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INTRODUCTION 

Age-related muscle attenuation, termed “sarcopenia,” contrib-
utes to muscle weakness and impaired physical mobility. Sarco-
penia and frailty are multidimensional syndromes characterized 
by a decreased reserve and diminished resistance to stressors 
[1,2]. Criteria for classifying older adults as having sarcopenia 
or high frailty risk have recently been established. In 2019, the 
Asian Working Group for Sarcopenia (AWGS) defined sar-
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copenia as “age-related loss of muscle mass, plus low muscle 
strength, or low physical performance.” It proposed diagnos-
tic cut-offs for each component [3]. Low muscle strength is a 
handgrip strength of <28 kg for male and <18 kg for female. 
The criteria for low physical performance are a 6-minute walk 
test slower than 1.0 m/s, a Short Physical Performance Battery 
(SPPB) score of ≤9, or a 5-time chair stand test of ≥12 seconds. 
Cut-offs for height-adjusted muscle mass through dual-energy 
X-ray absorptiometry were <7.0 kg/m2 in male and <5.4 kg/m2 
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in female and that through bioimpedance were <7.0 kg/m2 in 
male and <5.7 kg/m2 in female. Sarcopenia in older adults can 
be devastating, resulting in several adverse events, including 
increased risk for falls, impaired mobility, elderly depression, 
increased healthcare costs, and mortality [4,5]. 

Previous studies report that oral nutritional supplementation 
improves body composition and decreases functional disability. 
Among nutritional supplements, high-quality protein or amino 
acid supplementation is important for preventing a decrease 
in muscle mass. Whey protein stimulates postprandial muscle 
protein accretion more effectively than do casein or casein hy-
drolysate in older people [6]. Whey protein is a rapidly digested 
dietary protein beneficial for slowing muscle loss, particularly 
in older adults. When protein or amino acid intake is supple-
mented, the amount of synthesized muscle protein exceeds the 
amount broken down [7]. Sufficient protein intake is crucial to 
maintain muscle mass and function in older adults. The PROT-
AGE study group recommended at least 1.0–1.2 g protein/kg/
day to maintain and increase muscle mass and function in indi-
viduals aged older than 65 years. A higher protein intake (>1.2 
g/kg/day) is advised for those who regularly exercise and for 
community-dwelling older adults [8]. 

Previous systematic reviews and meta-analysis were limited 
to parameters related to muscle mass and investigated wheth-
er nutritional supplementation could improve muscle mass 
in older populations [9]. Few meta-analysis of the functional 
outcomes of nutritional supplementation in older adults with 
sarcopenia have been conducted. The meta-analysis on the ef-
fect of nutritional supplementation on elderly sarcopenia needs 
an update since several randomized controlled trials (RCTs) 
have been published after the previous meta-analysis. The man-
agement of sarcopenia should focus on increasing muscle mass 
and functional improvements to eventually prevent the pro-
gression of sarcopenia. This study aimed to conduct a focused 
meta-analysis of studies that used nutritional interventions with 
a protein-or amino acid-enriched formula in older adults with 
sarcopenia. 

METHODS 

Design 
This meta-analysis was conducted according to the guidelines 
recommended by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) checklist (Supplemen-
tary Material) [10]. 

Literature search and study selection 
The search was performed using PubMed, Cochrane Library, 
and Embase databases from inception to May 2023 using the 
following keywords: “older adults” AND “sarcopenia” AND 
“protein” OR “nutrition” AND “supplement” OR “muscle mass” 
OR “muscle strength” AND “short physical performance bat-
tery.” 

Inclusion and exclusion criteria 
Studies were included if they satisfied all of the following se-
lection criteria: (1) RCTs with a quantitative study design; (2) 
studies with a group of older adults (age ≥65 years) with sarco-
penia; (3) studies comparing muscle mass, muscle strength, and 
functional performance of older adults with sarcopenia after 
receiving adequate protein supplementation; (4) the supplement 
intervention used protein sources, including whey protein or 
leucine, vitamins, and other nutrients; and (5) studies published 
up to May 2023. Studies published as case reports, case series, 
or prospectively designed trials without comparison groups 
were excluded from the analysis.  

Analysis and data extraction  
Data were extracted from each included study and are present-
ed in an evidence table (Table 1) outlining the characteristics of 
the respective study designs and participants (group design, age, 
and sex), body composition assessment methods (bioimpedance 
analysis or dual-energy X-ray absorptiometry), the composition 
of nutritional supplements, follow-up period, and main mea-
sured outcomes [11-16]. 

Six studies compared older individuals with sarcopenia using 
diagnostic criteria proposed by the AWGS as quantitative values 
between the group with nutritional support and the group with 
placebo. These studies compared muscle mass, muscle strength, 
and functional performance, including at least two of the fol-
lowing: appendicular skeletal muscle mass (ASM), handgrip 
strength, and SPPB score, after receiving adequate protein sup-
plementation. 

Statistical analysis 
We separately computed the effect sizes for each study for the 
primary and secondary outcome measures. The R metapackage 
was used for statistical analysis and graphics (http://www.r-proj-
ect.org). The heterogeneity of the studies was calculated using 
the I2 test to observe variations across studies and was estimated 
to be significant when p<0.05. The 95% confidence interval (CI) 

http://www.r-project.org
http://www.r-project.org
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and two-tailed p-values are provided. All extracted outcome 
data were calculated as the standardized mean difference (SMD) 
compared to the control group. Fixed-effects or random-effects 
models were used depending on the existence of heterogeneity. 
A fixed-effects model was used when the statistical heteroge-
neity was insignificant (I2 values were ≤50%); otherwise, a ran-
dom-effects model was used. 

RESULTS 

Search results 
Fig. 1 shows a flowchart of the selection process. Of the 332 
studies retrieved using the above-mentioned keywords, 139 
were selected after excluding duplicate articles. After confirm-
ing the title and abstract, 106 articles were excluded. In addi-
tion, 27 studies could not be included in the meta-analysis be-
cause of irrelevant study design or insufficient data. Six studies 
were finally included in this review. 

Study characteristics 
The nutritional interventions and protocols used for the ex-
ercise training are summarized in Table 1. The nutritional 
supplementation protocols varied widely among the included 
trials. The majority of the included RCTs provided extra protein 
supplements with amounts of whey protein ranging from 10.0 
to 40.0 g/day [9]. One RCT used leucine (1 g), arginine (1.5 g), 

and vitamin-D 300 IU complex without whey protein. Vita-
min-D levels ranged from 600 to 1,600 IU/day. One study used 
only whey protein as a nutritional supplement without other 
additives [14]. Regarding the mode of exercise, one RCT used 
only resistance exercise training. Four RCTs used multi-com-
ponent exercise regimens. One RCT did not include an exercise 
program before supplement intake. 

Outcomes 
In this meta-analysis, a group of patients who received whey 
protein or amino acid or vitamin-D supplementation was de-
fined as the experimental group, and a group of patients who 
received a placebo was defined as the control group.  

In the ASM analysis, of 536 patients, 263 in the experimental 
group received the protein supplementation, while 273 in the 
control group did not. There was a significant difference be-
tween the experimental and control groups with regard to ASM 
(SMD=0.41; 95% CI, 0.24–0.58; p<0.001; I2=1%; Fig. 2). 

In the analysis of handgrip strength, of 715 patients, 351 in 
the experimental group received the protein supplementation, 
while 364 in the control group did not. There was no statistical-
ly significant difference between the experimental and control 
groups in handgrip strength (SMD=0.37; 95% CI, -0.32–1.07; 
p=0.29; I2=94%; Fig. 3A). 

In the analysis of the SPPB scores, among 667 patients, 327 in 
the experimental group received the protein supplementation, 
while 340 in the control group did not. There was no statistical-
ly significant difference between the experimental and control 
groups in SPPB scores (SMD=0.35; 95% CI, -0.47–1.18; p=0.40; 
I2=94%; Fig. 3B). 

Quality assessment 
In terms of methodological quality, all participants were ran-
domized using established allocation sequences. Of the 42 do-
mains among all studies, 31 domains (73.8%) were of low risk. 
Therefore, the overall risk of bias was determined to be low, and 
the studies included in this meta-analysis were assessed as of 
high quality (Fig. 4). 

Publication bias 
The funnel plot for the ASM was symmetrical. In contrast, the 
graphic funnel plots for handgrip strength and SPPB scores 
were asymmetrical (Fig. 5). In addition, Egger’s linear regres-
sion test indicated an insignificant publication bias for ASM 
(p=0.12), handgrip strength (p=0.82), as well as SPPB (p=0.69). 

332 Records identified from:
42 PubMed
200 Cochrane Library
90 Embase

139 Records screened

33 Records assessed for 
eligibility

6 Records included in review

Records removed before screening:
193 Duplicate records removed 

106 Records excluded according 
to selection criteria

Records excluded:
27 Full text articles irrelevant to 

study question (irrelevant study 
design, incomplete data)
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Identification of studies via databases and registers

Fig. 1. Flowchart showing the study design.
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DISCUSSION 

In this meta-analysis, protein supplementation significantly 
increased ASM in older adults with sarcopenia and tended to 
improve functional outcomes such as handgrip strength and 
SPPB scores. Sarcopenia is the progressive loss of muscle mass, 

strength, and function related to aging [17]. In older adults, 
chronic inflammation, motor neuron atrophy, reduced protein 
intake, and immobility can contribute to the progression of 
sarcopenia [18]. Furthermore, managing sarcopenia in older 
adults is crucial as it could lead to fatal adverse events, including 
increased risk for falls, impaired mobility, increased healthcare 

Study
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Fig. 4. Summary of the quality assessment of the randomized 
controlled trials included in the meta-analysis.

costs, and mortality [4]. 
In our study, the ASM increased significantly after protein 

supplementation (SMD=0.41). The groups in the six studies 
were homogeneous, and meaningful conclusions could be 
drawn (I2=1%). These findings are consistent with those of a 
previous study showing that whey protein, leucine, or vita-
min-D-enriched supplementation in patients with sarcopenia 
increased appendicular muscle mass [19]. In contrast, one RCT 
reported that protein supplementation does not increase ASM 
in older patients with sarcopenia but improves physical perfor-
mance [20]. However, this study had some limitations as it did 
not implement the exercise therapy with nutritional support, 
in addition to a smaller sample size (n=65) compared to that in 
our study. 

Previous studies reporting the effect of nutritional supple-

ments on sarcopenia mainly concluded with primary outcome 
measures of sarcopenia indices, including lean body mass, ap-
pendicular lean mass, or skeletal mass index [21,22]. However, 
there were few studies with a large sample size whose outcome 
measures of functional performance were SPPB, gait speed, or 
chair-stand test [3]. 

Handgrip strength and performance scored with SPPB tend-
ed to improve, although this was not statistically significant 
(SMD=0.37; SMD=0.35). Another meta-analysis showed that 
changes in appendicular lean mass were significantly associated 
with leg strength and walking capability [23]. The heterogeneity 
of the participant groups included in the muscle strength and 
performance evaluation may have increased the variance in this 
study. As this study did not confirm a change in muscle mass 
affecting muscle strength and functional mobility, further stud-
ies are needed. Handgrip strength is a diagnostic tool for sar-
copenia in the geriatric population and is known to reflect sar-
copenic conditions better than other measurement tools, such 
as the chair-stand test [24]. Low handgrip strength could be a 
main predictor of mortality and adverse events in older individ-
uals with sarcopenia [25]. In fixed-effect model, we observed 
a tendency for handgrip strength to improve after protein sup-
supplementation (SMD=0.29; p<0.001). Protein supplementa-
tion could increase muscle mass and improve physical function. 
This could eventually lead to reduced mortality and risk for falls 
and a better quality of life in older adults with sarcopenia [26]. 
Considering the heterogeneity, further studies with homoge-
nous groups are needed. 

The SPPB is suggested as a good alternative for gait speed to 
assess physical performance in sarcopenia. The SPPB consists of 
three tests for lower limb function, balance, strength, and mo-
bility and is a comprehensive evaluation of functional mobility. 
The SPPB score predicts long-term mortality [27] and evaluates 
the ability to perform resistance and aerobic exercises to prevent 
sarcopenia. This study showed that protein supplementation 
would increase SPPB scores in fixed-effect model (SMD=0.32;  
p<0.001). Improvements in SPPB scores are expected to prevent 
frailty, hospitalization, and mortality in older adults [28]. 

In our analysis, studies involving the use of protein supple-
ments and whey proteins were the primary focus. Selecting 
high-quality proteins as nutritional supplements could effec-
tively increase muscle mass and functional performance. Such 
supplements are also easy for older adults to digest, considering 
the physiological and metabolic changes that occur with aging 
[29]. Whey protein affects muscle strengthening differently in 
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Fig. 5. Funnel plot of the included studies of (A) appendicular 
skeletal muscle mass (ASM), (B) handgrip strength, and (C) 
Short Physical Performance Battery (SPPB) scores. 
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older individuals than that in young individuals. Whey protein, 
a rapidly digested protein, is utilized more when consumed with 
other carbohydrates, especially in older adults. The addition of 
amino acids, or specifically, leucine, is also recommended [30]. 

This study showed that protein supplementation increased 
ASM, regardless of the type, duration, and intensity of exercise. 

Protein supplementation and muscle-strengthening exercises 
contribute to increased muscle strength and walking capability 
[23]. Aerobic and resistance exercises reduced the time interval 
between muscle protein breakdown and synthesis. Therefore, 
a protein nutritional supplement and a concomitant aerobic or 
resistance exercise program can be recommended to reduce the 
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rate of muscle loss. In addition, early exercise and nutritional 
intervention could be helpful in an earlier restoration of lower 
extremity muscle mass for sarcopenia in older adults. Appro-
priate early resistance training with nutritional support and 
subsequent structuralized home-based exercise should be ad-
ministered [31]. 

This study has several limitations. The heterogeneity of the 
intervention regimen made it difficult to conclude the effec-
tiveness of each protocol due to the variation among protein 
supplement regimens (protein source, supplied amounts, and 
timing of ingestion) and exercise regimens (type of training, 
training duration, and training volume). Among the six studies 
we selected, the functional mobility assessment protocols were 
inconsistent. This resulted in the extraction of only limited valid 
data. However, we attempted to select the main assessment tools 
for sarcopenia, such as handgrip strength and SPPB. Addition-
ally, the follow-up was limited to a short-term period (12 weeks 
to 1 year). Well-designed RCTs with longer follow-up periods 
could help establish the long-term effect of protein supplemen-
tation in older patients with sarcopenia. 

In conclusion, protein supplementation significantly increas-
es appendicular muscle mass in older patients with sarcopenia 
and could lead to improvements in functional outcomes, such 
as handgrip strength and SPPB scores. Therefore, sufficient pro-
tein supplementation may be crucial for managing sarcopenia 
in older individuals. 
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