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=L, BRpgdRsh, HAREZKUEE] SP 5 MCLZ
[E)AE7E Sk 25 AR ARG 0 vl ] 4 ] A 0 T A 5 K
e, HEZE A SP Y5 MCIHLR &4 R & ik
242% % i, SP 5 CUIFHESS KAz, PIE AT
TERWRR, HAEM R K 258 E T,
[ g AT i BRE 114 R

HAlr, FxFSP 5 CLRYHE T i ok g 3= B4 4%
YT RS SR TRl SR, a2y T
BIRANAAEIT SRR, EAERIVE LR A
e R AR, XELVE TR T 0 %6 AHILZ
T, BIERN—Fhak . EEERARZY T I T,
L B I 5 g 6% [W] 20 SE 22 L A Y 2 R0 T R st 3R i
2. 2016 4F, Safdar %527 ' IR RGTHL B
“EEIHF7 (exerkine) MIMEE, #HE X hizd)
RIS LA . B PSSl IR A=)
TS b, B0 PR T e 1 R A P R
fixi 5 f%  (blood-brain barrier, BBB), 7EH X # £
RENKEZEEY R0V, ALk 22 5.
YEH  (muscle-brain crosstalk) "' ¥ — W55 F&
W1, s AR LR . e a0E . il
PR P A L BEDRS fl ] B S A AR TR
RO AR S 7 T R Z AR 2 SR, YR
GEXT T3 A s Bl A W i i . HAE
SP 5 Cldbg &£ R By EH, DI T2
A TR iz s T IAL B R R, T
I, ARXRGHVT SP 5 CAL Ad e B A= BEAL I
) B 12 Bl A 31932 3l K77 SP 5 CT S iy /E
ML, FF &SR I Bk HE Ak iz 30 T TR m
e R il R R (AL} 2 B AR

1 AUME SN RS R R E X

BEE 1S KA RE IR, B NRRRZME
PR 1 XU, B 25 3 5 . 2008 AF A AR ZH4LIE
AR “HE” (comorbidity) WIMER, RIFLAFET
(7] — A% DAY £ 4 o i R L2 P 0 P A e P9
o AECT B, e AR 5
P SRR A 2R | FET- R BTN R IR S,
Jay o FERARIBATIESR T, SP S CIAYILR B A
Jeo R o i E g RS 5R 238 B M A (China
health and retirement longitudinal study, CHARLS)
B A DN R BT RE s, B AF ARFE SP 5 MCILEE
TR I8 24.2% 0 (EARIEERYE, SP CLAAH
HAERIFARMST S, i S ) P P R
fiE, SP AR PEBEE#E LN 230 D e R 2 1 5 |

EIB B T MA S, LASG Il it A A A B
AT, oy BRI e SR 2 At K 5
fib T EAYE , S RBCIAEME R ", Rz, CI
AE PR S S, RS S, PLA
KN e -E AR - EE (hypothalamic-pituitary-
adrenal, HPA) HHPJBREZAELANH EMIH T R H 5
WA, B B A A R, A
PRIALRE s BRERR 0 mI 0L, SP 5 CTA 3
IrAE PRl fa SR ELE I, T — R 8 Lk
SEHAEFHLHEIE OB BUBIEEN . R, SRE5E
SR E R, R LA AR AR S ) RE R
7, RTIRAFERNLP ST BE T B Z ] Y
AGPEOCHR RO 2L

2 ALMESIARBRE S IR EY & R ALl

I IR R, SP 5 CI Z [BIA7FF 2 I R ¢
B o A AL i BAR S AIL R o8 R 58 4 i W
HIATRE R, BYERE RN . R IA ) B RERT
30 v 2 AL IR 3l SP 5 CTAR & A K R i
BOBAEDLT] O™, X SEHLHIAE AR TR OB EE
P, JLEINE SP 5 CLLE fp BLERE (K1),
2.1 EMERIE

BEAE RIS, S A MR B AH O o3 M
(senescence-associated secretory phenotype, SASP)
il E R R R AL -, AT
WA S FRAZ BRI, 5 ST AR IR 4
SRS 1T X S A i A B T i UL B i 2
Beife 2 o, JLREKs) SP 5 CIAbwm ik . e 8
L, R IE R T/B bk U 248 A B A 200 B 53 Ak ok
M E RN 2 W 1/ R (interleukin, TL) -6 Fl i
JEIRFEH T o (tumor necrosis factor-o, TNF-o) 55
PRI 202 i SE R i ot S LS S 2548 . — 7
T, MR RFSENE IL-6 1 TNF-o il il i 24
£ K 1 (insulin like growth factor-1, IGF-1) /&
Fi% M B (protein kinase B, Akt) /I FL 3l %) & A
HEMPENALE A K1 (mammalian target of
rapamycin complex 1, mTORC1) BEfigft, W #E %
IREE A R ™, 55 —JrTE, TNF-of i #17
il B Bg Mt WL BE 3 J& B (phosphatidylinositol
3-kinase, PI3K) /Akt/mTOR 45 i 2 1 5 45 )i
B, [A P EOTE iz &R - AR R S8 (ubiquitin-
proteasome system, UPS), LiHNLAMFEHEA 1
(muscle ring-finger protein-1, MuRF1) FILNZE44
F-box#5F (muscle atrophy f-box protein, Atrogin-1/
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Fig.1 The common pathogenic mechanisms of sarcopenia and cognitive impairment
E1  AME SN ERS R R & L
IL-6: FI/r#-6; TNF-a: MJRIRIER To; CPR: CIUMEEF; IGF-1: BEBRHAERKET; Akt: HEAMAEB; mTOR: MHFLAMH AR

M PIBK: BENEELULE A ; UPS: ZR-FBEAMIKRL;
HEFE103; ALP: HWg-IARHAR

SRR A - TR BE R

MAFbx) ik, 51 R&NAEACEHIE M, FECE
HELEE > R, JJUIRPE SR AE PR 38 5 1 A6
IR AR R G, SNR AR50 /NI T 4
ML, Bk e s M1 B, IR BBB Se %k, ARk
CLA R iR 22 R e P BRI R e A S
TEAL /N BT At S [R] BRI IL- 1B . TNF-o % K-,
PR T 5 kS5 A I 5 B M R AE 1, ILAL,
& 0 b FE = B9 C [ W2 1 (C-reactive protein,
CRP) ] 5 /i 1L % N K2 40 M | A9 FeyRIIB A2 A& 4%

— R BBB, i B 242 48 [ Rl 42 5
PP ARG ST 2, 5 L, R S R
I 241 L ) R 0% A B T 2R AR E A% R BN T
Ff30 A LR - 28 R A R ) RS A, BEIK Bl AL
REA M KA, UMBHAMIIGE =R, RSP 5
CIIL A4 S H o PR

MuRF1:
f&; FFAR 2/3: liFESNRIIIRSZK2HF13; ROS: TEMAZ;
FEEE M o-Syn: afSfifi%#Er1; TLR4: Toll#:3Z{A4; mtDNA:. ZHi{ADNA; BBB:

HUNFREE A 1; Atrogin-1: JLNZESF-box & H; Fox03: X3k
SCFAs: Ja8EENifR; LPS: I8ZEHE; AB: ¥
MG HERE ;s MG: /MBI ; cGAS-STING: iR

2.2 MKTNEEMETS

SRR AR e )7, HEZ.O0Dhe
SR LT RS b HL L s i o AR AR AL, A2
AR o) Il < o A T e = A N 7l ) S <
(adenosine-triphosphate, ATP) %', >4 Hi 1% i 5
NREN Z SRR % . KK DNA (mtDNA)
RAFGFNZRZPN, SFEPARIRERERS, FERE

HL it e 2 b, {45 95 P42 (reactive oxygen
species, ROS) i FEZE AL, 4 ROS 7KV 13 4 ffd
PUAAL B R GG BRAE SIS, B2 5] & AL

B AR ORT 38 S VS UPS T - B AR
% (autophagy-lysosome pathway, ALP), %S/l
40, WFFEIESE, SRR RE Rt 75 F i A A
WOl R Akt BERR L, FECL MU S OCIAE R
103 (forkhead box protein O3, FoxO03) ZMiRfk
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IFH NN A 3 e s i 1, 3T 19 MuRF1 Al
Atrogin-1 )ik, RAfilk B AR ERE, T
AR AEZ=40, MG SP %y 3L iE e 2 ik
Gh, HERURTIREZ T, ATP A BRI E T
K, FENLAMAE RN AL, JET2m LA 2
45 . [FS, ZORLUR I RE AT A 2 ] IGF-1/Akt
G5, FH—LHISNIUA MG RS > 78 SP
S RS R E Nl TR A XV €5 A U NI DAL ¥ SIS % AL
FIER Al . SZ LR IA TR B A OB R, 3L
DIReSH# LR AR R, E—25 i ATP A A 2
FIROS j7= A=, 1T 1 PR G ER 17 78 K
Mz TT I RE S B = 5 1R Sl T SV T REFARI DI fE
FEIR BV, T AR A BT LA A 28 T I A
&, SEROSH ™4, Jnkil BBB UIBERES, 5l
R RGN EAC B 0E, R
Vi 1 5 OB G DX M 22 T SRR Dy g . 5 I ]
N, ORS¢ B 3 B0 T BRI 9 2%
N, RZMRRE LA R ZE 0T RE Y, TSR AR
RS,k — 25 in i S A g ORI A 22 i A5
EAFT R A, LA S A R A 2R A AR R ) 31
£, WU T mtDNA % Fr nl 9 40 22 9 51 i 1R
(exosomes) J-hkiz EMLIG, TP HIEH ok ik
N1, JFROE PR - R G - TR
e HOH ¥ B (cyclic GMP-AMP  synthase-
stimulator of interferon genes, c¢GAS-STING) 4K
TR B, IR CIAY A E TN A Je ™ kiR Tl
B fig il R AE AR AL . UL IO S okt
R R G R, 76 SP 5 CLHSR b B %0
YEM.
23 MEEEFE
17 T TR A A DR R R JUL A S RE D T i
HEEAEN, 5w 32258 R Y 1 B i
P, EAEEAEBR (short-chain fatty acids, SCFAs)
A LA B ARAE SO S i A2 S B, BFFE s, HS AR
R E AR AT 51 & B B e SR, =
oan v S H = i ig 2 8% (lipopolysaccharide,
LPS) Zfiitt A MG, 51k RGEVESRAE FACUT
AL, HFmnERNNIIREMETRE TR S, R
4z SCFAs WA 4 i (AN RE TR [ I e iR 1])
A BERRAR, HI5S LPS BRI RAE; S —Ir A #
DA 1S g m, Ak 2Ry LPS, it
B E B LA Toll BE3Z 4K (Toll-like receptors,
TLR) 2. TLR4GIARAESNL, A Z A ROS I

WORSEAL N R N, SRR R AE TR 248 77
MAFFEIESS, LPS/K-F-FH i 23iis TLRAF 554 5,
i 2F WL A 25 46 b 7 B ) Atrogin-1 Fl MuRF-1 119 58
ik, W C2CI2 WU AN ZE4E . HIK, SCFAs
AT R AR5 B LA L Bl e AR R 52
1A 2/3 (free fatty acid receptor 2/3, FFAR 2/3) %%
G, PEAEE A ESRIBCGNA Y, JF 0 IGF-1/PI3K/
Akt/mTOR &, FEMAE ARG ™. Sk
A}, SCFAs i i #1ll #il FoxO3a/Atrogin-1, Ff i 7%
mTOR i [, M A AL Y 78 A
Z 2G5, LPS il i TLR4 {5 53l M /IMBe R 4
M, (R R AN TR, BRI S AE
ORI Y. S —JriH, LPS 5l R AE I
Al BVEMFESE 1 (amyloid B-protein, AB) Fla
Rk #E I (a-synuclein, o-Syn) ZE4SiRiTEHE
HISHRE, SIEMARIE, FEEfhEI AP
ZIUAET M, BbAk, BAIENE YR RAE IS T UL e
RESTI,  BEA I 8 5% % A BBB S8 %1k, S804k
JARAEAT T A e i i i s 22 R 40, 51 & pf
2 RRE RS, BETWTIE] TR & 8 U, il il
LB I BB . S50 LPS S (3 S /b SCFAs
AR, O A B RORE AR AR, AR R ILIA B
REAR IR LML IAE, TR LAE 5 I R A
R R

3 ZEFIEEDESIAAERS LR
YE R

LARMLEI R, SP 5 CTILR 5 S 18 1k 9 JE
SRR TIRERERS . 18 TR 25 LA B AR 2% U AR
XK, TMzsh s s s W, AlReRh
T — GG IAR C B iz shis T
I ZFPH LU W AE YA S S 0+, EFE AN
T BREE . R SNBSS . X BB ]
o PGS o5 B R E ] TS E , MRz
1R B R G N SR RO Y ISR R B,
IL-6, B & & (irisin) . il J5 Pk bl 2235 52 I+
(brain-derived neurotrophic factor, BDNF) ., IGF-1,
A e AE K 721 (fibroblast growth factor-21,
FGF-21) . F & (lactate) . 4 4 % 1 i§ B
(cathepsin B, CTSB) & (&l12), il #4%E I
FIRRE G AR AR AR o 28 AT S A
ML, AE D[R 3% SP 5 CL AL & 48 4% 0 1F
(1),
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Fig.2 The mechanism of exerkines in regulating the comorbidity of sarcopenia and cognitive impairment
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1 Fbs IL-6: 14 %-6; BDNF: JRIRPEMZEIRN T IGF-1: BN REFERKIT1; FGF-21: 440 A 1215

lactate: ¥LWZ; CTSB: HZIEAMB; JAK: Janusiififf; STAT3: {7 57 M REIGHT3; mTOR: MFlahiPHinERNEN; PIBK.
BENRBENUEE3 A Akt T AAEB; GSK-3B: WHE-A MEHEAI3E; AMPK: AMPYGALIKE R ; ERK. AMISME 5083780 ; PGC-
Lo A YIRS G SZ ARy SRS I 7 1o TrkB: JRIBREE B2 /AB; CREB: cAMPRUNICIFZE G MAPK: 2254 500%

M2 I ; NF-xB: #HFxB; NRF: &P F; TFAM: 2k R SEEFA; Sirtl: JUERMEE AT F1; NEP: HiHEKE: ;

GPER:

GHE BN E Z 1R, NAMPT: IR GRS A ; HCAR: SHIERIRZAR; AB: PIEMIFEE; Socs3: 4NN F{5 Sl K F3;

gp130: HEE 130,

31 B7r%E-6 (IL-6)

IL-6 B —Fp 2Rk A e 7, HAEHL R Y
YRR 2 B3y v 5 R AR, e LR AE
WA SMERGE A AT, TIL-6 BET &40
YER, WrlREN e BT, i
S5 BB LA 0 Y LB TL-6 ] 3 5 3 15 5
B 5 SRS T 3- A R AR S R R 3

(signal transducer and activator of transcription

3-suppressor of cytokine signaling 3, STAT3-Socs3)
PR AE LA 5B, IR hiE A
130 (glycoprotein 130, gp130) -Aktfg54l, A%
HEEBE S BRI, SRS T,
ML A (AN T/B 40 . FRAZ/E RN ) Hrsk
3 W 1 7KV B8 S U A TL-6, D25 BIK 5 2H 2R 45
P3. TEWLAZHL, Mk SRE I 80T S 2 J5 4 IL-6
Y FF 22 i 7K P 3 35 AT 0TS Janus A (Janus
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kinase, JAK) /STAT3 {5 5%, b JILIA HE 551k
E3 {2 2 i $2f Atrogin-1 1 MuRF1 ik, M IT A
HHEBZ RAREM, SEONZES . [N, 7E
JHe B AR DG L ZE AR AL, IL-6 5 PR R8s v i i ik
S AL W) A G BE W O S ARy SO T L
(peroxisome  proliferator-activated ~ receptor 7y
coactivator 1-a, PGC-la) HJFRik, #l ROS 4
L, R NUA R R AL | LT R A AR
K LA B WUA W4 P Re s o im R B
TERA SPAENRET, LI o e Y e Ji ek IL-6
K SEARA AR TR R, 21K F R BB U
TR G WL Dy REFE bR 0 ARG 8 ZEA AT
PE—PESE, SP B4R A ML HH IL-6 /K- 1 35 T
It SR BT R AHSC  FEIAET T, LR
IL-6 7] 2¢ 1 BBB i o 2k E #2815 5 R T
ik R gE 0, —Jr T i fi #F BDNF %3k
SRR ZE TT I AE I AN il AT S Y S — 7
ik O AMP 35 AL R (AMP-activated
protein kinase, AMPK) i}, 358 2 IE I o 40 il
AR AE G s teAh, IL-6 RRAEH T F o
G B P A% r 3 sk VO A R A1 S R T e
(extracellular signal-regulated kinase, ERK1/2) i
B, RAEHE/N B UL B9 AMPKY/ 2 TESIT G A R
fL i (acetyl-coa carboxylase, ACC) i [ Fl g Wi
Rl 7 SRIMTAE ADIRES S, IL-6 mlok T 3 i
il STAT3 Fl cGAS-STING i i, Jdi A 28 R AE *',
FAEC, ik B W o JAK2/STAT3 {5538 F& 42
R L ) STAT3 AL I IR Bhfie R H A 5%, T
JIRI 2 9 B0 RAABEIA 1] BA 5 B4 53 A s
R IL-6 K- SINAIRE T MR . RINZE40 S8
A PRI SR B XU H I X A7 A 0 25 QTR ) fEp
KRR, IR IL-6 AT Sl FME 221 Bt B 52
e B L, 3 2 TAK/S TAT 3 4% 5 i 28 by 14 3y R i
TS IIRE T e, TN BB A3 s 15t
Ml =7, 5 1, IL-67% SP 5 CIIm P i fE A
fief B 1) DR 5 O SRR L 3 3 S A LR
IL-6 2R RO, TSR S AE T 1) Ay It
P TL-6 WU P2 L PR 20 i A Qs A A sk 22 S RE 45 4
MOCHER -, It fEiE SP 5 CI M & kS
R,
32 BEZX (irisin)

20124F, WFFE A GLSEE th—Fh il iz ghifs &
AR R —— S R R, HATACh I AL 2R

RS A S E S (fibronectin type 111
domain-containing 5, FNDC5)., FNDCS5 J& T 1%l
PR, FEEFEI. O KRS, Tris
ST, FNDCS 4 J 25 M3 A 2R 1 oK i
PR, B HE PRI X FBREE, EIA
A, irisin il EEE PGC-1a 3235, #Em _LIET
AR FEAZIEI 7~ 1 (nuclear respiratory factor 1,
NRF1) Fl £k %7 & &% 5% [ F A (mitochondrial
transcription factor A, TFAM) [ ik, M5 AL
KGR AR RRILRE )T, AN 4E AR FnY)
REAEfpfe b RE & 34 ™ . YLKy, 1E
FNDC5/irisin R SR 12 AR/ N i) H B
AT E LA 2240, BAARBUNE B ET
R . LRIV B i S LT A R A R N . A
R Js 3 S 2 05 e 2R AR Y PTG B AR/ N BRI LN 22
AERA, PORE R R E X AER LA A 3
Uige A EEAEH ., EhiXMAERs T, 2
F LA A IR aV/RS A E 2 (aV/Bs
integrin receptor) , ¥{if PGC-1a. 3835, #1144 £F
4k % 4% FNDCS R h S e =, T8 E a3,
ZIIFE AT G I BDNF ik, e e fil nl 4% | Pt
TCAME M TeAENE Y [RE, SRR RIS
il ERK/STAT3 {5538 %, 75 5 2 W I o 4 i R
FRiHERKAS (neprilysin, NEP), H4583XF AB (75 5k
fEJT, WU AR DI ARG 3t @, 7E AD /I
FUBEAI, drisin B ER SPF i 8 . R AHA
HTfe; MisNEME R A SRR A iR
AR SRR, WP IXSER & &, SGE
AD [P A TR BE AT 2 B2z 1 G IRFIE Bow
AD BE M ERE KT m Sl @ E R LT
[l S DG H A DX B FR R AAHOC, PR m SRR K
AT B AC AN fih 28 3R A7 10 AR ) — A G A S
N, BUCSERCEBEA Y L, SRRME
H—MEZENE T, WS PGC-la 1
AR A R RAAARTR, a2
RS ne iR pe ptne mALal, [WIF, JEadiEE
WP ZE R G0 0) BDNF ik . Sl ] 80k . pRtooid
FRLARSE ABIE IR, KIS Z A LN SCEE
3.3 iRMEHEZERET (BDNF)

BDNF J&: I 28 77 K 7 SRR AZ Dl oy, 2
TEPRM ARG PG, S 5IREE M fi
R PREETUAENE  SETR T LA SR NG it A5 AR A
G2 RN, TEE LY, BDNF 2 5
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LM RO BATE . AL FIILET 4R R A2, Bl AR
JULAHE R 231k A U T — 20 R LEF 4, BDNF
[ 223k K F- 12 7 % ', BDNF it 5 i 26 A
ZARIFEHLER 25 1 2 /K34 i B (tropomyosin receptor
kinase B, TrkB) %54, W% AMPK/PGC-la {55
W, PRSEERREY G, BERILA RE G, JF
IR ZESE . HAR—JUE X 20 5™ 52 SP /8 %
MG R SE S , HE LK BDNF W S5 LA )
. 6min ADATHEES . AT SHANLRE SR IT o 2
FIEAHDG, M5 5 YA sl 7 a6 e S T 2 fnb 3 1
FHC, U] BDNF 0] gl ol st LN D Re S 5
SPHRFLERE 7 TR XA Z RS, i BDNF 5
TrkB 45 &5, PI3K/Akt 38 B85 400G, 3006 B 5
fiff 3% W% 3p (glycogen synthase kinase-3 beta,
GSK-3B) i, BHIE AR5 S 1Y tau 7K (i i iR
1k, MRS 5 i 4 5 w22 o0 D R R fig . It
4h, BDNF b AT 3 36 22 %4 i 30T 00 28 1 0 g
(mitogen-activated protein kinase, MAPK) /ERK i
B, 5B cAMP & T 45 A H I (cAMP
response element-binding protein, CREB) Wiz 1k,
HETT 1 8 CREB #4114 (19 55 [N BDNF . Synl. Syp
MRk, HETRZE T S SRR . IR IRIFIRUE
PR, 7£378 4 AD &, 1L BDNF K P44
X B 2 R, HOHOVREE S C™ BT 2
WA 7, HE—20 308 BDNF 3 1 1 5 28 fh
ATV TR 2 5 AD S5 2R T T
gt . 251, BDNF AU A2 R G0 ot
RO R T, T ] AB/tau 2 P AN R
KTV R EEAEM, BEF RN P L
AMPK/PGC-1o {5 = Hill ] 45 2 b0 A4 T R 5 BE 122 1R
W, e PR 56, ik, BDNF /K148
AT VE A DAL i 2B A T AL IR 2 e R i 1)
BORTEEDR R, THE RS- 2E AR Y
KEB BT, TEPHE L SP 5 CLAL & 15
CDAXAVER

34 BEEREHEKEFL (IGF-1)

IGF-1 & —Fh OCHE I A4 PR, 38 3 0 ] 4
BN G A S i Rt 72, FENLAZE
K. e R EEEEH . et
IGF-1 5 H4¢ 55 22 & (IGF-1 receptor, IGF-1R)
hA )R, AT R PIBK/AK {5 5 i, fR Rl
PR BTG . S AR 1 B R S g T, DA
G ERNLZES U MAh, IGF-138 i s Aky

GSK-3p i %, i il GSK-3p & /4 W e 1k I 2K 3%
fife [ X A% B R 4R I 7 2B (eukaryotic
initiation factor 2B, eIF2B) AHl B & ¥ & H
(B-catenin) HYMEIVE, FE— LA LA 2545
72, [AIE, IGF-138 7] 2 B Akt/mTOR i 3 58
mRNA B, et i mBa i, $mEn 5
S P S ERBENLEEFR R, IGF-1 KT
548 ) TR R OIS 4 B R R B NAROC ;. AH
B, AR B JoNRH TR R L LD
TP EE M3 &, AT R IR IGF-1 /K%, ik /b SP
(R A XU 7 TR RET T, IGF-1 A) 28l
i S s 5 P A Ry AR, R S A R4 oT B
IGF-1R, #i% PI3K/Akt/GSK-3p {5 5 i, T iHfie
U T AR 1 2 DG R RO P TR A IR A ] 2R 1 i 9
(cysteine-dependent aspartate-directed protease 9,
Caspase-9) MYFRIL/KF, FIRBLIHT-HE M B 40l
WU 2 (B-cell lymphoma 2, Bel-2) FJFRi5, M
AR AR 2o T 7 53 —Jr i, 1GF-15#5d
IGF-1R % PI3BK/MAPK {5 5 id %, 18 B8 et
A G &R R ECMER R 321K (G protein-coupled
estrogen receptor, GPER) [J5%i5, MIMAEZE CIH)
PERE 70 e AD ABE, BRI IGF-1 7K F 545
o 19 AD B XU 2 35 A OG5 i 7K P 1 IGF-1 )
SRR Al S S AR TEA DG, 4R HAT R
TR 28 RN AR A 2 20 B A QT P R A LR A
YRR I, IGF-1AE i i ML SU R
SHPRMAE RGN A DIBERZ O A 7,
— 77 Th1 i 1 PI3K/AKt 188 i 75 AL PR 2H 4 rb ] o i
RIS AR, S5 — e R 3 il il 22
TP SRR Ve, MNIMAE SP 5 CIELE 1Y
o LA v R R ) AR

3.5 R4 AERET21 (FGF-21)

FGF-21 J&—Fh7e g% L. Ak 2H 2UR g 1 2H 21
SFHAUPRIKM N R . B TR i A RS
& PR LIVESE Z R Y s, HAESP Y
CT A3 A9 1 FH 2 20 SURy 53 1k 5 vk B A e
FEAEFINE AL, WL FGF-21 38 A% X+ xB
(nuclear factor kappa B, NF-xB) #JAEif H, W/
TNF-o, IL-6 54 R N TR, [RImF, BIRIR) S0 A%
K7~ E2 A G R 1 2 A A R W T (nuclear factor
erythroid 2-related factor 2/antioxidant response
clement, NRF2/ARE) {55, HiumAnEdia b
BIFAEVRE 7, el A8 A I SO B0 JL A B A A
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SR, FERRBLRA T, FGF-21i#it 5 TR 4k
T 5% % B A (B-klotho, KLB) “Zik&5 4,
b A B R i R 5K 7 R TRl U4 (phosphatase and
tensin homolog, PTEN) ByZik, #Emiil PI3K/
Aktf5 S, S T2 51k, w2
FINE TR, EASEIRNZES 7 Jung 5 5 1Y
Wt o, &4 SP K G FGF-21 /KF- 5 SP ™
HR R R IEAG, $Ean 18 PETHe B9 FGF-21 vl figfE
WL o AR S S A R AR b i) . 78
AP 2 2 G0 vh, FGF-21 0] 28 b i i 58 B sk ey fin
T, NS T R B R A% OB B S
(nicotinamide phosphoribosyltrans-ferase, NAMPT)
{2 i NAD & i, #Eim L DiERAE SR I+ 1
(silent information regulator 1, Sirtl) &ikFfI45H
PGC-1a i, I I 3458 #2870 (19 2 b 14T 1 B
S TyRE Y S A S FGF-21 7T 38 i S0 PI3KY
Akt/GSK-3B 15 538 il ph 2o 2, Wi
Rz RIX P oo £ R ™, 76 AD K BRI A A 7Y
Hr, FGF-21 3R k2= >0 1che 71 . #KPL AB 5
FHPRZTTIIT . ] tau 8 R REER LA 2%
E= R AT €7 K K (0 IR~ S SUNE o L | O 1 )
FGF-21 TE LR ZH U rh R AT R R s e, 78
R U S B R LR AR D fE . I T X
BT AP/tav Jog B K 235 5 fi vl SRR S5 Z AP AL A 45 b
SR AER, MAERERBERETRSI &N
FGF-21 7KF- 7] g Sz B AL A A Qs 25 8L 5 LR 23 A 1K
BPRAS, HZEIHIILA AR A

3.6 ZLE;

FLIR B AL 4 Ao o v A i — b O A g
P AR R, EAMUENRERRY), HAE
KR EENE S, RIS IR E R 5
HORFERU VR . A Es L, LR AT 3E
15 IGF-1/Akt/mTORC 1 3d i, B 1M 3% i L oA 8 H o
GG S AN, FLRR A AT S AMPK G
PR EWLAR B A G FE AN A= 1) FE/ N R i, A
BFrEEHAmRaE o RM%LzEA ]
(monocarboxylate transporter 1, MCT1) % JJL 41 fifd
T, HEAAIMSS, FLRR TR 8 2L i
MY, 8 S PETs 40 8 1 HB 5 9 6 24 R i A=
FLIR AL A& i (H3KOla) , #F Ifi 2 i 1 Vi 72 1t 2
(neuraminidase 2, Neu2) &K%, & FH 8%

WUAER B, FENAITIRE i , FLERIE 234 0 Sirtl
FiK, % PGC-1a 1 FNDC5 £k, filj% BDNF iy
ARG, BRI SR 2E ) MO TIRE 7 Ak, EA
e R Az s, MR LR /KT T i ml 3 e 0 I
I 57 5 P B2 20 1 B HC AR 3244, A1 1 A 1t
Az B, R G I T DT SRR R )R Y, — T
FEXFMCT BT A B0, K I 2R FLIRR MR o 25 T
F L, HE LB K 5 MCI R R 2 IEA e 7,
PERTEAZLIRACY AT AR RN D REAR A v e AR
Yibri&d, (IR CR RALHI TR IR AR . B
I, FLRCATRRERaidl I A ™ i
iz 80 Ja WUA IR i 2225 R, AR Ris 8 R e f
WU A A R . R TR A AR SR
s NUVER, R E T p AR, (et
M A IR L AR P, AL B e
FRAIE TR TR LA

37 HALEHEEB (CTSB)

CTSB & — Bl & 5 T Bl 1A 114 2 Joe 22 e 2 11
fitg, FELHML N SR . PN T BRI
TG DA S CE A S A e A e p R R L i
APk, CTSB#ESEE /INRA A H iz ahifs =™
AERE s, HAEBSRILS P s R g P e
FHAELH B R B X ) MRS . 78 R R %
WUR LA R Y SE 55 v, 38 8 AMPK 8l il 4z
RN F] 55 CTSB YR IA/KF i 25 B 2 [
fF, 12305 E AL 23 30% mTOR B, MM
P HEVA B P AR T34 CTSB 161 ', 78 AD /IR,
BEAdrh I AR DGR BE AN B L CTSB 1
ik, s/ NI EMERE DT . iCC e KOs
WA il 0 BRI, A R RE AH G L A g B
R, CTSB 1T R I A8 I 45 LR (4 fi Hi 37 2 £l
BRSO T B AL LA AT, PR HAENL
g R B — e (R R Y 7RI TRE
JEE 5, CTSB Al 3@ i PI3K/AKt {5518 [ 48 58 /]
Jie S5 400 ) 3 B% RN A E D) RE DA Nk AR VE
B ' CTSB it g% i BBB i#F A KMk, H#
BDNF j7E, JEEARAT ML LA . egidlie . %
L BN RERPER M. 2 CTSB i %
T, AT N N NS 1Y B B (stress-
activated protein kinase, SAPK) /c-Jun 2 & bt 3 il
(c-Jun N-terminal kinase, JNK), JEI/NE 540 g
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Table 1 Functions and signaling pathways of exerkines associated with sarcopenia and cognitive impairment comorbidity

F1 NMESAMESHFEXESHERFHIESESER

B KR A B S F IR NFES SCHR
IL-6 B Sp P2 LA P A= AR 15 A STAT3-Socs3. gpl30-Akt [44-45]
CI R 22 TOA7 35 R 5 fih ] 9 4 BDNF. AMPK [51-52]

Irisin HHEL Sp UL 24 PGC-10/NRF1/TFAM [59]
CI PRI 5 R fd ] 9 1 PGC-la. ERK/STAT3 [61-62]

BDNF R SP TRV FAE AMPK/PGC-10. [66]
Cl WM& R AE PI3K/Akt/GSK-3$. MAPK/ERK/CREB [68-69]

IGF-1 HEEAL. SP TEHEWL A PI3K/Akt. Akt/GSK-3p. Akt/mTOR [71-73]
Cl PRAATTE AN ST PI3K/Akt/GSK-3B. PI3K/MAPK [75-76]

FGF-21 UL SP VA LA A5 £ NRF2/ARE [78]
CI e eI T Sirt1/PGC-la. PI3K/Akt/GSK-3 [81-82]

Lactate HHEL. i Sp TRBEILA B A IGF-1/Akt/mTORC1. HCAR/MAPK [84-85]
CI R T2 o 1065 £ B Sirt1/PGC-1a [87]

CTSB HHEL I SP HOHIILP 2 45 AMPK. mTOR [91-92]
CI AL ] R PI3K/Akt [95]

SP: WUIE; CI: \HIRERS; IL-6: [14:3-6; BDNF: WGIEMEMEHEFRHF; IGF-1: B EMNAKKF1; FGF-21: M4t A
F21; lactate: FLAR; CTSB: ZHZUEHEB; JAK: Janusii{lif; STAT3: {55145 M 3MIEHEH3; cGAS-STING: MRS H-IRirmR
BN TH R IR s AMPK.: AMPIGALEE (A ; ERK: IESME ST ; PGC-1a: it A ALYy REHA L 5E 40 2 Ry i
TG F1a; mTORCL: WiFLZhEINEmEZ LM E AR AW PBK: BEIGENIEL3 AT ; Akt: & AEB; GSK-3p: WA MUAGIET3R;
MAPK: ZZZ 50 (G ; HCAR: FRRIRZM; Sirtl: VIEBMELEIATHF1; CREB: MMM RG4S A& A ; NRFL: ZIF
W F1; TFAM: ZRRIAS SRR FA; NRF2: BHFE2MCHT2; ARE: B b niscfl; Socs34H F15 5l I +3; gpl130: Hi

130,

PG RAE N, T3 tau AL EB RIS
R ESR, &G K CIY, 1E AD /)RR
CTSB R T S EGCAZFehs, I E K AB Y
R, RS AERF A I DI BE I AR TS bR BAT
KHEER 7 IRIRIFSE R, AD Bt 2
CTSB & 7K T 5[] % fi J o HE 20 78 2 80%
X — G AT BE S HUARST AR i B A0 AR s 1 448 5
SR PR 2 RIEIRESA O, R T CTSBHE
L R E AR, Z8 L, CTSBAEN—FhiE
Eiz s, TEFaIh s SR AR Bk R
IKATRE A BURAER, e T = I AT g a2
MK 5NN ZES, EhRmaRgE T,
CTSB — Jy Ifii i 1 {2 F AP 3% 5 Al BDNF 4 i % 4
MR IRe, Dy —J O B RS AT K Bl
SAPK/INK A3 B H 28 98 i Fll tau B R PR RAE

4 EBEHNSEHEFREINNESAAE
AL mR BRI

WHERY], BRSSO S ESP 5 CIIL
AR N 2R 2 —, i LA A 3 s 2l BE A8 A

SP 5 CIAL B & AR Th REFI I T BE ', F2 %2
PLHICI BRI JAE | W bR ) B B i A 7 7
BEEALAE . Ak, s R LR DI Re A T fg
MEE 2, AMUBEA RORTT RN Sh R F 8=
FUBENL, 0 B B2 w1 12 i AL A A0 A 2 A 47
EF (3, #2).
41 FHRIEH
AABEERTEEAMN AR WA, MK
WIS 510 . FRETEME s s, o
BRI E RSB T MY, 7EMESP S
CUL T B OVER . SISt s s, 7
ADBERUNE R, MG E sl e A0 MRt
WEREARACE, WERTHIFLIRVR I, DOmiftfb 28 fk
APEAPE D PR R, KR B s shik
A 3 3 ¥ 7% BDNF/ERK/CREB {55 5 i %, 1R
APP/PS1 LRI/ IN R I R EG s AN, 2% il Ho
A 5idfcae s Y MiESE 16 R TAE T
Al [ AD A /N BB Y Sk LR FNDCS 1 3k
JF 358 I 5 X FNDCS/55 F2 % . mBDNF K HAZ {k
TrkB 1y 2R3k, JE M A - o A 3K 2l 8 DA 8 R 47 B
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Fig.3 The potential mechanisms of exercise—mediated exerkines in improving the comorbidity of sarcopenia and cognitive

impairment

B3 EH;NhSEHEFEENNESIANESILREENS

L TR
lactate: FLFR; CTSB: ZHZUEMB; BBB: MKk,

il 1 NARBR G — A I T i3 s T I PR
B, HEMRARRSM., £SPEFENT, faEHR
FEAT B AR AT T AR Y IGF-1 K, B45- B8 L%
I IERR I A 1, &% MCLZAE A
FERM, 30~60 min/Tk, 3~4 W/, 16 564 H
M EAT A DOE RS B AT s 2 T Y RE I I
BDNF 5 IGF-1 ik, 2038 #f 22 A e g ool
SR, —IERXT AD B RIS R B, 26 R H 5%
S 3 P AL WL 25 7T Bl 3% AD AR AR PATIIRERI
W Re sy, fEREE CTSB/KF- - Ft, 1 BDNF 7K
SERRAR, $R/RTEREHA AD RS T, BDNF /S 0#
AR VE IR REZ 45, 1T CTSB Z: K 1 AT /34042
Hahge 17 [EEE, 60 min/k, 3U/JE, d26 JEEY
AfT 428, RIS R ZEKT-, {HEETH BDNF Al
IGF-17KF " 3 R B %5 328 2l B (8] 48 < B {11 1%
Mo S sl B LRE 57 17 A, E T B R
RKFTREEETE, i, 30~
90 min/IK . 3~T/H, FREL 24 A A A SRS R
JPIRIET I, ATARRMRIL-6 KF, 238 AD i3
(ICe T EEIIRHE S5, IERER Mo E
AR, RFFHATE R E Y B DB I R
/N, AD AL KINZE 8 T 1015 BDNF 85 B %

1. b IL-6: FAS-2-6; BDNF: WGIRPEMEEFEH T IGF-1: BB ERAERKFET1; FGF-21: 44 A K H 1215

AERBUT R, (HRZEM A A Fis st
L J#1E W BDNF ., IGF-1 fil CTSB 4555812 8l K 1,
FFWFERIRE T R FHE I IL-6 ik, Bk, T
Bizshea, A FRLEmtE] LM A TSR AR Y
25 5] RE P B LL 1 RN AFFE S Tk, T LA
WS, A s s i s iz Bl R 45 g g {4
DAE SRR, e R ARG K 2 I el
ZYIRERIVER
4.2 HPHIEZN

Pt FH12 Bl 2ok -8 LAY Hp 2 i 4 kP Ah BB
J1, AMUBEEAS 2 ILPE B PR | S FHILA
FiE S i, vl RS g N R R 2 R
YEF, MIMA S CL, sh g R B, SPAR A
NRZE 3 WA, FRE: 12 iR IS, B
AT S RERFRAEZE LI, BHWE SR &
MR RO M =R R, S UVJE,
AT 8 8] (1) i i 2 pe BT A I 25 ml 3 3k H0E Ak
ERK {5 Z# %, [F2L LiE SP /N 8 WLZH 2L v
X BDNF, CTSB &R &R FRKkKF ", I
Ak, ADFERI/INFLZE 20~30 min/k, 3W/JE, 16
JA B Mg ERs T Hi)E, 55 E S BDNFKE-F+
&, JFAERE TN Y RE I ek T I RAFF A
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s, fESPEFENF, 60 min/k, 2/, 12
JE At B I 25 ATk 2 PR AT SR B R TL-6 7K 1
30~45 min/ Ik, 3/, 1A AE2 XA, 30~
40 min/IR, 36 EA4EAE 2 D R 5 50T
Py [A) B A IL-6 7K S, JFEE AL ) & 5 2
fig el HOR, 2L St 8 R AR BEHOGTR
JPIA SR, wEA A YR VR R N L R
R, MR MR FLIR &, IR & sE SP &
AN 6 min 21700 X R 5 AE ML) M A
MCIE4E A, 40~60 min/ik, 20/, 12 JHKY
W P T RELAZ B ] 3 e 2 BT I T IGF-1 7KSF A0
HBN-OBE R4 2 R (total N-acetylaspartate,
tINAA) ik, IR IAT oI 5 R N B
RS — 3R, BibHiE s A 2 s s
F Y5 TG AN UG 538 %, X SP 5 CTAL i
N NPTt Y RTE s BN P A DD EE
43 Hizzh AN

bR s sy b, ZRhEEkis shE 20k

SP Al C1 it B A — s B A . S iFo i
/R, EADBURR A, 49 min/ik, 3K/, F5E:
8 Ji Y = o B [E] Bk JIl 2k (high-intensity interval
training, HIIT), AJ$EFHE S AY irisin AT BDNF 7K
T, IR AR BEHAGIE R L IRIRAF R i — 2
UESE, FFXFSPEARA, 30 minAk ., S/ It
12 JA iy 4 B iR sh I 25 mT 4 T s SRR A . LA
i B AR B Y, [R5 R 5 i )
ZRHe 2 BRI e B vk IL-6 /K7, i 4 T
SP AR N B UB i 45 %0, LR J7 . 30 s 4k
LR B A S R RE R 0 & 2% (short physical
performance battery, SPPB) 434§ 2, £ MCI
ZAENH, 60 min/ik, 3W/E, 220 Bpg L2
123 ] LA BDNF, IGF-17KF, Mgk
i, EENSFIEWSE, IR B AR
T A AR N R 2 e 2 s
B D) N il e MR 1>, LB EZR R
by oy SR 0 RE A, AT ek AR SP R A LA

Table 2 Research on the effects of different exercise types on the expression of exerkines

R2 ARNEZHEEIIEFE FRIEKFHIFME

BENFA P R Ay Y B XFIE BN 1 TEFMLH 5 2= SCik
iz AD  4/#5APP/PSl/tau Hl&I2 ) A1 GFAP. MCTI. MCT2 1 [100]
HEIETRN B, 60 min/¥%, S/, 8JH
AD 8 J11¥ APP/PS1 G523 BDNF 1 ERK1/2. CREBFIE, %2, idfzzh  [101]
N 30 min/ik, 5/, 5 fie 1
AD  8HIAHEMESAMPS HIAATENEL A E, HEHBAT irisin. FNDCS#iA. AHnfa% 1 [102]
30 min/ik, 33U/, 16/ BDNF 1
SP 65~75% rh SRR R IGF-11 HGS. KWL SOl [103]
ZHEN 60 min/k, 29K/, 8 711
aMCI 60~80% HATZEi28), 65%~75% HRmax IGF-1. PHATIIAE. RTs. ERP P33R 1 [104]
ZEN 30 min/iX, 3/, 16/ BDNF 1
aMCI >60% BAT PR, 12 BDNF 1 AR, SN E . ERP P3G T [105]
ZEN 40 min/¥%, 3/, 16/
MCI 55~85% PP T E AT 42 B R 1 25 IGF-I. Frg -, SiEmg T [106]
ZEN . 75%~85% HRmax BDNF 1
45~60 min/ix, 4X/F, 6/NF
Piblizsh  SP 197 & 1EEC57 70 BEL T #B e irisin 1 B 1 [112]
BL/6/M R 3, 12 WA F . LR R By 1
TN FE10% B 77, G B
Hm
SP S e Ik HUBE IR I 5 CTSB. irisin. XA ILHE | [113]
C57BL/6I/N R S/, 8K BDNF 1 WLAThEE. I HThEE T

Bt AR K120%, 8~121K
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B2
BENIIY PR LAY a7 XoFIE B R 1 YEFAMLE 5 R0 SCHk
AD S8R F TG A R A BER. WAleZThEe T [102]
/N ERSAMPS 20~30 min/%, 3W/F, 16)f BDNF 1
A IS 0% P T T 484 1 28 5 K
Gifif
SP 60~70% RO G IR IT+ 12 Ik FLER 1 6MWT 1 [117]
LMEZEN 2008, 8J
[ JEANIE S, 80% 1RM
SP SEEER65.78 Y DR RIS S48 IL-6 | ASMI, HGS 1 [115]
ZEN N
30~40 min/IX, 2¢/F, 64H
SP 65~75% Ex a3 IL-6 | SMM. BFM 1 [114]
L QAN 60 min/IR, 2K/f, 12/
SP >65% YA KD I IL-6 ASMI. HGS. 6MWT 1 [116]
ZEN 30~45 min/ixX, 3/, 14H
MCI 60~85% BT S R IE B IGF-1 1 I HINAA T [11s]
ZEN 40~60 min, 2K/, 12J8
70%~85%1RM, 341, 6~107%/41
aMCI >60% Ry Es IGF-11 HERZR [105]
EEN Lxs, TMEMEIK. PR, ARZR ST [
s
40 min/¥%, 3/, 164
aMCI 60~80% e | ROEZSNIE LS IV E N IGF-11 RTs. [104]
ZAEN B 2845 ERP P31 1
30 min/ik, 3/, 16
HEATWEAL, L1007k E E IHTEL
z3)
HAhiEz  AD A I HIIT BDNF. ApBELR | [119]
Wistar & fil 49 min/I%, 3/, 8/ SRR
FHETIR, 85%~90%VO,max i
i
3 min 50%~60%VO,max i
SP >65% 4 BRI IGF-1 1 ASMI. GS. [120]
ZEN 30 min/Ik, SIK/RE, 12/ SPPB. 5CST 1
1 min/iX, 10IRER
SP 65~85% N IL-6 SMM. HGS. [121]
ZEN 30 min/ik, S/, 125 30 sA4A7 RS . SPPB T
MCI FH474.77% 150 min/J& 455 B AT 02 3 BDNF, MoCA. [122]
ZEN 23RBS R W), P IGF-1 1 MMSE 1
i
60 min/iX, 3/, 20
MCI  PHFI67.9% N & BDNF 1 WHRACAZMAR . AR EZ IR, FA [123]
EEN 50 min/IR, 3/, 64 H derh s BT I 2R B R

Al

T BFbs L TR SPe JIUME; MCL: BN aMCL: R NS AD: FI/RYEEES; IGF-1. BB R KA
F1; BDNF: WMEMZEFRKT; IL-6: HAFR-6; irisin: FEE; HGS: #8J7; MMSE: @R MHUIRSK AR, ASMI: DRI
Jitk; SPPB: MG IAREIRGLEDR; MoCA: ZERFFKIANAIAL &L, SMM: HHLBTE; BFM: {RIRI TSt ; GS: 2H; SCST: Skl
MREFIA]; GFAP: RFELFHEMPER M MCT1: FRMHEEEN; MCT2: FRMEEEM2; MWT: 6 mindBATikG; HIT. &g
BllZk; ERPP3: FHFAMSCHAIP300; VO,max: I KIEER; RTs: WAT; ERKI1/2: 4NMEAME S TTHMA12; (NAA: N-ZBERAE
T2 AB: PIEMKEE; FNDCS: IIHILEE AL HIRNE NS,
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Fit . WL SIREERI IR, 8 W] FEAIR IL-6 7K P I
fe K BDNF ik, 2 PR [ 38 25 50007 . i o — 0
TR, ADBRFEZ30 min/ik, 3W/E, 334A
B9 HIIT mf, o 25 55 B R 22 I 4% (moderate-intensity
continuous training, MICT) J5, BDNF /K>FFt & i
BERR AL tau 25 FIKCF AR 12 2tkiz g5 i
o~ , AD BERNFLR B & & T R4, H
M/ MR EALES (cyclooxygenase, COX) it #E
BILIRE A, FORLRRGERETG & AD %
AR EAWZLER 2 LIRS REN, i
Al AE R ek SP Y CL g J 25 A2 3% o A &3k
25T IR . SR, T HIRAREIHL . AR 2E ik
NP A8 SR A A B IO AERE AR IR, )5
RABGE, LIMRBEE 3T 10 &2 2Pk oA 3k .

5 BESRE

TERERE I LR MRI 5 R, SP5 CTIR
EHCH H 46 IR A AR PR . A SCRGBIE T
15 T HUE R 76 SP 5 CLALR B AT SOk, HA%
DALHIFEF iz sh v i S 2 Fhis 81 7 (41 BDNF,
IGF-1, %K. CTSB%) MBS MFEEN, &
S AAE . PLALRB LG, MR B SR S A
AR, SETCENLA TR SN, R IE 5
LM ERGEA) 24, HErxHIRZEALE &
AEE SN BIE TR B B, B3 FAE R
N Iy QA SR (= s N 428 1 A NANS RE 73
BOCHEMf, HERZBEM. SR, Ho Wil
il B A2 R L BRI IR A A TR 3R 52 e R e N B
Tl FARUELL . BA AR AR Ty 2k DL REAIA 9T 5
iy

R, AT S A R Y i ST AT T I
B, S RAE TP E . B shid 7k
Z AR S . RO FT N AE LR 5 IR AR
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Abstract The comorbidity of sarcopenia and cognitive impairment constitutes a degenerative syndrome that
progresses significantly with age. It has emerged as a critical global health challenge, contributing to functional
disability, reduced quality of life, and increased pressure on public healthcare systems. This comorbidity is
characterized by a synergistic decline in both physical and cognitive capabilities, manifesting as reduced skeletal
muscle mass, diminished muscle strength, impaired physical function, and progressive deterioration in cognitive
domains such as memory, executive function, and information processing speed. This dual degeneration not only
creates a vicious cycle where each condition exacerbates the other but also substantially increases the risk of falls,
fractures, hospitalization, and mortality among older adults. Against the backdrop of rapid global population
aging, the prevalence of this comorbidity is anticipated to rise further without effective interventions.
Consequently, investigating its underlying mechanisms and developing preventive and therapeutic strategies hold
substantial clinical and public health significance. Current evidence indicates that the pathogenesis involves multi-
system and multi-level pathophysiological processes, with chronic inflammation, mitochondrial dysfunction, and
gut microbiota dysbiosis, identified as three core interacting mechanisms. Age-related chronic low-grade
inflammation, termed inflammaging, arises from the senescence-associated secretory phenotype (SASP) and
persistent immune cell activation. This inflammatory state inhibits the intramuscular IGF-1/Akt/mTOR anabolic
pathway through proinflammatory cytokines (e. g., IL-6, TNF- a), while simultaneously activating protein
degradation systems including the ubiquitin-proteasome system (UPS) and autophagy-lysosomal pathway (ALP),
ultimately leading to accelerated protein breakdown and muscle atrophy. These circulating inflammatory factors
can also compromise blood-brain barrier integrity, activate microglia, trigger neuroinflammation, and
consequently damage synaptic structures and neuronal function, thereby accelerating cognitive decline in this
comorbidity. Mitochondrial dysfunction presents as impaired oxidative phosphorylation efficiency, excessive
reactive oxygen species (ROS) production, and dysregulated mitochondrial quality control. This not only results
in inadequate cellular energy supply but also enables mitochondrial-derived factors (e.g., extracellular mtDNA) to
activate innate immune pathways such as cGAS-STING, propagating stress signals and amplifying tissue damage
in both muscle and brain. Additionally, gut microbiota dysbiosis impairs intestinal barrier function, increases
lipopolysaccharide (LPS) translocation into circulation, and reduces short-chain fatty acid (SCFA) production.
These changes induce systemic inflammation and metabolic disturbances that further impact muscle metabolism
and promote pathological protein accumulation in the brain, thereby establishing a gut-brain-muscle axis that
exacerbates the progression of this comorbidity. Exerkines represent a class of biologically active signaling
molecules—including cytokines, peptides, metabolites, and exosomes—secreted by various tissues in response to
exercise. These exerkines mediate systemic adaptations and protective effects through endocrine and paracrine
actions on target organs. Key exerkines such as IL-6, irisin, brain-derived neurotrophic factor (BDNF), insulin-
like growth factor-1 (IGF-1), fibroblast growth factor-21 (FGF-21), lactate, and cathepsin B (CTSB) play central
roles in coordinately ameliorating the comorbidity of sarcopenia and cognitive impairment. The beneficial effects
of these exerkines are mediated through multiple mechanisms including inflammation modulation, energy
metabolism remodeling, neuroprotection, and enhanced neuroplasticity. As a non-pharmacological intervention,
exercise effectively stimulates the production and release of exerkines, thereby targeting the comorbidity through
multiple pathways. Aerobic exercise elevates lactate levels and activates the Sirtl/PGC-1lo pathway, improving
cerebral metabolism and cognitive function. Resistance training significantly upregulates IGF-1, irisin, and CTSB
expression, enhancing muscle anabolism and hippocampal function. Other modalities like high-intensity interval
training (HIIT) and traditional practices also help modulate inflammatory status and optimize the neurotrophic
environment through the action of various exerkines. Different exercise types work synergistically by engaging
distinct signaling pathways and exerkine combinations, collectively alleviating chronic inflammation, correcting

mitochondrial dysfunction, and optimizing gut microecology to achieve concurrent musculoskeletal and cognitive
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protection against this comorbidity. Synthesizing current evidence, this review emphasizes the necessity of
transcending a single-organ perspective by recognizing muscle and brain as an integrated functional unit, with
exerkines playing a pivotal role in the muscle-brain axis. The field nevertheless faces several challenges: the
secretion dynamics of exerkines during aging remain unclear, mechanisms underlying individual differences in
exercise response require elucidation, and the compensatory and imbalance characteristics of exercise-induced
exerkine networks across disease stages need further characterization. Future research should employ large-
sample cohorts and randomized controlled trials integrated with multi-omics technologies to establish
personalized exercise interventions based on exerkine profiling for managing this comorbidity. Parallel efforts
should focus on developing quantifiable efficacy assessment systems to provide robust theoretical foundation and
practical guidance for precise management of the comorbidity of sarcopenia and cognitive impairment and the

promotion of healthy aging.
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