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Mechanism of the occurrence of sarcopenia in the elderly
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Abstract: The decline in skeletal muscle mass and function with age is referred as sarcopenia. It is characterized by the muscle fiber’s

quality, strength, muscle endurance and metabolic ability decreasing as well as the fat and connective tissue growing. Previous studies

have shown that sarcopenia in itself features decreased number and cross-sectional area of muscle fibers and the net degradation of

protein, which results from the joint effects of multiple factors such as the exacerbation of inflammation, oxidative stress injury, mito-

chondrial dysfunction, abnormal autophagy and dysregulation of muscle quality regulatory factors. In this review, we systematically

displayed the molecular mechanism of sarcopenia, which will be helpful to deepen our understanding of sarcopenia and provide

potential targets for the prevention and treatment of sarcopenia.
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LA 4 WA 44 BRI A, Bl S B L
AAZHUMREL &R FIET . ML DI RE
Bafs. LRSSAUR A REAR . P/ 1B LAF 4 LL ] BRI
Ho# gt ma TR Y. 45 AXHILSAE &% R 34T
TAHIEHESE, 1 Stephan Z5 B 58 &7, 60~70 % &
HENNVDE R IR RN 5%~13%, 80 LI EEFEAN
11%~50% " ; Cheng Z£xF L 3 500 £ 44 4E4#4 18~96
SR RE AR T SR, 70 2 0L E B — A 2%
UL/ RE B 43 A 34.0% F 13.2%, o4y 51N
16.5% 1 4.8% s b AXIWLAR L BT T W5,
JUL PR JoT 3 A AR AR A N SR T 2 50%, (H
1 75~80 B iR/ 2 25% 7, JRHE TRV &
WRBRCONEE, 520 SEHIE, 80 &AM AL
Wi ALk D T 40% B,
1.2 R ERBALINGERRT

ZAFE N B LD RE 2 UL A o & 0D i T B
FLULA R B LU WL AR B0 S 8 e B A
(38, B LR P FEAIC (40 % e G R 2 ),
b5 BB AR E M N R, BIRIEERE IS, Bl
ERAB RS 0, BET % BT U SRR L R R R
AR LA R 10 & R B A, SR 52 TH RE 1 o
18 B 4 0B Bkt LA Sl AR A . 70 2
UfE, ANEZahh & osiE R Eml, aidaiths
TLERYL) 50%, JILIAIGER AN T AE H LR & R R
Ak, ERARIENREREAE R TE TS (reactive oxygen
species, ROS) /=4, U5 Tk ihid ferh HA S %
TEF ISR, 2 nT A, Thige FRE 1,
DR, B2 B e UL A AR R 18
TOI> . R AR SE R AN Th e LR, AN 5 B
ZHBPAER T WU A Y R R

2 ISENEFR—AAERESEEER
TEEREBRREER

WUDGER A L5 5 D) RERIHR 3, (HE5 M2
SEDRe LAY, E BT RE T B A RR A S R 2 LAY
SR B R . WUDRE AR i o] B S5 R LA 4
SRR T B 2 B 1 O 4 P A
2.1 AAEHESHEEEHRTE

W7k b, WIZDRECL I BYLEF 4545, 4F
YR B 38 0 DA 2 4 A8 1k s A R 28 R Ak ik 2D Dy
fiE ™, HFREIR, 90 2 ANMRHLA AR T AU 1T Y27 4
SEICHERAK—F U, BT 25 RIUA
Ji & T P B R AT A AN [F W AL . Nilwik S5

R, FEEFRIMGK, NAg4EmEnmnkin
RS, R BRI 1T A LA 2 i A i AR
TR, HAESLKRSERER, SERAMI, Z5
N LB JILPA 21 2 R i2b 10%~40%, 15 T2 JJL A
Lo R~ 3EARAR Z g 20, AR Eos, b
FHEW K, WA E R E R E H T
ST YR AT AR R B, (R BIE AR WLAF 4E 5= 1
b B B NARSZIGRF TR R W, SRR ML,
CAE T YESMUAILET 4E O BOR IR 740%™, R sE
WA ZSR, M T EZE SIS 4=
P A 2 BB AL T de th, LAT4E
%) 00 o A S MG I B R N B T AR ST A,
JULEF S At Al T AR PR ARG A2 LR i A 1 = T A
2.2 ERANERFRFER

TR NN ER 20%, 2488 AMENLA
R E Sy . B RS A R TR G R 2
YesE NARLA R B ) = E R R P, WL E R AR,
TR PEARER T HA R, BP B A0 PR A
2.2.1 ERRMEFEE

YEZFENEATTBAANL, WIREH T
G, 2 gl VLA B R, BV RE & AR
K B, 7 & - B AlEA RS (ubiquitin-proteasome
system, UPS) /& i 71t [ ot B i A1 4 15 2 3 i Aa s
I EEIRE. WZESE 2 1 (atrogin-1) &2 & & (1
B K HIERE E3s —F, atrogin-1 #iE
H ATP- iz % - A A RGN R Mg, 2
F R IEFERE atrogin-1 AIPLMAFEE H 1 (musclering-
finger 1, MuRF-1) mRNA FKIA ) i85 TR 48
b, T AR 9 LD i 8 A OG0 16 530 2 7 4 &
Wy PO, PEBENILIA R, UPS RANE, SBUILA
B RN . LA 248 & F 55 (muscle atrophy
F-box, MAFbx) 1 MuRF-1 J& .11 ¢ 5 2 13 5 20 il X
Wk RN E VI A2 2 HERR, 2 UPS
(¥ B o B WETCREA, BEAE R,
LA H MAFbx £ KA B2, {3 Atrogin-1
A MuRF-1 8 HRE KR E I, dEmied il
FIRE MR P BEAb, ZEE MRS L ) R (130 B (protein
kinase B, Akt) Al F.5/ 4 55 I 27 2 ¥ 25 [ (mammalian
target of rapamycin, mTOR) %5 P4 B#ARK S A T2 15 5 1
SR ATEOE UPS, HSEE g, SUREET
B o X LUHR AT RE AR 5 A LD A B R R B2,
2.2.2 EARARAEHTN

2 E RN B A A RO (kb 7e B A R
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BN ) BIBURME T %, RIaEZ gl & A& sk
UHRBUER B SERbAF B 2 AN E A A #5%
IR, A A RS AT e 2 N
WILBR S A B N B, 2 Bl A
AT K AL HIEAKIEE, il A w5t fa
t, Bl iz E R E NN A SR ] g
ANWUAE B & R SR S R 2=, ZFENERILE
H BT & AR e 5 40 L R B R Y e s i
K LA o S RS BB R 7 PR A % B LAk g
A0 2H 2356 325 S8 R 1) T8 e A M T BN Tk = B IR VR
ML H Sy 5, T AL I 7 R = 40 L A
HBENUATEZ MR P BIHLARREE 51 IR 2 1
AR A B M H i gk, i 2B R IE 2
WU 2B, mlRe 2 LE B & AR SR 4R
AR A B[R] 20371,

AN, ZENEBILG AT RS
mTOR i % H 2 SRR I T 1) 2 1 o IR A 2
ARG, 0 7 SRR B A B A ) 32
K#, 5 mTOR EEACHIE S EAN LR 7
U, REREEmR B MAREW, HFEKHIE
()06 75 A L TR v M & AR AR PT BE ) 32 R T 52
A&, wREEHLF IR 2 Z RS &=,
W T3 4 A NV R R Ak ™ R, A
N 7 “onm IR M, HDE LB AR B
EARABOER MR, DERTI AR S &
WAUEFNXAEE U T ERAN, RERRE
21N2g, ZHENLIN3g HTZFENE BN
LR MR FE BURNE T B, LU A 205 R 11 S
B A Be v A AR, 7 RN & A S
B PR A, SRR S SR A KR (growth
hormone, GH). f# & 2% #£ 2E K [X F -1 (insulin-like
growth factor-1, IGF-1) 7K FEAR 2 Jik 5 = AT, B
SRR E A A AR E B

3 AADRER AR FHLE
3.1 SENME

RSB 22 FRE DS R B, B ) SAE KT S LK
HEARW, HEIEEE, SERER KT
RETHE, RN KT NNDAE ) ]
= W B WA RARERR EW U A 2K -6 (interleu-
kin-6, IL-6). C- jx v & [ (C-reactive protein, CRP).
FJRE¥RAEA T - (tumor necrosis factor o, TNF-0)), IL-1f
MWK T m, HS5ZEANVRBEN &
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PG B H AR 5 ), TNF-o Wi 3 1 1 Ak/mTOR
WA SR i, 5 RG-S E, &
Tk AR F H A 3 77 AR ROS, AT TS % IR -« B
(nuclear factor kB, NF-xB), MGt UPS, 5218
5t UPS &k, Dissgh UL (1 sk g ™ . TNF-a
R POE 4R AR I MR A T, e )Gk R
¥ %[N ¥ (forkhead box transcription factor O, FOXO)
VOE I BEAR H RS AR, teAh, g A CRP KSEF
e 5 8 A oS RG> K A gy AR i A
%W, IL-6 2 H5NUEAE R, WM
AR R B, JeRE A A i 1) 2 PPk GH A1
IGF-1 W FE, XJ i #g L= AR i sz, 5 R WL e
kA
3.2 SRS

BB ERS G, 40N A AL N e, SR E
BE AL ROS 7= ZE 38 i, ROS AN AT LA AL T2 41
R Thfg, ERI{EHE atrogin-1 F1 MuRF-1 3 [X 3R iX,
W5 UPS 3E M, NI & A UK. thak, B EgL
P ROS KT Ft i i AT B AR 40 B 9 Ca® -ATP [ 35
M, SIERANMT Ca™ W K& AR, 2
REAHILA B F UK ME . SABETTRE S, ROS 8 ik
A0S R A A IR e VR D 22 85 1 (caspase-3),
shEgmpuE: B Hik, PG aTRES S T
WURE I R AR R JE o
3.3 NIATHEERERS

R 2 LIRS 4 BT 75 ATP (1) 3 224 37 BT
FEBEEN AR ZE, SR sk G, Zkifk
SERMIIRE R T — RINMARA,  anZekifAk H
PR CRIE IRk B BAT, Zhifk B ik
PR (mitochondrial free radical theory of aging, MFRTA)
NN ROS P24 4 2 3 84k ki {& DNA (mitochondrial
DNA, mtDNA) A b7, 351 51 D 26 K 44 Ty e Fi
15, XA TEZ K o hLE B T
mtDNA L&A HEAK RS, (EHAR 23 H
HEEM S, FHERARIIREEEL. LRk heRE
S5l mE = . ROS MIffg3s LA, 4kms| KNLA
KEAN R, X2 kT NLGE i 5 2
oz — B gbah, EEENIZRRLR T E A,
Wi Ca™ iz, FECHBIMLLEIIRE N BhikT)RE
RHELE A NdE R E B B A, BABEEEAN
WIRIThRESREL, FEENAIAET:, FHENDRE B,
3.4 MAERE

H W — PR A A ME I R, v DB RS
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Y1 R ThRE SR R B4 B 2% A AR R AR B B B ERAL Y
i NARAR 1) 40%~55%, F& AR B i K 42,
R A E BRI P R E R A
WRDIRERAS T — B NATIT B 2o A SR 1
05 L o P A O B UL e
R BE AT B R T B B ) S R, TS
M5l MR, FBCERE RS, &L
FRERIR. WHRERY], 2 REAE U 3%
RAE R bR EVEAH IS E ) H A S EE 13 (autophagy-
related protein 13, Atg13). Unc #3420 1 (Unc like kinase 1,
ULKI). H W& 2 A Beclinl . [HWASSHE H LC3
55 B 44 5 25 H -2 (lysosomal membrane protein 2,
LAMP-2) £ %A BLE 2 F R BYo 1 @ K
THE 532N RE SR E . B REH A P,
Ak, B IR B, B IR IR LT 3- B (phos-
phatidylinositol 3-kinase, PI3K)/Akt/mTOR {5 5 i i
5B W EOEF VIS, PUAEZ 33 TORCL i
PEFEAS, WAL Atgl3 &4y 2R AL, M FH S
Atgl Tl Atg7 M5 GRe /1G58, MImEE s Atgl (I3
BRI, (00 M P M e g
3.5 BRAREIREETFXE

L 2 BE 240 R I 2 AR (W1 GH. 52
HUIRBRCER ) BT, W28 a IR R 2
G 7 (1 PGC-1a. IGF-1. Myostatin) [ 540 .
BE & W, A GH. =, FUR IR R A
IGF-1 255 & F R4, ol S UL & X I R 1A
3.5.1 GH5IGF-1

GH 5 IGF-1 1E4E ¢ 7 #% JUL 5t & A1 Dl 58 J7 11 K
5 ZAE M. IGF-1 52 GH {1 il Al 7. IGF-1 7]
fit & Akt-mTOR-p70S6K 15 5% T (2L 4K
MBS E AN, Hod A w3 R E R IVUIE R,
FIE5RIE RS A RN R NLA A 2, |
HEAR I GH 524k 45, IRt R4 24 4
IGF, IGF-1 532 1k%54 5 A0 mTOR, BEE1L
Jifi 5 25 A2 AR S -1 (insulin receptor substrate 1, IRS-1)
APIBK, 5 5 0T JE o g IR AR B, 5 AR FTBE Akt
BB L EMEEER A A . A, IGF-1 43 R &
[FJ I PEBE AT GH Ko R 2 P&, IGF-1 ik v il
Ik 1 T AT A A R AR (R A R = LA
Thee %, BEE LA E, GH 1 IGF-1 43 Wbk /b,
HESNU)FRERIEASS, [RINAEA LA 5 & X
2K, B GH 55 IGF-1 A] 72 ILNE (1 R A vh R 4%
TEEEM.

3.5.2 £

RKEMFORY, SERERF IS, 45
B LBT AN BE T A R D A b 4 A
o WERHEFEIESE, S2EdE = 215 k& ANLD
SEAIEREIE A &K U ek, 2R AT E
I e 2 324K (androgen receptor, AR) [/ 54 H %
Wi 2 50 A S o Al AR U, (88 B A S IR
BAIRAER T, ZEBEZHEKTFSIAE. 5BE
MDIRER PRI G. A RN, B TEFENERE
() SE A AD AT, RTAaE T ZAAN T 2BY JLAF- 4 )
BT A URZ B 3 0, (5 T BURD I 24 L4t 4 i) 4
STECRE A AR T AR A S tHAIE S S8 i AT 2 ik 2
WA g, Fo2HThgn = iR m 7 7,
FUEHER Y], JUU/DRER 55 1 85 R N S2 B K P 5 1R
ORI B RRAC T R SRE, BB R K,
SRR S KL AREEE 1% B T . 4t
L PH AR AN I S A 7K T B A ) 3 T B
R ) A A AE B A B A48 22 s 1 2 MR A I P SE
AR U R, HLASE 2Lk b 1 2
AR RERT R 5 RNV DIE K AR B R R —.
3.5.3 BREREE

ORI B b K E MORFRAE-F
M BN E RN . FARREE T3 A1 T4
FhEEOE, Hdb T3 B E TSR, BFFRM,
T3 B Th e, R RindiisE s cEeE .,
FEWRAG & BATA], T3 A d i o LR P o 5 R+
(myogenic regulatory factors, MRF) %5 5 JJLAH 4 Jits 7>
b s T3 AT 458 #% UL K1 MyoD HJJL4H fitd A=
B IERIA 5 T3 ik ml ik 38 i L2F 4 i £ s B
B BB SR VST, FRIR AR R R AR AR
FH 75 B IR BR B8R 324K (thyroid receptor, TR) /%,
Horh TRa fE-HHE WL B 5 RE. HiTit R,
TR F PR g 53 70 BR8240 e 165 7 AR A0 UL SR 4 B 7
IR 58 2 A, R TRa 15 VL4 il 0 25 °F- 5
g B AR T,

2 FOR BRI o0k S i, B LT I Th g
PRhT, Gn R R D e TCEE S UL I R YLEF
HEfLL I, TR R T RE9ROR W 2 51 A B UL
oI RLER SR LL R T B, ATP BTG PERRAS, F ik
UL EREL Ca™" RE Sy T R%, WIEREE (R aE LB T
B U2, 2B FOR AR o) R R B AL B A i L
AR AL, FENNIETEEREE
2R SRR AR D AR E A AL, A
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Hh FFIR B 2 T B 5 AR A EE S 5 A Y, i)
REA SR E RS E A AE TR RN AE ) H
3.5.4 HENMBEEERCEHErBIELRT
1o (o subunit of peroxisome proliferators-activated
receptor-y coactivator-1, PGC-1a)

PGC-1o 2 i 8 A 0 il A 384 3 i A 52 A4 v il BB
GG IEF 1 (peroxisome proliferators-activated recep-
tor-y coactivator-1, PGC-1) ] il 72 Z —. PGC-la s&
LRI A& BN AR T, R NUA N AL
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LR N bR Ay F B R R, HEIRET
PGC-la Z 5 8 L & 175 ¥, PGC-1a F£iX
PARCTGIE (iR =g S Uil e S TR il ar s k= it
WLZE 45 . PGC-1a i ik 0] s 5 2 & 56 WL & %
g, PRI T AR E M = A, 0| B W & UPS A
KILHRIE, TRV FE R R AERUR B ™. thAt,
PGC-lo. i ik 8 ] ##] FOXO03 53 (41 atrogin-1)
(28 G RIS, i) Sk R F NF-xB Bk, ki
TG LRE R AE B, R, SERAMLL,
ZHE NI PGC-1o FH R ik & BRI B, X

('IL-6, CRP, TNF-a and other )
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Fig. 1. A schematic of mechanism of the occurrence of sarcopenia in the elderly. With increased age, inflammatory factors such as

IL-6 and TNF-a and ROS levels in the skeletal muscle tissue of body increase significantly, and the autophagy level and mitochondrial

structure and function become abnormal, thus causing abnormal mitochondrial dysfunction of skeletal muscle, oxidative stress injury,

and inhibition of Akt/mTOR pathway so as to strengthen muscle catabolism, which results in sarcopenia. In addition, excessive auto-

phagy can cause cell stress, leading to increased protein degradation, and loss of skeletal muscle-induced sarcopenia. With the increase

of age, skeletal muscle mass is regulated and controlled by multiple hormones (such as GH, testosterone, and thyroid hormones) in

peripheral blood, and is also influenced by multiple active factors (such as PGC-1a, IGF-1, and myostatin) that are locally produced

in skeletal muscle. As age increases, the levels of GH, testosterone, thyroid hormone, and IGF-1 in body decrease, and the level of

myostatin in serum increases, resulting in decreased muscle mass and function, so that sarcopenia is induced.
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AR LR FIVDIE R A M EE R F 2 — ™,
3.5.5 AP HDHI 2], (myostatin)

WU A 3R AR E L Rk, IR
BT SR IEE . Dhagsg o, RUAAKHKE
BT SRR, PR N AT M R
[WFFLEE RER, BEEFR I, Mgl AEK
b R A I, H b B A R 55 2 AR I8 2K P B
m, BASE IR & 2SO0 ™ AT LA
ARANH R KT, T SEARZIEES 2B
(activin receptor 2B, ActR2B) 454, % Smad (dro-
sophila mothers against decapentaplegic protein) £ [
KM, Ja AT LA 8 E 5 s O i UPS i
AR ™ deAh, SR HUANLIA T4 T AR
BEAK, JLRTRES LAY AE KAl 3= Rk s g o6 P,
AE S, 01 JUL A A A A 1) 3R 2 R0 T DL S
B R AT AE PP DR, WU A K 2K
THEA] RE A 2 AE AL AR 1) — Fh S 2R L

4 AARERIRTE—IBBNTE

FEAl S s R AT 8 35 Sl 7w aa sl gt i Ava o7
WD RER BAF T 20, a0 Aas shxd 12 & 2 4 AL
RERASFE FE 7KL 7 A L7 92 AL/ i A AR
W S, M HTBR I Zons i 2 LN R G2 AR R s e,
TR INEER AR R E BB ER,  HET i L
= P GBI A AT S s B U &, IR ] o
HEILDIRE. W22 AN LL 60%~80% — IR & i K
f4a7 (1 repetition maximum, 1RM) [¥] 6 far, K %k
2J1~3 0 (8~12 /), ALIAEL 1~3 min, SHEN
T 2~3 d, X AE AWUDE A B R s
Fiatarone S55f ¥Ji¢ Jy 87 % ()2 4F N AT 10 JHHikH
BHMEFART B, 4REREHEIIES
125%, 1 %k B2 30 FA 3% P 1 o0 4 — L f
PSR, WRefiailgiag, W 61~85 Z[1EF AN
AT NI 6 BRI SR, ] A LRI ARG 7 &
P2 28% . B4k, ECHIELER, BB
AL R 8t i 2 3 e A AL BT dte
A 58 2% W32 37 VA AE BT ia LD e vh B R =
RGP ISR, BLECAIRTT IV E B3R A T

5 gk

1CN=H

LA E & 28 6 N I LI R A o
JULET 2 i S A AT AR T B e B 1 B B, R
A 2 N FEILFAERAER (B 1), BEFE R,

WK 29 i l, 51 # UPS W& 4k, UPS 3% P 3 5,
IR B LR AWK R . ARG, 0
WL TR ARG, InEdn . thah, mE T
WURSE #5305 ThRERERG, REle &Rk D) ge fehg
TENVE ) R AE Ry i 7 A, X A
MR TEZ I O] . BOHTT 7T 2o, PI3K/AkY/
mTOR %545 518 8% 55 4 BT SUVLAH A B 03 8 4 40
NFERNDIEREER R . eah, PUERR A
&5 PGC-la. GH. AR %52 Ff L7 AL 1 32 K 7 2k
WM. BN R A 7 FALE, SR
N (Wizsh. BIEAh . PUAMTIEE ) X AH G
B AT T I, R AR R BT IE WLAE AH SS90 1 4
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