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Systemic association between aging and Alzheimer’s disease: From shared
mechanisms to multi-target interventions
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Abstract: With the accelerating trend of population aging, the burden of Alzheimer’s disease (AD) continues to rise. Current
disease-modifying therapies that target f-amyloid (AP) have demonstrated clear biological efficacy in clearing cerebral AP
plaques; however, their ability to delay overall cognitive decline remains limited, and the clinical benefits have not yet reached
the anticipated threshold. This discrepancy underscores the urgent need to develop systemic prevention and treatment paradigms
that transcend single-target approaches and enable multi-level intervention. Aging, the predominant risk factor for AD, drives
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disease initiation and progression through multi-layered mechanisms, including disruption of molecular homeostasis, cellular
functional decline, and systemic regulatory dysregulation. Collectively, these age-dependent changes establish a permissive
microenvironment that substantially lowers the threshold for neurodegeneration. Within the brain, aging drives a cascade of
interrelated pathological processes, including elevated oxidative stress, aberrant activation of microglia and astrocytes, and
sustained neuroinflammation. Critically, it also directly promotes abnormal aggregation of pathogenic proteins. The brain is not
an anatomically isolated organ; rather, its structural integrity, functional homeostasis, and adaptive plasticity are dynamically
regulated by systemic signaling networks emanating from peripheral organs. Peripheral aging further accelerates brain aging
through the “body-brain axis” interaction network: age-related deterioration of the cardiovascular system and skeletal muscle
directly elevates the biological age of the brain. Furthermore, peripheral aging disrupts central AB metabolic homeostasis—not
only by increasing AP production (driven in part by platelet hyperactivation and gut dysbiosis) but also by impairing Ap
clearance mechanisms, particularly those mediated by the liver and kidney. In addition, systemic comorbidities such as obesity
and hypertension further aggravate AD-related neuropathology and heighten disease susceptibility. Given the complex and
multi-layered interplay between aging and AD, this review advocates for a paradigm shift in future preventive and therapeutic
strategies toward an integrative and coordinated framework. This framework comprises three core pillars: intervention on
pathological events (clearing pathological proteins and blocking associated cascades), systemic rejuvenation (ameliorating
comorbid factors and decelerating the aging background), and neuroprotection and brain network remodeling (enhancing
neuronal resilience and rebuilding brain networks). This multi-pronged strategy simultaneously addresses the upstream aging
drivers and the downstream pathological consequences. Such a multimodal, dynamically adjustable approach not only provides a
solid theoretical foundation and a translational pathway for overcoming existing therapeutic bottlenecks, but also establishes a
scientific basis and practical direction for achieving comprehensive life-course prevention and control, precision management of
AD, and supporting national strategic goals for healthy aging.

Aging is the most significant risk factor for AD
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Figure 1 Multi-dimensional mechanism of aging promoting the development of AD

Brain aging exacerbates nonspecific pathological processes, including oxidative stress and neuroinflammation, and directly facilitates

the abnormal aggregation of pathogenic proteins. Peripheral aging influences brain aging through the "body-brain axis” interaction
network and disrupts central AP metabolic homeostasis. Systemic comorbidities further aggravate AD-related neuropathology and

increase disease susceptibility. HLP, Hyperlipoproteinemia; CVD, Cerebrovascular disease; pTau, phosphorylated tau.

FHAR AR DT S 85 1 (AP FItauds 11 BE BRI 1k ) Fl
FAt 2 R T M s 2R, L E KB ADR
HERE
22 SMERE AR-FHZ BRI ADRER RS
P
KEGIFARIRSLIBAE B 5 A A f B 2L R i —
ANIE T - i S EL 2%, DLAEF LA A T RE
fads. BORBZHIIERY], SMNE & E B E AN
KRR EAL 3E H S 5 ADI R FL R
X— R BUE R T 3 EMADHLE A Zet  BR T

FGEHE W20 A TR AR I A e T 4
IFEH

A JE fi B 3 2 AT 3 A R ik 5 S (] 4 5 i)
AD. T HEEAEYARAT (UK Biobank) #dl: #H5E
KW E S Z AT RGN EY R
(biological age,BA), .U L4 RGHIBAXT KIKBAKY
S o W2 BN 2 KN B AH LY 34 24527
K BARRI N1 %, RKENBARSINZ925K ; ILABA
RN, RINBABIINZI 13K 28], 3R 441
25 B A FER XS T AE SR K 22 K (IRAD XU



1032 25

b 5$38%

HAL2REXL,

ANEIA B H I UALAD R B, 0 A
TIRABRY“HRJE - A, AR H#EA K
i, FEFAAS M5 & ADF GRS fEER
1 2490% F A AR T 1L/ MR 28, 58 S B 1M/ MR
I BE VS 2B 22 AR AL, DN T AR 32 Hiki PN TTC R RN
AR E 23 Ak M S M M A 5
NP TE YRR 1 A1l 2 8 (lipopolysaccharide,
LPS) 2R ACI = i in 32 ), i T BB LA I 25
BT T AP 5 AT 40 3 AR i 1M %
AL R i = = -3 7 A 2 e g = B
RIS e A R A B B, (o i B
P2 R AP VR FH ) J B 1R T IR vsd /L, a2 T ) 55 12 o i
A B2 g Re A5 R ik P9 A BEREER A7 7 (1Y)
PEFRINRE . AESMRIE BRI , AR Z60% ()
TR ARG BR T AR {H 5 53 5 S 40 Mo 1 55 1 i
B 2R A S L R IR AKOFFRAL, W BR g 1 32
037380 TRV I A AT YA A A A
5, SRR 14, 15-F 8 ik IRk R
YA RS G AP, IF R/
J5RC 2 Y 94 e S R 4 AP P P 0 B A S
A FHMNEABIEBR B SRR B, 7612 M B s 28 DA
KRN U1 5 s AR b HATE FR AN 3 AB7K -1
ETV IR R 04

KM g AR b i ph 2 R G RERY IR
ARSI RUR EAN A RN G R = A LB DY
JAeR E SHSGUG A AT S, S R G AR
SRR AR I RE . BEoE R, 2 FUED
I MR IRAS , e i 2 5% e 4> B pe it X
TP B2 5 2R Rk A R 2 W i o, I
PR R -1 B K R R kR B
T R A% P FxB (NF-kB ) 38 & 19 55 800 , &
WESE RN R 2 B R, B 25 A L
TR A3 B S5 AL =2 — 420 Ak, 2 A
/N T 200 B 2 R SR 22 P AE IR 1, 2 1T T i
DAL R 240 L, 12 2 4 T 200 1) i S B = 4], 3 T g
KRG 1) A1 R AL B i S S B B FR Y P X
SR AL E N TR 5 AN A A s 2 R
PR 2 EAEH . TR T ST, R AT
T EAL T BE R ARG 2, SR e) 4= B
e R S I e HA 5 2 A OGS BR S, 1T AD
() e A R SR AR — > R Gk A A s AR TR G

23 Rt : ADXEE O

W A — RS S AR . =R
U Ak B FRE i 2 Bk 2 I 52 AT i EE A D B F
TR 9] AT AT 2, R AR IS b AR
A 5 XU o e B n 3. 6 f 40 VS ZE ML I T R
PO K4 B 30 I N BSOS, 2 T A ) B T e o 4 i
AR /N 5T A TR AR L R 28 ROE DL A BIR
FATA8] el ROAN AT e 7 S gk ok AR B AL A
AR e S I A A8 (B 42 G I AD XU | 30 P LA i
P PERI 28 RAE SR ORI R B 1 3 4, M T i
FRADRJR R

Zr BT, 5 i X S AN E ) 2 )2 AL
HFEM S TADEAE S KRR GHIRSIHE . 7+
AN JZ AT, 30822 T R R S A B O R P8 S 12
PEAY A28 J5 o 240 S U S s T RE A T
R 25— R A ARRE S L, M ADI &R H
T Dy GRS, T RHEHESh e i AR . O3 — 7T,
K28 2 AL AR ACIT i, S 8O A i
T BRASCR TR, 51 & B (0 S DR, IF A
BT Uit A0 GIE I B N, L o A DA P o B
R

TESNE R , 4 B P 30 i 52 2 i AR - Al
A&, — 7 TR M 1) 5 22 IR A TR 412
AD; 53— AMNERIR B 955 K- A =) 55 IR
AT 5 R, PR G P A BARIE AR A, ELEE R
ADJEHE, MO, MK RE MR St — 0k
b AD I i 22055 B AR | 4 =5 AR R 0 2 Sk,
RN ADAY 95 AU

3 ADREEGHTH-Ra M FENL-HERP
0 f ) 48 EE 2B Y & B TSR

3.1 ADREEHETM

BIfE AP T Bl NI 5% , taudis B 4 28 8 0 B 4%
K7 ATy B A A5 ADAZ Lo J BT 4T 2 2 I ACAE
R ST TR . Taudk S8 REMY BS
ADBFE ISR (AR B 5 BE AR G, R U, % L 7
PGB 4 M5 4R T e R 0 RN 2R 1 T BR IR FR B
S5 7 T A T TR B L, AH I IE N 2 4 R R
P tawis B AG S 500 i, IR O G A A 541
(BIIB113) Al 3@ 1 34 itautE 1 A9 O- 2 Bk AR Rl 3
PR AE M I 10 ) L 2R A, DA TG D 2% taw i B E
T 00 R3S O R S A R e e i 2



63

T Rk, 55 o SR RO ) RGN SCHK - ASEAEDLTR] 21 2255 115 1033

FIRE G A0 R SCSERAT YT 1 (BITBOSO ) i
P MAPT , 7R3 AT I8 D tau i 5 1, RS
ADEE W T WG RAESE b 52 AR P tau i)
AR S K RS AR B AR G B tau-PETAR
S R R A I RE T A AR 2 I AR ST
oo A, taudE Y R PETRY TR SRR R B
—JEITRL, SR 22 1001 PRI A i i 3 0 R A 1Y
I RZS Ry , 7R T B ik — 20 W B AR Y 7 I LR B
HUR SRR

M ARAE SR IK S ADIE R OALHl Z —. B
I, VFZ2 7Y RAE I P4 10 25 W TE AD B A Y rh 3 1
R TR, O R AL B IEAEBOTPAE Y dokn
ATy BE A AR AN EOY BUB DGR, SEREIAB
DU SRz IT RR . BRIl i 25 ) sl (AT
TiT- BB Zohiik s 1% Hia iy Bokiik B Ll &
R ARTE D AR E Pk, AT DA 35008 ADRSEAL i 4
A3 ARG LA B AT 57 30043 16 3243
HY 245 CL AR I R IR v RS AU R S (B %
LEBIR A>T 259 (i) FF 2/ oA G U HEL
T R 375 I Pk S5 B, L TG A ) AR A, X R
HARGLE N e A BOR FEAS /2, B I8 7 R
FIRANEEE
32 HERENRSETH R

ST H I G TCAT AT B — 245 ) B T RE S S T
AN T T, RN R 2 RGN
GRS O A% IR, AR AT 07 R B IR
TAEG T AN AR B RGN RS AL T
() A T, 308 5 ] k8 42 [ — 36 B A ] J2 T v ) 22
RS A, RGN GRS | HL 2 A0S0 e 3 A G
AR VR B O 5 AT PE T RE IR , DI A &4 5
BiF IR AD Y A A=, 5 I A R 2 8 AL B kP 47
AR

B o) PR A O B S IR PR TG R S 2
TEPUE YW R PR . RIS RIE AL
s EINE R EEAHE AP 1 (mammalian target of
rapamycin complex 1,mTORCI )5S HEN®IF],
Bl Z2 TR ST UE S AT A /N BR A i, FCHLTIPE M5 i
BRI AR A W G S R DL IS T4
Ny BB FEE T — TN 124 A A R
SIS UE 1R e ) B B AR R AR AR Y
T B RS AR i ke 35 8| IE AR HEA TR A
HAEAD B ARy TG RIS . Sirtuin 1

(SIRT1 )il i 25 A WAL E I 8 Y , &I A
U7 S FN 8 A 8 o [ W T S A 2 e 0
SIRT it 3% 35 AT SE K /)N BR i O 038 o B A G 3R
HRLO0T FE ADREIR v L 0 A B AR I R R 22
RAEIF BT LR TCIA T 2 AP H
A3 PTG 00 AT AR ARG S A AR A AL T RN 3 = e
IR I BATFEARAD SR F I IR AR R T,
S REPEE R R ST AR, SenolyticsBE
P bR R A0 S A3 I I SASP, HE 28 ol ik
BRHLTREERAL. s/ NIRRT
G A I T RE AR | I (67 AE A A
K:35%040, 7E AD/INRUBRE R b 12007 vk BE S AT Ak
AR S A 2 P Tk, 3 dles A gL o)
HHAEADSRH b HA Ry 2e b T f PR 52
P, ARG T PRI IE AR TR, DAY HEXA 1 2
CIAIO e e

EREETHBEH, R e ds il i
Jith, S MLAAR 7 22 )2 1 2 TR o 3 3 R M S A R 7
b0 AR AV REALHE RRE IS\ SASPEE AR  FR st
st b [E1 8 454315 40 M )2 1 A Bl
WA 2 N D) BE S HLIRTE ShRE 1 %5 R G RE M2 TT .
Hor G B E e G O IRE T 22—,
BN S R SR R A ) A S IR R R,
BB BER A 2 B4 /N R, AN BE S A R G R 58
fih 2 4 9T Bl 2 I T AE LS 388 B il L i KK 5 4E
K30%8, IR dE— 2R A AERRAD/N
U B BE T AN, nT e S A O ) 25 S ek A
(2R, P A AR AR Ve DI RE O B35 2%
RN IREERR O ML T A BB R A, W 1 T
RS — R A AT ARSNGB RN
R 2R 3, A 00 s M
ZRAE , E G W2 KA AT R BN
BELTOTH T E ADRE IR /N B PP R A (el 1 T A
AE 0 TR ABTTAR | 2R 2T 2k g2t Ko JI o 240 i 3k 1
WAL, IEMK S AT RE > 3 A, R AR AT A 1
T4 N BETE Z G0 )2 1 5 90 AL R e e )
AE , PG R (L 470 IR RETE iz shRE 11 WL T fE
BP0 55T s ST 12 AR AR, O i 3
HERK 74 7R ADBORL R A O R T I R
R A T RE ST A /NS S5 4 A, 8D ABUTRR B8 57
ENEL 2SS NI A

et A1 =R i H A T HLA S S5 RN 3R



1034 25

b 5$38%

W ILEAE B IR B R R B B SR AR 2 T T
AU 2 R, JF sl M 4 5 AD YR B .
FAE H 7o e BRI AT B T BRIk A E ) , (i BA
W ik4. 1 4RO R R S, 9 ] v
R (calorie restriction, CR) , AW AJ 4E K 5 hig
FFAT , 3 AT 3E A PO BT RS Y R AR, S
ZHARE P EEREY R RN
BRI CRWTH LA Ar S K =A%, IR pf 2o
1NS0% , [ ik 36ia S h ). CRATAE L% fie
JRAE N B0 T 3R 2%~3% ) E B AFA(%0.4
AELSOT U AR R, T A s B, T
AR KM A TZE i K ThfieeiB 80820 L 4
S S A S 53l S AR ST R
RPNk, LR 4 R RE ™ B sk S0
WA R LR 70 mT 2 A A TG PR R R R
E R RS AR 3 B 1 BB A AR,
HE T 2R SR R 80 iR A s Ty
A R R BB TR SI6I T T . IR
BEEIR AN T, AT (o S KUK R 2432% 57 9
VR AT S S R R A S R AR R T e
FH 0 o i PR 3 3, AT 2 i A B BB LB8 ) i) i
PR TG ADRE R i AR Ay, IR0 T L % SR
411890, CRIE AT [ Wt AT vk /0 A BT AR il tau 2 1
i BE WA, SR I D BE 0L i PRATF 2T ik
52, ARz s A B T oGE AD SR E I D ge sl v L B
TRIIE AIRE S Rk 2 MRtk 0 SR, 752
it bR T, 7 e B AR IR MR S
WAL A AT R B P R e . S T2 AR R
RAFAEN A T B RSO0, L A 17 AU &
SHIC R RIME 5 RIS, A AE S BEATL I I R 2R 75 K itk
i 3 25 D7 T FLAT e R e I, T T SN It
BB S E I
3.3 MERPKMEELR

L B A 28 ST B HR BT T 25
ADIRYY B EE Ly ) o ) 2y MR R B A 25 )
AR . B, AE a4 PEN-F E-D- R A &R
(NMDA ) 3Z IARAEHT 7 3 4 W 2 3R RALE , FL i
PR AR RES 5, WAR B A2 A B s 5 | R S
B NI R oo, 2 B Ri e R s S5 T
TEAR AR B 3 258 2 — 22 xR AL
OX — O BUR IR HGE P R —FP A A 3
THBRAZ T INRATIE SR YA UAE

RSN AT AR IR £ S H 22 #i M ZEAD/N AR N
AT R REAR AP G fr AltauBiE B2 A 7K , Wk 2800
FIRFFE 1) 2% Yol 2 po 28 SRE R AR VIR, Be 2 Tl
s BRI ZEIR 3 T T K 0 R 2 i A
Ve RN — 204w, ARSI AD S A A
I R AP0 23300, 2 i B T
BrBa . ERT, A2 2 o0 T PR IR
FESEATH . AR DI RRIE A 2 R 1 o — A O
B MY I — R BT 4E P e AR S S
B RE ] o — 3 I G RIS 2 I, 6N i%
HEE AD SR N RN BE AT AR IR SRR I RS 2
PEREF I —E IR B Ak, 45 R AR
PR IR R SO0 . AR 2 4EA R WOk
M-3R Wi AE N I Z R KRG, I BT R Bt
Al BT S T IR SR 2 R E R, T
AEIE A I HL S o R R, BRnEgH T
AT ADIY I AR R Z 0

YIRS A 15 7 38 R RS2 A A A 3 7
wEEHMAEBRITHRE . FHAER/NR LA T2
JH/AEL A A A 22 R B N Y, AT S LR 20
YGUEIREIFIER F451 07 a0 3o 35 5
RERI R R P E BRSP4 T A RO R AR I K
LRI RMIEE e 8 EADERT,
AR 2 AR T A5 1 0 G P B A L P IR T e
TR 35 A BRI 1 2. 400 i U % 4
$E9 (extracellular vesicles, EVs) B A S R
P A e o2 e A S LI DR AT A 7k AR
WS o JIg 7 [) 7 5T~ &40 e 0 5% A (i) 7 5T 1 4 i ok
TR EVsHee il 25 it 2P 22 3R A, SR 57 2 AF /)N
B o A e A 100 1O AR N BRIt 3 e 4R B
EVsn] i 5m 4 bR TIBE , Yk &2 Z 48 B W& 1 il
TR B A FALAE , B P (i i 4K 12.4% 1%
BEAR #2841 IR IR BB V s i) 3 #h 28 RAE | IF
i AD /I BRI BEARRAE AT M B3 sk,
Senolytics . ‘H- i F5AH F 40 B0 % 48 <5 SR, 7E G IR 5%
e FE b A IHTIG — R A0 ™ IR Y 42 4= [R) 5 10 PRk
%o FEIG IR 2 A2 1, A6 S e HEF [ v S5
Wi aE 39 AU 30 ey 00 e Ak e m S g L 4
MY PR Y RUR P o (R B2 I R PRAR AR SR A,
T PR AT 75 78 3 2 R 05 e B0 S Th T
JRA IR, L RURS: -3 25 LU R PEAG Al R 52 2%, i B
IR TT BUAS FT BRI B2 7 B AT T AN 2 o XS %



63

T Rk, 55 o SR RO ) RGN SCHK - ASEAEDLTR] 21 2255 115

1035

2R JEE PR I 114 iR R, AR O SR DAABRE 25 1 s PR S Bk
R o

IR RETR T2 KM 19 265 v 14 3l 25 AH HL AT
I, T A I 2 v 3 i 2R DA o 46 S ) o 4
AL O R SR A [ RS Bl 285 G R X
SFErp R P A O S A ARG, AT (]
D038 3t HG 5 LT 4 Eh RER 45 TB0 4 A4 AR T, L[]
fEFH R T B6A H I AR5 %
W], R3] 22U RN 2 T ARG S B A A e
A R I R 3 R T IAEICR 0, Ak
(R AR ZE PR A Ay S0 X 245 2 MR B AL T 3
TH. TEShSes, 40 HzRY 5 CHE G RO 3l
il vE R REAE S T B SR AN 2T 2, R 2 OtiR 1T
PEAR QAP S il R 1 FHE SR IS bl AT w0
i PR 2 W, 40 Hz 175 S0 3 REHE 35 AD S8 i
IR ZE 0 S BRI B U e i e 4
R SR O 30 e 4 5 AN [ O X T STy B P i 4, 4

*1

2 KM B R S8 (TEAS [FHA MR 55 8l BOIRE T 2
Ay RE M 2 L2 i X)) i D BE AT 2, {2 F AD AR
FINHIRERIE O AR SR R I PRI T T
TEEE (D).
34 ZHEBRETM

BT R ZEMADKE 4= RGNERHE , B — Yk
) 1 T4 X AAD) G it il e i . PRI, SR
PR 1) 0 2 AR 28 AR 3/ M ) 4% E 9 7 A 2 Y
R i, 2 RS 2% MR T R AR T ) (E12) .
S 3 PRI 56 0 25 0 E T B A T E Y AT AT
B, 425G 1z SR IR IR 0 23 A 1 T T 3 0L
WAL AR P 3. 048 Ik ARG AR
RGMAEZ Y e it T B4k . TEADIRYTY
SR, B AER R PRI RN ) 2 T4 I AR 1E AR
BN IT R, an Bk & 55 &2 28 4 000 3% 5 A 0 3l
gpt 12 i 440 Hz e 5N 2 A Ras
1. HAT B2 K ADJGHUEE [ 259 . R AR

MR EADN S WG RIX e
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