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[Abstract] Objective To evaluate the additional effects of p-hydroxy-f-methylbutyrate (HMB) supplementation
combined with multicomponent exercise training on physical function, muscle mass, and nutritional status in older adults
with frailty. Methods A randomized, double-blind, placebo-controlled trial was conducted. A total of 136 older adults
with frailty admitted to West China Hospital, Sichuan University between March 2023 and March 2025 were enrolled and
randomly assigned at a ratio of 1 : 1 to an intervention group (n = 68) and a control group (n = 68). Participants in the
intervention group received oral calcium HMB supplementation at 3 g/d in addition to exercise training, while those in
the control group received maltodextrin placebo on top of the same exercise program. The intervention lasted 12 weeks.
Assessments were performed at baseline and after 4 and 12 weeks. The primary outcome measure was the Short Physical
Performance Battery (SPPB) score. Secondary outcome measures included the 6-minute walk test (6 MWT), handgrip
strength, modified Barthel index (MBI), timed up-and-go test (TUGT), appendicular skeletal muscle index (ASMI), and
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serum albumin level. Results Generalized estimating equation analysis showed that SPPB total score had significant
time effect (Wald XZ = 235.867, P < 0.001), group effect (Wald X2 = 8.148, P = 0.004), and interaction effect (Wald XZ =
13.846, P < 0.001), indicating greater overall improvement in physical function in the intervention group than that in the
control group. After 4 weeks, the intervention group showed significantly better total SPPB score, balance score, GSMWT
performance, MBI score, and serum albumin level than the control group did (all P < 0.05). These between-group
differences further increased after 12 weeks, with the intervention group continuing to outperform the control group (all
P < 0.05). Additionally, at week 12, the intervention group showed significantly better results than the control group did in
gait score and ASMI (P < 0.05). Although TUGT was lower in the intervention group than that in the control group at
week 12 in the single-timepoint comparison (P < 0.05), the generalized estimating equation analysis showed no significant
group effect (P > 0.05). No significant differences were found between the two groups in chair stand test score or handgrip
strength at any time point (P > 0.05). Conclusion Among older adults with frailty, HMB supplementation (3 g/day for
12 weeks) in addition to conventional multicomponent exercise training further improves physical function, muscle mass,

and nutritional status. The findings provide new evidence-based support for nonpharmacological intervention for frailty
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in older adults.
[Key words] B-hydroxy-p-methylbutyrate
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Fig 1 Study flowchart
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Table 1 Comparison of baseline characteristics between the two groups

Variable Control group (n = 68) Intervention group (1 = 68) zly P
Sex/case (%) x =2.408 0.121
Male 26 (38.24) 35 (51.47)
Female 42 (61.76) 33 (48.53)
Age/yr., median (P,;, P;) 76.50 (69.00, 82.00) 76.00 (69.25, 82.00) Z=0.113 0.910
BMI/(kg/m?), median (P, P;) 22.90 (20.53, 26.20) 25.50 (21.18, 27.68) Z=1.859 0.063
Number of comorbidities (median [P, P,s]) 3.00 (2.00, 4.00) 3.00 (2.00, 5.00) Z=0.872 0.383
Number of medications (median [P, P,]) 4.00 (3.00, 5.00) 4.00 (2.25, 5.00) Z=0.139 0.889
Fried frailty score (median [P,;, P]) 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) Z=0.712 0.476

BMI: body mass index. Between-group comparisons were performed using Mann-Whitney U test for continuous variables and y’ test for categorical

variables.
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Table 2 Changes of primary outcome measures (SPPB) between the two groups

Variable Group n Baseline Week 4 Week 12

SPPB total score (median [P,;, P,;]) Control 68 7.00 (6.00, 8.00) 8.00 (7.00, 9.00) 9.00 (8.00, 9.75)
Intervention 68 7.00 (6.00, 8.00) 8.50 (8.00, 9.00) 10.00 (9.00, 11.00)
Z 0.232 2.675 4.385
p 0.817 0.007 <0.001

Time effect
Group effect

Interaction

Wald y* = 235.867, P < 0.001
Wald y* = 8.148, P = 0.004
Wald y* = 13.846, P < 0.001

Balance score (median [P,;, P.;]) Control 68

Intervention 68

2.00 (2.00, 3.00) 2.00 (2.00, 3.00) 3.00 (2.00, 3.00)
2.00 (2.00, 3.00) 2.00 (2.00, 3.00) 3.00 (2.00, 4.00)

VA
P

Time effect
Group effect

Interaction

1.394 2.809 2581
0.163 0.005 0.010
Wald y* = 50.708, P < 0.001
Wald * = 8.771, P = 0.003

Wald y* = 7.101, P = 0.029

Gait score (median [P,;, P,5]) Control 68

Intervention 68

2.00 (2.00, 3.00) 3.00 (2.00, 3.00) 3.00 (2.00, 4.00)
2.00 (2.00, 3.00) 3.00 (2.00, 3.00) 4.00 (3.00, 4.00)

V4

p

Time effect
Group effect

Interaction

0.031 0.567 3.062
0.975 0.571 0.002
Wald y* = 89.913, P < 0.001
Wald y* = 2.700, P = 0.100
Wald y* = 6.435, P = 0.040

Chair stand score (median [P, P;:]) Control 68

Intervention 68

2.00 (2.00, 3.00) 3.00 (2.00, 3.00) 3.00 (3.00, 4.00)
2.00 (2.00, 3.00) 3.00 (2.00, 4.00) 3.00 (3.00, 4.00)

VA
P

Time effect

Group effect

Interaction

1.215 1.176 1.437
0.224 0.240 0.151
Wald y* = 111.420, P < 0.001
Wald y* = 0.142, P = 0.706
Wald * = 6.557, P = 0.038

SPPB: Short Physical Performance Battery. Between-group comparisons at each time point were performed using Mann-Whitney U test. Longitudinal

changes were analyzed using generalized estimating equations (GEE).
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Table 3 Comparison of secondary outcome measures between the two groups (6 MWT, handgrip, and MBI)

Variable Group n Baseline Week 4 Week 12

6 MWT/m, median (P,;, P;;) Control 68 250.80 (208.90, 288.23) 256.00 (217.35, 295.05) 262.20 (222.43, 300.60)
Intervention 68 258.20 (206.43, 297.10) 285.20 (231.03, 321.53) 296.20 (242.55, 335.40)
Z 0.847 2.853 3.360
P 0.397 0.004 0.001

Time effect Wald y* = 5577.111, P < 0.001

Group effect Wald * = 5.844, P=0.016
Interaction Wald y* =739.937, P < 0.001

Handgrip/kg, median (P, P,) Control 68 15.55 (11.65, 20.03) 18.70 (14.55, 22.90) 20.30 (15.93, 24.30)
Intervention 68 15.30 (10.20, 20.68) 17.80 (13.65, 23.08) 21.40 (16.73, 26.75)
z 0.242 0.472 1.737
p 0.809 0.637 0.082
Time effect Wald y* = 1280.063, P < 0.001
Group effect Wald * = 0.141, P = 0.707
Interaction Wald y* = 104.628, P < 0.001

MBI (median [P,,, P,,]) Control 68 73.00 (68.00, 79.75) 75.00 (68.00, 81.00) 77.00 (71.00, 84.75)
Intervention 68 75.00 (69.00, 80.00) 78.00 (72.00, 84.75) 84.00 (79.25, 90.00)
z 1314 2.764 5.047
P 0.189 0.006 <0.001

Wald y* = 989.834, P < 0.001
Wald y* = 12.401, P < 0.001
Wald y* = 149.894, P < 0.001

Time effect
Group effect
Interaction

6 MWT: 6-minute walk test; handgrip: handgrip strength; MBI: modified Barthel index. Between-group comparisons at each time point were performed
using Mann-Whitney U test. Longitudinal changes were analyzed using generalized estimating equations (GEE).

F4 RELRBILE (TUGT ASMIFIMELES )
Table4 Comparison of secondary outcomes between two groups (TUGT, ASMI, and Albumin)

Variable Group n Baseline Week 4 Week 12
TUGT/s, median (P,,, P..) Control 68 12.70 (10.13, 15.58) 12.00 (9.35, 14.93) 10.90 (8.75, 14.30)
Intervention 68 13.75 (10.28, 15.68) 12.30 (9.08, 15.65) 9.75 (7.83, 12.83)
V4 0.740 0.176 1.996
P 0.459 0.860 0.046

Time effect Wald y* = 291.428, P < 0.001

Group effect Wald y* = 0.164, P = 0.686
Interaction Wald y* = 23.675, P < 0.001

ASMI/(kg/m’), median (P, P,,) Control 68 5.57 (4.56, 6.79) 6.08 (4.88, 7.00) 6.29 (5.34, 7.34)
Intervention 68 5.82 (4.76, 6.58) 6.14 (5.30, 7.58) 7.12 (6.18, 7.48)
Z 0.302 1.382 2.191
P 0.762 0.167 0.028

Time effect Wald XZ =120.984, P < 0.001

Group effect Wald y* = 2.261, P=0.133
Interaction Wald y* = 4.373, P=0.112
Albumin/(g/L), median (P, P,) Control 68 35.75 (30.63, 39.98) 39.40 (33.60, 43.03) 42.90 (38.98, 47.70)
Intervention 68 36.50 (34.10, 39.10) 40.30 (37.33, 43.28) 45.50 (42.20, 49.50)
z 1.001 2.009 2.792
P 0.317 0.045 0.005
Time effect Wald y* = 850.060, P < 0.001
Group effect Wald y* = 5.808, P = 0.016
Interaction Wald y* = 5.416, P = 0.067

TUGT: timed up-and-go test; ASMI: appendicular skeletal muscle index. Between-group comparisons at each time point were performed using Mann-

Whitney U test. Longitudinal changes were analyzed using generalized estimating equations (GEE).
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T H F A s I RO xR, T BFRIZUY (P< 0.001) FISE HAKUN (P< 0.001), NAFFELLH]
48}, T MBI 43 i T4 B4 (P= 0.006) ; il 12)#] BN (P=0.686) , 38 BN it 35 R A TUGT Y i3
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