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Abstract: Sarcopenia is the loss of muscle mass and function from aging, inactivity, or disuse. It is a
comorbidity to numerous conditions that exacerbates their severity and adversely impacts activities
of daily living. While sarcopenia now receives more attention from the medical community, people
with sarcopenia as a comorbidity nevertheless still sometimes receives less attention than other
presenting diseases or conditions. Inevitable doctors’ visits or hospital stays for those with sarcopenia
as a comorbidity have far higher healthcare costs than those without this condition, which imposes
a greater financial burden on the medical insurance and healthcare industries. This review offers
information and guidance on this topic. Treatments for sarcopenia include dietary, exercise, and
pharmacological interventions. Yet, the latter treatment is only recommended in extreme cases as it
may evoke numerous side effects and has little support in the scientific literature. Currently, a more
holistic approach, with an emphasis on lifestyle modification, to reduce the likelihood of sarcopenia
is examined. The current review discusses dietary and exercise interventions to limit the occurrence
and severity of sarcopenia. References cited in this review conformed to the Declaration of Helsinki
requirements for the use of human research subjects. Most of this review’s references (~97%) came
from a PubMed search that spanned from 1997 to 2023. Search terms included “sarcopenia” OR
“muscle wasting” OR “geriatrics”; OR “ageing”; and AND “diet” OR “exercise”. In addition, papers
relevant or supportive of the topic as well as those considered seminal were included in the review.
Over 96% of the references were peer-reviewed articles.
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1. Introduction

Sarcopenia, a term coined by Rosenberg in 1989, was a skeletal muscle-wasting disease
that went unnoticed or untreated due to the lack of diagnosis or minimal attention it
received [1]. It was finally acknowledged as a disease in 2016 when the World Health
Organization released an International Classification of Diseases (ICD; code: M62.84)
for sarcopenia [2]. It is primarily associated with advanced aging as 36.5% of adults
aged > 60 years have sarcopenia [1]. But as physically inactive lifestyles become more
prevalent, it is more common at younger ages [3-7]. Sarcopenia is linked to both type II
diabetes and obesity. For instance, since 80% of glucose’s uptake from the blood is taken up
by skeletal muscle under euglycemic conditions, a decline in muscle mass and/or quality
reduces blood glucose clearance, leading to hyperglycemia and a higher type II diabetes
risk [8]. Myosteatosis, or sarcopenic obesity, is excessive fat deposition in muscles [9-11].
It causes a positive energy balance and undermines muscle quality [9]. Myosteatosis
reduces muscle strength, mobility, and a person’s mortality and may increase their risk of
underlying diseases [9,10]. Sarcopenia increases the risk of physical disability as well as
chronic cardiovascular and respiratory diseases [3,12-14]. Primary sarcopenia, the version
observed in older persons, is a multifactorial disuse condition that entails perturbations
to myostatin, inflammatory cytokines, and mitochondrial function as well as a loss of
satellite cells, motor neurons, and anabolic hormones [14,15]. Primary sarcopenia has no
specific cause other than ageing [3]. However, secondary sarcopenia, the type observed in
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young people primarily due to disuse/inactivity, may also result from systemic disease or
malnutrition [3].

Several organizations independently offered a working definition of sarcopenia [16-18].
The 2018 European Working Group on Sarcopenia in Older People (EWGSOP) revised the
definition to not just specifically pertain to muscle atrophy but to include muscle strength and
physical performance deficits [3,5]. The EWGSOP determined sarcopenia’s three diagnosing
criteria in order of importance which were a loss of muscular strength, decrements in
muscular quantity and/or quality (atrophy and/or muscular disuse), and low physical
performance [3,5]. Since the 2019 Asian Working Group for Sarcopenia (AWGS) termed
it an “age-related” loss of muscle mass, strength, and/or physical performance with an
age cutoff of at least 65 years [16], the EWGOSP redefined it to encompass both muscle
quantity and quality, of which the latter relates to its force generating capacity [3,7,19,20].
Screening for sarcopenia uses the SARC-F questionnaire [21]. Yet, to diagnose sarcopenia,
strength tests” strength entail hand-grip dynamometry or resistance exercise equipment.
Physical performance tests to identify sarcopenia include the Timed-Up and Go (TUG) or
6-min walk field tests [5,22,23]. Accurate muscle quantity measurements, the costliest to
diagnose, use either dual-energy X-ray absorptiometry (DXA), magnetic resonance imaging
(MRI), computed tomography (CT), or appendicular skeletal muscle mass (ASMM) via
bioelectrical impedance [4,5,7,20,24].

In terms of temporal changes, sarcopenia may be subdivided into acute (<6 months)
and chronic (>6 months) conditions [3]. Sarcopenia is characterized by a 3-8% loss in lean
muscle mass per decade after 30 years of age [20,24-26]. Others state that it is present if
the absolute volume of a person’s muscle mass is >2 standard deviations below a normal
z-score value [3,5]. The progressive decline in skeletal muscle mass significantly accelerates
after 70 years of age (approximately 15% per decade). Sarcopenia affects 30% of individuals
over 60 years of age and more than 50% of those over 80 years [27]. Others suggest
that it affects 5-13% and 11-50% of older adults aged 60-70 years and above 80 years of
age, respectively [28,29]. It was identified in roughly half of male nursing home patients
and may serve as a gateway disorder that increases the prevalence of conditions that
undermine a person’s health [14]. With a world population whose average life span is
increasing, sarcopenia is more common and is an added financial burden to the medical
insurance and healthcare industries. Each year, the United States spends roughly 40 billion
USD in hospital costs for patients with sarcopenia, which could be reduced with proper
preventative measures. They include diet and exercise; each preventative measure should
first be approved by a patient’s family physician before they are implemented. Prior to
discussing treatments to mitigate sarcopenia, it is important to identify how poor diet and
lifestyle (i.e., exercise habits) choices contribute to this condition.

2. Dietary Causes: Energy, Nutrients, and Nutritional Supplementation
2.1. Energy

In terms of energy, sarcopenia results from a negative caloric state or a lack of specific
macronutrients in a person’s diet [7]. Older populations are susceptible to primary sarcope-
nia due to malnutrition. In support of this statement, a recent study assessed intermuscular
adipose tissue (IMAT) and skeletal muscle radiodensity (SMD) via a CT scan in relation
to malnutrition in older hospital patients [7]. As compared to older patients with normal
nutrition, the malnourished had significantly lower SMD. IMAT was positively associated
with malnutrition though this was not statistically significant [7]. Yet, among young people,
such as those with eating disorders or non-age-related diseases, age was not a factor for
secondary sarcopenia. Growing evidence supports changes to basic nutritional guidelines
to combat muscle wasting, particularly in reducing negative caloric balances [7,30-32].
Higher energy intakes have long been advocated for many disuse atrophy conditions,
among them spaceflight [33,34]. With abrupt increases in metabolic rates, as well as the
absence of mechanical loading and weight-bearing forces combined with a suppressed
appetite, such rapid changes during spaceflight not only simulate the muscle wasting
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incurred with sarcopenia but occur at far faster rates [33,34]. While sarcopenic patients
incur many of the changes observed with microgravity, spaceflight research advocated for
higher energy intakes to limit the severity of body and muscle mass, as well as strength,
losses [33,34]. Adopting similar changes in persons with sarcopenia may also mitigate
such losses.

Hospitalized older adults (n = 1135) were subdivided into normal and malnutrition
groups to identify associations with handgrip strength [7]. With muscle mass quantity and
quality indices examined as correlates of handgrip strength, values from older adults with
normal nutrition were compared to the malnourished and the latter had significantly less
skeletal muscle density and strength [7]. Malnourished women had significantly more
IMAT than their normal group counterparts while malnourished men had a significantly
lower muscle quality than the normal group [7]. Since low energy intakes yield negative
caloric balances in malnourished and sarcopenic patients [7], higher food consumption
was encouraged for these groups like they were for astronauts [33,34]. Finally, rates of
sarcopenia and poor muscle quality were assessed in young (n = 108, 43 £ 11.7 years)
obese adults, a group prone to falls, muscle pain, and bone fractures [4]. This is an issue as
sarcopenic obesity leads to comorbidities (diabetes, hypercholesterolemia, and pulmonary
diseases) that increase the risk of premature death. Study measurements included DXA
scans, handgrip strength, TUG, gait speed, and ASMM adjusted for BMI [4]. Rates of
sarcopenia ranged from 11.1-13.9% and it was most common in middle-aged women.
Muscle quality was deemed important to functional disability and must be considered in
sarcopenia assessments [4]. It was concluded that a need exists to stringently standardize
criteria for young adults with sarcopenic obesity as its occurrence varies widely for this
population [4]. Its management sees doctors prescribe a reduced-calorie diet high in protein,
Ca?*, and vitamin D as well as exercise.

2.2. Protein

Macronutrients deficient in persons with primary sarcopenia include protein. Com-
pared to young adults, older populations eat less, including less protein [35,36]. In Europe,
up to 10% of community-dwelling older adults and 35% of those institutionalized do not
meet the estimated average requirement for protein of 0.7 g-kg body mass~!-day !, the
minimum amount needed to maintain muscle in adults of all ages, while the USRDA for
protein is 0.8 g-kg body mass~!-day~! [30,36]. This is concerning since older persons have
higher protein needs than young adults [37,38]. The imbalance between protein require-
ments and intake produces net muscle mass losses due to a chronic imbalance between
cellular protein synthesis (MPS) and degradation [39]. As a result, older populations are
susceptible to sarcopenia’s muscle mass and strength losses [40,41]. Consumption of whole
food protein sources easily meets the needs for this macronutrient; however, this is more
difficult to achieve in older adults since they eat less [35,36]. While animal-based foods
are a prime source of dietary proteins, plant-based foods lack one or more essential amino
acids (EAA). Yet, food combining, whereby multiple plant-based foods are present at a
given meal, better assures all EAA are provided by a person’s diet. Despite food combining
and animal-based foods as excellent high-quality sources, protein is insufficient in the diets
of older people.

Traditional dietary recommendations do not meet the protein requirement to abate
muscle loss or stimulate hypertrophy in older adults [2]. Older sarcopenia patients may
benefit from higher protein intakes not just for the energy it provides but to aid cell growth
and repair. Evidence suggests sarcopenia may be abated by higher protein intakes [30,42].
The European Society for Clinical Nutrition and Metabolism (ESPEN) made the following
recommendations: (1) the diets of healthy old people should provide at least 1.0-1.2 g
protein/kg body mass/day, (2) the older malnourished or those at risk of malnutrition
should consume 1.2-1.5 g-kg body mass~!-day !, with even higher intakes for those with
severe illness or injury, and (3) daily physical activity or exercise for all older people for
as long as possible [43]. In the absence of exercise as a person ages, higher protein intakes
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help achieve a net neutral energy balance and reduce muscle catabolism. Older persons
do not have mitigated anabolic responses to high-quality protein meals. Evidence shows
that maximal muscle protein synthesis (MPS) occurs with 25-30 g of the macronutrient
provided per meal regardless of if the person is young or old [44]. Yet, MPS is blunted in
older adults when protein is co-ingested with carbohydrate or when its intake is less than
20 g per meal [44]. Evidence shows that 10 and 20 g servings of EAA did not stimulate
MPS in old people to the same degree as in the young [45]. Ageing may impair anabolism
in response to a carbohydrate-containing mixed nutrient meal, as shown by ingestion of
an amino acid-glucose mixture that saw MPS rise in young but was unchanged in older
subjects [44,46]. Subsequent research confirmed these results [47]. In older groups, mixed-
nutrient meals may require leucine supplementation to enhance MPS [44]. No evidence
exists that co-ingestion of protein and fat negatively or differential effects protein anabolism
in the young or old [47,48].

Fortunately, even modest bouts of physical activity may sensitize ageing muscle to
create a more anabolic environment. For instance, 45 min of treadmill walking by older
persons restored their ability to utilize insulin, which can aid MPS [49]. The ingestion of
leucine-rich amino acids stimulated MPS to a similar extent in young and old subjects for
the first six hours post-exercise [50], albeit with a delayed response in the elderly. These
data offer further evidence of physical activity’s role in restoring or maintaining normal
protein anabolic responses in the elderly. Higher amounts of protein appear essential for
muscle growth and repair in older persons since ageing reduces responsiveness to low
dietary doses (7.5 g) of EAA but higher doses (10-15 g) stimulate MPS at levels comparable
to that of younger persons [3,51]. In addition, supplementing mixed-nutrient meals with
leucine may enhance MPS in the elderly. Older men (n = 37; 71 £ 4 years) were given a
whey protein supplement to examine MPS changes [51]. They first completed lower body
strength training workouts and then consumed 0, 10, 20, or 40 g of whey protein isolate.
MPS rose by 65% and 90% for those who ingested 20 and 40 g post-workout, respectively,
while lower doses led to insignificant changes [51]. Another study noted that young adults
needed only 40 g to saturate MPS rates, suggesting whey is a valuable leucine source
but older adults should probably ingest a higher dose to obtain comparable benefits [52].
Another study noted that 15 g of EAA given to older patients three times daily produced a
net neutral 24-h fractional synthetic rate, which is an MPS index and more evidence higher
protein intakes are needed for this population [53].

Recommendations for older adults include consuming 25-30 g of protein per meal and
sufficient energy intake, rather than a higher absolute daily increase in protein [44]. The lat-
ter approach produces a skewed distribution of protein intake that does not maximize MPS
throughout the day [54]. To provide enough protein to abate sarcopenia, dose-response rela-
tionships to achieve MPS proposed a per-meal intake of 0.4-0.6 g-kg body mass~!-meal !,
though some advocated per-meal intakes of 0.8 g-kg body mass~!-day~! [54]. In older
adults and those with sarcopenia, a net-neutral protein balance requires an even higher
dietary intake than previously thought [54]. For instance, Kim et al. noted that to opti-
mally maintain an anabolic response to a mixed food intake, instead of using a dietary
protein supplement, older adults need to ingest 1.8 g-kg body mass~!-day~! [30]. This is
over twice the recommended intake for adults advocated by the USRDA [30,54]. While
admittedly a very high protein intake, current recommendations to reduce sarcopenia
include greater protein consumption. Other recommendations entail an even distribution
of protein throughout the day and a leucine-rich diet since it stimulates MPS [54]. With no
crossover, 56 sarcopenic patients, who were at least 65 years of age, ingested 1.2-1.5 g-kg
body mass~!-day ! of protein daily either through a combination of food, leucine-infused
whey protein, and vitamin D supplements or solely through food [55]. ASMM, handgrip
strength, gait speed, energy, and macronutrient intakes were measured after 4 and 12 weeks
for each group. While the total energy and protein intakes rose in both groups, supple-
mentation created significant differences in protein intake [55]. Compared to the food-only
group, supplementation improved gait speed after 12 weeks, particularly for those less
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than 75 years of age. Supplementation also allowed the sarcopenic elderly to easily meet
the study’s protein requirements [55].

Finally, branched-chain amino acids (BCAA) were examined as a possible treatment
to reduce muscle wasting and sarcopenia [43]. BCAA leucine positively regulated intra-
cellular signaling pathways to induce MPS [56]. A higher leucine intake was needed to
optimally stimulate MPS in older, as compared to younger, adults [52]. In critically ill adults,
mixed BCAA supplementation increased MPS [57,58]. In a randomized controlled study
with older sarcopenic women, those who exercised and supplemented their diets with
leucine increased their leg muscle mass and strength and had faster walking speeds [59].
Moreover, 16 weeks of EAA supplementation in older adults led to greater muscle mass
and function without concurrent exercise [60]. Yet, other studies showed that long-term
leucine supplementation alone did not increase muscle mass or strength [61,62]. While
age-related changes reduce MPS in older adults, such a change can be reversed by higher
protein intakes and greater amounts of exercise [63,64]. The remainder of this review’s diet
section examines other considerations thought to limit the occurrence of sarcopenia. They
include vitamin D, Ca?*, and Mg?* as well as beta-hydroxy beta-methylbutyrate (HMB)
supplementation. Some studies examined as part of the next section of this review looked
at these other considerations concurrent to protein supplementation.

2.3. Vitamin D

A focus on protein, especially if obtained from animal products, allows the intake
of other micronutrients without resorting to dietary supplements. Such micronutrients
include vitamin D, which aids bone remodeling and immune function, each of which are
important issues for older adults. Since vitamin D and protein are nutrients common to
many foods, research examined their combined effects in sarcopenic patients [65]. A study
with older men (n = 49; 73 £ 1 years) had them ingest either a supplement with whey
protein, creatine, Ca?%*, vitamin D, and omega-3 fatty acids or a maltodextrin drink that
served as a control with no crossover [66]. The study’s first phase required subjects to
ingest beverages twice daily in accordance with their group assignment while phase two
entailed their consumption concurrent with exercise three times per week. For the first
phase, only the supplemented group had strength increases. While both groups gained
strength during phase two, those who received the supplement had significantly higher
strength, lean muscle mass, and aerobic capacity gains. A glucose tolerance test revealed
that maximal glucose concentrations declined in supplemented patients, suggesting a link
between muscle uptake and glucose management. The lean muscle mass and glucose
concentration results suggest the supplement benefitted older men with sarcopenia and
may lower their risk of type II diabetes [66]. As a result, current dietary therapies advocate
for 20 g of whey protein and 800 IU of vitamin D twice daily for those with sarcopenia [14].

A systematic review and meta-analysis showed that concurrent vitamin D and protein
supplementation offers strength benefits to those with sarcopenia; yet, disagreement on this
topic exists [65,67]. Those who disagree cite a review that stated that no strong evidence
existed for concurrent vitamin D and protein supplementation to improve muscle mass
and function due to mechanisms underlying vitamin D’s role within skeletal muscle [67].
That same review claims greater benefits occurred in patients who severely lacked the
vitamin [67]. Vitamin D deficiency exists in 41.6% of all US adults [68]. Recent vitamin
D recommendations rose from 400 IU/day to 600 IU/day for persons less than 70 years
of age and from 600 IU/day to 800 IU/day for those who are older [69]. However, these
higher dosages are a general guideline and do not account for individual activity levels or
medications that interfere with vitamin D metabolism [69,70].

2.4. Ca?* and Mg**

Each mineral aids in muscle fiber contraction so it is assumed that a deficiency in
either poses a problem to muscle function, particularly among those with sarcopenia [30].
In addition to Ca?*’s role of in crossbridge formation, Mg?* facilitates ATPase activation;
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thus, a deficiency in either would impair muscle function and force output. Ganapathy
and Nieves reported that most older persons do not consume enough Ca?* [31]. When
provided as a singular dietary supplement, Ca?* had mixed effects on strength gains [31].
Currently, not enough research exists to conclude if Ca?* alone increases strength [31].
When Tieland et al. reviewed dietary guidelines for sarcopenic patients, they concluded
that Mg?* supplementation improved exercise performance for intense short-term bouts,
presumably due to its role in ATPase activation [71].

CaZ, Mg2+, protein, vitamin D, and energy each have specific and vital roles for
muscle function and mass preservation to reduce the risk of sarcopenia. A healthy balanced
diet rich in whole foods provide each of the nutrients. Yet, some have also proposed dietary
supplements. Among the many supplements to reduce the risk of sarcopenia is HMB,
which is an over-the-counter product purportedly safe to use [72].

2.5. Beta-Hydroxy Beta-Methylbutyrate (HMB)

HMB is naturally produced in the liver through a reversible cascade from the break-
down of leucine [72,73]. Protein kinetics that enhance MPS through HMB supplementation
may do so through numerous intracellular mechanisms. Among them are the mTOR
anabolic and the PI3/ Akt signaling pathways. While mTOR is directly involved in MPS,
PI3/ Akt relies on phosphorylation for downstream activation of effector organelles, in-
cluding those which regulate protein catabolism. HMB both increases mTOR activity and
reduces proteolysis by blunting protein phosphorylation along the PI3K/Akt pathway
to improve intracellular MPS [17,74]. HMB at dosages higher than those produced en-
dogenously reduced muscle wasting in cancer patients [75]. This occurred from reduced
proteolysis and a surpression of tumor necrosis factor alpha [74,76]. A review of HMB
articles, with its administration concurrent to exercise, showed improvements in muscle
mass, strength, and aerobic capacity among trained and untrained subjects [73]. Sarcopenic
patients (n = 41; 66-84 years old) ingested 8 g of EAA for 18 months and increased their
muscle mass, insulin sensitivity, and insulin-like growth factor 1 over time [76]. HMB
administered at 2 g-day ! to bedridden older subjects significantly reduced muscle wast-
ing [77]. A mixture of 3 g HMB, 7.5 g arginine, and 2.25 g lysine given to older subjects
increased their protein turnover and lean tissue mass [78]. Since amino acids were sug-
gested to treat muscle wasting, leucine, glutamine, arginine and HMB supplementation
were examined for sarcopenia management in geriatric patients [6]. Results suggested
leucine and HMB supplementation may be used to treat sarcopenia [6]. Arginine admin-
istration alone did not prevent muscle wasting but it was effective when combined with
HMB and leucine [6]. It was concluded that no single amino acid prevents sarcopenia
but in combination can increase muscle mass and strength in geriatric patients [6]. While
these results are encouraging, perhaps HMB is most beneficial for sarcopenic patients
when combined with resistance exercise [72,75-78]. Some sought to approximate an op-
timal HMB dose for muscle hypertrophy [73]. A dose-response relationship appears to
exist for up to 3 g-day ! of HMB when used concurrent to strength training [73]. Thus,
HMB supplementation reduces the occurrence and severity of sarcopenia with concurrent
resistance exercise.

3. Lifestyle Causes: Exercise and Sarcopenia

Lifestyles devoid of exercise contribute to sarcopenia. Adaptations to this lifestyle
inevitably include muscle mass and strength losses. The prevalence of this condition
increases in the elderly, particularly after the age of 65, as 14.7% of hospitalized patients
incur sarcopenia while under medical care [11,79]. Intuitively, reversing an inactive lifestyle
with exercise sees those with sarcopenia literally able to treat themselves if implemented at
an early time point for their condition. Exercise lowers concentrations of substances like C-
reactive protein and interleukin-6 that are associated with inflammation and sarcopenia [80].
Despite these known benefits, only 8.7-10% of older adults (>75 years of age) in the
United States participate in resistance exercise which is thought to be ideal for treating



Int. |. Environ. Res. Public Health 2023, 20, 6652 7 of 15

sarcopenia [2,81]. Generally, six weeks of resistance exercise is required before noticeable
improvements occur [2]. The low exercise participation rates, despite its broad health
benefits, underscore the need for evidence-based guidelines and recommendations for
older adults to limit their risk of sarcopenia [81]. Properly administered weight training is
safe to implement for healthy and frail older adults as well as those with sarcopenia [81].

Specific Adaptations to Imposed Demands (SAID) is a common principle to explain the
body’s adaptations to physical activity as well as the occurrence of sarcopenia. SAID refers
to the unique and novel pattern of a mechanical loading paradigm and the subsequent
adaptations it manifests. The resultant adaptations may have profound impacts on skeletal
muscle that may reduce the incidence and severity of sarcopenia [82]. Regarding exercise,
SAID typically divides various forms of physical activity into aerobic and resistance exer-
cise. Current recommendations from the American College of Sports Medicine (ACSM)
emphasize aerobic training to improve the health of the general population. Yet, a 2020
CDC report claimed just 24.2% of persons over 18 years of age met the general guidelines
for both aerobic and resistive exercise [83]. Those who met the guideline for both forms
of exercise were more often men (28.3%) than women (20.4%) and numbers decreased
with age for both genders [83]. Sadly, 46.3% of the general population failed to meet both
aerobic and resistive exercise guidelines [83]. While many benefits from aerobic exercise
exist, such as lower reactive oxygen species function that causes cellular apoptosis in pri-
mary sarcopenia, there is little evidence that it reduces muscle wasting [15]. While aerobic
capacity improvements occur from moderate-to-vigorous-intensity steady-state exercise,
resistance training against high loads is an optimal way to treat sarcopenia and improve
balance [84,85]. Resistance exercise in healthy older adults, when compared to endurance
training, produced larger strength gains with similar improvements in aerobic capacity,
suggesting it may be superior to preventing sarcopenia [2,86]. Resistance exercise increases
protein anabolism and muscle function while reducing protein degradation in healthy older
adults; yet, less is known about its ability to help those with sarcopenia [15,87].

Evidence of an ideal resistance exercise prescription for those with sarcopenia is lim-
ited [87]. They should consider basic variables (training frequency, exercise mode, intensity,
volume, and rest period duration) as well as a person’s characteristics (baseline fitness,
nutrition, genetics, medication usage, and exercise history) that represent their current
condition [87]. High-intensity resistance training is feasible and effective for severely frail
older people when properly prescribed [88]. Among older people, gains in muscle strength
and physical function occurred after six months of a simple daily exercise routine com-
prising squats, one-legged stands, heel raises, and 20-30 min of walking [89]. Treating
older sarcopenic patients with resistance exercise is an effective way to abate muscle mass
and strength losses as well as have a more holistic approach to personal wellness [81].
Resistance exercise reduced physical vulnerability as well as improving mobility, indepen-
dence, disease management, psychological well-being, quality of life, and mortality in older
sarcopenic persons [81]. Thus, a shift in exercise prescriptions that emphasize resistance
exercise may best reduce sarcopenia [48,64,83,90-93].

Likely due to strength losses related to their condition, those with sarcopenia have
a low tolerance to physical activity and fatigue easily, which complicates their exercise
prescriptions. As a result, the number of sets and repetitions needed to induce hypertrophy
and strength gains for sarcopenic persons is relatively low and must be individually
prescribed. Resistance exercise prescriptions for older adults should last 30-60 min and use
the same principles established for younger populations [94-96]. Individualized programs
are more important for older adults as factors such as health/family histories, injuries,
and pre-existing fitness levels must be considered when designing programs [94]. General
resistance exercise guidelines for healthy older adults and those with chronic conditions
include 2-3 workouts weekly against moderate loads (70-85% of one repetition maximum:
1RM) and volumes (2-3 sets per exercise) [81,87]. Rest periods should last 1-2 min, though
some encourage shorter rests to evoke endogenous anabolic hormone secretion [87,96-98].
In terms of exercise selection for older adults, multi-joint exercises have more functional
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relevance [99]. Yet, unilateral exercises should not be discouraged. Machine-based exercises
are recommended over free weights for those new to weight training since they require
less skill and coordination and are therefore thought to be safer. One to two exercises per
muscle group are adequate for persons new to resistance exercise [99].

In terms of the rigor of weight training geared toward older adults and those with
sarcopenia, rates of perceived exertion, which are a subjective measure of exercise intensity,
should initially fall within a range of 3-5 (based on the 10-point Borg scale) and progress to
6-8 over time [87]. Gradual increases in exercise loads in excess of 80% of a person’s 1IRM
is an attainable goal for weight training novices [100-103]. Yet, loads equal to 65-75% of
an older person’s 1RM load will increase their strength and may be preferable since it also
limits their injury risk [99]. At 80% of 1RM loads, the number of repetitions performed to
momentary failure generally falls between 8-15 [96]. The number of repetitions needed
to reach failure for machines is slightly higher than for free weights, presumably because
the latter requires more muscle recruitment for stabilization and balance [96]. Weight
training programs for older adults should also consider high-speed power exercises where
concentric repetition phases occur rapidly against the light (40-60% of 1RM) loads [81].
Power exercises are most beneficial for type Il muscle fibers which see the most atrophy
with aging and sarcopenia.

In support of the aforementioned exercise prescription guidelines, Bagheri showed
that in older sarcopenic men, an exercise frequency of three times weekly, with 1-3 sets
per muscle group and workout, and 6-12 repetitions per set effectively induced strength
gains [104]. With a randomized trial of older men, Teodoro et al. concluded that similar
improvements occurred with concentric repetitions performed to volitional fatigue [105].
Muscle hypertrophy occurs more easily in the general population than in those with
sarcopenia. Thus, strength gains are thought as a better index to assess resistive exercise
progress in sarcopenic patients. After a 12-month program administered to older adults
with no crossover, Yoshiko et al. showed an ~16% gain in knee extensor torque with low
(20-40% 1RM) loads while a control group decreased by 21% [106]. Since both aerobic and
resistive training are recommended to improve the health of older patients and those with
sarcopenia, Bagheri et al. examined training orders with both exercise modalities [104].
Results showed that significantly more strength was gained if a resistance exercise was
performed after endurance training, as compared to when the order was reversed [104].

Studies also examined relationships between muscle size and function in older adults
and those with sarcopenia. Muscle quantity was assessed with mid-thigh CT scans in
214 patients [20]. In addition to CT, they underwent other tests to assess muscle function
and mass [20]. Knee extensor strength correlated significantly (r = 0.60) with thigh cross-
sectional area [20]. It was concluded that CT was useful to assess muscle function and
sarcopenia [20]. A related study examined MRI indices as sarcopenia correlates in women
(n = 26; 81 + 8 years of age) [107]. Results showed strong correlations between anthro-
pometry and MRI indices. Data from older women could help identify those at risk of
developing sarcopenia at younger ages and identify it at earlier stages [107].

A systematic review and meta-analysis on resistance exercise for older sarcopenic per-
sons revealed strength gains were more common than those for muscle mass [108]. Whole
muscle hypertrophy measurements sometimes show gains in sarcopenic patients due to
their low starting muscle mass [32,109,110]. Yet, research shows older adults can experience
hypertrophy (~30% size increase after 16 weeks of resistance training), fiber type transitions
(from type IIx to Ila), and incorporate new nuclei into muscle cells [111]. Among older men
with sarcopenia, greater hypertrophy occurs with concurrent protein supplementation and
moderate-to-heavy resistance exercise (>65% 1 RM) [112,113]. Weight training led to muscle
hypertrophy after 24 weeks concurrent to modest protein supplementation, which elicited
a 4.6% thigh muscle cross-sectional area gain in mobility-limited older adults [100]. Protein
supplementation may be most beneficial to older adults and those with sarcopenia since
their diets typically have insufficient energy and protein [30]. A 2019 study by Vikberg
et al. examined a periodized whole-body resistance training and protein supplementation
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program on muscle mass and strength changes in older pre-sarcopenic subjects [110]. Re-
sistance training entailed 10 repetition sets at a moderate intensity while post-workout
protein supplementation (21 g per workout) occurred after each workout [110]. After ten
weeks, lean body mass incresed by 1.17 kg [110]. Stec and colleagues examined training
responses to workouts in older adults with muscle atrophy at different exercise intensities
and training frequencies [112]. Their diets received protein supplementation at a dose
equal to 0.3 g-kg~! [112]. Results showed that alternate workouts with high- or low-load
resistance training three days per week yielded the best gains [112]. Evidence suggests that
resistive exercise combined with a high protein diet that may include supplementation best
reduces the risk of sarcopenia in older adults [110,112,113].

4. Discussion

This review discusses sarcopenia and how it may be mitigated through diet and
exercise. Dietary and exercise guidelines for older people should be different from those
in the public, particularly for those with sarcopenia. It was previously thought that older
persons with sarcopenia, osteoporosis, or other comorbidities could not tolerate high-
intensity resistance training. While sarcopenia reduces muscle mass, older people may
consistently improve their strength if they routinely engage in resistance exercise. A
strategy to limit sarcopenia should combine diet and exercise. Results sighted in this
review suggest that while diet and exercise interventions administered individually limit
the occurrence of sarcopenia, combining the treatments is the most effective way to combat
this condition [30,100,110,112-114].

Sarcopenia sees negative intracellular protein turnover that elicits muscle atrophy
and increases the likelihood of clinical conditions that undermine the quality of life [30].
Resistance exercise alone does not lead to net MPS and hypertrophy until all EAA, whether
consumed through animal sources, food combining, or supplementation, are provided [30].
In a similar fashion, dietary protein alone may induce a positive intracellular protein
balance even without resistance exercise, though this anabolism is transient and fleeting
and causes an increase in MPS without a change in its rate of breakdown [30]. Yet, if
it is concurrent with resistance exercise, intracellular MPS is increased and prolonged.
Thus, combining resistance exercise with a high protein intake appears best to mitigate
sarcopenia [30]. However, not all studies advocate for combining these treatments [100].

Mobility-impaired older adults (n = 80) were subdivided into two groups to exam-
ine the effects of whey protein supplementation on muscle mass, strength, and physical
function as part of a double-blind study [100]. With no crossover, each group completed a
six-month progressive high-intensity resistance exercise intervention [100]. Subjects were
randomized to either a whey protein dietary supplement with 20 g of protein per serving or
an isocaloric maltodextrin solution that served as a control. Subjects in each group ingested
two servings per day and nutritional intake was monitored with two three-day food logs at
the start and end of the six-month intervention. Inter-group muscle mass, strength, and
physical function differences saw greater gains from whey protein supplementation, yet
these changes were not significant. Results implied that whey protein did not offer any
extra benefit beyond that provided by resistance exercise [100].

Unlike the prior study [100], other investigations saw benefits from combined protein-
resistive exercise interventions [110,112,113]. To examine a combined protein-resistance
exercise intervention in older pre-sarcopenic adults, subjects were divided into two groups
with no crossover for ten weeks [110]. One group underwent a nutrition-resistance exercise
intervention (n = 36) while another received neither treatment (n = 34). Resistance exercise
was conducted three times weekly and aimed to reach a perceived exertion value of 6-7
on the 10-point Borg scale. Subjects in that same group had the option to consume milk-
based dietary supplements with 21-30 g of protein [110]. The protein-resistance exercise
group saw significant improvements in muscle mass and body composition as well as on a
performance test over time. It was concluded that the same treatment maintained functional
strength, muscle mass, and body composition in older pre-sarcopenic adults [110].
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A four-group trial sought to optimize resistance exercise prescriptions for older adults
with muscle atrophy [112]. Each group had training loads and frequencies prescribed in
accordance with their group assignment. Subjects (n = 64) did the same four weeks of
pre-training exercises three times per week, followed by 30 weeks of their group’s training
protocol [112]. In addition to exercise, all subjects consumed a whey protein supplement
with 0.6 g whey protein-kg body weight ! over the 30-week intervention [112]. Over time,
all subjects exhibited thigh and total muscle mass gains, with the greatest benefits observed
in those who performed two high-load and one low-load resistance exercise workouts
per week. It was concluded older adults benefit from resistance exercise performed twice
per week, with greater results from an additional weekly low-load workout comprised
repetitions performed at high velocities [112].

Osteosarcopenia is a condition comprised both osteopenia and sarcopenia. In older
men (n = 43). the effects of resistance exercise were assessed over 28 a week period [113].
With no crossover, osteosarcopenic subjects were divided into two groups: those who under-
went a nutritional-resistance exercise intervention and those who remained untrained and
served as controls. Both groups consumed protein (up to 1.5 g-day ! for the experimental
group, and 1.2 g-day ! for controls) and vitamin D (up to 800 IE-day ') supplements [113].
Results show the experimental group had significant inter-group improvements in skeletal
muscle mass and handgrip strength. There were no adverse effects from dietary supplemen-
tation or resistance exercise. The nutritional-resistance exercise intervention was deemed a
good training modality for older men [113].

5. Conclusions

Dietary and exercise guidance for older people should differ from those for the general
public, particularly if they have sarcopenia. Currently, a more holistic approach to diet and
exercise reduces the likelihood sarcopenia. More succinct and age-appropriate guidelines
need to be developed and disseminated so older adults ingest appropriate amounts of
all nutrients throughout their lifespan. This issue is perhaps best illustrated by protein,
whereby sedentary healthy young adults are encouraged to consume the RDA of 0.8 g-kg~!;
yet, an older person may have to ingest over twice (1.8 g-kg~!) that amount, in 25-30 g
feedings, to maintain muscle mass [30,44]. Aside from sufficient energy and macro- and
micronutrient intakes, HMB is a dietary aide that warrants consideration to limit the
occurrence and severity of sarcopenia since it showed promise for persons with muscle
wasting without side effects or changes to diet and exercise habits [72,73]. More longitudinal
studies are needed to ensure its minimal side effects but HMB could serve as a useful
supplement for healthy persons and those with sarcopenia [72,73]. Regarding lifestyle
modifications, only 8.7-10% of older Americans participate in resistance exercise, which
is thought ideal to treat sarcopenia [2,81]. Evidence of an optimal resistance exercise
prescription for sarcopenic patients is limited [87]. Resistance exercise program design
may be even more important for older adults as factors such as health/family histories,
injuries, and pre-existing fitness levels should be considered [94]. General resistance
exercise guidelines for older adults include 2-3 workouts per week against moderate loads
and volumes [81,87]. Sarcopenic patients, due to reduced muscle mass, fatigue easily and
thus have a low workout tolerance. To accommodate for their fatiguability, perceived
exertion values for sarcopenia patients should initially fall between 3-5 on the 10-point
Borg scale and progress to 6-8 over time [87]. The diet and exercise guidelines provided in
this paper offer a more holistic approach, devoid of pharmaceutical treatments, that act as
a preventive measure to mitigate the likelihood and severity of sarcopenia.
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