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Abstract

Both subjective cognitive decline (SCD) and mild cognitive impairment (MCI) as clinical prodromal
stages of Alzheimer’s Disease (AD), are characterized by progressive cognitive decline. Before the
emergence of significant clinical symptoms of Alzheimer’s disease (AD), pathological changes in the
brain have already quietly occurred and continued to progress during this stage. Functional connec-
tivity, one of the methods in resting-state functional magnetic resonance imaging (rs-fMRI) studies,
offers a new perspective for the early diagnosis of AD by analyzing the temporal correlations of neu-
rophysiological events in distant brain regions, thereby revealing subtle changes in brain networks
and helping to explore the underlying neurobiological mechanisms. Traditional Chinese Medicine
(TCM) has shown potential in improving cognitive function. This article provides a systematic review
of the recent progress in research on subjective cognitive decline (SCD), mild cognitive impairment
(MCI), and AD, as well as the role of TCM in brain functional connectivity studies related to these con-
ditions. By investigating the changes in brain functional connectivity in the context of these diseases,
this review aims to provide a reference for improving the accuracy of diagnosis in the prodromal
stages of Alzheimer’s disease and for evaluating the therapeutic effects of TCM.
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1. 818

B 7R IR I B9 (Alzheimer’s disease, AD) & fix iy LI Z AR R AE , I DG AZ RIS R, Bl i Rk
J&, INFIDIRERE Al A LEAN IR [1] [2]. A BFFEN AT, 2030 4 E R N LUK E] 2330 T3 A
[3]. H AT, =W 50195 (Subjective cognitive decline, SCD)AIE B\ A1 A5 (Mild cognitive impairment, MCI)
WA yse AD HIImPKHETI, JF HOR R BOA N DIRe ) S8 [4]. AR, XI AD BFLEIn KT
AT AT, PR AD BT HEt— AN A 80 i 18] & 5] .

DS Th RE R LR (resting state functional MRI, rs-fMRI)2 - ifil & M 17K P4 i (Blood oxygen level de-
pendent, BOLD){Z 5% LU R HE, A [A) 422 S Wep 22 0 (s MRS, i D Be B Ab mT RRAL[6] . FLAFF 5 73 3
B NINRE AL R RERE A o ThRE /L B F5 XA HR 1 (Amplitude of low frequency fluctuation, ALFF) il 545,
— 2% (Regional homogeneity, ReHo) % ; ThfeiERE T UIRe A, nIHH AR X 15 5 [FP 0. Bk
B2 A FE N ROF AR DI RIS A, DUR AR R MR AT R IR R i WL A gk e[ 7] [8]. BT,
i T € 3% #5243 #1 (Functional Connectivity, FC) /7% 32 ZLALFE R [X (1 4H ¢ 23 #1772 (Seed-based correlation
analysis, SCA) ST /%43 43 #1i2: (Independent component analysis, ICA) [9] [10]. SCA 5515 B 80 11 fiv
XA R, SRR B AT O A0 ) 45 4 5 A i [X 1) D e R B2, (RLHEAT [|]— R B eI, P RN ),
ZERAAE A 2 R [11] [12]. ICA AT ERIARE, KA — I [0 F5E SRS, MR & X, 2
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ML IR 2%, W R BT R 2R 22 i DX 1 B2 1 B ] 42 1) Th R [13] [14] - A [ EH 2 T Re BE & (1 — b,
TRRETHNIER:, ERMEMX 2 REREMREEXR, kR ERERMGHE[10]. #8570 AD AiKIFAL
SRR AT FHIS T K PP Al T RO IE S8 AD J o ELEE .

SCD. MCI. AD Mg THEE “fE”  “BiR” SEMWITa . BRI, B el ol b
T3 RBF NEN D BE Sd v H 5 AR 0 6 0 B U197 24 [15] [16]. RiH] rs-fMRI I, 52X 75 a6 5 J 4k 75 5l
W&, RHEBEATLOIME. EEMRERS, BONSEME RGN T RN, JTHERHTHRER
KIARCR BRI [17]. BT B 5E 8 5, A [HE SCD. MCI 2 AD IR D REEEHAR 4 f
BT IRAT L, B 7EN AD BT IKEA I SIS WoR b B3R 7 PR AL SR A B AR 4 o

2. AD K AD RIBRHARY X Th e EREM R
2.1. AD BIRRThEEEIEM R

fE AD BRI, KRB B R 248, 5% 00 B VIR RIS RAE AD B b Z48
T H IR [18]. WD E R0 5 % S ThRE AL QO X, A 5 5 P00 B o 1) SRR E AR A o b AL,
WS R B B R AT S EON ST, AR 5 3L FC A ZVIBR[19] [20]. HA [E] S & AD
BTS2 BN ) X3 —, A5 2 SR AZ AN [ B R M I I S5 4, an X AL SZ A, K
P 5 >3 A AZ Dl e A 7 E S i s R [21] . BRI T3 S S B 1 BN A (B A7 AT 2. Allen
E[22] R SCA, DL ¥ 1, S5 I AD &5 45 i 5 A f5 4104 5] (Posterior cingulate, PCC). K
0 o B A5 i X (¥ D R R B kD, (R e i B S AR X AAAE FC IR . AR 55— T LI
M7 S R T R AD B A i D 5 IR MERGIX ) FC N R, H PR X 32 SR R 7E BRAASE R
& (Default mode network, DMN) [23], X— & ¥l Allen £ A\ FIFRIE E R FIFEEE 3 A —%. DMN J3% )5
A A ATRR A BRI RITRCR N SR X, FEARIRAZ, R B O B, IR T RS
T DMN [F #2238 2 AIAR -3 35006 P B-VE b i 2 11 (B-amyloid, AB) i BV SR AR, 32 AD JiRBRAFAEZ —
[24][25] BRubzbb, AHEFEE I AD E A D\ F42 i T RE v X 5 A 9 2% (1) FC 38R T e, %
URETGI 428 1) 22 5[ 26] o — ROV SR T [ 265 5245 T fe s M 12y T S5 X, 5 ) 1 AT TP T 52 2% HE BRI i
e R RINRE JT o AEUE R IT A HETR ] 2 ST 55 I, TR T [ 2% 3% 3 SE VG R [27] 0 Be Ak, A R0IAHE G i
X ¥ FC #HFE BE7E AD % MCI I IS N B35 [23]. 76 AD MRTIRI B, B ThaedEs: C e
S, I HBEE R EE R, R SR S IR AL, S R 55 B R (i #428]

2.2.SCD\ MCI HIBNThEEEIRERST

1E AD FEHARY B, Mo X AR AT D e 0 AR A 22 5L T S5 M 22 40, DRI T B 22 Wi 38 63 ) LA R I
AD S i X GO A 218 kA [29]. 5 AD #HLEL, SCD #1 MCI I B i o) R #3840 T N b,
HFEFEEA BB AN E. SCD B#H BIFE N FBRAT IR, AHARATI K O A7 E B i 3 A1k
[30]. FHOGH ST~ SCD 3% M Dh e iE B i B N Z2A[31], fEAE R AAAE FC RI3G s AEs . A
FRKI, H@RXTIHXT L, SCD B DMN DyReiEse U] g o, 1 RUIUER - 45 i [X 1K) Tl e 2 5 S 30
FB&[32]. Zhang ZE[33]LAFTAE [ A1 55, R SCD #B# SR MLk, PCC Sai4. TiH-Fkk
5 DX AR R A A, 1T PCC S8R BatR B2 ot T X3z [a) FC 1958 . nt i 5 iy 17t B
BIBEMAERR, SHMEEN. 101277 FIW ) BRI S PR IE S A %, BTG RGN —# 5. I
O BR (R F T 5240 2 R A2 TR S ThRE,  ARREAN S 32 EER MU S BC 2 4540,
HAEFEEE N EIG[34]. B4R SCD B KM FC S5{@#EANA 25, (HZ UK 1E R vl #g 5 A ko5
Hiki X 1) FC AR EEME S 58 5 ¢ - A W FLIE B MCI G388 AMIHGT A B2 2 (Dorsolateral prefrontal cortex, DLPFC)
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TR R 1%, H5 70U DLPFC FEEREIEIR[35]. MXESE[36] KM, MCI A Ul & i aif H——&H
By SA MGG X () FC 385, R M & maiif— & B s W5 2 e M k. S [37]LA PCC A
Rl T, 5 SRR R AL 4% B U\ 1 RS (amnestic mild cognitive impairment, aMCI) &3 H: DMN HIA R X
5 PCC Z I8/ FC BEA 5y A%, Sorg Z5[38] & ¥ aMCI B34 1) DMN FA I PCC AR ATV &
JIM 2%, H FCBIE R ANIRTS. LLERFFt R MCI #2345 SCD B (I ThREE A A AR M 1 58 . (H
A M SGEEUE R MCI 2 [1) FC %t SCD 2RSS & . Hoh, AU HE KN, A MCl B
R A FC 1) T 4ERF 9 EROIRAS, XN X ) FC WkES, FE4E 50 X A PG 9%[39]. 7E MCI Bt
F4, DMN DhRedEiim X Ag UTFZ . MiBE&EMRIGE— PR R, XA FC IR RE 2
RS, DA RN S8 ) AT B A ) AN ] 6 | b 2P [40] [41].

3. RIEZHIRTT AD & AD BTIRHARI RN ThBEERE A0TSR
3.1. §t#l

3.1.1. $tHI&ATT AD ROBKTHREERERT R

75 ATl AT st AD FE A ARSI, JeAE B K AR A A & [42]-[44] o B30 RT 45 i 99 £
BEERE, TR FH IhBERE IR ACHIE AUt VA T 25 SR (b e 2F F U HE L AR BE A0 AR [45] [46] » 33kl
IR, AT AR RN X [F) FCo 7T EET I B, AN D REIE B2 IR 35 2B [47] . Zheng Z6[48]i%
A5 (] K A i D S AR T IX, AT SRR INEIAHSSIN X FC A1k, 451 R IEHR G
AD F5F i E A Ja i [ 2 6] (4 FC 19358 Wang £5[49] AD 58 (UM RO [X 15, 51 5 ) FC B&AK. 7E4T
FEHIEERET, 5ZATr LIRS, AD B3 KM DM <X 8 FC 40, JFAEk# DMN h
ThAE S, Tan Z[S50] EERIAL AD g A RIF X 32 (/] (1 Zh &g FC H85i, JIf BRI AIRE e
My TS HIAL FC RoR sk, FIRHAKIEE /1A R . B R GFSF 5L Fost il “aa 2 e 77D
APUZIRTT AD B RS A2 B 5 AR REERAR I, B H A RAYT (B2 DURRER . #HITL NG,
AREH =R B IEBE DIREEIR 2 BIRST Fe 1697 )5, S4B A M55 DMN S5 [X 482 5] FC
BVUZGA SRR, HLS 1 2SR SR A BRI B IE A9 . IX 28 FC 1R RN [X 2 17 14 2k R 401 DMN.

3.1.2. $t#RIAFT SCD. MCI HIRNIhBEZERERT R

REWFRI, EFRFE R NALRT MCI B BEAT B3 AT DURILSCRR € IR IN X k. Feng 45 [45] %81
MCI SRS T 5 B[R] DX SR DG X 1) FC O3, FLAT IS ie A2 AR D K X 4k i) FC 1958
Zhang 255214 aMCI ¥ 70 N EATRIA SRR, BARIA TrE. A, eI, BiE. 54, M
v R=H. FRE. KE. LWL &8 Kol %o, UERIT)E, aMCl % /2 DLPFC 5 BERTH 2
[E]f) FC 3400, 15 22 MR B2 18]/ FC F#fiK. Li % [53]18F 78 ox aMCI g Al 5 FC 385%, Al
BUR L b el Ze A AR AR EARE FC BRI, #HRIEITJE, aMCIEHRIZA i S AUL T [A)L 55
) FC RF 9. B4 ARG ERIEY SCD NI RE R MR RIESE . — T Meta 70 Hr iR, 18307
IEAET R TT AT REE B0 2 A R BN S B A D RE BN A R AR 2 T 105 :([54] . RAE Z I
W FEUESET RIS AD iy S &8 R D) RESE AT ARAREE M, (ELEARAE LT ik — PR R

3.2. HEftthERTr AD & AD BTURHARY R ThBE IR0 AR

3.2.1. hzh
HFE W, B IO AT, TR AD B T FC, MM SRR £ 1 AT () AD i3
FR[55]. FH24iEid 2 80 s HL I G A N ThRE, CFRTERR B e MR i A & FHA e T R
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2238 5T #5[16] [56]. Zhang SF[S7]iE L — UM 24 4> H IBEHLA AL, HFFC 1 2745 IRZEXS aMCl
BAERYTR. SRR, 5ERFIAML, 6T HR R ERIHZ AU R T, JF HiR 4l
DMN JR B AA L) FC 158 . XIS PRI HURE S 07 [ 5 AT BB R 3 10, B FE IR % N5 AT
SRR aMCl B K REIEE T . aMClLIRYT A WBHE 12 A, W FIThResE, HiR)T il
JE IR AN A PR R TT Z WA 225 BT BE 2500 DA D BE R 4 2 BIF T 42>, FExb fig 1)
ZRERE IR AT RE 5 22 TN 8] BCE SR A B TR B8 1IE [58] -

3.2.2. PEEHMITE

(1) HLEF DHUE LA RS BEAG AT TE R B, BT HA BSR4 » e i i FE 2
SO N A, 1B E A RN R R IVE I [59] . AR50 % 3XTgAD /NS T HATIAYTY , iCIZBkIA
BB T s, WX H R FEESE E IR, WX B EE R B, WIRE R . B
B2 B R AR R [60]. AAME TR RRTEZ T NP S T RENGIT G, WAMIhAEERISGE, [Fi
DMN W) FC & 385 . MR 7830 W 5% 21 28 1R 1 AZ R I 253 -5 M8 9 I R4 - 5 J2 0 ) 5 ) S B 1 e &%
Z AR IEAK[61]. (2) AW R /R LR AT REIEL AT &AM S W KM ERE 1. HTES
SV IX G5 R4 R AT S8 P S AL SR 2 MCI RS AN TN RR[62] [63]. A TNt 4 5 DUIRER R 2 WK 55
1BIT MCIRCR, Y7 R0 MCI AL SRR L, DU 545 AT A ¥ FC JkE5: K MCI 3 7
BT LR RFTEZHATIRYT, S RIERIEIT R, BE DA S AME FC BiiE[64]. () HIES
GIRZE B OIGFRAER, BIEMBERMEERR, &HTE2 WA RGBT
WHNTHREAARAE FH o A W 0 S OSBRI A B R IX, 45 FL R I SCD % A71E i BRI 20 2% 11
FC S, BLH )\ B T ™Y SCD &3 XU AT -5 HAG X 1) FC,  3E i At A 1 R R D e e ig
BNINAE[65]. Tao Z5[66] LAZE NN FEXT G, LA DLPFC MRt i, it 12 F i AR 25 5\ B ARl
e, SEE X IRAMEL, KZEH R\ BAR 4L DLPFC 5 LAt [X (1) FC 2525 T B4, kS w0 B %
BRI . X AT AR R T I AE R TR 2 TR iE e, NI A EIThaE . 12T 7 fe St
— B\ BT MCI B e, g5 R EoR, \BEASBEEAM, 554 R 2 80 ) 6e %
FEIG5R, MoCA T4 R E5gm, WWHIDIREXE[66] [67].

4. INESRE

DA Esf gt FC 77508 1 AD 1 3K B o e s, B Fe i X LA . PCC. DLPFC. DMN
N, IEB] SCD. MCI I HRA R B BE RIS X FC E & 4284k, L FC 38 A 1 1 58 317 1)
MG BEE EE AR — D N, H FC 5 R 55 1R S, JUILAE W BN Th A8 AH I (1 i [X 58 i B
o REITIEN RS ER RA MU RTER, BR85S a R s R R, JERHA R ThRE AR AR
SO, O RAERUEE T . FC T g AT EEAE AD I AR T IVA T R SR AL T A A . it —
AT AD TSI TE RN FVERIG RN E, ASKRITTE 0] WA T et : (1) FFR 2. REEARRIH
T, ARTIRNT i FC 245 AD RTIKHIRELAR S 2 BII5C &, HEmHe s AD RIS At g B H
HIEE N (2) ARSI BRI A N AT SE AT BT 4 TR BUR AN 25 A A Zh RS 15 B, IR A R

AD R B (3) I 2 BESRBEOR, §HFT b BT iR BCE N FI D RE BT AX S L ], 9P ER iR YT AD
RIS S 3 B 78 20 R st 2 K Al
E&WH

[ R Fl R  H : (82160933); | PEHIR A X SRR 3E £ 151 H (2022GXNSFAA035577).
(2023GXNSFAA026094); J PurhEZpE HER S RHE i H : (GZSY22-20).
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