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[ Abstract |

tionality. The etiology is intricate, including interactions among various physiological systems, especially the endocrine system which

Sarcopenia is a geriatric syndrome defined by the gradual decline in skeletal muscle mass, strength, and func-

secretes the growth hormone/insulin-like growth factor-1 axis, thyroid hormones, sex hormones ( estrogen and testosterone ) , insulin,
vitamin D, and cortisol. Recent data indicates that these hormones are crucial in regulating skeletal muscle protein synthesis, satellite
cell proliferation, metabolic balance, and inflammatory responses, all of which are intricately linked to the beginning and progression of
sarcopenia. Hormone replacement trerapy has demonstrated efficacy in enhancing sarcopenia. This review delineates the functions of
the aforementioned hormones in the genesis and progression of sarcopenia, intending to furnish a theoretical foundation and research
perspective for its prevention and treatment.

[ Key words ]

Sarcopenia; Hormones; Elderly; Hormone replacement therapy

PR H 2B H H 25 7R, WX 8 Rl HIOCHE, MAFIRARER . AR GLE 5L

AP C A RO e T AR P, A AR 20
LUK R B I AL S« A e T4 5 2 4F U RE RE
T3 CAPR B A A 3% e 3 AR AR 2 iR
Wk Z R UNEIAE, (H B UL B T o oG B
FEAEAF I IS, B HULE 2B, LR b
R TP G, 52T RS AENE
JRE LR AR MR R AE — R, ™ E R A > A B O
PJIIIG s A £ R | A2 SR B 1 7S IS €3 DS R
MU, BFREAREAE NG R, TN A EER
PR, WFSERMT, IR RN AE & R rh

E B U AR 5G9 JLAF R M AR HAL®], LA
IR 29T PR AL BRI AR PE
1 DERE X RRITRE

DAY A1 B LA GE TAEZH T 2011 ARk il 3Gl
B LD BB 2 N B AR 08 I K B #E AT RS L )T
Z R4 B LA A B A | UL 5 BE T B s LA
AE PRI REVRGR SN RRAE, JF AR B W AR NS TS Sl
TR A R A BRARDXUBS B Bk A
i, IFHAS AR NS T AR U A O I I IR 25 &
AER  BUAT W AR 4 RO AP AR R 22 5, — 0

Wk Hi . 2025-08-14 &I H . 2025-09-08 %4 H . 2025-09-08
* [HR [ RBIAFE S (82401845) 5 MW RMHETIIH (2024NSFSC1601)

w sl fEEH . ‘ﬂéf%, H, B4R yunxiazhang1993@ 163. com



FEPREAEESZE 202641 H 4547 B5 1

Int J Geriatr, January 2026, Vol. 47 No. 1

O, & NUMESEE KRBT R

LEFRPITEIR IR, 60 2 LI AR RN 8% ~
36%, 60 % K UL L AHEN 10% ~27% 5 A FHERPH L
DRE T AE LR UERT, 55 2 B 243 5 R 1%
2% , TG EBRPLAE TAEA PR UERT, 55 & i
FIPMN 12% F17% 5 ™ YL GE B9 100 5
2% ~9%" , BRZ FIRWES . EIRANR . W,k
= T HIR DR JR i 457 PRl 2R 347 2 38 i LD AE B9 & 95 X
B FET H AT LA W FA TS ORI 1 S 3t
oA o PO AR Y (g BT ST SR T, LA RE SR A R RO
FEAEASK 30 AE P 2B hn, s LA e il oy — 4> 32
FEA N e ) R
2 HMESNDIE

WUGE B9 AR AL B2 2%, o e pfrgs | N3k
LG Z N FRGE, PR NS0 P 3R Wk 3 23 Bl 4 4F
R IE I AR AL, X SE R B ARt 2 S EUILIA BT
B EAEfl,
2.1 AERKEGER/BEFEAARKE T 1%

BEEFE R I, AMERAE K ZE (Growth hor-
mone, GH) FIES XA K K F 1 (Insulin-like
growth factor 1, IGF-1) K& F [, X—idFfE
MoK IS E IR, GH/IGF-T Rl A4 dy R HAy
2 F R LA G AN 2 5B s ULST S AR, L
ADE FIAR LA E AR Z 8] (1 GH/IGF-1 7K A7 A5 i
FEXRS, AU S GH, IGF-1 5 & 35 1EAH
K BRI L 1 S S S Wi AR e AR IGF-1,
JRyER IGF-1 38 3o P40 5 s B/ FL 3h 1) B b A
ZHME 1 (Protein kinase B/ Mammalian target of ra-
pamycin, Akt/mTOR) ZFill f{eEE ARG,
il e, R TR 4 M 00 1Y 5 K A IR, A RK
*yiEes LR ZESE A RE RS . IGF SR% L
G35 WU RE XU 22 T A7 78 X ] R G &/, S L
E (YR 2 8 W 42 3 T BE AR Sy i AR YR, JF T
e M WILE (04 1 TRIA I T 3R T i B AR . 48
AR VUIRIR 5-NR 4SS Tl UL Y 25 40 19 8 779 500 A 25 )
A, HEZAE R IGF-1 357, GH Wil
i IGF-1 A ML & 5. 2R GH 5 UL SE /Y
ARSI, B3 pFsR Won, GH 6t
Z Rt/ S B A BUAR L, EALR & = Al
S FELUN WTTE =F ol e RA R PO I EL D O 1
SrHPgER GH #hFEAE M U/ RE I E IR Ir Nz —,
{HE5E S W oR IR 97 F BT AN REH2 @ UL oy 51
GH #hFEIRYTROR A PR, HAFFEKEAUERE | SR
IiE . B LA ME AR AE S A RS R XU
2.2 HURBREER

HUR AR ZE  (Thyroid hormones, TH) XFA4:1 |
KRB AR5 A 3 B2 AR, AL
TH iy 2 A 2 —, TH W] 38 o 0 UL IR £ 484
1| BN = mtE R A i 0 I MR L $2 s LK Y 45 B
PETREN SR, S5 AL ItE. BE
BACHT . AR LB A A UL Y 5 0 18 i
et RN X AR 2 BUOBE PR G B A B IE WoR

LI 37 25 — A FH IR IR 20 BR  ( Free triiodothyronine,
FT,) K&HY5 FT, B HIH (FT/FT,) S5 HLAE %
PSR FIEM S, FT,/FT, BRI RE &
AT ST S B 3R A IR IR T BB H 0 rh [
AN, FT/FT, (RS LA BT & R B IE
AHSCH S FE AR AR T B 5 LA 1 BRLR S R,
%: T 5% V% FT, A1 FT,/FT, &85 rsh, S =HlLH
BRJFRZ R (Total triiodothyronine, TT,) tHJ&—
TEMFERR . T FT, BU33PE, TT, PPl HUIR R
IREIEH 1Y 2 4F AW SE S TH SR — D AR
L SRR, BARE IR Z W5 R TH
el B L GE Z (8] T BEAAAE R R G &R, H
WAFTIAR TH 5P E 2 ) %A R R T,
FIFEEE A B2 i BT 98 5k 5 1iE 3 46 7] {8
AR Z2 AN T A Ik SE IR 9 731 A AR BRAILAR
2.3 MEER

A 28 )5 L MEPROCR K R B, R EOULIA BT e
VNIRRT B, G0 LD GE g RS E SR
TE o R ER 2 AR A A A VY A UL Y JB A
UIRE, MEMCER KT 203 A B LAY 5T 4 A 2
pesgHEk, MR VENLN ZE L, B EE
O WLET 4 AR5 2 00 ME sz A, M i S Az
a5, w3 a # LA i b IL3h & 1 A,
Pom R UL DR A0, 0 PO PR T A A i 1 v
W, YIRS E AN M R T 2
JEy TS RIS B 48 R S B R 0 17 8- E R AE %
S PR T A AT S 0 A R AN B PR RS,
B IRFE IR F-oc (Tumor necrosis factor alpha, TNF-
o), ATLAREMALAE E,  BEARULA XS 465845 69 5
ABTT . WEUER i 2 — Fh LT 4 B FS 5 9] Fi bt A4k
A, e LAGR R B LR W4 D e, T RAB Ik
WL G52 . AA TR, HE RS ZEILA
A TER SCRER ZR, HMECGR Bk =0, LN A
STV R, R A R B 7R SR S i AR
B, MRS Lr A= 40, B2 3E iU A BT 1 g
AR A S R B IR A S Lotk
TR REAT B TR LA BT hE R B, (E AL SE 1Y
FLARSCRAT 5 58 26 PRI 50 TE 7
2.4 SER

SRR AR Sy S B B A AR 2R TR, TR T
BT LA SOPE S p A o B v R 4 AR,
PEMIXF LA B 5 e . B R LA A B AR o 1Y
AR HAT YOE MR e, 52 R 2 0 A R R
SRR MWL ARG, SR T R AL 2E A 5 o
TGS AR L B G LR s -2 Sl IE I 45 6, B4R
Wy A EE TR WY A2 A BE, PR GEE mTOR {5 %5
W, R PSR, S2ER S AT B IGF-1 K
5, WOE B AR WENLES 3 U0 - 25 1O B (Phos-
phatidylinositol 3-kinase-protein kinase B, PI3K-Akt)
I, HE5E mTOR 1% M 45 9K S W ke ik — 25 B o
HABTAY G AT, I U B 2 v B S R EOUL



FEPREAEESZRE 2026 4E 1 4547 #4551 )

Int J Geriatr, January 2026, Vol. 47 No. 1

TR KRR IEAE . BEAF R, B
N SRR K S RRLE R, RIS s,
S REM R R, MR BRI T Al E
Fh AR T3 AR PG B LA R B A T g
WU E S 800 & 32 3 6E 7 A A 36 A 09 38 7 12
P, MEBRER KO {E B 00 S 4 59 PR B UL P 25 4 00
HEAR ] W BEAIG,  3X HE — 25 SRR SRl AR T XA
JT TG 4T B PE AL S A 250, SE R b 7296 9T
AL LA e ML D e, (E S 9 28 4 P R T R
T BE— 2 hF e 2
2.5 LA FRMERR

55 M R L P Y B S R ER - ( Dehydroepiandros-
terone, DHEA) K7 [ 25 47 i 19 Jm 24 3% 8 F B%.
175 DHEA ¥REEM 30 2 42 W N %, #E 70 ~80
ZF, B DHEA /KOs BE(E 1Y 20% &£ 44, &
PRI B 30% 7 . DHEA & 4% H & oA
JHEIHLH =2 — Bk DHEA Q3 Jy S2 R, 52 R 78 2k
FNLADIRE )y B A 25 EH, X RS2 1 DHEA
Xif LS i BB A Y, e Ah, kb5 DHEA n] 42
T P I 2 SE R 2K S AN 5 P 3% IGF-1 K- AR
DHEA RIA J7 F1 WL AE 22 8] (Y 5 R AR A %8
1, THET 2 F KA RIS R B 2 DHEA 1%
YRIT TENVRE A BE T G RAVEH
2.6 JhEE

VERHLAA e KB Bl A 75 48 B FIER 2 AR
MY RO L 2, i UL R A 1 R 4 b oy v DG
o, BAENCE R LR B Z P, |SEUIL
REReE AN I/ | BEEG TR, EIUVRER A K
JEMAZ AR AL HI 22— 3 24 L AL 45 .
WO B WLER 5T 43 A A R s> 2R A A
FVEYELHESE H O (Forkhead box O, FoxO) ZEjk
EASE VNN E 9 3 S ERIB BUR: ki g S Uil ¢ S Sr
TS ECERIEESE ;. SR B RN [ g5
AN, B 5 IGF-1 £ LA AR b A A LA s
12, WhEiE L PI3K-Akt Al mTOR 15 538 % 2k 52 i
ALARAR ™ [FIEE, UL S I 28 R P05 5 A 41 it
PR R 25 W0 B 3 B 1 i A 2 A0 300 i %) ] 48 b e s
s, RO P X AR A R e B
iR I3 P IA 2 WL M AR 55 i 1 R 22 18] 56 &
ISR ZEDY ) IGF-1 B8RS RiHS: FoxO, HLHITE
T I A A B AR S0 i N S 1 LI 22
i, AWUDARE RT3 H 0 Oy Y B BT
FEOH, BEPR I AR 0 B S 3G Hk B H B B AL
Wb, XA RE S AR R 2 L R e A Y S R K
Pifg X
2.7 YEED

H4iA=2E D JEALR A B A 2 A EE B T A
FZ—, BEMEFZ WAL B RGN R E S 4
T, XHEEENE R E e E S 4R D R
WAEFC W WILADRE 1) & A R & R, AL 54 F LI 2R
FUBTE R . PET SOk AR DI E . 81 S 528 FlRRE S

TR, & NES#ME SRRV R

N S LR £T 4E IS B 0 L) A FE AR L RS LY
ZHAEL Y 20 B O T B R R . LR R A4S S e
S RRAEDY RSN IR R, dEAE DA E D
AR (Vitamin D receptor, VDR) HhZEVETT LA ZE
WOAZ AR (AR A B R . LokiiATige |
AN E AR ) v R SCHEE Y S R /N
BUAPIAY VDR, 00 SR AILAE AL D RE 32 4510
EAF N T ARES B BTG B JEK 55 A0 2k i o ok 2L
AR D = AR R o, UL RE 19 XU T
T IR RE TR AR B S AR R D
AFEFNLGE GO, T i R LA T R AT RE Y
HARZ Y R4 R D 72 LN A B s e 3
HEAEM, HHAFFRERAEEER D AG AR
TR WL, 5 U8 e 2 R BT 22 W 9% ok 5 Uk HAAE
LA g E
2.8 R

B TS b R TSR N ORI S 1A A
PE WA TR . B R A AR
AT LA 1 BT R A . R AR S O, TR
PRI PR, BEAE AR IS, F i - A -
EB#  ( Hypothalamic-pituitary-adrenal, HPA) % &
AL R A oA, FR B B Al Bz BT B KT
ERCTHRZEEEL, T REE S EUE R AR SN £ K
— TG, TR HLHR R R R R
PG FI B A R e 15 T WL R Fokoig, vl 4R
BTG ok, A BE 88 1 BB A, 3 R 1% 2R /1GF-1
OO B, SRR LA B e AR K (i
IGF-1 FILA A ) Ad By B o i
ESUPR T kT AR OC  BEIR) B R K P
D SE Al ST A B 3, XL E R A R
BTN RE 7, B A AR LA E i XU B e Y
JILES FRAS R b 3 U R T M o AR 1) g
3 NG

BWERANDIE R AR TPy s E EEMA
B, PR AR YT T RE N LA E 1936 97 SR A48T 1
Jrta), AHJ B ARROR 142 A vEAS RS i — B TR,
AR I FE W R AR TR 5 LA E =2 18] 1Y 43 T
LI, LATF A A R T8 RN TT S

%H ik

[1] Chen L K. Sarcopenia in the era of precision health: to-
ward personalized interventions for healthy longevity[ J].
J Chin Med Assoc, 2024, 87(11) : 980—-987.

[2] Kirk B, Cawthon P M, Arai H, et al. The conceptual de-
finition of sarcopenia: Delphi consensus from the global
leadership initiative in sarcopenia (GLIS) [J]. Age Age-
ing, 2024, 53(3) : afae052.

[3] Stuck A K, Basile G, Freystaetter G, et al. Predictive
validity of current sarcopenia definitions ( EWGSOP2,
SDOC, and AWGS2) for clinical outcomes: a scoping re-
view[ J]. J Cachexia Sarcopenia Muscle, 2023, 14(1) .
71-83.



[ P B4R R AR

2026 4F 1 A HH 47 B W)

Int J Geriatr, January 2026, Vol. 47 No. 1

O, & NUMESEE KRBT R

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Petermann-Rocha F, Balntzi V, Gray S R, et al. Global
prevalence of sarcopenia and severe sarcopenia: a system-
atic review and meta-analysis[ J]. J Cachexia Sarcopenia
Muscle, 2022, 13(1): 86—99.

Gao Y, Huang Y, An R, et al. Risk factors for sarcope-
nia in community setting across the life course: a system-
atic review and a meta-analysis of longitudinal studies
[J]. Arch Gerontol Geriatr, 2025, 133. 105807.
Polyzos S A, Margioris A N. Sarcopenic obesity [ J].
Hormones, 2018, 17(3) . 321-331.

Bian A, Ma Y, Zhou X, et al. Association between sar-
copenia and levels of growth hormone and insulin-like
growth factor-1 in the elderly [ J]. BMC Musculoskelet
Disord, 2020, 21(1): 214.
Liu J, Chen M, Xia X, et al.

tween the insulin-like growth factor family and sarcope-

Causal associations be-

nia: a bidirectional Mendelian randomization study [ J].
Front Endocrinol, 2024, 15. 1422472.

Kim HJ, Kim S W, Lee S H, et al. Inhibiting 5-lipoxy-
genase prevents skeletal muscle atrophy by targeting orga-
nogenesis signalling and insulin-like growth factor-1[J].
J Cachexia 2022, 13 (6):
3062-3077.

Johnston M J, Rakoczy S G, Thompson L V, et al.

Sarcopenia Muscle,

Growth hormone-deficient Ames dwarf mice resist sar-
copenia and exhibit enhanced endurance running perform-
ance at 24 months [ J ]. GeroScience, 2025, 47 (3):
4827-4843.

Priego T, Martin A I, Gonzdalez-Hedstrom D, et al. Role
of hormones in sarcopenial J]. Vitam Horm, 2021, 115;
535-570.

Bloise F F, Oliveira T S, Cordeiro A, et al. Thyroid hor-
mones play role in sarcopenia and myopathies[ J]. Front
Physiol, 2018, 9: 560.

FHR¥, Bk, PhIE, 5. B4 2 AP B A
FORIRDIRE S WLAME Y S ZR [T ], PARBE IR 2% s
2021, 13(12) . 1155-1159.

FuJL, MuZJ, Sun L N, et al. Thyroid function and
sarcopenia in geriatric type 2 diabetic population[ J].
Chin J Diabetes Mellit, 2021, 13(12) : 1155-1159.
Zhu Z, Qian Y, Ding P, et al. Exploring the association
between muscle mass and thyroid function in Chinese
community subjects over 45 years old with normal thyroid
function; a cross-sectional analysis[ J]. Front Endocri-
nol, 2024, 15. 1411805.

Sun J, Huang J, Lu W. TT3, a more practical indicator
for evaluating the relationship between sarcopenia and
thyroid hormone in the euthyroid elderly compared with
FT3 [J]. Clin Interv Aging, 2023, 18. 1361-1362.

Xu R, Li Y Y, Xu H. Mendelian randomization analysis
reveals no causal relationship between thyroid function
and sarcopenia-related traits [ J ]. Front Endocrinol,
2024, 15.: 1406165.

Lu L, Tian L. Postmenopausal osteoporosis coexisting

with sarcopenia: the role and mechanisms of estrogen

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[J]. J Endocrinol, 2023, 259( 1) : e230116.

Juppi H K, Sipild S, Cronin N J, et al. Role of menopa-
usal transition and physical activity in loss of lean and
muscle mass: a follow-up study in middle-aged Finnish
women[ J]. J Clin Med, 2020, 9(5) : 1588.

Collins B C, Arpke R W, Larson A A, et al. Estrogen
regulates the satellite cell compartment in females [ J].
Cell Rep, 2019, 28(2) . 368—-381. e6.

Hansen M. Female hormones: do they influence muscle
and tendon protein metabolism? [ J]. Proc Nutr Soc,
2018, 77(1) . 32-41.

Tan KT, Ang S J, Tsai S Y. Sarcopenia: tilting the bal-
ance of protein homeostasis [ J]. Proteomics, 2020, 20
(5/6): €1800411.

Osterdahl M F, Ni Lochlainn M, Welch C, et al. Sys-
tematic review on the relationship between menopausal
hormone replacement therapy, sarcopenia, and sarcope-
nia-related L7117 2025,
199. 108609.

Hosoi T, Yakabe M, Hashimoto S, et al. The roles of

parameters Maturitas ,

sex hormones in the pathophysiology of age-related sar-
copenia and frailty[ J]. Reprod Med Biol, 2024, 23(1) .
e12569.

Correa C, Bieger P, Perry I S, et al. Testosterone sup-
plementation on sarcopenia components in chronic pa-
tients: a systematic review and meta-analysis[ J]. Curr
Pharm Des, 2022, 28(7) : 586—594.

Ketchem J M, Bowman E J, Isales C M. Male sex hor-
mones, aging, and inflammation [ J ].
2023, 24(1): 1-25.

Oura M, Son B K, Song Z, et al. Testosterone/androgen

Biogerontology ,

receptor antagonizes immobility-induced muscle atrophy
through Inhibition of myostatin transcription and inflam-
mation in mice[ J]. Sci Rep, 2025, 15(1): 10568.

van den Beld A W, Kaufman J M, Zillikens M C, et al.
The physiology of endocrine systems with ageing [ J ].
Lancet Diabetes Endocrinol, 2018, 6(8) : 647-658.
Huang K, Cai H L, Bao J P, et al. Dehydroepiandros-
terone and age-related musculoskeletal diseases: connec-
tions and therapeutic implications[ J]. Ageing Res Rev,
2020, 62, 101132.

Liu Z J, Zhu C F. Causal relationship between insulin
resistance and sarcopenia [ J]. Diabetol Metab Syndr,
2023, 15(1): 46.

Consitt L. A, Dudley C, Saxena G. Impact of endurance
and resistance training on skeletal muscle glucose metabo-
lism in older adults [ J]. 2019, 11 (11):
2636.

Zou Y, Ye H, Xu Z, et al. Obesity, sarcopenia, sar-

Nutrients ,

copenic obesity, and hypertension: mediating role of in-
flammation and insulin resistance[ J]. J Gerontol A Biol
Sci Med Sci, 2025, 80(3) : glae284.

Russell S J, Schneider M F. Alternative signaling path-
ways from IGF1 or insulin to AKT activation and FOXO1

nuclear efflux in adult skeletal muscle fibers[ J]. J Biol



— 88 — [EPRBAEEEIRE 20261 H 4755 11 Int J Geriatr, January 2026, Vol. 47 No. 1
E O, S ONUMESHME LR MBI R

Chem, 2020, 295(45) : 15292-15306. and vitamin D supplementation in patients with sarcope-
[33] Sanz-Canovas J, Lopez-Sampalo A, Cobos-Palacios L, et nia: a systematic review and meta-analysis [ J]. Nutri-
al. Management of type 2 diabetes mellitus in elderly pa- ents, 2023, 15(3) . 521.
tients with frailty and/or sarcopenia[ J]. Int J Environ [39] Kuwabara A, Matsumoto M, Hatamoto Y, et al. Vitamin
Res Public Health, 2022, 19(14) . 8677. D and muscle health: insights from recent studies[ J].
[34] Zhang F, Li W. Vitamin D and sarcopenia in the senior Curr Opin Clin Nutr Metab Care, 2024, 27 (6):
people: a review of mechanisms and comprehensive pre- 499-506.
vention and treatment strategies[ J ]. Ther Clin Risk Man- [40] Katsuhara S, Yokomoto-Umakoshi M, Umakoshi H, et
ag, 2024, 20. 577-595. al. Impact of cortisol on reduction in muscle strength and
[35] Bollen S E, Bass J J, Fujita S, et al. The Vitamin D/ mass: a mendelian randomization study[ J]. J Clin Endo-
Vitamin D receptor ( VDR) axis in muscle atrophy and crinol Metab, 2022, 107(4) : el477-e1487.
sarcopenial J|. Cell Signal, 2022, 96. 110355. [41] Liu F, Yang Q, Yang K, et al. Cortisol circadian rhythm
[36] Girgis C M, Cha K M, So B, et al. Mice with myocyte and sarcopenia in patients with type 2 diabetes: a cross-
deletion of vitamin D receptor have sarcopenia and im- sectional study [ J]. J Cachexia Sarcopenia Muscle,
paired muscle function[ J]. J Cachexia Sarcopenia Mus- 2025, 16(1) . el13727.
cle, 2019, 10(6) ;. 1228-1240. [42] Veronesi F, Salamanna F, Borsari V, et al. Unlocking
[37] Remelli F, Vitali A, Zurlo A, et al. Vitamin D deficien- diagnosis of sarcopenia: the role of circulating biomark-
cy and sarcopenia in older persons[ J]. Nutrients, 2019, ers-a clinical systematic review[ J]. Mech Ageing Dev,
11(12) . 2861. 2024, 222, 112005.

[38] Chang M C, Choo Y J. Effects of whey protein, leucine,

[ pimgem |

| G

By $ U 95

2023 4F, Peter 12 BMER /., QMR ., BEMCEM R X ERFTENN W EZBATERT I H A
"1 “Four Horsemen” F5#iE UL P8y “KE WK+, 95 EREMAMRY E LB, 1K
FREWODTHE L REVNTGRWEDH IRMREA T ARDE -, WA BN “HiER", “B7” REX
HJm o SRR M k" AR WM IR R & B Z ey T2

“HpAmvdRT KA EMEEENRE EFIL, KM LEEE, PRI AEEE (Entopy), ¥ TR

, A R ATP it 2 o P2 £ 85 B B 3 (Free radicals) 15 DNA, ¥ &% 15 & FE, WIELEH

&%anﬁﬁtﬁﬁﬂiiﬁ’ﬂ%fﬁo FERE EINE LE, Bl HHEEES LN, BERF. BT
B Kk W AR AP i AE ARG B R AR FE AL M AT AR B AR A B P AR IR M BR R Al R

KXTHXPEA (Centenarians) HH XK. SEH@ AL, BFEALE “FHomR" Q’ﬂﬂfrfﬁl%)ﬁ‘"c?ﬁ
BETH+T44;, EE@EA#RHF, AL Z—MWMASELT S WP AT ERE, BB FEXAF, KT
“Hpz—" WITHMERE-—FLALE; ELEBA#HY, AN —WASELTHS H'J%E’Lﬁﬁ]w@mﬁll'ﬁ’&
T, ENBRLOAIETSZANALT S A HI; XUHHFREREEFTHEL, REF ., HilEM
BRI e ER R

T, e AR EE S EABMAOH Ry Z M A E ] R By R

“Four Horsemen’

[1] Peter A. Outlive:; the science and art of longevity[ M]. New York: Penguin Random House LLC, 2023.
[2] Geoffrey W. Scale[ M]. New York: Penguin Random House LLC, 2018.
[3] Christofk H, Metallo C, Liu G, et al. Metabolic heterogeneity in humans[ J]. Cell, 2024, 187(15) . 3821-3823.



