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Abstract

Sarcopaenia is an age-related disease affected by many factors, nutrition being one. Reduced protein intake and decreased diet quality
are correlated with sarcopaenia. Protein, amino acid, or peptide supplementation is a commonly used clinical practice to increase protein
intake. However, whether supplementation plays a key role in preventing and treating sarcopaenia and whether it needs to be combined
with other interventions is worthy of study. This review focuses on protein, amino acid, and peptide supplementation for the prevention
and treatment of sarcopaenia. (Endokrynol Pol 2023; 74 (2): 140-143)
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Introduction

Muscle attenuation syndrome was named sarcopaenia
by Rosenberg in 1989. The European Working Group
on Sarcopaenia in Older People (EWGSOP) published
its consensus report on sarcopaenia in 2010 [1]. Since
then, the International Working Group on Sarcopaenia
and the Asian Working Group on Sarcopaenia have
published their consensus reports [2, 3], and the Osteo-
porosis and Bone Mineral Disease Branch of the Chinese
Medical Association published its consensus report in
2016 [4]. In 2018, the EWGSOP revised the diagnostic
criteria [5]. Sarcopaenia is officially recognized as a dis-
ease characterized by muscle failure, which is com-
mon in the elderly but also affects younger people [6].
Low muscle strength is the key feature of sarcopaenia,
so diagnosis is based on muscle quantity and quality,
and poor physical function signifies severe sarcopaenia
[5]. One study showed that sarcopaenia is associated
with a range of adverse clinical outcomes, including
an increased risk of falls and fractures, a reduced abil-
ity to cope with routine tasks, reduced quality of life,
an increased risk of early death, and an increased risk
of hospitalization with greater costs [5].

Sarcopaenia is a progressive, widespread disease
of the skeletal muscles. The original definition of EW-

GSOP was based on the reduction of muscle mass;
however, the revised consensus emphasizes muscle
strength and recognizes that it is more important
than muscle mass in predicting adverse outcomes
[1, 5]. Both decreasing muscle mass and chang-
ing muscle strength involve macro and micro changes
to muscle structure and composition. The amount of
skeletal muscle remains constant for a long time after
adulthood in healthy people, indicating a strong ho-
meostasis mechanism [7]. Muscle is in dynamic equi-
librium, and the inflow of amino acids and the result-
ing increase in muscle protein synthesis from dietary
protein intake offset the outflow of amino acids caused
by muscle protein degeneration between meals [7].
However, with increased age, especially after 60 years
old, imbalanced protein homeostasis becomes obvious.
It has been reported that the muscle mass of 75-year-old
women and men is reduced by 0.7% and 1.0% per
year, respectively, and decreasing muscle mass can
accelerate muscle strength loss 2- to 5-fold. Therefore,
the factors that disrupt the muscle protein homeostasis
system could be a therapeutic target to alleviate sarco-
paenia. In recent years, the main areas of interest have
been investigating how aging damages the amino acid
anabolic response and identifying strategies to alleviate
the damage [7].
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Protein intake and sarcopaenia

The aetiology of sarcopaenia is multifaceted and in-
cludes increased inflammatory mediators (cytokines),
prolonged stays in bed or low levels of physical activity,
hormone disorders, and malnutrition (especially insuf-
ficient carbohydrate, protein, or both) [8-12]. Nutrition
is a modifiable risk factor for sarcopaenia. One study
showed that increasing the quantity and quality of
dietary protein promoted muscle protein synthesis in
the elderly [13, 14], while insufficient protein intake
contributed to muscle mass reduction and impeded
their physical functions [15]. Another study showed
that a higher intake of branched-chain amino acids
negatively correlated with senile sarcopaenia risk [16].

The relationship between protein intake
and muscle protein synthesis

Early studies showed that the amino acids in proteins
are bioactive components of anabolism and are neces-
sary for muscle protein synthesis. Many studies have
shown that leucine, phenylalanine, valine, and threo-
nine (essential amino acids) stimulate muscle protein
synthesis in humans; in contrast, non-essential amino
acids such as arginine, glycine, and serine do not [17,
18]. Leucine plays a key regulatory role in muscle pro-
tein synthesis, and a study showed that a small dose of
leucine (3 g) without other amino acids could strongly
stimulate muscle protein synthesis [19]. Furthermore,
a recent study compared 20 g of whey protein with
an essential amino acid mixture containing low-dose
leucine (1.2 g) and found that leucine was more ef-
fective at stimulating muscle protein synthesis [20].
Leucine, valine, and isoleucine are branched-chain
amino acids. Unlike other essential amino acids, leu-
cine is mainly metabolized in skeletal muscle [21];
therefore, it is speculated that its metabolites could pro-
mote muscle protein synthesis. Leucine is regulated by
branched-chain aminotransferase, through which most
leucine in the body is metabolized and reversibly trans-
formed into a-ketoisocaproic acid; a study showed
that this metabolite could stimulate muscle protein
synthesis [22]. In addition, some leucine is converted
to f-hydroxyl-8-methylbutyrate (HMB), a metabolite
with anabolic and anti-catabolic potential [7, 23]; a study
showed that 3 g of HMB taken orally produced an ef-
fect equivalent to leucine supplementation on muscle
protein synthesis and inhibited the degeneration of
leg muscles [19]. However, the benefit of taking HMB
remains controversial because using the same low
dosage of leucine (3 g) could maximize muscle protein
synthesis [19]. The anabolic responses to protein and es-
sential amino acids are dose-dependent and transient.

At present, it is generally believed that the anabolic
response to nutrition is maximized by ingesting 20 to 40
g of high-quality protein, such as meat or whey protein,
or 10 to 20 grams of essential amino acids [24-26]. When
the intake of essential amino acids exceeds the dosage
needed for muscle protein synthesis, excess amino acids
are oxidized and enter the urea synthesis pathway [27].
The remaining carbon skeletons are used for gluconeo-
genesis and ketogenesis in other tissues.

Muscle protein synthesis in the elderly

There was no significant difference in muscle protein
synthesis rates between the elderly and young adults
under fasting [25, 28]. However, muscle protein synthe-
sis in the elderly decreased significantly after the intake
of essential amino acids (anabolic resistance) [25]. Ad-
ditionally, decomposition and catabolism were weak-
ened due to the reduced secretion of insulin caused by
carbohydrate, protein, or essential amino acid intake
[29]. Metabolic factors that could be associated with sar-
copaenia in the elderly include the following: decreased
intake of protein/essential amino acids, decreased blood
flow to muscle tissue after meals, increased metabolism
of essential amino acids in the spleen, and decreased
anabolic signal pathway activity. These factors cause
the muscle protein metabolism to be at a net loss [7],
which could mean that the elderly need more protein
intake than the young [30]. However, although this
reduced sensitivity to nutrient-driven anabolic stimuli
(essential amino acids and insulin) may promote the de-
velopment of sarcopaenia, it does not represent the full
picture of senile sarcopaenia [7].

Protein, amino acid, or peptide
supplementation for the prevention
and treatment of sarcopaenia

Supplementing protein, essential amino acids, or
peptides is common in clinical practice and can com-
pensate for a lack of protein in the diet. In recent years,
several studies have evaluated protein and amino acid
supplementation, either alone or in combination with
other nutrients, for the prevention and treatment of
sarcopaenia. In addition, protein supplementation com-
bined with exercise has also been reported in the pre-
vention and treatment of sarcopaenia [31]. Some cohort
studies have also shown that a lower protein intake is
associated with sarcopaenia [13, 32, 33]. In addition to
observational studies, randomized controlled studies
using protein or amino acids alone or combined with
exercise are increasing. In most randomized controlled
studies, different doses of whey protein or amino
acids (or their metabolites, e.g. HMB) were used as
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interventions; participants were all elderly and were
either healthy and living in the community, suffering
from muscle weakness or sarcopaenia, or frail. The in-
tervention period of most studies was no more than
24 weeks; however, one had an intervention period of
12 months [34]. Many randomized controlled studies
showed inconsistent results due to different regions,
ages, health statuses, intervention methods, supple-
ment doses, or intervention cycles.

In one study;, frail elderly people were given 15 g
of milk protein concentrate or an isoenergetic placebo
for 24 weeks. Compared with exercise alone, the lean
weight of the participants in the protein supplementa-
tion group increased, but no improvement in strength
or physical function was observed [35]. In another
study, a protein supplement from red meat combined
with resistance exercise improved the muscle mass
and strength of elderly women after 4 months [36]. In
a study by Kang et al. [37], 115 elderly people received
whey protein (32.4 g/day), had their diet controlled,
and partook together in 30-minute resistance training
sessions taught by professional physiotherapists for 12
weeks. At the end of the experiment, the whey protein
supplementation group’s grip strength and walking
speed increased significantly. In another study, whey
protein combined with vitamin D supplementation or
exercise improved sarcopaenia patients’ muscle mass;
however, there was no improvement in patients
with normal muscle mass but low muscle strength
[38]. Another multicentre, double-blind, randomized
controlled study also showed that leucine-rich whey
protein combined with vitamin D increased mus-
cle mass and lower limb function in elderly patients
with sarcopaenia [39]. Two other studies showed that
protein or amino acid supplementation combined
with exercise benefits the elderly in terms of muscle
strength or lean weight [40, 41]. In addition, there are
relevant reports on branched-chain amino acid supple-
mentation interventions for sarcopaenia. A systematic
review and meta-analysis concluded that leucine could
improve muscle protein synthesis in the elderly and ad-
dress the age-related decline in muscle mass [42]. Al-
though there are few recent studies on peptides and sar-
copaenia, a randomized controlled study showed that
combining collagen peptides with resistance training
could improve elderly people’s body composition by
increasing lean muscle and reducing body fat [43].

However, not all randomized controlled studies
showed positive results. Chale et al. and Amasene et
al. did not show that whey protein supplementation
improved physical function or increased muscle mass
[44, 45]. In addition, a recent 12-month randomized
controlled study showed that supplementing with milk
protein (40 g/day) did not improve physical func-
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tion or reduce muscle loss in elderly people with low
grip strength or walking speed when compared with
a group taking a placebo with equal energy [35].

Conclusion

Many factors affected these randomized controlled
studies, leading to inconsistent results. Many studies
showed that gender could be relevant, but this has
not been studied. Cultural food preparation methods,
diets, and ethnic differences could also have affected
the results [46]. In addition, gene variability could
also help explain the inconsistencies [47]. The genetic
basis of sarcopaenia has attracted the attention of re-
searchers, and some genes related to physical function
and muscle mass have been identified [48]. In summary,
whether supplementing with protein, amino acid, or
peptides plays a key role in preventing and treating
sarcopaenia and whether it needs to be combined with
other interventions should be studied further.
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