC) 5 i+ (Eyes Open, EO) 241 ~, LU 1 Hi4HAE Delta (1~4 Hz). Theta (4~8 Hz).
Alpha (8~13 Hz) ¢ Beta (13~30 Hz) VUM (1)~ 3 460 D38 o &0y 19 A i) B METE W3R 1 s S5 (Froh-
lich et al., 2021).

EFFIRARAS T, HC 4R Beta MBI BT A BT D3 5T MCIL 4, JLHAE Delta (MCL: 6.71
uV3/Hz vs. HC: 13.44 uV*Hz)ZFH N % . Theta 5 Alpha B ZE ST RN, (KSR 2 HC HAIh%R
=T MCL A% . MCI HEHIRE SN Alpha IS EE TR, RS AKF M X AT fE 52 45
(Gurjaetal.,2022), XfEEEIGNE 2. 7EFF S PARRE T, B Beta MBS, HC HAESHBI DI ZRAK IR &
T MCI 41, HH Delta S Ih 3% 2 AR SR NI B(MCT: 6.42 pnV*Hz vs. HC: 10.74 unV*Hz), Alpha $E
Z 5 P E9(MCL: 4.45 nV*Hz vs. HC: 6.14 pV¥Hz), XA 1. % EC 5 EO &4 N A HE I L)
FORFIFECTY G, tHE BN ThE, 255 BRI RIS 2 FIRRE R, MCI P oh KT HC (E
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3)o XF S AMB NS TR EE RS- WnFe 2 Fian, MCI 4L T)%AE Deltas Theta & Alpha SR T HC 41, &
AFifF) Beta 411 B A AT B {K (Delta: MCI 6.53 wV*/Hz vs. HC 12.09 uV?/Hz; Theta: MCI 1.67uV*/Hz vs. HC 2.53
wV?/Hz; Alpha: MCI 2.93 uV*Hz vs. HC 4.20 uV?*/Hz; Beta: MCI 1.33 pV%/Hz vs. HC 1.05 pV%/Hz).

Table 1. Classification and characteristics of spontaneous EEG rhythms

F 1. BARETRNIERER

i EL T A PRIE/ LV S /Hz B HI A
S W 20~200 1~4 WL T WA . B BEAR
0 UK 5~20 4~8 L TAEEAZ . JER S
o P 20~100 8~13 ToH 30 RLr TEBROR « IR
B 100~150 13~30 wik. T BEhEE. R ThEE
v 5~20 >30 LA X EYANE. A, AR
o . Band ‘Power Compariso? -EC .
I vCl
I He
2
3
§ |
&
§
$ |
Delta Theta Alpha Beta

Frequency Band

Figure 1. Absolute power of two groups in eyes-closed state

1. MRAEBHRRSEIITHRE

Band Power Comparison - EO
T T

[ MCl
[ He

Mean Power (uV2/Hz)

Delta Theta Alpha Beta
Frequency Band

Figure 2. Absolute power of two groups in eyes-open state

2. BFEANBRIRIR S BRI TR [E
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48 Total Absolute Power Comparison

[ vl
[ He

Mean Power (sz/Hz)
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Condition

Figure 3. Total absolute power of two groups

3. MEAR BN IEE

Table 2. Absolute power across frequency bands during resting state in two groups

2. MEANEHETSEIMRANIIRR

Group State Delta Theta Alpha Beta
All 6.53 1.67 2.93 1.33

MCI EO 6.71 1.31 1.40 1.45
EC 6.42 2.38 4.45 1.21

All 12.09 2.53 4.20 1.05

HC EO 13.44 2.37 2.25 0.97
EC 10.74 2.70 6.14 1.14

3.3. EEZFEASRENAERZE ARSI B I 2R IE 5B HHE

AT L] T 5 NS B (MC)4L -5 i e X I8 (HC) 2H 78 55 5 25 0 8 AP R [R]85 B (Delta . Theta Alphas
Beta) (1] 2 % i % B (Power Spectral Density, PSD)3k 57 #hJE [ 40 A7, 1 2H 5230 35 75 25 A B 35 2 L HE LY [ 2
[f] 73 A A s(Kamal et al., 2020), SeB T AR X IE R MR AP IR 90, W L BIZL (D)3
T (Kaveic etal., 2021). BAK | MCI HAEARSE (Delta. Theta) I H BN 2 H B & K RTAUK T %
I3AT, AR X ISAR N B/, TIAE S B (Alpha. Beta), MCI 25 )0 3k 3¢ L D) 28 B 2 A, U HAE
Alpha $BL, J& s Dy Z XA L HC W 846 /N Bl 2% (Kim et al., 2025), WL 4.

HARKYE, 7E Delta SE, WA IR I CAAIIX S 5 00 s D 2 40 4, HC A m Dh R X A B8 )
A0 X 3 I S A 6, AR B v e A7 AE 1 S I BT A5 2l (Kuang et al., 2022); 7E Theta SilEX,
HC HRRTAT R BN 2, 2SI X B RS s An, 1 MCT ZH 07245 5 52 30 R PRI T 3 4R
o H DR PBEAK, FBH MCI MATE Theta ATEE I ShREME SIS N FF, MCT Al REAETE R A BC 12 M 48 15 30 5 T
AR Alpha SO HE 22 7 B8 9 35, HC 4RI H SL Y (LR s Th 26 0 A7, 1 MCI 2 7E 1% X 3k T
HRRFETE, oA ENRE H RS, B HFHEEST KETHEEINZEEL: 7E Beta S, HC A
T B SR X R B Y = A %, 1 MCT 4B AR T R B, AR X R, Rt
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R ZOARUIN T S AE B A R RS 2855 . BRI, MCTAERIBY(Delta 1 Theta)RHL 5 HC 4108 H
PEARMEZ AR, TAE R (Alpha A1 Beta) M HELAH 2 DA< R B, S22 00 RIS 6 2 8] 73417 5 RE L
JEE 7 THG AR 5 2 22 5 (Lian et al., 2021), #2785 MCIL 3 il IS S B AR [ 18 AL e A2, g T A RS B
RIS G BT, S5 AT ABT FUA RIS BE IR AR 5C A 45 1B AH — B (Martin et al., 2022).

Delta Theta Alpha Beta

0 & @ @
-0 & ® &

Figure 4. Topographic distribution of PSD in two groups during resting state
B 4. BEABER 25T PSD it 2 E

4. Vg

RARCSRE, AWFFEE R RN MCL AN 2B @900 RRIE, 13X — 28 0b 50 35 K 20 58
AR R DR . 18I & Sl S R B R 2 DA G, BITR IR I BRIR AR G B AYE 2T B, &
PR Z XA - P AR 2 R AL, RECSIRG HISS . RGBS v R 40 98 ANl R
P47 B S5 P40 0 2 IR AR &SR, 155 5 T ) = S AL 1 o X P Ah S T R Th RE R ) R
B, HHF TN MBS Sl E RN FE D FEFRAR, (5 AT RS, MR RER T I, T2 il AT R 1
e PR MCT ARG 28 5245, OGN FT S M NGR 28, %A [RIATY 14 L3S 20 22 AL Hh 1) i S 1)
P (Pozar et al., 2023). AHFFAERH(EC) S5 HRIF(EO) P A e B8 24 T M EE 5] MCI 5 HC 4% 1 A i
AT ZESR, (HEFERRAS NE AR, XM T RS K& B A MU, (@R A
AR D0 BR SRR RE T o 3, TRR RN o0 S DDAE 03 NI AT AR TOR I, FEARREE TN 2 90% A 1A
AR i 3 o PRV B8 D 10% LA E, (H MCT B H L) 70%2HR ML o 8], XERE MCT AR o &
I (PR B B RS o 91 3% BEAIG) 52451, MCT BB 70 e IR By e DA 381 [RI R IR 2 B0 /K7, (R MCT R
W RCIRAS T 22 5 B Wi 3% (Sharma et al., 2021).

AW FAR AR TR IR A, MCI 2R # S A T 28 B PR, PARRARAS T alpha. delta ThE8 2 3 %
I Beta P Th3 TR . RYE ERFTC 518, B A ThEAE MCT M B U AR — 85, 30
FAkE MCIEE B UIRRM N FEZRIES, RAARKE N AD 1 MCI %, HTir g1 (13~18 Hz)Lj
OB AR, Bk B Ak Ts vl B W IE R TE R R R . 40, B AT DR M AR A T RE R BT M A
ZR(UNERE . 48R, HIHEELS S Z RS ML (Sun etal., 2024). B 5 RTAI TAEICIZ LFE =
WL B DIRADG . Blan, WFFede A I AMUARI 5 & TARICAZAT 45 I 2 G50 AI% B 3R % - RItk, B IhR TR
B[R R 59 T BE S HAT DI REARAL AT 5E . SRTIT MCT BB B AL B 2%, MR Z —B4ie, HELELSY)
RER LR 55 Ho A T BLilk— P I0IE .

DOI: 10.12677/ap.2025.159535 456 P HE A


https://doi.org/10.12677/ap.2025.159535

e EENE A5

Az

I EEL Ty 26 b ] 2 B0 R AR A e (A B A A R 23 8] o AT 2 St — 2B SCRE T MICT e v AR B2 T
TEAE S N S BETG B AR ¥ o IRAEL (JC H AL Delta AT Theta) Wy AE MCI ik A 1658, 5 HC 25 AH
B, JRHEP TR, X 0] HE AT NS TR RCR RIS, G REENLEE B, WmTEAT SR
JEBPRA T B RSBGPS 2 138 S 0 LT 2 M IR AT M, e R e 2 AR
1) 2 2 AR FAR A (Wan et al., 2023). #H%, misTEL(Alpha Fl Beta) IR 1E MCI 4100 &2 R F%, H=5 854
Zil, JUH Alpha TiHETE 5 0 XA T AR $R /s HOE BOIRAS & K2 R AR ThRE AR TS 1T Beta Sl Bt (1%
R R AT Re S ATThRE . SR B DhRR AR A G, IREEET A STHR, AW ST AR A AR AL
5 MCI 3 & 9B 7R 2% BRI (AD) A b U 5% 21 0 i FRARFAEAR 7, 3o il P AT R AE A B2 B MCT R
BRI AE bR & 2 —(Teipel etal., 2016). [Flth, & 22 EEG /E AR BT G5, HANERHELE
MCI R 2 W F IR VP Al DA S O i 2 o B A B B AE B (Vecchio et al., 2013). [AJIf, ixLezd
AN e SR FE T LR 22 ) 40 25 IV BB FE B R R A T AR -

R FEAER DN, HA—E MR, BT TR T8RRI KA = 1 R
AITFRRYNIBETE, ShASERES MCI B ML, @il 2 XBEVICS BEG, AV IAAITh IR0 %
MCTI [ S 7R % 9 BRI A0 1R SRR, Ay 3 T 4 BT [

E&WE

EXRBEARZEETH [32300931] .
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