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Abstract

Objective: Sarcopenia is an age-related progressive skeletal muscle disorder. Exercise and nutrition
are two modifiable components, but whether their combination yields synergistic effects remains
systematically unverified. This study aimed to compare the effects of structured resistance training,
individualized nutritional therapy, and their combination on appendicular skeletal muscle mass in-
dex (ASMI), muscle strength, and physical function in older patients with sarcopenia, so as to pro-
vide evidence for optimizing clinical intervention strategies. Methods: This retrospective study en-
rolled 120 older patients with sarcopenia, who were randomly divided into a control group, an ex-
ercise group (resistance training, 3 times/week for 6 months), a nutrition group (whey protein 40
g/d plus individualized energy target), and a combined group, with 30 cases each. ASMI, body fat
percentage, grip strength, knee extension peak torque, gait speed, Short Physical Performance Bat-
tery (SPPB), and Timed Up and Go Test (TUGT) were measured before and after intervention. AN-
COVA with baseline adjustment and Bonferroni post-hoc test were used for comparisons. Results:
After 6 months, the increase in ASMI in the combined group (0.59 * 0.22 kg/m?2) was significantly
greater than that in the exercise group (0.23) and nutrition group (0.19); the decrease in body fat
percentage (-2.3%) was also superior to that in the single-intervention groups. The gains in grip
strength and knee extension peak torque in the combined group were significantly better than
those in the single-intervention groups (all P < 0.05). In terms of function, only the combined group
exceeded the minimal clinically important difference for gait speed (+0.23 m/s), with a 2.9-point
increase in SPPB (from 7.7 to 10.6), and improvements in TUGT and five-times sit-to-stand time
were approximately twice those of the single-intervention groups (all P < 0.01). No significant
changes were observed in the control group. Conclusion: Both structured resistance training and
whey protein supplementation can independently improve certain outcomes in older patients with
sarcopenia, but the combined exercise-plus-nutrition regimen demonstrated significantly superior
synergistic benefits. Therefore, it is recommended as the preferred core intervention strategy for
sarcopenia and should be promoted in geriatric outpatient clinics, inpatient wards, and community
health management settings.
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1. 518

B AR D Z WAL ERR N IE, 5 5 A DG I B LR BN 2 B A A% 8 2 — o L
/D (sarcopenia) & —F LR BEHIUTT L8 /D LA 705 B RN/ BRI Th REJROR Oy - EARFIE M EA TV . &5
PEE AR, 2016 4Fu E RN E BRI 2 (1ICD-10)4 Y, trEE N “EEZMERIG” BN
5 L SR AT T O R SR [1] [2] 0 AT 2= TR R, WD ESE A Bkt X 9 AP 1 3
TG E N 10%~27%, ™ EHLE B0 R LN 2%~9%, HBEER L8 T3] [4]. WUMERGEHFAR
FRTUAAS: E5EE. B4, KAe. FEBh MK A G I N 0 R AR A0 T RS T = B AE LR kST
KHE[5]-[7]. Rk, FHRz4. A RETEIRR S XHET T 1S, SR8 EFE R FRIKE
SR EE N AL AR L.

U RE I R A 2 2 LRI A AR5 R, HoP i BT T AR 2 “DU A e ” 5 “H i
JRMIASR” o —T7 T, MW PR S ARG B k> K B PRS2 S8 11 BRI AR ek Bt 248 1830
AL R R 2 LA SR A, BRI 51 AR LT S5 0 S T T R T R N AR T LA R 1 R SR T FE[8] [9]
BT B, B BRI SE IR PR SE B R F (ICFSRY BT BRI SRS — LA 2 (IRt 2 . RS L EIEE), JF
A XA AR AR R O /R E TR R E A TEFRANR[L0]. EE3) T, P IIZREHIE S A 2L
B FE NEAE, AR KBS EERI, ZHEANPHNZG SR HEBCRARE 2-3 k. 2
568 JBE )T O I A7 AT T SR (1] R S 55 5 WL N HE A 2525 20 b 78 s B BRI 25 mT 42 28 5 4R g o R UL
TG [12]. EEFFT W, PROT-AGE 4 X415 ESPEN 4 44 @ W filt B2 4 N & A TR
IEFE] 1.0~1.2 g/tkg-d), HIFSBIERIRES HE3IAE TR E 1.2~1.5 g/kg-d), HmiALRERSE
BRI 7 RO G [13] [14]. SR1fT, Fatih 7o H 10 i sk Z AU 67 A RS, EXHULA R 2 5 1 i o+
AR RZ, fEREESZEMRMENA LMY ST, PRI 06 8IS 5 1 DU R R BT
o DRLIEE G ) B8 G MK i BE 3 I 8 97 SCRF IR G B AR RE YR ST H 5 2 H AT PR A e P )

BT FRE R, ARG R L AP Gy AMRE FRVG T B 38 BB 7 0t DU
BB SR K . ERBUA B NS, SPPB. TUGT S gRIATHRES: RIfIsL, BAERIE “iB83)
+ BT AT IR B ENRE S5 8 26 0 &A1 B3R T —F i
2. ik
2.1. MRMREELER

AW 9 [ o RGN 2020 4F 1 H & 2025 4F 6 HAE T 8 K2 I8 B2 B 2 AR = 2 R 1)
>65 % WI/DHE B (FF & AWGS 2019 f5E), HERRSEEE. SMEME ALY ME ARG . TR
U IR S IR SE R AR SNERE . HE A 120 B, BENLECTRIE S A IRAL . REIEsh UL, HIRIR
SR A4, %% 30 . RIS, . BMIL IREIESE. MNA-SF 174> WUDERRFE B ASMI .
B, LEESRR.
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22. MARESEMS

fai Y 2 A4 0 B BEL BT 20 X (InBody S10)TM 52 DU 1 B LR (ASM),  TH5E ASMI (kg/m?), [R5 B LA
JEE . B A —HIMEA T, #EIRE N e, T Bl M B R — 8.

2.3. MANETTE

A Jamar $2 7B KR ST (R AL BHIE 907, ZAEAASE A% 3 K KAH). R A /1 Biodex
ST R Gr A S e UG 7756 s[RI 47 30 FP AL L6 (10 S S HE L AL YR ED)

2.4, PRETHEETEAY

A3 6 KPHEEH D, WMNIRKTH). e R ER(SPPB, 0~12 43). iHAFEIL - 17 E TR
(TUGT, ) I 5 RALSEIFIE](CS-5, #). A MR i ASZ0 15 10 B — VA T AT, RIS T4 — 8 S M
AN L.

25. TRARSHRME

Xof HRZAAY F 52 (i R BT . FR a2 54 5 3 4k, 4K 60 min (F4 £ 10 min + TP IIZE 40 min,
&8 A EfE, M4 8~12 Ik x3 4, SREE Borg13~15 73, 4 2 AL ) + BRI 10 min. EIRIAIT
H. HHEatat EAEsliEE Ot 40 g/id (FEER 20 g), JF d1E FR I BUE ML REE H 45 (25~30
kealkg-d), #HREERIBORE. KEHRNEZIEE) + ERTH, It 6 M. BFHEGIIZHEIRY
+, BBV, THZERE > 80%E M

26. GHFERE

SPSS 26.0 731 ITEFENERE LA X s fiiR, THEEEH 2 R5; L R s R 205 2 s
HAWATE LRI t 5% THEAMIEH AR RN T Z T (RIERLE), F/ELELELT
Bonferroni &% 1E. XM P < 0.05 NZEREH G I3 E X,

3. &R
3.1. BLRHPATEE S

LGN 120 Bil(BE2H 30 ), DU EEEETEER(5I 1 5 b 43.3%~50.0%) . F1#4(72.6~74.2 &) — k%
Bl BT, 8RR (H 68 R 23.1~24.4 keal/kg-ds EX 1 0.80~0.85 g/kg-dv MNA-SF 114> 9.4~9.6 47) &
OB EFRAR(ASMI 6.29~6.37 kg/m?. 42 17 22.1~22.6 kg~ i 0.71~0.74 m/s)¥) L4112 7(P > 0.05),
PORFEL AT WA 1.

Table 1. Comparison of general baseline data among the four groups of patients before intervention

=1 MERETHET—ARZTRELR

5 H papicth REZFNH BIRAT4A B3 + BExd P I
(n=30) (n=30) (n=30) (n=30)

512 () 13/17 14/16 14/16 15/15 >0.05

FER (D) 726+5.8 72.9+6.1 742+54 73.1+5.9 >0.05

TR (FF) 42+16 40+15 44+18 41+17 >0.05

A 3%\ (keal/kg-d) 231+36 244 +34 241+38 242+35 >0.05
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B A A (g/kg-d) 0.82 £0.16 0.85+0.15 0.80 +0.17 0.84 +0.16 >0.05
MNA-SF (7}) 9.4+16 96+17 95+19 9.6+1.7 >0.05
ASMI (kg/m?) 6.31 +0.61 6.37 +0.63 6.29 +0.59 6.35 +0.61 >0.05

12 71(kg) 223+43 22545 221+41 226+4.4 >0.05
6 m H (m/s) 0.71+0.14 0.72+0.15 0.73+0.13 0.74 £0.14 >0.05

32. IlARERSERSENR

6 NMHJE, XYL ASMI B R (A = —0.04 kg/m?, P = 0.170); =/NT-Fi4l ASMI ¥J 8 1nP <
0.001), BXAHIGMRERK(A=0.59+0.22kg/m?), £ HHIZ5)4(0.23)FHE FR4(0.19)/ 2.5~3.1 f5. ASM
o %of 1B I £ 2 (1.44 k) 7R B B AL T BT 10 4H.(0.55~0.57 kg) . A8 T 4> EL 5, IEENEMBEGHEE T
BE(A 737 9—-0.9%F1-2.3%, P<0.01), EIRMHAEA FHEMERILBEEEP=0.299), XHARLE FA. W&
2.

Table 2. Comparison of muscle mass and body composition in four groups before and after intervention

2. METIRIEINARERIER LR

LD 45| n FFEi FHE =N HAPEH
o FE 40 30 6.30 + 0.60 6.26 +0.59 -0.04 +0.14 0.170
R BB A 30 6.37 £0.63 6.60 + 0.67 0.23+0.19 <0.001
ASMI (kg/m?)
BRI A 30 6.29 + 0.59 6.48 + 0.62 0.19+0.16 <0.001
B3 + EIRA 30 6.35+0.61 6.91 + 0.67 0.59 +£0.22 <0.001
X HE 40 30 15.81 +2.35 15.73+2.30 -0.09 + 0.41 0.176
RER BB A 30 16.05 + 2.41 16.62 + 2.48 0.57 +0.46 <0.001
ASM (kg)

BT A 30 15.79 £ 2.29 16.29 +2.35 0.55+0.43 <0.001
Bz + EHRA 30 15.98 + 2.37 17.42 +2.53 1.44 +0.58 <0.001
pagicEiEl 30 325+5.0 328+5.2 03+14 0.268
R izsH 30 32.1+49 31.2+47 -09+16 0.005

18 H 4 L (%)
BRI A 30 327+5.1 324+51 -03+14 0.299
B3 + EIRA 30 324+50 30.2+45 —23+17 <0.001

3.3. AN EEIFEL

SRR S B4 IR TH(P < 0.001), BRA4LIFHE 5.3+ 1.9kg, T iE5h41(3.8 kg) IE 77 41(3.9 kg)-
AR R U J T AR A H A N 18,7 £ 6.3 Nem, 9Nz B 41(10.5 N-m) ) 1.8 £ F1E 7 4H(6.8 N-m)[¥] 2.8 fi5. 30
FRAEST R IG T, BEA LI 3.9+ 1.4 1k, LTigsh4(2.3 )FIE FR41(1.5 K). *HIRALSI0 1 Eishri T
BEA(P >0.05). W% 3.
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Table 3. Comparison of muscle-strength indicators in four groups before and after intervention (X £s)

3. MATFMRIEAMANIEIEFREEB(X +5)

LD ZH 5 n FFEi FHE =N HAPE
Xt R 40 30 223+43 225+4.2 -02+13 0.421
R iz5hH 30 21.7+45 255+4.7 38+18 <0.001
% 71(kg) ‘

BT A 30 212+4.1 25.1+43 39+16 <0.001

B3 + EIRA 30 226+4.4 278+47 53+19 <0.001

Fot FE2H. 30 77.2+136 785+ 13.2 0.7+41 0.372

RER B shA 30 79.2+14.2 89.7+15.1 105+5.6 <0.001

AR Ji2 Ut 73 %5 (N-m)

IR 30 77.7+138 84.5+14.2 6.8+5.0 <0.001

B + B 30 785+ 14.0 97.2+15.8 18.7£6.3 <0.001

Xt R 40 30 93+24 95+23 02409 0.564

R izshH 30 98+25 121+27 23+12 <0.001

30 s ALAZIREG (1K)

BT A 30 93+23 108+24 15+1.1 <0.001

B3 + EIRA 30 97+24 13.6+£29 39+14 <0.001

3.4. SRIFINREFEIRIEM

B A 410 R = 0.23 £0.07 m/s (i MCID 0.1 m/s), 1&zh41(0.14 m/s) & 3741(0.08 m/s, 41k MCID)
BEEARN A IR . SPPB S BEA AL 7.7 TFE 10.6 70(A=2.9+0.9), BEIALFIE FRH D BT 1.7 0 F1 1.1
4y. TUGT W RIBC S 20405 3.5+ 1.3 #b, CS-54i%H 3.6 £ 1.4 #p, GHIREIL N AT 2 f5. W
% 4,

Table 4. Comparison of physical function indicators in four groups before and after intervention (X +s)
7= 4. MR TFATE IR A ThREIRFRELER (X £5)

LD 45 n FHET FHE =N HAPE
Xt R 40 30 0.71+0.14 0.71+0.13  0.00+0.05 0.812
R izshH 30 0.72 +0.15 0.8+0.14 0.14 + 0.06 <0.001
6 m g (m/s) »

BIREITAH 30 0.70+0.13  0.78+0.13 0.08 £ 0.05 <0.001
B3 + EIRA 30 0.74+0.14  097+0.15 0.23+0.07 <0.001
o iR 40 30 76+19 7.7+18 0.1+06 0.386
R izsH 30 76+18 93+16 1.7+08 <0.001

SPPB (%) .
BT A 30 75+19 86+17 1.1+07 <0.001
B3 + EIEA 30 77+18 10.6 + 1.4 29+09 <0.001
Fot 2 30 13.9+3.1 14.0+3.2 0.1+09 0.564
RER BB A 30 13.6 +2.8 115+2.4 -21+11 <0.001

TUGT (s)
IR 30 14.1+3.0 128+27 -1.3+1.0 <0.001
B3 + EIRA 30 13.7+2.9 102 +2.2 -35+1.3 <0.001
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pagicEiEl 30 142+34 141+33 -0.1+1.0 0.303
RER BB A 30 14.0+3.2 11.9+2.8 -21+12 <0.001
5 YRAA ST IR A (S)
BT A 30 143+35 13.1+3.1 -12+11 <0.001
B3 + EIRA 30 141+33 105+2.5 -3.6+1.4 <0.001
4, it
TR 120 1 AWGS 2019 FreERIZ HIZFEN/DAE SB35 T R IR, REiiHbpiliEs). &

FRIRT B G T FRRIT A EERI: 1) XHRH ASMI BH & Rl R LT, S IThee T B2 oiE,

WESEWUDE “AFRRIRREEEAL” ;5 2) =R E3) T ZUE M FEA R ——Hu B I ZRE AR R . B R
RO HITH AR, AN VAR ETTEA R 3) A TN A L2 “E&n” M,
ASMI HGIlE g B —F-Tiil¥) 2.5~3.1 fif, MEMPRIE AN Baiiazhd 1.8 fis. PAEIRH 2.8 fif, TUGT 5
CS-5 BGHIREL 2 s, 7S 35 5 FRAELE LN P I5] 1 A i B A A o

A 40 ASMI R TF 0.59 £0.22 kg/m?. ASM 101 1.44 £0.58 kg, 2 = T Haliizsh4l 5 gl 954 .
H A AN T T E BN ZR5 T 1 R AR AR BRSNS INZ) 0.3~0.7 kg [13]. A FELE R FIERAIX 0.80~0.85 g/(kg-d),
7t 40g B EAE A ERL 1.5 g/(kg-d). HLHIE, HUBHUIZREGE mTORCL, 40 M A 2 24 1R i i 4
Tk, R CEMBURE D7 [9]: ABEARSEARS BRERBEFENTARBE, fRUIEAE
B[14]. JIEJTTH, BRA YRGBT AT AL, BRI S AR A A 2 oNIE sh A 1.8 5. B
M 2.8 £5, TEBN KT EBIET ISR EOE: B EIE N 5 5 I LEF4EIE K IE F 1R 1] [12],
6 A F Tk T RAIE T RSB, BRA A EIR SR R W A s 7 e e BRI ) PR AR IE R [9] [15]. 30 B
ARSTIRIR GG H G N 3.9+ 1.4 ¥k, RT3 2H (2.3 IR)FIE FRA(L.5 k), RILSEHPENL ks . o2 &
) e b W s, HERRS SN SRR RE T TH, BG4 P MR 0.23 + 0.07 m/s, # MCID 0.1
m/s [16]; &304 0.14 m/s & MCID, & 7741 0.08 m/s &ik . SPPB BxA 40 7.7 F+ % 10.6 47(A=2.9+0.9),
TR = X ARAARE[16], SELThAE /> s #.[16]. TUGT 4% 3.5+1.3s. CS-54i%i 3.6+1.4s, {¥EH
2T TUGT 1235 448 mT Re PR R (R XU [6] [12] . DHRESCE IR L 5 B s 14T, i SHLA
EARCHERSS, SR “J1E - ThRR” MGTRT “TRE - ThRR” ML) [5]. WUAE T H AR R Al
“CRVET B xbE + WD+ RIIEE” SE HER, RN NIEH SERKE.

AW FAFAESE T REBR LR, 7w AR S R W g Bk, Rt & &
ZHAY 30 I B FE A B BRI 8 32 B4 R R 30 0 RE, (RN R S A B = G HEIR T, Hok
far M CAHERR, BRI T 258 I AMIEYE . FLUR, LR B0 e K A AE P L BB (BIA) 11 3E DXA 8k CT/MRI, %
G SR HCIRAS T2, RIMEERAEARAELL(ICC > 0.95), 3TEIETH R £ MR EAS T3, TR EIETPE L
(i) g D12 I 55 o B e br,  HISS T T TSI R AR . i, [ i o oK St 32 4l & TP e
%, INRBESEIRE ZETINR, SE0EFRAE N R AT GRIR A R RN S AN, TR R 2 AN 4
SR E BUMICAS 1S RO VE A, I e ARy S e A 2™ 3 0 DS R AR T . 4k, SRR A 3 H
HAC A 24 /Na RN, AF7E B IR S w2 SRR M, BRSNS 9 & A, 25(0H)D. IGF-1. 1L-6 &4
ebn &N, Toid NG 7 2 H WA AT B LA . 28 b, AEREE BRACNYID R AR, RNEEN
CEIE” BT FIRIKIE . AR BRI R ATEYE . BENL. XUE . B RS, SR
SRS T E K IABE DT, CARR USRI % T U s 1A 20 S5 E
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5. &

£k, X124 AWGS 2019 bz 2 FNUME SRS, v 6 4 H AL HTRLIIZR S ALl
FEAREIRAIT AR R, ENE LR, B8 R RS DIRees,
BERESEGREDMS . HEBRGRE WA E—~UA /R~ KA TRE” K5 B aE % L Rt
BN Y RIS A, H oS i A AR MR IR E B R M. B, “iB3) + BRT BRaT
FENAE R ZFENE K e O T HRE B 218 b5 LA X R B R4 B

= BA
AR I T T R R M R R B A B G ik, 18 EE S : QDFYWZLL50304.
SE ik
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