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Summary

Sarcopenia is the age-associated loss of skeletal muscle
mass and function. It is a major clinical problem for older
people and research in understanding of pathogenesis,
clinical consequences, management, and socioeconomic
burden of this condition is growing exponentially. The
causes of sarcopenia are multifactorial, including inflam-
mation, insulin resistance, changing endocrine function,
chronic diseases, nutritional deficiencies and low levels of
physical activity. Operational definition of sarcopenia
combines assessment of muscle mass, muscle strength
and physical performance. The diagnosis of sarcopenia
should be based on having a low appendicular fat free
mass in combination with low handgrip strength or poor
physical functioning. Imaging techniques used for estimat-
ing lean body mass are computed tomography, magnetic
resonance imaging, bioelectrical impedance analysis and
dual energy X-ray absorptiometry, the latter considered as
the preferred method in research and clinical use.

Pharmacological interventions have shown limited effi-
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cacy in counteracting the age-related skeletal muscle
wasting. Recent evidence suggests physical activity and
exercise, in particular resistance training, as effective in-
tervention strategies to slow down sarcopenia.

The Italian Society of Orthopaedics and Medicine (Or-
toMed) provides this position paper to present the up-
date on the role of exercise on sarcopenia in the elderly.

KEY WORDS: physical exercise; sarcopenia; physical activity.

Introduction

The term “sarcopenia” was coined by Irwin Rosenberg in
1989. He suggested, from the Greek, the terms sarcomalacia
(‘softening of the flesh’) or sarcopenia (‘lack of flesh’), to de-
scribe the decline in lean body mass with age (1). The Inter-
national Working Group on Sarcopenia in Older People
(IWGS), in 2011, defined sarcopenia as “the age-associated
loss of skeletal muscle mass and function” (2). In 2009, the
European Working Group on Sarcopenia in Older People
(EWGSOP) had already defined sarcopenia as a syndrome
characterized by progressive and generalized loss of skeletal
muscle mass and strength with a risk of adverse outcomes
such as physical disability, poor quality of life and death (3).
The European Group proposed the coexistence of the two
following factors to characterize sarcopenia: low skeletal
muscle mass and low muscle function (strength or perfor-
mance). Furthermore EWGSOP defined 3 clinical conditions:
1) pre-sarcopenia that is characterized by low muscle mass
without impact on muscle strength or physical performance;
2) sarcopenia, characterized by low muscle mass, plus low
muscle strength or low physical performance; 3) severe sar-
copenia that is identified when all three criteria of the defini-
tion are met (low muscle mass, low muscle strength and low
physical performance). Sarcopenia can be considered ‘pri-
mary’(or age-related) when no other cause is evident but
ageing itself; ‘secondary’ when it is caused by specific med-
ical conditions. Secondary sarcopenia can be further divided
into: activity-related (bedridden, sedentary lifestyle, decondi-
tioning or zero-gravity conditions), disease-related (ad-
vanced organ failure, inflammatory disease, malignancy or
endocrine disease) and nutrition-related (inadequate dietary
intake of energy and/or protein, malabsorption, gastrointesti-
nal disorders or use of medications that cause anorexia) (3).
Although cachexia may be a component of sarcopenia, the
two conditions are not the same (2).

Several mechanisms might be involved in the onset and pro-
gression of sarcopenia. It was estimated that, after the age
of 50, the reduction in muscle cross-sectional area (CSA) is
~1%l/yr (4, 5), related to a decline in both muscle fiber size
and number (6). Type | muscle fibers are generally recruited
for most of the activities of daily living (ADLs) and during
submaximal exercise (e.g. walking); type Il muscle fibers are
instead above all recruited during high-intensity activities.
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Lexell et al., examining the cross-sections (15 micron) of au-
topsied whole vastus lateralis muscle, showed the selective
atrophy of type Il fibers (with a preservation of type | fibers)
with aging, probably because older people usually reduce
their high intensity activities (5, 7). Within the muscle, there
is a decrease in non-contractile area along with a decrease
in myosin-actin cross-bridging. Single-fiber intrinsic force is
decreased. There is a decline in the number of T-tubule di-
hydropyridine receptors and an increase in uncoupled Ryan-
odine receptors. Twitch contraction time and maximum
shortening speed are lower (2).

In a review of 2006, Narici suggested that, at whole muscle
level, intrinsic force reduction is the result of the combined
effect of changes in muscle architecture, tendon mechanical
properties, neural drive (reduced agonist and increased an-
tagonist muscle activity), and single fiber-specific tension.
The alterations in both muscle architecture and tendon me-
chanical properties have also been shown to contribute to
the loss of intrinsic muscle force with aging. Indeed, sar-
copenia of the human plantarflexors, defined as a 25% re-
duction in muscle volume, was found to be associated with a
10% reduction in fiber fascicle length and 13% reduction in
pennation angle. These architectural alterations were ac-
companied by a 10% decrease in tendon stiffness (8).
Kandarian et al. has shown that, at a molecular level, sar-
copenia results from a disproportionate decrease in skeletal
muscle protein synthesis and/or an increased protein break-
down. Several studies conducted on molecular pathways of
muscle hypertrophy demonstrated that anabolic hormones
and muscular activity drive the system through activation of
the phosphatidyl inositol 3 kinase/serine-threonine kinase
Akt system (PI3K/Akt) (9). This system stimulates muscle
protein synthesis through the activation of the mammalian
target of rapamycin (mTOR) and p70 S6 kinase (SGKI) and
inhibits atrophy by phosphorylating the forkhead transcription
factors FOXO. Phosphorylated FOXO is inactive, thus reduc-
ing the expression of the muscle-specific E3 ubiquitin ligas-
es, Muscle Atrophy F-box (MAFbx/atrogin 1) and muscle
Ring finger-1 (MuRF-1), and subsequently preventing protein
degradation by the ubiquitin-proteasome system. A greater
expression of MuRF-1 and MAFbx/atrogin | has been ob-
served in aged rodent muscles compared with young ones
along with a 90% higher level of ubiquitin conjugates (10).
Cytokines stimulate MuRF-1, which activates the ubiquitin-
proteasome system (11). Skeletal muscle also contains a
key autocrine signal to limit muscle growth: myostatin
(MSTN), a member of the transforming growth factor B fami-
ly, that has been shown to play a significant role in muscle
growth as an inhibitor of hypertrophy. MSTN signaling is me-
diated through its receptor activin 11B (ACVR2B), which con-
ducts a signal to the nucleus through the SMAD proteins,
that activate downstream gene transcription (SMAD path-
ways) (12).

Epidemiology

A progressive loss of muscle mass occurs from approxi-
mately 50 years of age. This loss has been estimated at
about 8% per decade until the age of 70 years, after which
the loss increases to 15% per decade (13). This loss causes
a 40% decrease in muscle circumference from 30 to 60
years of age. Goodpaster showed that the annual rates of
leg strength decline is of 3.4% in white men and 2.6% in
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white women and it is about three times greater than the
rates of loss of leg lean mass (approximately 1% per year).
The loss of lean mass is independent from leg strength de-
cline in both men and women, as well as the gain of lean
mass seems not to be accompanied by strength mainte-
nance or gain. A 10-15% loss of leg strength per decade is
seen until 70 years of age, after which a faster loss, ranging
from 25 to 40% by decade, occurs (14). Muscle mass loss is
greater in men as compared to women (15). The presence
of functional impairment in the elderly is associated with in-
creased morbidity and mortality. It is estimated that approxi-
mately 14% of people aged 65-75 years require help in ba-
sic activities of daily living, a proportion that increases to
45% in people over 85 years of age (16). Healthcare costs
attributable to sarcopenia in the United States (US) in 2000
were estimated at 18.5 billion dollars (17).

Definition

There is unanimous agreement that the presence of sar-
copenia should be evaluated in older patients who present a
decline in physical functioning, strength, or health status.
Clinicians should also investigate sarcopenia in patients
with difficulties in performing activities of daily living (ADLs),
history of recurrent falls, recent weight loss, recent hospital-
ization, or suffering from chronic conditions associated with
muscle loss (e.g., type 2 diabetes, chronic heart failure,
chronic obstructive pulmonary disease, chronic kidney dis-
ease, rheumatoid arthritis and malignancies). Sarcopenia
should be always considered in bedridden or nonambulatory
patients, or in subjects unable to rise from a chair unassist-
ed. In addition, for ambulatory patients and subjects that are
able to rise from a chair without any help, the gait speed
during a 4-meter walking should be assessed. Patients with
a gait speed lower than 1 m/s should be referred for body
composition assessment using total body less head dual en-
ergy x-ray absorptiometry (TBLH DXA). Sarcopenia can be
diagnosed with TBLH DXA when the ratio appendicular fat-
free mass to the square of height (Appendicular Skeletal
Muscle mass Index = ASMMI) is <7.23 kg/m? for males and
<5.67 kg/m? for females (18), which corresponds to the 20"
percentile of the lean body mass of healthy young adults
population (2).

Recommendations

Sarcopenia is a universal phenomenon with a multifactori-
al etiology. The presence of sarcopenia should be investi-
gated from 50 years of age. To differentiate primary and
secondary forms of sarcopenia is necessary to get infor-
mation about nutritional status (protein intake, energy in-
take and vitamin D status), level of physical activity, hor-
monal changes (declines in serum testosterone and
growth hormone), insulin resistance and the presence of
chronic inflammatory conditions (2).

Sarcopenia should be always evaluated in patients with
declines in physical functioning, strength or health status.

Assessment techniques
Body imaging techniques

The most common imaging techniques for estimating muscle
mass or lean body mass are: computed tomography (CT
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Older subject *
I
Gait speed
>1 m/s I <l m/s
| |
Handgrip strength M Muscle mass
Normal Low —— Low Normal
| I |
No Sarcopenia Sarcopenia No Sarcopenia
*This algorithm can be also applied to younger individuals at risk

Figure 1 - EWGSOP-suggested algorithm for sarcopenia case find-
ings in older individuals, modified according to the recommenda-
tions of IWNGS that proposed the gait speed threshold of 1 m/s.

scan), magnetic resonance imaging (MRI) and dual energy
X-ray absorptiometry (DXA). CT and MRI can effectively
separate fat from other soft tissues, and therefore represent
the gold standards for estimating muscle mass. High cost,
limited access to equipment and concerns about radiation
exposure limit the use for routine clinical practice. DXA is an
attractive and reliable method both for research and clinical
use, giving the chance to perform a valid assessment of lean
body mass, with minimal radiation exposure (19).

Bioimpedance analysis

Bioimpedance analysis (BIA) estimates fat and lean body
mass. The body composition estimation by BIA is inexpen-
sive, readily reproducible and appropriate for both ambulato-
ry and bedridden patients. BIA measurements under stan-
dard conditions have been found to well correlate with MRI
evaluation. There are validated predictive values for adults,
including older subjects (20). Jansenn published reference
data for white men and women. Furthermore BIA is a good
portable alternative to DXA (21).

Anthropometric features

There are relatively few studies validating anthropometric
measures in older and obese people; several confounders
make anthropometric measures vulnerable to error and
questionable for individual use (22). Age-related changes in
fat deposits and loss of skin elasticity contribute to errors of
estimation in older people.

Handgrip strength

Muscle strength assessment correlates with handgrip
strength. Isometric handgrip strength is strongly related with
lower extremity muscle power, knee extension torque and
calf cross-sectional muscle area and represents a clinical
marker of poor mobility and a better predictor of clinical out-
comes (23). There is also a strong relationship between
baseline handgrip strength and limitations in the activities of
daily living (24).

Leg extension

Knee extensor muscles strength can be measured with iso-
metric or isokinetic manners, the latter being a closer re-
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flection of muscle function in everyday activities. Isometric
strength test can be done measuring the maximum resis-
tance applied to the ankle when the subject is seated with
the lower leg hanging down and the knee flexed to 90°
(25). Modern isokinetic dynamometers allow both isometric
and isokinetic strength evaluations as concentric torque at
various angular velocities (26), although their use in clinical
practice is limited by the need for special equipment and
training.

Physical performance evaluation

Outcomes of physical function might be performed by the
use of the Short Physical Performance Battery (SPPB) that
is a simple test to measure lower extremity function using
tasks that mimic daily activities. The SPPB examines three
areas: static balance, gait speed and getting in and out of a
chair (27). It has been recently recommended by an interna-
tional working group its use as a functional outcome mea-
sure in clinical trials in frail older persons (28). Recently, Ce-
sari et al. suggested the importance of gait speed as a pre-
dictor of adverse health events (severe mobility limitation,
mortality) (29) and it can also be used as a single parameter
for clinical practice and research (3).

Timed up-and-go test

The timed up-and-go (TUG) test measures the time that a
person takes to rise from a chair, walk 3 meters, turn around,
walk back to the chair and sit down. The TUG, used in geri-
atric assessment, is an useful performance measurement (3).

Recommendations

CT and MRI are the most sensitive and specific methods
for the measurement of muscle mass, but the high cost
and the high dose of radiation, limit their use in clinical
practice (3).

DXA is the recommended technique for estimating the
lean body mass in clinical practice (3).

BIA can be used as an alternative to DXA for bedridden
patients (3).

Anthropometric measurements are not recommended for
diagnosis of sarcopenia (3).

Handgrip strength is a good, simple and reliable measure
of muscle strength (3).

Knee extension strength is suitable for research studies
(3).

The Short Physical Performance Battery is the recom-
mended rating scale for the assessment of physical per-
formance in clinical practice (3).

Gait speed and TUG can also be used as indicators of
physical performance in clinical practice (3) (Figure 1).

Physical exercise

Physical activity

It is a common belief that physical activity (PA) can slow the
loss of skeletal muscle mass and function. Raguso et al.
(30) recently conducted a longitudinal study on body com-
position and PA in older adults concluding that leisure activi-
ties did not prevent the changes in body composition. In this
study the average time spent in moderate to intense activi-
ties reported by the active subjects was 90 minutes a day,
with approximately 70% reporting over 60 minutes a day.
Examples of moderate-to intense activities, for Raguso et
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al., were walking up stairs, running, biking, playing tennis,
skiing, and swimming. None of the subjects performed re-
sistance training. Although this level of physical activity
meets or exceeds the standards recommended by American
Heart Association for cardiovascular exercise (31) it doesn’t
seem to be sufficient to maintain lean mass or decrease fat
mass. One of the explanations to this contradiction is the
extremely overestimation of the self-reported PA. Mitchell et
al. (82) also reported similar findings from a large cross-sec-
tional study. They showed that lean body mass was not re-
lated to level of PA or dietary intake. Kent-Braun et al. re-
ported that high levels of PA slow the loss of skeletal mus-
cle oxidative capacity and sarcopenia (33). They suggest
that decrease in skeletal muscle oxidative capacity is not a
necessary consequence of aging, but it could be related to
both quality and quantity of PA. These conflicting results are
likely due to different study designs, activities, and chal-
lenges of self reported PA. It should be emphasized that few
studies have included very older people (over 80 years) that
have the highest prevalence of sarcopenia (34). There is a
growing interest in research on the effectiveness of the re-
sistance training on the improvement of strength and mus-
cle function in elderly.

Aerobic exercise training

Among other impairments, aging is characterized by a pro-
gressive decline in aerobic exercise capacity (i.e., maximal
oxygen consumption) related to, at organ or system level,
the reduction of cardiovascular efficiency and, at a cellular
level, to reduced quantity or quality of skeletal muscle mito-
chondria (35-38). It is well known that aerobic exercise in-
duces an increase in skeletal muscle mitochondria and this
is particularly true in aging muscle. Muscle mitochondrial
adaptations to aerobic training appear to be the result of ex-
ercise-induced increases in the transcription of mitochondri-
al genes. Various signals, including Ca?* and adenosine
monophosphate (AMP), produced within working skeletal
muscle during acute exercise, activate intracellular signaling
pathways [e.g., calcium/calmodulin-dependent protein ki-
nase (CaMK), AMP-activated protein kinase (AMPK)] lead-
ing to an increased transcription of target mitochondrial
genes. Aerobic training causes the cumulative effect of
these acute pulses in gene transcription resulting in the syn-
thesis and incorporation of new mitochondrial proteins (38).
The transcriptional co-activator peroxisome proliferator acti-
vated receptor gamma co-activator 1-a (PGC-1a) is a piv-
otal regulator of this process because of its ability to co-acti-
vate several transcription factors thus regulating mitochon-
drial biogenesis (39). Exercise induces transient transcrip-
tional activation of the PGC-1a gene in skeletal muscle, pre-
serving muscle quality and aerobic capacity in aging (40).
Increased muscle mitochondrial content and/or improved
mitochondrial function following aerobic exercise lead to im-
proved metabolic control, resulting in reduced oxidative
stress and optimized exercise capacity (41,42). Muscle-spe-
cific PGC-1a knockout mice, which display impaired mito-
chondrial biogenesis, experience accelerated sarcopenia
with aging (43). On the contrary, mice that overexpress
muscle-specific PGC-1a, have an increased muscle mito-
chondrial volume and are resistant to muscle atrophy in-
duced by denervation and fasting (44). It is also known that
aerobic exercise increases skeletal muscle insulin sensitivi-
ty, but the mechanisms underlying are not well understood
yet (45). Holloszy suggests that this action depends on in-
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sulin signaling, increased muscle glucose transporters, and
mitochondrial function (46). Insulin resistance is a common
feature of aging (47) and may precipitate loss of skeletal
muscle mass by reducing the physiological effects of insulin
or insulin-like growth factors (IGFs). It has been postulated
that the primary role of insulin in the regulation of muscle
mass is to inhibit in a dose-dependent manner the muscle
protein breakdown (48).

Resistance training

It is well established that traditional, slow-velocity resis-
tance exercise (RE) (i.e., performing the concentric and ec-
centric phase of each muscle contraction in 2-3 sec) is a
safe, feasible, and effective intervention to induce muscle
hypertrophy and increase strength in older adults (49). RE
seems to increase muscle protein synthesis (50), satellite
cell activation and proliferation (51), anabolic hormone pro-
duction and decrease in catabolic cytokine activity (52). RE
has been shown to increase both type | and Il muscle fiber
cross-sectional areas and whole-body lean tissue mass in
older adults leading to an increase in muscle strength (53).
Candow et al. (54) showed that 22 weeks of whole-body
RE training (3 days per week) in healthy older males (60-71
years) was sufficient to overcome the age-related deficits in
whole-body lean tissue mass, regional muscle size, and up-
per and lower limbs strength. This RE training protocol re-
stores these parameters to the level observed in untrained
young males. There is common agreement that RE is effec-
tive to improve muscle function and the overall quality of
life.

A meta-analysis by Peterson et al. (55) on 49 randomized
controlled trials (RCTs) and non-randomized studies, includ-
ing 1,328 adults over 50 years, concludes that RE is effec-
tive in eliciting gains in lean body mass among older people,
particularly if they performed higher volume programs. Fur-
thermore the authors suggest that older people should con-
sider to start a resistance exercise program as early as pos-
sible to optimize its effectiveness.

A systematic review by Latham et al. (56) reported that most
resistance training programs last 8-12 weeks, using 2-3 sets
of 8-10 repetitions at 65% of 1-repetition maximum (1 RM),
and are performed 2-3 days per week. This type of resis-
tance training focuses on concentric muscle contraction and
has lower influence on eccentric muscle strength. Most of
the reviewed studies reported an increase in strength, but
found limited changes in functional tests such as chair stand
and timed up and go.

A recent Cochrane review included 121 trials with 6,700 par-
ticipants assessing the effects of progressive resistance
training (PRT) on physical function (57). In most trials, PRT
was performed 2-3 times weekly at a high intensity. The PRT
programs had a large positive effect on muscle strength and
a small but significant improvement in physical ability. There
was a modest improvement in gait speed, but a larger effect
in getting out of a chair. Authors’ conclusions are that “PRT
is an effective intervention for improving strength and physi-
cal functioning in older people, including functional perfor-
mance of some simple and complex tasks”. They warn that
adverse events were not sufficiently reported; thus, transfer-
ring these exercises to clinical populations should be ap-
proached with caution.

An intriguing hypothesis about the mechanism of action of
RE on muscle is provided by Raue et al. (58) who evaluated
the effects of a single bout of RE, a program of PRT for 12
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weeks, and aging on human skeletal muscle transcriptome
in young and older individuals. The transcriptome is the set
of all RNA molecules, including mRNA, rRNA, tRNA, and
other non-coding RNA produced in one cell or a population
of cells. The authors generated a transcriptome signature of
RE adaptations including 661 genes responsive to RE and
correlated with the increase in whole muscle size and
strength after PRT. The fiber type specific microarray analy-
sis suggested that RE-induced gene response is specifically
targeted to the fast-twitch muscle fibers and to skeletal mus-
cle of young adults. Transcriptome data highlight how much
potent an exercise stimulus is to the molecular milieu of
skeletal muscle and provide further insight into the molecu-
lar basis of sarcopenia and the impact of RE at the fiber
type specific level.

Power training

Until recently, research has focused on the impact of resis-
tance training on muscular strength rather than power, which
is the product of force and speed. The decline in muscular
power is much steeper (3-4% per year after 60 years of age)
than strength and results in a decreased ability to produce
force rapidly (59). Muscle power is a significant predictor of
performing activities of daily living (i.e., gardening, carrying
groceries, climbing stairs) and is reduced with age at both
slow and fast velocities (60).

Fast-velocity RE (i.e., performing the concentric phase as
quickly as possible and taking 2 sec to perform the eccen-
tric phase of each muscle contraction) appears to be a nov-
el intervention for older adults to enhance muscle power
(61). With the subsequent atrophy of type Il fibers with ag-
ing, fast-velocity movements are important for preserving
aging muscle health. Several studies have shown a signifi-
cant increase in muscle power with fast velocity RE in older
adults, because of greater motor unit recruitment of type Il
fibers (62-64). Therefore, fast-velocity contractions should
be considered when designing RE training programs for
older adults.

Henwood et al. reported data about power training, consist-
ing of 3-4 sets at 20-80% of 1 RM, 2-3 times per week for
8-16 weeks, reporting significant improvement in strength,
power, and global physical functioning (65, 66). A RCT
comparing strength and power training reported similar im-
provements in muscle strength but larger improvements in
muscle power (67). These data confirm the strong relation-
ship in the physiological response to muscular strength and
power exercise training. InChianti study have reported that
physical function, particularly in the lower limbs, has a
stronger relationship with muscular power than strength
(68). In order to achieve and preserve muscular strength
and power, resistance training needs to use a progressively
increasing load to maintain the desired range of repetitions
per set of exercise. The American College of Sports Medi-
cine recently put forward a position statement on progres-
sive resistance training in healthy adults (69). They recom-
mended a 2-10% increase in load when the individual can
perform the current workload for 1-2 repetitions over the
desired number. They also recommended that progression
in power training using 2 loading stages: the first stage is
strength training and the second stage is light loads (0-60%
of 1 RM for lower body exercises; 30-60% of 1 RM for up-
per body exercises) performed at a fast contraction velocity
with 3-5 minutes of rest between sets for multiple sets per
exercise (3-5 sets).
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Recommendations

Physical exercise approach to sarcopenic patients re-
quires a clear definition in terms of both quality and
quantity.

Older adults should have a plan for obtaining recommend-
ed levels of physical exercise, in terms of intensity, fre-
quency and duration, through a gradual (or stepwise) ap-
proach over time (31) (Table 1).

For older adults, PA includes recreational or leisure-time
activities, transportation (e.g. walking or cycling), occu-
pational (if the person is still engaged in work), house-
hold chores, sports, family and community activities
(70).

Aerobic exercise improves metabolic control, reduces ox-
idative stress and optimizes exercise capacity.

Older adults should perform moderate-intensity aerobic
exercise for a minimum of 30 min on five days each week
or vigorous-intensity aerobic activity for a minimum of 20
min on three days each week (31).

Moderate-intensity aerobic exercise. On an absolute
scale, moderate intensity refers to activity that is per-
formed at 3.0-5.9 times the intensity of rest. On a scale
relative to an individual’s personal capacity, moderate-in-
tensity PA is usually a 5 or 6 on a scale of 0-10 (70).
Vigorous-intensity aerobic exercise. On an absolute
scale, vigorous intensity refers to activity that is per-
formed at 6.0 or more times the intensity of rest. On a
scale relative to an individual’s personal capacity, vigor-
ous intensity PA is usually a 7 or 8 on a scale of 0-10
(70).

Aerobic exercise should be performed in bouts of at least
10 minutes duration (70).

RE is a safe, feasible, and effective intervention to induce
muscle hypertrophy and increase strength and should be
started as early as possible, to optimize its effectiveness,
in older adults.

For improvements in muscle mass and muscle strength
in older adults, the use of both multiple- and single-joint
exercises (free weights and machines), with slow-to-
moderate lifting velocity, for 1-3 sets per exercise, with
60-80% of 1 RM, for 8-12 repetitions, with 1-3 min of
rest among sets, for 2-3 days/week, is recommended
(69).

Resistance training needs to use a progressively increas-
ing load to maintain the desired range of repetitions per
set of exercise.

Older adults should perform muscle strengthening activi-
ties using the major muscles groups to maintain or in-
crease muscular mass and strength (31).

Fast-velocity contractions should be considered when de-
signing RE training programs for older adults.

PRT is effective for improving strength and physical
functioning in older people, but this approach requires
caution.

Increasing power in older adults requires the perfor-
mance of both single- and multiple-joint exercises for 1-3
sets per exercise using light to moderate loading (30-
60% of 1 RM) for 6-10 repetitions with high repetition ve-
locity (69).

To reduce risk of injuries and other adverse events, older
people should consult their health-care provider about the
types and amounts of PA and exercise appropriate for
them (71).
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Table 1 - Recommendations for physical exercise in sarcopenic older people.

Type of Training Frequency Intensity

Duration/Set

Aerobic Exercise A minimum of 5 days/week,
for moderate intensity,
or 3 days/week for vigorous

intensity

Moderate intensity at 5-6
on a 10-point scale;

Vigorous intensity at 7-8
on 10-point scale

Accumulate at least 30 min/day of moderate-intensity
activity, in bouts of at least 10 min each;
continuous vigorous activity for at least 20 min/day

Resistance Exercise
involving the major
muscle groups

(free weights and
machines)

At least 2 days/week

Slow-to-moderate lifting
velocity 60-80% of 1 RM

8-10 exercises
1-3 sets per exercise
8-12 repetitions (1-3 min of rest among set)

Power Training
to practice only after
the resistance training

2 days/week

Light to moderate loading
(30-60% of 1 RM)
High repetition velocity

1-3 sets per exercise, 6-10 repetitions

Conclusions

Sarcopenia represents a major cause of disability and in-
creased health care costs in elderly. Although very common,
it is underdiagnosed and undertreated. Sarcopenia should
be investigated from 50 years of age and above all in older
patients with a decline in physical functioning, strength or
health status. The identification of sarcopenic patients can
be performed using: assessment of mobility and muscle
strength (postural balance, gait speed, handgrip strength, leg
extension), measures of body composition (DXA or BIA) and
global physical function (SPPB).

Considering the multifactorial nature of the sarcopenic
process, comprehensive interventions are needed. In addi-
tion to nutritional approach and pharmacological treatments,
physical activity plays a key role. Certainly, the best physical
exercise intervention to maintain or enhance muscular
strength and power is the resistance training, above all in el-
derly. The feasibility, sustainability, and safety of aerobic ex-
ercise, resistance and power training in older adults need to
be confirmed by larger longitudinal trials.
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