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40 Hz 5 8 1 50 BT 7R 7% 15 2R 4% F0
TAZN T BE B 22 M)

AR T ALY ES D"
(Ve BRI T BT AR R R S 05, AERT 1001015 2 IR EBE A AR A, EET 100049)

TEE  FRRIGENG (Alzheimer’s disease, AD) 5P ZAR A TPERE 0T A SRR RS B T 7™ S Wi, B AT Z A 8067
Poo T, T O R S A NS T R 250k T T AD, S BGE HBERER A R T H A, AR TR T
40 Hz A AD SR E AT I RESZm AF ST e . 983K, 40 Hz AR I 24 i AD /) RS Y A 0g B AR FAIT A
ANZEAD BEMINRE ST o HEAE, 40 Hz TR E R A IR DIRe s — & R THER o ARSI T 40 Hz 15 I A #
ZRPETFAAME RG], RS T A —FaRRARIRIT FERMZ 2. B, a0 T HNarrsRmmiRE, JFRET
MR A . B2, S 40 Hz 1A RO A ARG A R, (AR BVE R ADIRYT FENW ), Aok Eiit—4

IFFE AR A LA I RIS FH o A 28 AR ALY

KR BRI, 40 HZ iR, AR ARSIR)Y, Mg -SRI E , MaLsl, AMI6E

FESES R741

Bl R i 2R (Alzheimer’s disease, AD) &
BAE N WA 2B AT VRGNS, Im R
CIC IR | T RET R IR L 16 S )
REZ LA e S8 . AD BB D BUR IR L2 —J&
ZARE (FH BIEMMEER I (AB) JER) FIpfesfy:
gigh (it R AL tau &1 (p-tau) 4R . H
i, BEXF AD B G YT FEAE P TSR AR AT
FHECR 0 2590697 - RGP B s, (R 26 )7 1
Jo ik BB A R R, AT IR )Y T B B
Z o IR RS 45 AD BRI TR T AT
WAREFN AL, XL R A Tl KR R S
ARG IIRITRCR .

P2 TTF AR ) L AR B S DUAS [T o S
U1, XEE R AR . IR
HAESIBE (delta, theta, alpha, beta, gamma),
AT DUKEL I oA Ay B AL B 5 A ] ) A 2805 Bl X LA
FONHPIREAIG . IRZWHFERTT T P &R G AR
INHIRE R B /ER, Hrh s (gamma) 4k %
(30~100 Hz) J"{ZAFAE T RINEZM &5 s, If
EmPOANRINRE T R OCHAE N, AR ER
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SRR 7ot € b = I T VA0 5 L

KWt RY], AD/NRAEALF AD B35 1
DR HAETESH . hAPP /N RUTEN 4 % 1% /b
SITE], Ao 2% 2 H B A S B Bk o5 5, BRI A B
%17, TgCRNDS /MR TE AB i it /= A= 1T, 51
gamma-theta #& # EBIR =5 SXFAD /NEUM EL
B AERL/NEL, A T S AL 1 — Bl R
FEAER, AD B M FIIA I BT 5 A i )
N HR5 S8 HUIAHE Y FERAEZIRE (50~88
) i, AN DpR AR TR 1 AD B
) gamma-theta %5 4 4% G B o AIG T 52 B A 00 B A
(mild cognitive impairment, MCI) & & Fl fa 5 75
FEF# 15 Nakazono 55 ' iR AD s #)H# Fl AD
SR P R S [ i b A 45 A2 B, IFIA
R 3R E RO RN R B S A . X BB R,
* BHEAIHT2030- R Bl= S Mo FARTH (20212D0204200)
s AR R A o
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AD 5 RMH 0 S iR 5 A VIR A, (R AR AR
e GE A 2 BEAEAR A FE RIS 1 AN A . 1A
e, A 7 AR SR 5, AR H
AD /NSRRI 0 B SCREAR B2 - il LA
i X — [l F RIS S Pk s I AGE B Y
JE 40 Hz 1RO AD OS2I, = ARSCIIE Ry
HAio

AR SCIRN B 1AM 40 Hz AR Canl sl
W W R S R R R X AD /N R
I B LA S AR AR 20, B 1 i e L]
Pl T O, IS T et S, wn
JEELT RAMTET5 1A o A BEASSCHE D 40 Hz 15 AL
WA — R R R A2 45 T BT TR T Rl 2R
RIS

1 40 HzF BRI X ADFIEFFER B B2 00

Li-Huei Tsai A A "' FFJ& T — R 51 JF Q1 4 A
58, RMEHIEWEA RN, B AD B 5%
FAD /) FR7EARIG WS (sharp-wave ripples, SWRs)
A2 AN 4R35 DR A, H X SR 435 2
—ANLIBI R 40 Hz RO o3 A . —SeF oy 3R,
40 Hz 4 5 15 K Joe e i a8 g B {5 B AL 317 i A o
AR i, FIHMERR I, AR FSR R
W5t il P RT A% & W e B2 A8 S - (audiitory steady-
state response, ASSR), H:rf140 Hz |3 0 5 i 4ig
R o M THEREN, AD B UL KA
SURERE 1T R E )T B 40 Hz A5 R A BT
/L Pastor & S WFGY AL, AH BT DA Z 1Y
Wr i {55, 40 Hz iYW 5a JITE RE S | J 505 0 fing . 5]
(electroencephalogram, EEG) {5 5 Fl X 485 Jixi IfiL. 7%
i (cerebral blood flow, CBF), Jf-it#1: G
M/ I o DI, 35— i DX A R B TR ) e
FHHEEEN. XUUERRY], 40 Hz 7 280y |
AIRE A RRIRTE, BRI M P 28Ik T ARy T
AD Jy A EEAEH . Kk, KEZHWF5TE L sME
£ 40 Hz 15 H TS A Rk 40 Hz il 24k 7 R IR R
HXT AD BYFZIR . X 2R 7 5 A0 AR I
[F] 2L Y IR Bl ik 4 3 - A T R R AR
(neural entrainment) ', HFY, ZMEMIE L KN
40 Hz #3597 ¥ BB A HoR . &misc i
HH 3% (transcranial alternating current stimulation,
tACS) . £ il % il ¥ (transcranial magnetic
stimulation, TMS) . ¥ . JGHIESNA .

1.1 AD/MNERARBIMIFAR

VFZ W3R, AD /N B A4 25 4 5 A7 7E
S 100 S AMIEAE 40 Hz Y5 I IR e 5 Al D e
2Ry, VIHEA Bl TR AD i B AT RE AR .
40 Hz 77 Bl BLRE IS I8 5 AD B R AH S 1 A= b
CW, U0 AP BEH A p-tau 245, IFIO /NI 40 i
WM R4 (glymphatic system) . laccarino
S D0 R R I, a8 R R DRR R
40 Hz M #2236 aly, ml LLREAIG AD /)N FRUBE 7R i vp
ABITTRR, WU BEE A SR, 40 Hz 5
HCRG GBI R h AZ 5T 1 h, REfi SXFAD
/NERTEE S5 CAT X 1 AR BRI /D2 50% ;K F8 0/
SO R B AE 40 Hz [N ERJET 1 h, ABZKFREAR,
{BAE 12 h 2 J5 R BN R K-, 3 U A 40
BEICINIRXT AB K-S M 2B B 9 . H% SXFAD /)y
FURFETE 40 Hz INFR DL, 1 hd, 7d)E, M
FJZ i AR BEHCE D 67.2%, BEH /N D
63.7%; £ TauP301S tau & /N RAE A 1, p-tau 28
YN 2) 40% 3K BN ELA 40 Hz SR R 1
8 Hz sl FlMLAI R ICAL . HAWAF &8, 40 Hz 15
AT DAy 2> AR DL VE M tau AR 19 1 R o R
£k 2124, Martorell 5 2 YE—20 R 8L, WWT 455 3
Vil LU B A sl T B SRR E T PR ), W
WD R BT Cn N N A K BT ) AR B CAT X
() AR BEHC A FARER, 375 /)N o 20 it SR A 7
BEHLFE R, Baas B A W ACRE 77

40 Hz 7 B f S RE s I D i 2R 1k, B ik s
S AR 290, Adaikkan %5 P KL, BEET
40 Hz LED 4] F (¥ 1E & /N BRI 2838 471 2 5 /N
L, HANGAGE R 2 | 1 SRR )2 TR R RE
KNSR . A, 40 Hz IR RR oL s />
T AT AR, BEIL T PRI, I
M TR INAE. Garza%g: 20 LB, 40 Hz JGINAR
REAS R 40 M R P R AL B 1 2%, E T s i A
R VAN NS [ T B2 L YNE T (i1 IS YA NI i1
AN & AD RIS 2 —, ShgohifhE )
A2 27, 40 Hz (A (4 LED IR AT fE 8 1 1955 AD
N BRI 1) mito K ATP 1 18 FL V. i 3 1K Fad 18 715 1k
B QU5 TR LN Gy O Ak K2 v 17 S > €
AL FEFRAE TP ER, S T /R 2R
AR

B IRRGE 0, 40 Hz #0073 nT DA i 5%
M) R M P9 28 bk B 2R G900 ¥ Bk AR UL TE o LA
40 Hz 5 AL i R g 1ok 3 sl ik 3l . R ik B
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JKE S 4 K BB &L 14 (water channel aquaporin-4,
AQP4) AL AN 7 M FEE bR EL A5 ke 98 i B VR A
(] BT I 5l o X Al e S R A 40 Hz il o 1 rh
() A4 28 T RS TR 45 3 1 i IR (vasoactive intestinal
peptide, VIP), MMt AQP4 & (WK fk A1 8 ik
gy, MG RIS RGN AR IIEER . A
FRKI, £ C57/BL6/NRHT, 40 Hz GINKRAEIE
JERTARN A AR S b B3 1 1 P I ik I R 452
TSN, X 5 R IE R BT 40 M AQP4A B AL3E A il
EaERM A L, AN, B ZIK AR
(adenosine-A,, receptor) {55 5 i I} # I\ A & 40 Hz
J IR KRR I Tk B2 30 3l i A 22 Ak 2= ek B0 I
iz gh 5 KN T P G, G L AR
R, ANED YR 7 AT LLRE i A8 AR A v S AR
& B, Martorell 5 2 BRI SCREX — W, Al
AL 40 Hz Wr e i R AN SR % 5 . /N AT
D 17 ) IR B ) IS AR A s

40 Hz 55 A0 nT LA DR AR R 73 . F5E 2
TN, BRI ] e AD &AL — A
%, JF HaehnEE AD AH 3G Y DA 0 B 5 g 3 AR
B2 Yao 25 P WFFE RN, #EAT 1 hd, $52230d
(41 40 Hz SGINFRAI AT LAZE i APP/PS1 /NI Y
ERCIEZERL, 3K T BEAE PR R B i AR OC Y
AR i pk 2 oo R D e R s, DR EE T
40 Hz YEINBRHIE 30 min Ji7, FI AT B )2 o)
TR ERN. X AL g5 MLTin
AMPK A I i A58 [ 108 5 22 T 0% 412 s R 1 3
o ¥ A OF 7 ¥ iz /K 2 (equilibrative nucleoside
transporter-2, ENT2) BEREI4HMISMA . X —55
R, VR Z T, ENT2 AR
N BE A 40 Hz YGINFRIF e I RIS A 1 222 Ak 2 SR Al
F5 40 Hz 15 ) e M IR i s LA O 1
A, EEIR LI, A AR JLELEZ ) 30 min
(1 40 Hz YCINRRRIES , ABERS IR 946 50 . SRR
IRl . IR RE RO D, WA T RIRIL
HEWRENCIRAL, #8878 TR RIRIENER 2

40 Hz 15 Bl 8 5% AD /)N B A 110 g 2
FRIE, fEdE RN, doks 7 HATRRM, FE
pisaed [R5 B STt VA =70 B

SR, IXEERFRAFTEGH I . Soula % Y L HE,
40 Hz SN PR BRE /N BROT IR I 252 i) /)8 J2 Joie 48 A
AB, W KREETE AD /DR H X 5] % 40 Hz Ml E5 {1
8. Yang & R R, B RKBEEE T 24 Hz,
40 Hz #1180 Hz J1 #0451 h, FFZL 5 J& (%) 5xFAD /)

B, NI BT AN AR ARG N, e B S A
1) AR DLTEM AN . — MR I 2720/
WML, FoH AR MR e S AR/ N h 17, 1h
40 Hz B fll 305, AD /N R 21 BE He g &
Wb e

ZE LT, KZ%0 AD /N BB B9 S 4521
J5: 40 Hz 5 AR RE TS A M 2k 7 - A S A A) 20
A H 5 E > AD A SR EERRIC Y, ST /NI T 4
WL, TR RN, PRAP R FIGE G RE, &
BHE—ERE LR RO EEERL, S NRTT
SINAIRI, HREELETRIZ NN X 457 & M4k
G-ANRT R A, VL BETR > AD A YrkRid
Y2 BT 5E 1 B BE
1.2 ADZEEMHAR

/0N BRBE Y B B 9 52 78 40 Hz 15 3 R iR T
AD J Al e BA B RPBTER RN E, IRAEX
AD BF R AR

ZIME 9T KB, 40 Hz 15 I RE 0% M35 AD
BE AT HAATIRE S . ZRTAIBT SR, Fa T
(R VA ORI B R AT 80175 R A AR A 24355 () 2D Ak
B4 P, Clements-Cortes 2 % 44 41 5l fsh o I 5
7 55 3% (rhythmic sensory stimulation, RSS) %%
Ak, TEAL 40 Hz (A k5038 N SEFR R 39.96~
40.06 Hz) Z2/3%58 JIO6T AD RS20 A LEXTIE 2%
1 (POWE BSRROCH) , #5252 RSS Rl Y 8 24
BERVN S AR NS O] 20 T s & N N T = v o
Bl A5 36 97 IS R A 3 I, 28 0 B B R AE 0 RS
(The Saint Louis University Mental Status, SLUMS)
WAAS 3 BEE VRS 7 I RGN &y, 1) REZH T ik
FAA ITRERISE R ERY], 40 Hz RSS RITHET
REXT AD SR 77 AR W IR SE e, ELXH R B A
J& AD A 52 TR

— S AR A A Z IR AR 2 TR, AR
HAELIT 40 Hz WV RIBGAY TR . 76 AD Il k-
INHISr 53R (Alzheimer’s Disease Assessment scale-
cognitive, ADAS-Cog) . fii %) & BEAFFUIRASK A i
Z¢ (Mini-Mental State Examination, MMSE) |, 5%
e Rl JR A A PF Al R (Montreal Cognitive
Assessment, MoCA) . IIfi JK i & i & & &
(Clinical Dementia Rating, CDR) FlTf fL -tk 24 Bk
AIE SR B2 3 (Face-Name Association Delayed
Recall Test, FNA-DRT) S5 AFNIN A A9 2R 204G By
MBSO R E , BRI RE RIS . RIS, ]
O FROCAIE WA B ek, BRI AD &
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AR T B RN H A BT

9T I, tACS X MCI il AD 35 i IA %0l
IR UG . AL TR tACS, AD BETEL
40 Hz tACS iR YT J5 ., Rey T8 5 1% > (Rey
Auditory Verbal Learning Test, RAVL) . FNA-DRT
DL AN R A g im0 R RIY
T ST LIS BRI 255, B AnAS [F] Y 40 Hz
tACS T U007 B, AR e Ze ) £ [ e
40 Hz tACS 5N HIIZR B GIR YT 7, ik S
AEREE AD BE AT RCIZ R, SR, AT
FEW, BEAELL 40 Hz tACSIBITIE N FIIE A
G

40 Hz 15 B35 I AD H 3 A i 00 28 3% F2 30
AE. Chan%f ™ [ 5C7E% — B BOm i A b & B
JE DB 2= PR IX (g . AR RS Ge
772 40 Hz B R s E55 — B AD g v
PEATRORESE R, HEAT 40 Hz/d BEE R 3 M H, 45
SR 7 BRI 208 0 AL 5 0 245 1) ) R 2 423
58 FEHABA ST th i As BB 4551 B, DAETRY
o KB, 2GR (repetitive transcranial
magnetic stimulation, rTMS) X} AD ANUA 2 Wi
(BT HIR AR Iy o Horb 40 Hz ' TMS 1Y
TRYTH R T X R A X s SRR,
LS A S

40 Hz 1 I RE A5 s /D R i Ak, A 28
TAr . $52 40 Hz 3097 BB I TR 5 38 45
A 0 AD U 40T 40 Hz TG Y7 I A HL X R
H, HBUFIRERE AR B, R B AR 4
SR T TR X /N S A4 R R TR G S
2 LA TR A 7 TE S e ) 240 A PR R B B R A T R
40 Hz tACS VA RE 4 /& IE B AE 1% 34 1Y)
B8] 4% $5 B JI VAR A A (short-latency
afferent inhibition, SAI), F IR EEMZ RS
REA Pk

KMGHEH: (perfusion) J&=F8 1ML 38 15 K ZH 41,
N AR B R E SR, [ E AR Y
. AD BEAATEW] D AR GG T, R R
7N, T AR R EORT DO hn e Bl N Y CBF U
Sprugnoli 45 ! #ff 5 T 40 Hz tACS Hl 44} AD
G Il A E R R S, A5 SRR IITE tACSIRYT IR, %
JEECP RS AD BB E RS CBF B4, JFE
CBF (WAL 518 S ic A2 B LA S AN 35 BEAT I 1) 2%
AL EAE DG

SR, 40 Hz YA AD BB b AB Bk

Fl p-tau ZEZE A FE MR A/, i PiB PET J5 % AR
AT AR SE R, #3210d. 2 h/d, 40 Hzob
INFRIGIT I AR PR, K 2 2 b AB BT
HRERD O G5t 40 Hz VT 45 & 04T
AD FBE KB W P B AP il p-tau/t-tau 7K - JC BH i AR
Ak %', Dhaynaut % “* F1 51 5 24 R EE AD
BE T, A3 44 BB ARSI M DX R
p-tau LR/, (B AR UL A B &2k, 5
AD/INEAHEE, A2 TR PN AR SCAE Wb ic 4 i i
AR, AT RETE KA R IR A e A B
R

ZE AR, ANEE 40 Hz A0 5380 ok ri R 5
AEA RUGE AD BE AN TIRE . 47 R BRI £
R ERARAE , HXT AB BEBLAN p-tau 48 2% 15 M0 4)5 75 B
2R L FE.

2 40 Hz T RIEITHER A A F B 2200

B SCHHE T 40 Hz 15 3O AD /)N BB A
ANEAD BEMEW . A, ST AL,
40 Hz 5 AN AU A R 7 3 IA %N
ARBUA B 54, 40 Hz 5 A GE A o — A 27
INHITIRE?

TEAD BHE W, KB40 Hz 5 HE 4 AE
B OO RN . Ad R A RYICICTE 40 Hz JIIFLCT
ETRE RIS EYLFWE? Jirakittayakorn 55 ) (1Y) EEG
WFoE KB, {dERE ATEZE 3T 15 min () 40 Hz XUCH- 544
G, A I DX s, AR R e
Sharpe 55 ' W 5% & B, (e DL 1R SZ 4 TG 25,
40 5% 100 Hz SUCH-5AIUS , 3 A AFEINAUE S5 h
HRBEA B ERTE, HA 40 Hz A1 ICILAE S DA S
TR R . (AR R, 40 Hz4Hm
FEMCAZ 3 B SR, A A A 5 O L RAK
If, ATREAKA 4 E, X I 40 Hz W5 A
PRI Z I IE L N EARL, R 40 Hz o8
AL RE R 25 . M EL T I A5 1 A 60 Hz 254,
BT 40 Hz W58 JilFN 40 Hz tACS B T
YEicHz 2 e td:

SR, Borges %5 ' FZEA AT R, 40 Hz
KUCEE AR 75 A CAZ B T 3R 55 1 A 5
AR . Lin % BOF s iR, wialre 5
#% T 1 h [ 40 Hz #5615 10 Hz 6% 4%
P, eI RIEREA 25 57, (HAE 40 Hz O
T, SO DX i T AT - () 3 e 3 44
SR BEXHEE R ARG, 40 Hz W AR HC 2 1)
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SN S KA AR IR, AR B (AN 2
[EEAZAT S5, 40 Hz BUE5 4115 DN SR A BE ) 5k 2%
Gt AR ILEE S 40 Hz FITEOGHERRE ATCAZ 2 LY
SRR — 2D BIE

BWFFEEW], 40 Hz WHATHIAE T T4E
012, B HEER T 5 R R AH G A Higuchi 43 T8 4 41
(Higuchi fractal dimension, HFD), {E# #E T /E
TCAC I T BEVR TR A s ' 7R AR R
55, MRS E (alivy ), BT
40 Hz WCHATHA09 75 &, RN B BT, A Rl
(Je B S5 07 s i 2 4 Jey I B ) 9/l Ui 40 Hz
XCHATHIG SR T E RSP 7 40 Hz XCHY
X BAT 55 L THE Z R I A3 2 B8
AN, 1 250 40 Hz 5 e R h i
MRy 7 & 40 Hz A58 IR et eI HIE i )
WFFEHEXT D, 7T Z2 RS T DA o G
JZIIREMZE IRCR, (EHEER T, 740 Hz 440 F
Bl A S5 1 R R 7

40 Hz 15 A o Ho A oA 5 R R RE A S i
40 Hz tACS 23 T-H & 2 43 AT 55 h i i@ 2=~
22 WA E 41 35 B 9 B R ARRAE 0 A B AR Y
40 Hz/10 Hz tACS W] fig#i 5y A28 A i ds Ak %,
P77 HE U DR [R] 2 i 300 ms N, 39 Hz 24711
N5 B3N 745 40 Hz tACS A L3 3 £t
PO EFLASE , RUAH B BO (R 52 tACS
), BRI (4532 tACS MG AT 55 ) 4%
T, B 25 506 Mooney BT T L, 584N
LSRG A 7 SR BN Bk

3 40 HzARZiEE= R E R LE

5T, 40 Hz 5 8O A SR ) AD
/NEBERIFT AD A A ek, (EXHE R AR5
MaAse/ e B2, 40 Hz 53 O Al 78 ik rh 5
PR [FL IR AD HYWE?
31 MEBHMERZHRTESF=EHH

P2 4R 7 - A0 AT R R 2D B v SR
(stimulus-tracking) AN[FAYSE, HAT b REXT PR
PR 205 S S A TR D0, TR BR AN 5
Mo TEAE AT B R N AR, Ik e Al F e v
B R IC B FE A 7 AR R
Al ve . Wrad ) andef i & KMk 28 9% 5 19 ] 20 2
Thut 55 2 3 th 095 FE R DR AT T R .
TR IR A IR 2 — A M ST AR LU AR i
FEsE R Ry, HR B HREIOE TRV

AR, AL AR IS TR G AR R IIRES . Y
HNEA TSI, 5 AN R R iR %
ez R, AR AR, W R R
HE IR 2T R O R B R Ak

I 355 A 200 22 TR A Ay 2 A 2 v ) o
LT R 2 oC 2 R BRI P= AR, R e
R IE I i) PV+ (parvalbumin-positive)  H [E] f £2
TR T EEAEH 7 AN R ) A A
BHWA: 2ar -6l (excitatory inhibitory,
E-1) AV M- 1 #E  (inhibitory inhibitory,
I-1) A, 76 B-IRRrp, o bEpi 2ot (andfEik
MZTT) I ShE I 2T, SECOAHER
CICHEZ MBI 2, Rl PRI, M4avik
MATCSFUE K, R —ER, L2
A ROk S B i L i 4: L ¥ a1 e
Gl Re i 2w @ S e SN i a2 1| IR N g E R VAR /S
e 30 2o 0 o) 4 ol 28 0 22 ) P A B FH P A A S g
& M, AD B AT M4 ] e R 2% A PR AT R
PR 28 0 22 18] 2 fil % 33 1) B Ak 1 e A - L i
P2 N4 D RE R B A 2 AD Y SR, At
W AZ AN 45535 19 D RE SR 035 AD i BEFAE IR HLA v
FTIFARE] TR IR E
3.2 40 Hzln BHR%5EBIFE

40 Hz R 3% 16 sh7e i TR A Ik 22, (HAEIR
JE R A (8] 35 AR % /> . PRI, Llinas F1 Ribary ™
IR, 40 Hz WG 2l S5 IAEA O¢, HOolR IR AT g2
Fro - 52 2 S AN R S A B =2 [R] A 40 Hz
LR BRI EEG 43 BT 2R W1 40 Hz 3 A 5 5 11
Prim = FEWTSEAHOCHEIE R, 40 Hz 3 a1
FEIAAH LA AT 27 A () ASSR BE G 1o 280 A
V5 SWRs IR, AL T30, ok LERF N 240
R PL40 Hz Ry 475040 1l WL, 40 Hz
SR v 3 A7 TR I TR E PR . AR TE
F)2 . Mgy FEAEX, X bR FHANE S A
WO K 40 Hz AN 36 shad it 73S Al
33 SWMERIRF-INATRRAS N X

CAMFFERIT, ANRZEAL A SN TR Ry
AT LA | & M v e w24l 5 - A A R A AR R4

a I, 7E AD BRE RIS b, ARG
AN, JCE ) R 55 T A IR 2P fE (Gamma
ENtrainment Using Sensory stimulus, GENUS) H#i]
AT A RO . AR 515 S 40 Hz
W ah B R TR JBR A AN i i S 1 H 7 1)
FEFM, IR REAE LA K 2 7= AE 2~50 Hz 1
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[ 20 RN, f14E 40 Hz ™', 7E{@RHE A 1~100 Hz (1)
EEG W ic s HY, 0 AR I fE 7E A i G X5 | A
ik 90 Hz [ [F)20 | i ™ i i pFse & W,
40 Hz JGIN MR RS BETE AD 955 70N BRI 00 5 e
ZE5LR g 02 ERA TR A HiRIE T OGN
PRI N2 IR RO = . R 4 X3 |
40 Hz ¥k 2> %, (B A TR 7R 5 &
e s

b. WT o i34 . Zaehle 45 ) %t 1 kHz 24 1 g
=8 (AFI%E M 20~100 Hz, £K 1 Hz) HBAED
ASSR#AT T RGEMIMISE, A I 40 Hz Wr ok il i fig
FoE ™= 40 Hz AN . Z AT B &3k
W, YT Ll ~40 Hz B RAE st , A28k
Fzic ) ASSR F i 115 88

c. 25 R R . tACS 3 a) I R K
(magnetoencephalography, MEG) ¥ EEG 2= 4
KA, 457 o il 3 0 1] [ B 52 5% MEG 3%
EEG W30 i 3z 52 i . SR, fEEgkic s,
40 Hz tACS JII5 05 D) 3 5 25 105 21, shy)
WFFEEUER, tACS 3 PO 200 i f10) e 2 J6 el o7 f
PO AR AR, 0 SRR AR [ 25
P2 B N T R A R AR, tACS-
MEG BE410 5 2 W 23 Hz tACS HIKAE 7™ A= AH N 1Y
2530 s Y, Rk BT AT B2 £ 40 Hz tACS
PRI 40 Hz e -s A R G 80, (A
LTI 4 285 5 1] LA H 40 Hz tACS REfS 7 A= p 22
PR3- AT BRI AL N . TMS F1EEG FUBE Al
RN, BEE I HE alpha-TMS Jik w41 4 37647
H #5 alpha {if sl 1458, Jo 15 3P4 TMS R W %2 2 [FH]
A, XU AEME TMS BE R0 N ISR . B
SR H BT 3% A5 40 Hz TMS F1 EEG B G108 5% 1 8
UER 40 Hz TMS AT DAiF5 & i 28R 35 - A0 45 3 ) 25
b, AL 0 A A 25 B 3 i B 2 PR B, 1
40 Hz TMS RE % X I 14 00 25 41 355 7= AE Rk i 52
Wi, X ARG B O

DL EIESE I, AR 40 Hz 35 Bl e A 5L
o] e RV RA SR L E 2% et 7| o R E T Pl o
3.4 40 Hz75 2R EADR A BEML

PRI AMN - DX 28 S8 Sl aok TE AR A pl 2 BT R ek
3 AD R BRAURE R e 2 H FT OB IE £ T AN IR
40 Hz 5 B 08 1 7E K o™ A= e iR 5 - A A1
[R5 Ak 2E 1T 52 M) AD B #2800 B2 Y T 38 AT RE
B 2o 290

a. IKE AN MK TIRE . 349N E 835 1 R 2

YA AD FE BN S i e N 4 N E IR 7E
PN RE T G E T, A T
W, AT LLMGE S BAC BRI E 2 TRE s

b. fE /N B4R A DI fE . 40 Hz 15 ALl e
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Abstract Alzheimer’s disease (AD), characterized by cognitive decline and neurodegeneration, currently relies
on pharmacological treatments that are limited in efficacy and often accompanied by side effects. As the number
of AD patients increases, so does the economic burden on both the global healthcare system and families of
patients, further worsening the quality of life for patients in their later years. Therefore, it is crucial to find new
and more effective therapeutic approaches. This necessity has sparked a growing interest in non-invasive
therapies, such as 40 Hz rhythmic stimulation, which aims to modulate brain activity to potentially reverse
pathological changes and alleviate symptoms. This review provides an overview of the effects of 40 Hz
stimulation on AD pathology and symptoms, its impact on cognitive functions in healthy individuals, the

underlying mechanisms of action, and strategies to enhance the treatment’s compliance and effectiveness.
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Research has demonstrated that 40 Hz rhythmic stimulation, particularly through auditory and visual modalities,
can influence core AD pathologies. In mouse models of AD, this stimulation has been shown to reduce amyloid-
beta protein (AP) plaques and phosphorylated tau protein levels, hallmarks of AD pathology. These effects are
thought to stem from enhanced waste clearance mechanisms, facilitated by the stimulation of the glymphatic
system and the activation of microglia. Clinical applications in AD patients have shown promising results, with
improvements noted in cognitive functions and behavioral symptoms. These findings suggest that 40 Hz rhythmic
stimulation could offer a non-pharmacological option to mitigate the pathological progression and symptomatic
expression of AD. In healthy individuals, the cognitive outcomes of 40 Hz stimulation appear more variable.
Some studies indicate potential enhancements in memory and attention, proposing that 40 Hz stimulation may
bolster cognitive resilience and processing efficiency in a non-diseased brain. However, these effects are not
consistently replicated across studies, indicating that individual differences and specific stimulation parameters
may significantly influence outcomes. The beneficial effects of 40 Hz rhythmic stimulation are believed to be
primarily due to neural entrainment, where neural circuits synchronize their activity to the external frequency.
This entrainment may restore the balance between excitatory and inhibitory neural activity, which is often
disrupted in AD mice and AD patients. By reinforcing natural brain rhythms, 40 Hz stimulation may enhance
neural connectivity and function, facilitating cognitive and memory processes that are deteriorated in AD. Neural
entrainment at 40 Hz has been demonstrated to aid in restoring neural network function, enhancing the glymphatic
system, improving cerebral blood flow, and providing neuroprotection. These mechanisms are thought to work
synergistically to regulate brain activity, potentially leading to a reduction in lesions and an improvement in
cognitive performance. To optimize the therapeutic benefits of 40 Hz stimulation, several factors need to be
considered. Treatment protocols should be tailored to individual needs, accounting for variability in disease
progression and personal health status. Enhancing patient compliance involves simplifying treatment regimens
and using portable, user-friendly devices that can be easily incorporated into daily routines. Ongoing research
should focus on refining stimulation parameters and delivery methods to maximize efficacy and minimize
potential side effects. In conclusion, while 40 Hz rhythmic stimulation represents a promising avenue for treating
AD and enhancing cognitive functions, further research is required to fully elucidate its mechanisms, refine its

application, and ensure its practicality and efficacy in broad clinical and everyday settings.
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