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[Abstract] Background The diagnosis of Alzheimer’s disease (AD) still faces great challenges, and the advantage of
electroencephalogram (EEG) diagnosis lies in its portable and non—invasive nature, so the EEG diagnosis of AD has occupied an
important place in clinical research. Objective To evaluate the value of resting state EEG for AD diagnosis, and to provide
references for early recognition of AD in clinical practice. Methods Clinical data of AD patients (n=59) in an Inpatient Geriatric
Psychiatry Unit of Shenzhen Kangning Hospital from May 2019 to May 2022 were retrospectively analyzed, and healthy elderly
individuals attending outpatient clinics at the hospital during the same period were enrolled as control group (n=54). Eight—channel
resting state EEG data were acquired, and the absolute power values in the a, B, 6 and & frequency bands and the a/6 ratio were
obtained and calculated using Fast Fourier Transform (FFT). Cognitive function assessments of patients were done by Mini—Mental
State Examination (MMSE) and Montreal Cognitive Assessment (MoCA). Spearman correlation analysis was used to examine the
correlation between EEG findings and MMSE and MoCA scores of AD patienrs. Logistic regression prediction model for AD was built
using currently available EEG and clinical variables, and the model performance was assessed using the receiver operating characteristic
(ROC) curve and the area under curve (AUC). Results The 6 —band absolute powers in the right mid—frontal (F4) and mid-lateral
(F7, F8) regions were higher in AD patients than those in healthy controls, with statistically significant difference (1=-2. 844, -2. 825,
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-3.014, P<0.05 or 0.01). The absolute powers of /0 ratio in prefrontal (Fpl, Fp2), mid—frontal (F3, F4) and mid-lateral
(F7, F8) regions showed a notable reduction in AD patients compared with healthy controls, with statistical difference (1=2.081,
2.327, 3.423, 2.358, 3.272, 2.445, P<0.05 or 0.01). Spearman correlation analysis denoted that MMSE score was positively
correlated with the absolute powers of aa—band, B-band and o/ ratio (r=0. 206, 0.288, 0.372, P<0.05 or 0.01). MoCA score was
positively correlated with 3 absolute powers and /6 ratio (r=0. 201, 0. 315, P<0.05 or 0. 01), and negatively correlated with 6 ahsolute
power (r=—-0. 218, P<0.05). ROC curve revealed an AUC of 0. 882 (95% CI: 0. 820~0.943), a sensitivity of 0. 966 and a specificity
of 0. 673 for the AD prediction model based on EEG variables, while the prediction model for AD using comprehensive variables achieved
better predictive efficacy, reaching an AUC, sensitivity and specificity of 0.946 (95% CI: 0.905~0.986) , 0.948 and 0. 873,

respectively. Conclusion

Resting state EEG of AD patients is correlated with cognitive function, and are of great value in the

diagnosis of AD, with 0 absolute power and /8 ratio in EEG being the most strongly correlated with AD.

[Keywords] Alzheimer's disease ; Electroencephalography; Cognitive function; Correlation analysis
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Table 2 Comparison of the absolute power values of 6 band and a/8 absolute power ratio of EEG between the two groups

(EOPIIES
2 il
Fpl Fp2 F3 F4 F7 F8
AD 41 (n=59) 0. 65+0. 46 0.79+0. 42 1. 09+0. 49 1. 13+0. 45 1. 3420. 58 1. 28+0. 65
fat X B2 (n=54) 0. 58+0. 55 0. 74+0. 63 0.97+0. 37 0.91+0. 38 1. 080. 40 0. 95+0. 46
-0. 726 -0.533 -1. 440 -2. 844 -2. 825 -3.014
P 0.477 0.591 -2. 846 0.010 <0. 010 <0.010
u ” /0 4% Dy LA
Fpl Fp2 F3 F4 F7 F8
AD 41 (n=59) 0. 66+0. 14 0. 66+0. 15 0. 69+0. 17 0. 72+0. 20 0. 7120. 21 0. 8420. 26
fEE X IR (n=54) 0. 74+0. 22 0.73+0. 18 0. 84+0. 2 0. 81+0. 23 0. 87+0. 28 0. 84+0. 26
t 2.081 2.327 3.423 2.358 3.272 2. 445
P 0. 040 0. 020 <0. 010 0.010 0.010 0. 020

T AD, BT JR SR 2R
2.3 BNEITES MMSE 1 MoCA 4 #9484

AD 2 MMSE P00 5 o 6% DR B 4 Xt 2l R
Il /0 265 %] Ty 26 LU AE 35 52 1E AH G (r=0. 206.,0. 288
0.372,P<0.0550.01), MoCA ¥4 5 B 4 % o) K
T /6 28 %5 Ty 28 LU AE 34 52 1F AH OC (r.=0. 201 ,0. 315,
P<0.05 =% 0.01) , 55 0 %4 xF o & & i 4 & (r=
-0.218,P<0.05)., W#3,

£3 FBRWEBETES MMSEF MoCA T4 HIEXEME ()
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Table 4  Logistic regression analysis of resting state EEG in predicting AD
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Table 5 Analysis of EEG in prediction models for dementia after integrating variables
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B A XTI R 0.253(0. 075~0. 848) 0. 175(0. 046~1. 658) 0.237(0. 054~1. 046)
(EGROpYIES 3.070(1. 182~13. 336) 3.529(1. 024~12.155) 3.698(1. 849~12. 050)

/0 X )R LY 0. 093(0. 025~0. 352) 0. 100(0. 025~0. 399) 0. 119(0. 023~0. 609)
HE5I 1.301(0. 405~4. 179) 1. 652(0. 479~5. 699) 2.929(0. 690~12. 369)
AR 1.101(1. 039~1. 167) 1.068(1.003~1.136) 1.061(0.987~1. 141)

ZHERE 1.003(0. 879~1. 143) 0.982(0. 852~1. 133) 0.985(0. 847~1. 147)

=L 2.046(1.605~6.913) 1.475(0. 401~5. 426)
BRI 2.013(1.437~9.283) 2. 145(0. 366~12. 561)
NGRS 4. 045(0. 674~34.270) 2.326(0. 368~14. 746)

Ji A v 1. 735(0. 315~6. 008)

Jili 25 45 13. 110(2. 460~9. 780)
OB B 5.654(1.116~28. 634)

TR VS MM AR 32 BT R B 2 R M ) AR 32 TR R I W DR IR I R A 5 AR 3 e B A TE M) AR

ZHCERIE LR AR AR BEAT A o R 2 L I o S

Fo6 MIBESMEMNASBIRETRMNERITMN

Table 6  Evaluation of prediction models according to EEG and combined data

K P AUC 95% CI REUE T IRAESHE
a4 XF I3 0.352 0. 240~0. 464 0.810 0.291 0. 101
[CEGROpYIES 0.312 0.211~0. 413 0. 966 0. 055 0. 020
0 45Xt )R 0. 646 0. 479~0. 689 0.931 0. 400 0.331
RECPORPIES 0.584 0. 541~0. 750 0.379 0. 800 0.179
/0 2 X ) % LR 0.197 0. 116~0. 277 0. 200 0. 100 0. 000
RsEEG 0. 882 0. 820~0. 943 0. 966 0.673 0. 638
RsEEG+DM 0.897 0. 839~0. 954 0. 862 0.782 0. 644
RsEEG+CV 0.905 0. 849~0. 960 0.914 0. 855 0.745
RsEEG+Labs 0.934 0. 888~0. 980 0. 845 0. 800 0.713
RsEEG+Labs+DM 0.912 0. 869~0. 968 0.793 0.909 0.702
RsEEG+Labs+DM+CV 0. 946 0. 905~0. 986 0.948 0.873 0. 821

H:AUC, IR T A RsEEG, B A L s DM AR A M2 B0RE A FEPER AR S220E B OV AR N AT I 00RE L FE 254 Iz rhops o

A WERG I 2 5 Labs AUR S8 28 BORE, G455 ML | IR L BEHIR

1.0
0.87
0.6
b
B
LIS
0.47
4 ——a AUC=0.352
/ — B AUC=0.312
B — 8§ AUC=0.584
5 y —— 0 AUC=0.646
52 v J'H @ AUC=0.197
L RSEEG
7 HJJ AUC=0.882
ANy -- 2
0 0.2 0.4 0.6 0.8 1.0
1R E

1 ETEMRETEHAEFEIAROC HZLTAUCHE

Figure 1

ROC curves and AUC values of the model after

the combination of EEG variables and EEG variables
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Figure 2 ROC curve and AUC values of the model after

the combination of EEG and other variables

317



http : //www. psychjm. net. cn

PUJIKS B BAE 2023 4E45 36 55 41

3 it e

AD B4 0 52 ) 2 A8 N AEERRE 1 BB 22
— o FEHEFLE P, AD A9 R R R R AIIET R
ANWT LT AD 9 R BEAIL I E 1 AN 58 AT
e HSZm AD Y R A 2 A0 s I s A PR i
BRI BOO BRI S, AR IR, AD 48
o L B o I AL 5 9 114 N B3 22 f B
Xt HRZ , Skoog %52l Kannel " 'WF 57 i , & 1L B
PRI U ML 9 20 TR s A, T 5 e ol 5 B
AR, ] 8 O T AN R | R B e A 2 T f
K AD PR AEBEFI R 28 2T Y 9545 A5 PR RS

AT LS R W, FEAT I I X LR, AD 2 0 4
X Ty R A T A B X R A, /0 46 %t T R L AEAIG T
fat R XT B2, SRR 8 45 R — 20 B0 AD R
1017 2 A FEL TS © 8 T T RN, oo/ 248 5% Ty S LUAEL
FEAR . Musaeus 25 4B 57 R A , 0 246 X6 1) >R 5 i
W tau 25 (T—tau) S8R AL tau 25 A (P—tau) /K F
B, H P-tau/AR42 FLAH 5 0 45X T A4 ik
BRI, L AE A R I DX . SR, A WF9E Bon , 78
AD FIH A DLAT ] 451 B A o e S A O
7 M0 HL o TR IS T RE A AD B S ERRAE
REAEA o 45 AR — ST Re 5 Il e &) 32 T4 A ¢,
sk K BB DN RIS B R 245 DL A%

REAERF IR 45 2 s, I H S5 DRI D BB AR OG>,
G B AE R AD Fi2 W T 2] e HA — @ M fE . B
GEH i EE, o 248 X TR B 46 X TR o/0 46 X6 DR
HAH 5 MMSE Fl MoCA PF43 3 52 1E A1 5¢ , 0 46 % Ty
5 MoCA P43 S UAH G, 5 REAE A8 45 2R — 5.
Choi 55/ [LAZ T 496 44 #4525 2 B g v IX 3k (1 i
SASIGH AT MMSE P43, 4525 o, i 5 A il v ik 22
5 MMSE S ¥ 73 FA FI ST o0 ¥ A AE A DG R
YR S A S RT3 2 57 T

Logistic [0 3 50 7 @75, o B8 . 0 4 X D R Al
/0 2% U 2R LR E ABEY, J0 L 0 26 %) T F A o/
25 5%F D) 2% L (B AR A A i EL AT B R S RN R A
JE, $ 71 fiki HLPT BB AD 2 B (1% 5 2 L AR BRAE A, 35X
SREERF T 45 R —50", Poil ZFV g4 A 6 4N HiL A
YIRS Logistic [m] AR T30 AD 119 2 S Ky
88%, FE 5N 82% ., T i 5y % ZFhi N & 5%
TN ENTERELSSPNIRE 349 S I IK=aS e Y s
P50, G5 5 BRI R IR G 25 47 AL JE
S S A T R AD R JRURS: o i R A R R 4
Mo, B A AR 2 A S5 5580 AUC R 0. 882,

318

AR IR, TR AR R A AR AL A3 285K
AU, AUC 0. 946, SR H T 1E A5 IS
b R — I 5 S, A P (S R v T
T o 0 BRI i A R 2ok TR R R R A
HIBEG Y Logistic BEY R MERAPE | RGN 82% 2 T+
929%™ FHIN—THFTENA 6 I AR 45 A
BB HL e g 7 AD Y B RS R R R
84.86% . A, i HL S B A L A8 BR P BE & AD
I R bR

ZE Lk # S A AR O — R R S Y 2E
45, 78 AD 12 Wi 7 1t AT e HL A B A TE AL
JEH I 0 4 X DA /0 45X DR HUAE . ARWF5E R
PP = DRI DR 6 28 2 A PR DA 32 3 B i K 11 5
i), FF AR g A T 4520, LR o A% 0 0 A7 T AR IR IE
A ) T B Z W RAEAS A R 5T 00 E A R T
W 5% DAk — 25 25 4 i 8 25 I FL 7E AD 2 W7 i i
1B, MG RN PS5

S22 3Tk

[1] Porsteinsson AP, Isaacson RS, Knox S, et al. Diagnosis of early
Alzheimer’s disease: clinical practice in 2021 [J]. J Prev
alzheimers Dis, 2021, 8(3): 371-386.

[2] Arvanitakis Z, Shah RC, Bennett DA. Diagnosis and
management of dementia: review [J]. JAMA, 2019, 322(16) :
1589-1599.

(3] ATi&ih, Bels, Fakiss, 55 . E BRI B 5 2021 [T .
LW 59, 2021, 20(4): 317-337.

Ren RJ, Yin P, Wang ZH, et al. Chinese Alzheimer's disease
report 2021 [J]. Theory and Practice of Diagnostics, 2021, 20
(4):317-337.

[4] Khan S, Barve KH, Kumar MS. Recent advancements in
pathogenesis, diagnostics and treatment of Alzheimer’s disease
[J]. Curr Neuropharmacol , 2020, 18(11): 1106-1125.

[5] Tahami Monfared AA, Byrnes MJ, White LA, et al. Alzheimer’s
disease: epidemiology and clinical progression[J]. Neurol Ther,
2022, 11(2): 553-569.

[6] Knopman DS, Haeberlein SB, Carrillo MC, et al. The national
institute on aging and the alzheimer’s association research
framework for Alzheimer’s disease: perspectives from the
research roundtable [J]. Alzheimers Dement, 2018, 14 (4) :
563-575.

[7] Cohen AD, Landau SM, Snitz BE, et al. Fluid and PET
biomarkers for amyloid pathology in Alzheimer’s disease[]]. Mol
cell Neurosci, 2019, 97: 3-17.

[8] McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis
of Alzheimer's disease: report of the NINCDS-ADRDA Work
Group under the auspices of Department of Health and Human

Services Task Force on Alzheimer's Disease [J]. Neurology,



PR Bl BAE 2023 AE5E 36 555 430

http : //www. psychjm. net. cn

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1984, 34(7): 939-944.

Vecchio F, Babiloni C, Lizio R, et al. Resting state cortical EEG
rhythms in Alzheimer's disease: toward EEG markers for clinical
applications: a review [J]. Suppl Clin Neurophysiol, 2013, 62:
223-236.

Horvath A, Szucs A, Csukly G, et al. EEG and ERP biomarkers
of Alzheimer's disease: a critical review [J]. Front Biosci
(Landmark Ed), 2018, 23(2): 183-220.

SEA BRI R R T P P I S A R D RE AR e S
BrlJ]. oA, 2018, 16(28) : 60-62.

Li W. Correlation between EEG findings and cognitive function in
patients with Alzheimer’s disease. [J] Chinese and Foreign
Medical Research, 2018, 16(28): 60-62.

I B U B S TR ) RE A H T A S A A
[D] &#: HMK, 2015.

Wang WD. Study on correlation between cognitive function and
electroencephalogram in patients with Alzheimer disease [D].
Changchun: Jilin University, 2015.

Van der Hiele K, Vein AA, Reijntjes RH, et al. EEG correlates
in the spectrum of cognitive decline [J]. Clin neurophysiol,
2007, 118(9): 1931-1939.

Folstein MF, Folstein SE, McHugh PR. “Mini— mental state”. A
practical method for grading the cognitive state of patients for the
clinician[J]. J Psychiatr Res, 1975, 12(3): 189-198.
Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal
Cognitive Assessment, MoCA: a brief screening tool for mild
cognitive impairment [J]. J Am Geriatr Soc, 2005, 53 (4) :
695-699.

Coronel C, Garn H, Waser M, et al. Quantitative EEG markers
of entropy and auto mutual information in relation to MMSE
scores of probable Alzheimer’s disease patients [J]. Entropy,
2017, 19(3): 130.

Cassani R, Estarellas M, San—Martin R, et al. Systematic review
on resting-state EEG for Alzheimer’'s disease diagnosis and
progression assessment[ ] ]. Dis Markers, 2018, 2018: 5174815.
Zhang XX, Tian Y, Wang ZT, et al. The epidemiology of
Alzheimer’s disease modifiable risk factors and prevention [J1.1
Prev Alzheimers Dis, 2021, 8(3): 313-321.

Jia L, Du Y, Chu L, et al. Prevalence, risk factors, and
management of dementia and mild cognitive impairment in adults
aged 60 years or older in China: a cross—sectional study [J].
Lancet Public Health, 2020, 5(12): e661-e671.

Pichet Binette A, Vachon—Presseau E, Morris J, et al. Amyloid
and tau associations traits,

pathology with  personality

neuropsychiatric symptoms, and cognitive lifestyle in the

dominant

89 (8) :

autosomal

2021,

preclinical phases of sporadic and
Alzheimer’s disease [J].

776-785.

Biol Psychiatry,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Skoog I, Gustafson D. Update on hypertension and Alzheimer’s
disease[ ] ]. Neurol Res, 2006, 28(6): 605-611.

Kannel WB. Risk stratification in hypertension: new insights
from the Framingham study[J]. Am J Hypertens, 2000, 13(1 Pt2):
35-108S.

Schmidt MT, Kanda PA, Basile LF, et al. Index of alpha/theta
ratio of the electroencephalogram: a new marker for Alzheimer’s
disease[J . Front Aging Neurosci, 2013, 5: 60.

Musaeus CS, Engedal K, Hggh P, et al. EEG theta power is an
early marker of cognitive decline in dementia due to Alzheimer's
disease[J]. J Alzheimers Dis, 2018, 64(4): 1359-1371.
Alimardani M. qEEG analysis in the diagnosis of Alzheimer’s
disease: a comparison of functional connectivity and spectral
analysis[J]. Applied Sciences, 2022, 12.

FAIR, PRAER, BREE . IR S RO A L R S A A
[J1. PRS0 T4, 2005, 18(3) : 159-160.

Wu MJ, Tao SY, Qian L. EEG observation and analysis of
Alzheimer’s disease[ ] ]. Sichuan Mental Health, 2005, 18 (3) :
159-160.

Hervé E, Mento G, Desnous B, et al. Challenges and new
perspectives of developmental EEG studies [J].
Neuroimage, 2022, 260: 119508.

Das S, Puthankattil SD. Complex network analysis of MCI-AD

cognitive

EEG signals under cognitive and resting state [J]. Brain Res,
2020, 1735: 146743.

Choi J, Ku B, You YG, et al. Resting—state prefrontal EEG
biomarkers in correlation with MMSE scores in elderly individuals
[J]. Sci Rep, 2019, 9(1): 10468.

HBRIK, XUBE, SRIEFL, S5 . BN 5 M A M By 7 2 1 B ol
220 B R IE B L ACHT S (). B S ae R A,
2021, 16 (3): 130-134.
Wen MM, Liu M, Zhang XF, et al. Comparison of
neuropsychological impairment between patients with early—onset
and late—onset Alzheimer’s disease [J]. Neural Injury and
Functional Reconstruction, 2021, 16 (3): 130-134.

Poil SS, de Haan W, van der Flier WM, et al. Integrative EEG
biomarkers predict progression to Alzheimer’s disease at the MCI
stage[J]. Front Aging Neurosci, 2013, 5(2): 1-12.

Snyder SM, Hall JR, Cornwell SL, et al. Addition of EEG
accuracy of a logistic model  that

improves uses

neuropsychological and cardiovascular factors to identify
dementia and MCI[ J ]. Psychiatry Res, 2011, 186(1): 97-102.
Chiang HS, Pao SC. An EEG-based fuzzy probability model for
early diagnosis of Alzheimer’s disease[J]. ] Med Syst, 2016, 40
(5): 125.

(ki H #1:2023 -03 -27)

(RS- BR #2)

319



