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Aging is an inevitable process for human beings, and it 
gradually makes physical fitness and organ functions 
decline.  Senescent cells will secrete proinflammatory 
factors that accelerate organ aging, which result in the 
deteriorated quality and dysfunction of organs, and 
increase the risk of death.  Mass muscle loss is a major 
feature in the aging process, as the stem cells in muscle 
cells will gradually decrease with age, which will reduce 
the repair rate of muscle cells and cause mass muscle 
loss.  At this time, the body will begin to feel that 
muscle strength is not as good as before, and activity 
is greatly reduced, which further accelerates the speed 
of muscle loss, and even causes muscle atrophy.  In ad-
dition, during the aging process, the hormone concen-
tration in the body will change due to the decrease in 
the sensitivity of muscle cells to hormones.  Over time, 
the proportion of body fat increases, which promotes 
insulin resistance, inhibits protein synthesis signals in 
muscles, disrupts the balance between synthesis and 
breakdown rates, and causes mass muscle loss.  While 
resistance exercise training could increase physical 
activity, elevate cell sensitivity to hormones, and stimu-
late muscle synthesis, exercise could also cause muscle 
breakdown during the process of exercise.  Therefore, it 
is necessary to immediately supplement protein during 
the repair period after exercise for the muscle synthesis 
rate increase, and promote mass muscular develop-
ment.  Moreover, as aging reduces the body’s metabolic 
rate, the speed of muscle repair is slower after exercise, 
thus, the quantity of protein needed by the elderly will 
be more than that of adults.  This article reviews the 
benefits of resistance exercise and recommends protein 
supplements for improving muscle loss in the elderly.
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Introduction

With the development of society and the advancements 
of technology and medicine, the social population 
structure has also changed, as the average life 
expectancy has been extended, and the proportion of 
the elderly population has increased significantly 
(14).  In 2018, the proportion of the population over 
65 years of age in Taiwan exceeded 14%, and we 
formally entered an aged society, and the elderly 
population continues to increase day by day.  As 
Taiwan is one of the countries with the fastest 
population aging speed in the world, it needs to pay 
more attention to the issues related to advanced age 
than some other countries.  Aging causes physical 
degradation, resulting in the so-called geriatric 
syndrome, which means the occurrence of certain 
clinical signs in the elderly make it more difficult  
to diagnose individual diseases.  Symptoms include: 
organ degeneration, poor nutrition, muscle loss, 
unstable gait, inability to move, incontinence, 
poor cognitive function, etc. (13), leading to the 
occurrence of diseases.  The diseases related to aging 
include: cardiovascular diseases, cancer, chronic 
respiratory diseases, diabetes, and sarcopenia (18).  
Regarding the payment of health insurance, the 
government is increasing the payment proportion 
of elderly people, and the relative expenditures 
will continue to increase.  Therefore, how to 
alleviate problems in terms of disease prevention 
and improving physical functions are the popular 
research topics of preventive medicine today.

Exercise is highly correlated with promoting 
the health of elderly people; for example, muscle 
strength and overall body strength can be increased 
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through muscle training, while cardiopulmonary 
functions can be improved by aerobic training.  
When the level of physical activity increases, the risk 
of death can be reduced by about 30~40% (1, 21).   
In addition, protein intake is associated with promot-
ing the health of older people.  As older people may 
suffer from malnutrition due to changes in physical  
conditions, their bodies will show a negative nitrogen  
balance state that causes body weight loss, muscle 
loss, immune dysfunction, and other issues result-
ing in increased mortality.  Supplementing sufficient 
protein can prevent malnutrition, and supplementing 
protein after exercise can also prevent muscle pro-
tein loss caused by exercise; therefore, exercise and 
protein are valuable for improving the occurrence of 
post-senile groups and diseases.

Effects of Aging on the Body

Aging Mechanism

As people age, their internal organs will gradually 
deteriorate, resulting in changes in physiological 
functions and increasing the risk of disease.  Aging 
increases the secretion of proinflammatory factors in 
the body to induce the production of excessive free  
radicals, which causes oxidative stress on cells and 
results in cell damage (16).  In addition, when the 
body is affected by proinflammatory factors, it 
results in impaired DNA gene expression, and the 
immune system gradually becomes dysfunctional 
and unable to protect stem cells.  As the number of 
stem cells in the body is reduced, the rate of cell 
regeneration declines, which accelerates the rate of 
apoptosis and reduces the repair rate.  When cell re-
generation capacity decreases, damaged tissues can-
not be completely repaired, thus, the remaining cells 
have to cope with a greater physiological load, organ 
functions will slowly decline, and complications will 
start to take place, which lead the body into a vicious  
circle of the mass loss of organs and increased risk 
of death (18).

Muscle Loss

Mass muscle loss and functional degradation are the 
characteristics of aging, and with the increase of 
age, the number of satellite cells in muscles decrease 
by 24~35% during the aging process.  As satellite 
cells are responsible for the regeneration of muscle 
cells in the body, when muscle cells are repaired 
slowly, muscle fiber cells will gradually shrink and 
muscle mass will be gradually lost.  Decreased mus-
cle mass will reduce muscle strength and cause daily 
physical activities to gradually become unloadable 
(22), which in turn leads to reduced activity levels.  

According to the use and disuse theory, the less fre-
quent use of muscles leads to more serious muscle 
loss (23).  Insufficient physical activity will acceler-
ate the loss of muscle mass and lead to weakness in 
the limbs, and the decrease in lower limb strength 
also increases the risk of falls.  If the elderly fail to 
improve the state of their muscle loss before disabil-
ity, they will face a long-term bedridden future.  In 
addition, aging will cause the nervous system to de-
generate and lead to chronic neuropathy, and the loss 
of motor functions will cause the failure of muscles 
to effectively contract, thus, reducing the amount of 
muscle activity (28).  During the aging process, hor-
mones in the body are also factors that affect muscle 
loss.  The concentration of hormones that stimulate 
muscle synthesis in the body is negatively correlated 
with age, such as Insulin -like Growth Factor 1 (IGF-1) 
and Growth Hormone (GH), and as muscle cells are 
less sensitive to hormones, it results in an increase 
in the proportion of body fat.  However, fat cells 
secrete proinflammatory factors and induce insulin 
resistance.  Insulin is a muscle protein synthesis hor-
mone in the body, and insulin resistance will inhibit 
the protein synthesis signal in muscle fibers, disrupt 
the balance between muscle protein synthesis and 
the breakdown rate, and cause the muscle protein 
breakdown rate to become greater than muscle pro-
tein synthesis, thus, causing mass muscle loss (26).  
When muscle loss affects the functions of daily life, 
it is known as sarcopenia, which affects blood sugar 
regulation and the protein supply in the body, which 
causes an increased risk of metabolic diseases and 
the body will exhibit a negative nitrogen balance, 
resulting in weight loss and decreased immunity, 
which weakens the body’s resistance to disease, 
leads to wounds that will not heal, and increased risk 
of death; therefore, a fixed amount of activity must 
be maintained to prevent muscle degradation and at-
rophy.  In order to initiate muscle protein synthesis 
signals, which will increase muscle mass, it is nec-
essary to improve the sensitivity of muscle cells to 
synthetic hormones.  As increasing the intensity of 
muscle training has positive effect on the sensitivity 
to synthetic hormones, people can reduce the risk of 
hospitalization and death due to muscle weakness by 
increasing the intensity of their muscle training to 
increase muscle strength (24).

Judgment Criteria for Sarcopenia

Sarcopenia is defined as the severity of muscle loss, 
as determined by the skeletal muscle index, which 
is calculated by dividing the total muscle mass by 
the total body weight.  There are different judg-
ment standards for different measurement instru-
ments and genders.  Using the Dual Energy X-ray 
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Absorptiometry (DXA) or Bioelectrical Impedance 
Analysis (BIA), the determination point of tangency 
is less than 7.0 kg/m2 for men; while the determina-
tion value is less than 5.4 kg/m2 for women using 
DXA, or less than 5.7 kg/m2 using BIA (5).  Cur-
rently, sarcopenia has been identified as one of the 
geriatric syndromes; as the name implies, it means 
muscle loss, which is closely related to the mobility 
and quality of life of the elderly, and has inherent 
increased risk of disability and death.  Understand-
ing the determination criteria for sarcopenia can 
provide more precise strategies for exercise and diet 
planning, and thus, can more effectively prevent the 
elderly’s risk of sarcopenia.  In addition, the degree 
of muscle function degradation is considered in the 
definition of sarcopenia, and it has been proposed 
that the diagnosis of sarcopenia requires both loss 
of muscle mass and the loss of muscle strength and 
performance (12).  Muscle strength is the most com-
monly used method for assessing muscle function, 
and is one of the practical clinical definitions and 
common diagnostic criteria of age-related sarcopenia 
(7).  Due to differences in congenital and acquired 
physical conditions between Asians and Caucasians, 
in 2014, the Asian Working Group for Sarcopenia 
(AWGS) applied Asian data to redefine the judgment 
criteria for Asians.  By taking elderly people over 60 
years old as a high-risk group, their muscle strength 
and physical performance were determined, where 
low grip strength and slow walking speed were taken 
as the manifestations of muscle function decline for 
muscle function assessment, in addition to the skel-
etal muscle index judgment, and grip strength and 
walking speed were simultaneously measured.  The 
absolute grip strength judgment standard for men 
and women is less than 26 kg and 18 kg, respective-
ly; the standard walking speed is 0.8 m per second, 
and a value below this is considered slow walking 
(5).  Through such judgement criteria, we can detect 
and prevent sarcopenia in a timely manner, and im-
proving muscle strength with appropriate defensive 
measures can reduce the incidences of sarcopenia.

Impact of Resistance Exercise Training

Increasing physical activity can improve the phe-
nomenon of aging; thereby promoting physical 
fitness, preventing bone mineral loss, maintaining 
muscle mass, and increasing the number and meta-
bolic functions of the mitochondria.  In terms of 
muscle degeneration in the elderly, muscle strength 
improvement is very important and people must 
have basic muscle strength to maintain physical 
activity and prevent sarcopenia (19).  The best exer-
cise for muscle strength training is resistance exer-
cise training, which improves muscle strength and 

muscle endurance through the number of repetitions 
and intensity.  Moreover, if muscle strength is high 
enough, it can also increase muscle mass, thus, it 
is an effective defense measure for the elderly who 
need to improve their muscle strength.  However, as 
such exercise process will affect the protein balance, 
the risk of resistance exercise must be considered in 
the exercise design to effectively achieve the promo-
tion of muscle strength and quality.

Benefits of Resistance Exercise Training

The characteristic of skeletal muscle aging is that 
the quality and function of skeletal muscles decline 
with age; therefore, if no timely preventive measures 
are taken, it will lead to age-related sarcopenia.  
Muscle decline causes poor muscle quality, resulting 
in insufficient muscle strength, which reduces the 
activity of the elderly, and insufficient activity will 
cause muscle atrophy.  In order to prevent muscle 
degradation and atrophy, improving muscle strength 
should be a priority for maintaining and increasing 
muscle mass.  Muscle strength is divided into muscle 
strength and muscle endurance.  Muscle strength is 
defined as the strength of a muscle when it resists a 
certain resistance, as well as the maximum strength 
produced when the muscle contracts again.  Muscle 
endurance is defined as the time or the number of 
repetitions, meaning when a muscle maintains the 
same strength and can continue to exert force (10).  
Therefore, muscle strength and endurance training 
are mainly based on resistance exercise training, 
where a single repetitive movement of different 
intensities can improve muscle fitness.  Muscle 
strength will gradually increase as the intensity of 
each training session becomes higher.  In addition, 
the amount of training is related to the improvement 
of muscle quality; the theory of use and disuse states 
that, in order to promote the body to begin the repair 
of its muscles for muscle regeneration, and then, 
increase the muscle mass of the aging cells in the 
muscles, the muscles that are rebuilt by the amount 
of training must be greater than the original load of 
the body (9).  Increasing muscle mass can promote 
muscle training for greater strength.  When muscle 
strength is improved and maintained, the activity of 
the elderly also increases, which can maintain daily 
physiological activities and reduce the risk of mus-
cle loss due to insufficient activity.

Recommended Prescription for Resistance Exercise 
Training

Using progressive training to increase the intensity 
of training will allow the elderly to develop regular 
exercise habits, meaning people who sit or lie in bed 
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for a long time in daily life can be encouraged to 
regularly stand up and walk or engage in physical 
activities to maintain muscle strength (3).  More-
over, progressive resistance exercise training can 
increase muscle mass and strength.  The principle of 
progressive load is to use the resistance to muscle 
contraction to strengthen the skeletal muscles, and to 
break through the maximum load of the body each 
time, which will facilitate the stable improvement 
of muscle strength and quality (8).  The frequency 
of exercise will also affect the increase in muscle 
mass, and studies have shown that exercising should 
be conducted 2 to 3 days a week and the exercise 
intensity should reach medium to high intensity.  
The intensity is often expressed by RM (Repetition 
Maximum), which means the number of repetitions 
for the maximum strength, thus, 1 RM is 1 repetition 
for the maximum strength and a medium-high in-
tensity is about 65~80% 1RM; only by reaching this 
load weight can people effectively increase muscle 
quality and function (29).  According to literature, 
the design range of progressive resistance exercise 
for the elderly is engaging in 2~3 groups of exer-
cises at 30% to 80% of the exercise intensity, where 
each group repetition is 8~10 times, and there will 
be significant benefit in improving muscle mass and 
strength after about 8 weeks of continuous training 
(4).  However, resistance exercise training is riskier 
for the elderly; as their cardiopulmonary functions 
decline due to loss of muscle mass, it affects cardio-
pulmonary fitness during exercise, in addition to in-
sufficient muscle strength caused by muscle decline.  
If the exercise intensity is too high, it may increase 
the burden on the body.  Thus, considering the ap-
propriate amount and intensity of exercise is the 
first step in successful resistance exercise training.

Risks of Resistance Exercise Training

Systemic organ functions decline with age.  Too 
high resistance training intensity will increase the 
risk of cardiovascular and skeletal diseases.  Resis-
tance training is a double-sided sword; although it is 
an effective strategy for the elderly to increase mus-
cle strength, it will also increase the breakdown of 
protein due to the load of resistance training when 
improving the muscle protein synthesis rate, which 
prevents the body from effectively promoting the 
net protein synthesis rate during the training recov-
ery period (24).  Moreover, increased age causes the 
body repair speed to decrease.  If the intensity of re-
sistance training is too high, muscle protein may not 
be completely repaired, and vigorous exercise will 
generate free radicals to increase oxidative stress in 
the body, resulting in increased muscle damage and 
fatigue (25), thus, resistance training strategies must 

match with other conditions and strategies, such 
as protein intake, the use of antioxidants, or both, 
in order to reduce the adverse effects of resistance 
training (24).

Resistance Exercise and Protein Supplement

As aging causes slow muscle repair, the elderly will 
have more proteolysis after resistance exercise train-
ing than healthy adults, and they may not be able to 
significantly increase their muscle mass.  As shown 
in recent literature, a sufficient protein supplement 
can have a synergistic effect with resistance exercise 
training, because after the protein is digested into 
amino acid, and absorbed, the essential amino acid 
(EAA) can be used as a raw material for muscle pro-
tein synthesis.  In addition, Branched Chain Amino 
Acid (BCAA) in EAA can effectively stimulate mus-
cle protein synthesis signals, meaning muscle fibrin 
tends to be synthesized, and the muscle mass of the 
elderly can be effectively improved (15).

Essential Amino Acid (EAA)

Without protein supplementation after resistance  
exercise training, the body’s net balance of muscle 
protein is decomposed; therefore, during the recovery  
period after exercise, sufficient protein is required 
to assist the repair of muscle fibers.  Protein, which 
is broken down into amino acids, and then, absorbed 
by the body after digestion, is the raw material for 
building and repairing tissue in the body.  There are 8 
kinds of amino acids in the human body that cannot  
be synthesized by themselves and must be supple-
mented by food.  They are called essential amino acids  
(EAA), including tryptophan, lysine, methionine, 
phenylalanine, threonine, leucine, isoleucine, and 
valine, which are transported to muscles through the 
blood as a raw material for building muscle fibrin, 
and supplementing sufficient EAA can improve 
muscle mass and promote muscle hypertrophy (15).  
The BCAAs of EAA, which are leucine, isoleucine, 
and valine, have high correlation with improving 
muscle mass, thus, they can be used as a supplement 
when muscles lack energy, and play an important 
role in stimulating the rate of protein synthesis dur-
ing the recovery period.

Branched Chain Amino Acid (BCAA)

In the muscle energy metabolism system, BCAA can 
be used as a fuel when muscles need energy.  When 
muscle glycogen is depleted during exercise, BCAA 
can be used as a raw material for the role of glycogen 
regeneration to promote energy metabolism.  However,  
when the body has insufficient BCAA, muscle protein 
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will start to break down and release BCAA, in order 
to achieve the effect of continuous energy supply  
(27).  In addition, BCAA is related to the protein 
synthesis pathway, where its role is to stimulate the 
protein synthesis mechanism and use EAA to build 
muscle fibrin.  Leucine has the most significant ben-
efit in BCAA, as it stimulates a series of synthetic 
signals to promote the protein synthesis rate and 
accelerate the muscle protein repair rate; thereby 
reducing damage to myofibrils and cytoskeleton 
protein, and lowering the risk of mass muscle loss 
(30).  In addition to its role in protein synthesis,  
BCAA competes with tryptophan, and reduce its entry  
into the brain, thus, reducing the production of sero-
tonin in the brain, which in turn delays fatigue (6).  
Therefore, improving BCAA in muscles will help to 
prevent mass muscle loss and alleviate the fatigue  
effect after exercise, which in turn enhances the effect  
of exercise training.

Recommended Amount and Source of Protein Supple-
ment

As the concentration of amino acids are digested 
and decomposed in the body after ingestion, muscle 
growth depends on protein consumption.  When the 
concentration of amino acids in the blood rises, it will 
stimulate muscle protein synthesis (MPS) and inhibit 
muscle protein breakdown (MPB).  However, the 
recommended protein intake for the elderly is higher 
than the average adult; during the aging process,  
the ability to activate MPS is reduced, resulting 
in imbalanced protein balance and lower skeletal 
muscle quality.  Many studies have shown that the 
recommended protein intake of 0.8-1 g per kg of 
body weight for general adults may not be sufficient 
to promote muscle health in the elderly, thus, it is 
recommended that the protein intake for the elderly 
is 1.2~2 g per kg of body weight, which is about 1.5~2 
times the intake of adults.  Protein supplementation 
and resistance exercise have a synergistic effect.  In 
a cross design for comparing the intake of 20 g and 
40 g of whey protein after resistance exercise for 
young people of about 20 years old, the intake of 40 
g significantly increased the MPS rate by 20%, as 
compared with the intake of 20 g, while the protein 
digestion and absorption rate reached the peak at 20 
g and the MPS response was greatest after exercise.  
Thus, in the young population, supplementing 20 
g is enough to increase the MPS rate and increase 
muscle mass (17).  However, in one retrospective 
study comparing the effect of protein intake between 
70-year-old men and 20-year-old men, the elderly 
required a higher maximum effective protein dose 
when recovering after exercise, as compared with 
young people (20), as their MPS rate reached the 

peak when 35~40 g was supplemented after resis-
tance exercise.  In addition, after resistance exercise, 
supplementing with BCAA can help increase MPS, and 
the recommended amount of BCAA is 2~2.5 g per 
kg of body weight (2).  As BCAA is a stimulating  
factor, it is recommended that the amount of supple-
mentation is not significantly different between 
young and old people.  Protein sources are divided 
into animal and plant-based, animal protein is 
mostly intact protein, that is, proteins that contain 
all EAAs, in which casein and whey protein are rich 
in BCAA and can greatly help muscle repair.  How-
ever, research shows that long-term excessive intake 
of red meat will increase the risk of cardiovascular, 
kidney, and metabolic diseases, and thus, may in-
crease the physical burden of the elderly.  Therefore, 
it is recommended that vegetable protein can be in-
terspersed in the weekly diet.  The vegetable protein 
that has recently attracted attention is soy protein.  
In addition to being a complete protein, soy protein 
has BCAA contents second only to casein and whey 
protein, and it also has the effects of anti-oxidation 
and lowering blood lipids, thus, it may be a good 
source of protein for the elderly.  As the elderly need 
longer time to repair muscles (11), the protein source 
chosen after exercise may need to be absorbed for 
a longer time.  It is currently confirmed that, while 
whey protein is the most effective among adults, 
from the perspective of absorption speed, it may not 
be the most effective for the elderly due to its rapid 
absorption rate.  Therefore, this issue requires more 
research.

Conclusion

As aging is a natural progression for organisms, in 
the geriatric syndrome, sarcopenia is a topic of con-
cern.  As muscle performance gradually declines,  
it will increase hospitalization and mortality rates, 
thus, we must understand the definition of sarcopenia, 
and its consequences, before we can effectively apply  
defensive measures against sarcopenia.  Regular ex-
ercise training helps to delay muscle degeneration; 
via muscle breakdown, muscle training promotes 
the synthesis of muscle protein signals, promotes 
the body to rebuild and repair muscles, increases 
muscle mass, and uses the progressive training 
mode to gradually increase muscle strength.  During 
muscle reconstruction, the body requires sufficient 
protein as the raw material, and these synthetic raw 
materials are EAA, where BCAA is a protein that 
stimulates synthetic signals, and has a synergis-
tic effect with resistance exercise training.  As the 
body repairing ability in elderly people is slow due 
to aging, in order to improve their muscle strength 
and athletic performance, the elderly need to intake 
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35~40 g of protein after exercise to effectively pro-
mote their muscle protein synthesis rate and increase 
their muscle mass.  In addition to higher protein 
needs, elderly people require protein that can cope 
with slow absorption in the body, thus, they require 
protein other than whey protein, which has the fast-
est absorption rate and is most effective for adults.  
Therefore, the best protein source still needs to be 
confirmed, and it is hoped that future studies can de-
termine the most effective defense measures against 
sarcopenia.
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