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Rehabilitation of Older Adults with Sarcopenia:
From Cell to Functioning

Walter R. Frontera, MD, PhD, FRCP

The 20th and 21st centuries have witnessed a substantial increase in human life expectancy and in
the number of men and women aged 60 years and older. Aging is associated with a large number
of health conditions, including sarcopenia, which has been the subject of important research in the
past 30 years. Sarcopenia is characterized by an age-related loss of muscle mass, weakness, and
impaired physical performance. The condition can be diagnosed with a combination of measure-
ments of these three elements. The precise definition of sarcopenia and the selection of optimal
assessment methods have changed significantly in the past 20 years; nonetheless, the prevalence
of sarcopenia in the general older population is in the range of 5—15%. Molecular and cellular
events at the muscle cell level impact the size and quality of muscles (force adjusted for size).
The active and passive mechanical properties of single muscle fibers are altered by changes in the
structure and function of various cellular elements. Systemic factors such as inflammation, loss
of hormonal influence, and deleterious lifestyle choices also contribute to sarcopenia. The con-
sequences of sarcopenia include many adverse effects such as impairments in activities of daily
living, falls, loss of independence, and increased mortality. Several rehabilitative interventions
have been tested, and the safest and most effective is the use of progressive resistance exercise.
An increase in dietary protein intake has synergistic effects. Future research should focus on a
consensus definition of sarcopenia, identification of the best assessment methods, understanding
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of biological mechanisms, and testing of innovative interventions.
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INTRODUCTION

The societal and individual importance of addressing sar-
copenia is captured by the Portuguese poet Fernando Pessoa
(1888-1935): ““...the first function of life is action, just as the
first property of things is motion”.

The decade of 2021-2030 has been declared the Decade
of Healthy Aging by the World Health Organization (WHO)
and the General Assembly of the United Nations (UN). A
fundamental objective of this declaration is to transform the
world into a better place in which to grow older. Healthy
aging has been defined as the process of developing and

maintaining the functional ability that enables well-being in
older age. According to the WHO, functional ability refers
to a set of attributes that enable people to be and to do what
they have reason to value including to be mobile and move
around, build and maintain relationships, meet their own
basic needs, learn, grow, make decisions, and contribute to
society. To foster healthy aging, strategic objectives, plans,
and consequent actions are needed to create age-friendly
environments, combat ageism, make integrated care acces-
sible, and develop long-term care services. All of these relate
to an important concept in rehabilitation medicine which
is to maintain or enhance function/functioning and quality
of life independent of chronological age. These actions are

Received: July 26, 2022, Accepted: August 16, 2022, Published online: September 3, 2022
Department of Physical Medicine, Rehabilitation, and Sports Medicine/Department of Physiology, University of Puerto Rico School of

Medicine, San Juan, Puerto Rico, USA

Correspondence: Walter R. Frontera, MD, PhD, FRCP, Urb. Santa Maria, 2 Calle Azucena, San Juan, Puerto Rico, USA 00927-6731,

Email address: walter.frontera@upr.edu

Copyright © 2022 The Japanese Association of Rehabilitation Medicine

@@@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No
ARSE Derivatives (CC BY-NC-ND) 4.0 License. http://creativecommons.org/licenses/by-nc-nd/4.0/


mailto:walter.frontera@upr.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Frontera W: Rehabilitation of Sarcopenia

particularly relevant to people who require rehabilitation
services, including those experiencing impairments and/or
disabilities, such as sarcopenia and frailty, and those who are
at risk of developing them.

This historic declaration by the WHO and the UN is an
explicit recognition of the importance of a dramatic increase
in life expectancy and in the number of people in older age
groups that characterized the 20th century and the first two
decades of the 21st century. These are population groups that
require special socioeconomic community infrastructure,
services, and organization that takes into account their many
needs. In particular, older men and women require accessible
health care services appropriate for their age and their mul-
tiple health conditions. The utilization of health services by
this age group is very high, in part because of the presence
of co-morbidities and age-related chronic conditions. This
state of affairs must be taken into account by countries and
governments when planning the communities of the future.”

Sarcopenia was first described by Irving Rosenberg in a
scientific meeting in 1988, and his comments defining age-
related loss of muscle mass as sarcopenia were published in
1989.23 Because age-related sarcopenia could become an
important contributor to the challenges mentioned in the
preceding paragraphs, the purpose of this article is to discuss
briefly some of the most relevant issues related to the defini-
tion, assessment, prevalence, pathophysiology, and clinical
diagnosis of sarcopenia. Brief comments will also be made
about the scientific evidence that supports some already
available and appropriate therapeutic and rehabilitative in-
terventions. Finally, a few suggestions about future research
directions and priorities are made at the end of this review.

AGING AND WORLD DEMOGRAPHICS

The recognition that the human population worldwide is
aging is not a 21%-century phenomenon. For example, the
biology of senescence was discussed by Comfort in 1956 in
a now classic book on the topic.¥ Important demographic
changes have been recorded in the past two centuries in all
continents of the globe, and a few quantitative observations
support this statement. According to the WHO, already,
there are more than 1 billion people aged 60 years or older,
with most living in low- and middle-income countries.>)
Life expectancy in many countries has increased dramati-
cally in the past century and it is greater than 80 years in
several countries around the world, particularly in Asia and
Europe.” Furthermore, in many countries, the percentage of
people older than 60 years is projected to be more than 40%

by the year 2050. This is the case, for example, in countries
like Japan, Italy, Portugal, and Greece. It has been suggested
that, at that time, 15-20% of the total human population will
belong to this age group. Although the COVID-19 pandemic
has resulted in a decrease in life-expectancy in many coun-
tries, this effect is not expected to last, provided that the
implementation of public health measures, such as vaccina-
tion and therapeutic efforts, can control the virus.®)

It is of special interest to note that the study of extreme
longevity has received significant attention in recent de-
cades.” The number of centenarians, both men and women,
is increasing in many countries of the world, including
Japan, Sweden, Denmark, France, and Switzerland. Some
areas of the world (known as “blue zones”) have been
identified as home to a proportionally larger number of
centenarians; these include Okinawa, Japan; Ikaria, Greece;
Sardinia, Italy; Nicoya, Costa Rica; and Loma Linda, Cali-
fornia, USA.® Furthermore, a subgroup of this population,
known as the supercentenarians, has also been identified
and studied.” Although centenarians may have distinctive
genotypes,'? to study those who have lived longer than the
median age for humans can provide useful insights into the
basic mechanisms of aging. Some centenarians have demon-
strated unusual physiological capacities and ability to adapt
to exercise training.') However, to the author’s knowledge,
only very few studies have addressed the issue of sarcopenia
in centenarians.'”)

THE IMPORTANCE FOR REHABILITATION OF
STUDYING AND UNDERSTANDING SARCOPENIA

A quick look at the number of scientific publications re-
lated to sarcopenia in the PubMed database (https://pubmed.
ncbi.nlm.nih.gov/?term=sarcopenia) shows that the topic has
become a very active area for investigation. For example, in
2000 and 2010, respectively, only 39 and 241 papers were
published on the topic. This number had increased to 2567
by 2020. In other words, the number of papers increased by
a factor of 65 over the 20-year period from 2000 to 2020. In
2021, the number of papers was 3135, which represents 7% of
all papers published under the search term of “aging”.

One of the most important justifications for identifying
sarcopenia early in the process is the substantial list of
negative consequences and adverse effects associated with
this condition. An example of an obvious and perhaps most
immediate effect of sarcopenia is a reduction in functional
capacity.'” Functional capacity can be assessed with an
evaluation of performance of activities of daily living. It
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Table 1. Recent definitions of sarcopenia by two international working groups

European Working Group on Sarcopenia in Older People 2
(EWGSOP2)

Asian Working Group for Sarcopenia
(AWGS-2019)

Sarcopenia is a progressive and generalized skeletal muscle
disorder that is associated with increased likelihood of
adverse outcomes including falls, fractures, physical
disability, and mortality

Age-related loss of skeletal muscle mass plus loss of
muscle strength and/or reduced physical performance

has been reported that reductions in handgrip strength are
associated with increasing odds of limitations in activities
of daily living such as eating, walking, bathing, dressing,
and transferring.'¥ Furthermore, the presence of the reduced
capacity to perform any of these activities is associated with
a higher hazard for mortality. This is a good example of how
a specific diagnostic element (as opposed to a combination)
of sarcopenia is associated with negative consequences.
Other well-known adverse effects of aging and sarcopenia
include falls, fractures, increased risk of hospitalization, and
increased mortality (e.g., in cancer patients).!*!>)

Although functional loss is characteristic of advanced
adult age, we should not assume that this decline is unal-
terable. Sarcopenia, just like aging, is not necessarily a
random process: it is influenced by where we live, our health
behaviors, access to health care, and genotype. Furthermore,
several trajectories of mobility limitations over time have
been identified, and the dynamic nature of some of these tra-
jectories has been demonstrated.'® The reversibility of some
of the changes in skeletal muscle function and structure with
age has been demonstrated in clinical trials using exercise
and other rehabilitative interventions (see below). These ob-
servations emphasize the importance of studying potential
interventions tailored for this age group.

THE PRINCIPAL CLINICAL MANIFESTATIONS
OF SARCOPENIA

As previously mentioned, current definitions of sarcopenia
(Table 1) include three main elements: loss of skeletal muscle
mass, loss of skeletal muscle strength, and impaired physical
(motor) performance (Fig. 1). Each of these elements can be
evaluated using a variety of technologies and tests.'”) Both
the definition and evaluation strategies have changed in the
past 34 years, and it is reasonable to speculate that more
changes will occur as continuing research advances our
understanding of sarcopenia.

The loss of skeletal muscle mass with aging in humans
was described before the term sarcopenia was proposed.'®
Although this loss may happen at different rates in various

muscle groups, it appears to be a consistent finding inde-
pendent of the anatomical area (see below). A substantial
contributor to muscle atrophy in older men and women is the
loss of motor neurons and associated muscle fibers express-
ing the type Il myosin heavy chain isoform (at the time, no
distinction was made between type IIA and IIX fiber types).
These losses are accompanied by a reduction in the size of
both type I and II muscle fibers. Although changes in the ner-
vous system contribute to the sarcopenic phenotype in vivo,
a review of these changes is beyond the scope of this article,
the focus of which is on adaptations in skeletal muscle.

Aging is characterized by a loss of sensitivity to anabolic
stimuli that leads to impaired protein synthesis.'” Simulta-
neously, there is an increase in protein catabolism, directly
associated with a chronic sub-clinical inflammatory state>”
and the accumulation of senescent cells that secrete in-
flammatory substances.””) A recent systematic review and
meta-analysis has shown that high levels of circulating in-
flammatory markers are associated with significantly lower
muscle mass and strength.?? In fact, it has been suggested
that inflammation measured by circulating levels of IL-6 is
the only known cross-sectional and longitudinal predictor of
multimorbidity and one of the strongest predictors of incident
mobility loss and disability in activities of daily living.?® It
is of interest to note that some authors have argued recently
that similar mechanisms are active in patients with human
immunodeficiency virus?¥ or COVID-19>°) because both
exhibit a sarcopenic phenotype.

These two changes, i.e., impaired protein synthesis and
increased catabolism, limit the capacity of aged muscle to
replace muscle tissue that has been lost. Furthermore, a
reduction in the number?® and function®”) of satellite cells,
particularly those associated with type II fibers, limits the
regenerative potential of muscle and its response to age-
related atrophy and injury.”® This reduction in satellite cells
may result from the accumulation of somatic mutations.?”
Recently, it was also hypothesized that the microvascular
network between muscle fibers plays a significant role in
satellite cell function.?” According to this hypothesis, the

Copyright © 2022 The Japanese Association of Rehabilitation Medicine



Frontera W: Rehabilitation of Sarcopenia

Muscle weakness

Reduced number of cross-bridges,
post-translational myosin
modifications, impaired calcium
kinetics, reduced muscle fiber
quality

Loss of muscle
mass

Loss of muscle fibers, muscle
fiber atrophy, reduced response
to anabolic stimuli, inflammation,
increased catabolism

Sarcopenia

Increase morbidity and mortality, loss
of independence, decline in
functioning and quality of life

Impaired physical
performance

Loss of muscle power, increased
stiffness, slower walking speed,
alterations in balance

Fig. 1. Determinants of changes in the three fundamental elements of sarcopenia.

distance between satellite cells and neighboring capillaries
is increased in older muscles, a situation that contributes
to satellite cell dysfunction. Finally, it must be noted that
estimates of skeletal muscle size in the elderly must take into
account the presence of fat (myosteatosis) at different levels,
including the tissues surrounding the muscle, the space
between muscles and muscle fibers, and the intracellular
space.’!*? Fatty infiltration of skeletal muscle may lead to
an overestimation of muscle size, underestimation of muscle
mass loss, impaired energy metabolism, and mitochondrial
dysfunction, among other adverse effects.

The capacity to generate force needed to initiate and main-
tain movement is the fundamental physiological/mechanical
property of skeletal muscle. Muscle strength, defined as
the maximal force developed by a muscle or muscle group
at a specified velocity, is reduced in both older men and
women.??3¥ This is the reason why an older person requires
a higher percentage of his/her strength to perform activi-
ties of daily living such as rising from a chair or climbing
stairs. The reduction in strength with advanced adult age was
reported several decades ago in cross-sectional studies® in

which different age groups were compared. An age-related
decline in muscle strength was confirmed in longitudinal
studies in which individuals were followed for more than a
decade and tested at baseline and follow-up using the same
technology and methods.’® Muscle strength loss was ob-
served in muscles of the upper limbs (e.g., elbow flexors and
extensors) and lower limbs (knee flexors and extensors).>>)
The loss of strength in the upper limbs was, on average, ap-
proximately 1% per year and that of the lower limbs 1.5%
per year. Women demonstrated slower decline in strength
than men, particularly in muscles of the upper limbs. Of
significance, depending on the muscle group and sex, 7-32%
of the participants did not show a decline in strength over the
course of a 10-year study.> Specific factors contributing to
the preservation of strength have not been clearly identified
and are in need of further research.

It must be noted that, although there is correlation between
muscle size (mass, volume, or cross-sectional area) and
muscle strength, the relative reduction in strength with ag-
ing is larger than the decline in muscle size. This has been
explained by a combination of age-related changes in the
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nervous system leading to the impaired activation of motor
units’*3¥ and the presence of multiple molecular and cel-
lular alterations at the level of the individual muscle fiber
that are independent of size, i.e., these alterations result in
changes in muscle quality. The latter hypothesis is supported
by evidence demonstrating reduced force production in
segments of isolated muscle fibers activated with calcium in
vitro in the absence of nervous influence.>” The underlying
mechanism for this reduction in muscle function at the level
of individual cells is related to a reduction in the number
of actin—myosin cross-bridges and the impaired kinetics of
existing bridges. These intracellular changes are discussed
in more detail in the next section.

The third manifestation of sarcopenia is a reduction in
physical performance and mobility. The multifactorial
nature of mobility decline in old age has been reviewed by
other investigators.*” The loss of muscle mass and the
reduction in muscle strength are important contributors to
the functional impairment and mobility problems that are
found in most older adults. However, it could be argued that
it is the loss of muscle power (strength/time) that impacts
functional independence because many activities of daily
living and the prevention of falls depend more on the rapid
development of force than on the maximal strength.*'4? It
is of interest that the underlying physiological mechanisms
that contribute to the loss of muscle power in older adults are
different in healthy adults vs. mobility-limited older adults.*
Neuromuscular activation declines more significantly in
healthy older adults, whereas mobility-limited adults show
more significant reductions in muscle size and strength.
Another example of the importance of muscle power is the
demonstration of a threshold needed to rise from a chair that
correlates with mobility limitations and disability.** Finally,
a combination of loss of strength, reduction in muscle short-
ening velocity, increased tissue (muscle, joint capsule, liga-
ments, tendons) stiffness, and alterations in balance may all
contribute to the slow walking speed that is characteristic of
elderly men and women.®) It is noteworthy that the increase
in inflammation biomarkers, such as IL-6 and CRP, correlate

with the reduction in walking speed in the elderly.*®)

MOLECULAR AND CELLULAR CHANGES UN-
DERLYING SARCOPENIA

During the past three decades, researchers have described
many physiological, biochemical, and molecular changes that
contribute to the development of sarcopenia with advanced
age and have explained the associated loss of muscle mass,

weakness, and impaired physical performance (Fig. 1). Some
of these changes take place at the level of the individual
muscle fibers and recently have been discussed in detail.*”
The study of segments of single muscle fibers has been
made possible with the use of percutanecous muscle biopsy
to obtain tissue samples and the activation of permeabilized
individual fibers in vitro using maximal concentrations of
calcium. A fundamental observation in these experiments is
an age-related reduction in the force-generating capacity of
the fiber that is independent of its size.>® In other words, age-
related sarcopenia is associated with a loss of muscle quality
(defined as force adjusted for cross-sectional area) and not
only with the loss of muscle tissue (atrophy). These observa-
tions do not negate the contribution to human sarcopenia of
impairments in the nervous system but strongly support the
idea that muscle weakness and impaired motor performance
may exist even in the presence of normal activation of motor
units.

Several intracellular changes have been described in
skeletal muscle fibers that impair the ability of the fiber to
generate force. These changes include mutations in the myo-
sin molecule,*® post-translational modification of myosin
and other myoproteins (glycation, oxidation),*”) alterations
in cytoskeletal proteins such as titin that contribute to
muscle stiffness and other important passive mechanical
properties,**>) a reduction in the number of actin-myosin
cross-bridges and impaired cross-bridge kinetics leading to
longer myosin attachment times and reduced rates of myosin
force production,” mitochondrial dysfunction,-% and
intracellular accumulation of lipid droplets,>> among others.
Furthermore, abnormalities in calcium handling, such as
impaired sarcoplasmic reticulum storage, release, re-uptake,
and leakage, as well as impaired calcium saturation and
binding, have a negative impact on calcium sensitivity and
cross-bridge cycling.’® Passive mechanical properties are
also affected by aging.*”) For example, mechanical proper-
ties such as muscle fiber elasticity measured as instantaneous
stiffness is higher in older people.’” The combined effect of
these alterations is a substantial reduction in the capacity of
the fibers to generate the force needed for functional mobil-
ity.

A detailed review of extracellular changes that may
contribute to muscle weakness is beyond the scope of this
brief review. However, it is important to recognize that
the force that is generated inside the muscle cells must be
transmitted to other tissues to produce joint movement, and
the aging process is also known to have a negative effect on
the mechanical properties of extra-muscular tissues such as
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Table 2. Criteria and diagnosis based on two definitions published by international working groups

European Working Group on

Asian Working Group for

Sarcopenia in Older People 2 Sarcopenia
(EWGSOP2) (AWGS 2019)
Criteria Diagnosis Criteria Diagnosis

Low muscle strength Probable sarcopenia

Low muscle strength or low
physical performance

Possible sarcopenia

Low muscle strength and low
muscle mass

Confirmed sarcopenia

Low muscle mass and low
muscle strength or low
physical performance

Sarcopenia

Low muscle strength, low
muscle mass and low physical
performance

Severe sarcopenia

Low muscle mass and low
muscle strength and low
physical performance

Severe sarcopenia

tendons, which are important links between muscle cells and
joint motion.

HOW TO DIAGNOSE SARCOPENIA

Several attempts have been made during the past two
decades to develop a specific definition of sarcopenia that in-
cludes specific diagnostic criteria and algorithms that could
help health professionals to identify this health condition.
Two of these attempts included groups of experts working
together from various countries in Asia’® and in Europe.>
These two groups have published definitions that are pre-
sented in Table 1. It is important to note that the definition
proposed by the European Working Group on Sarcopenia in
Older People 2 (EWGSOP2) does not make direct reference
to age or aging. In contrast, the definition proposed by the
Asian Working Group for Sarcopenia (AWGS 2019) is age
dependent. This means that muscle atrophy associated with
other chronic conditions, such as cancer and stroke at any
age, is not included in the definition of the AWGS 2019.

Both EWGSOP2 and AWGS 2019 have published al-
gorithms that includes a step-by-step process that can be
followed in the clinical setting to identify persons with
sarcopenia and to define the degree of severity of the condi-
tion. The diagnostic criteria and final diagnoses based on
the results of tests for the three elements of sarcopenia are
presented in Table 2. There are many similarities and some
important differences between these two algorithms. The
AWGS 2019 algorithm begins with recommendations to find
“cases” based on the presence of conditions such as, among
others, functional decline, repeated falls, malnutrition,
chronic conditions, cognitive impairments, reduction in calf
circumference, or a score of >4 in the SARC-F questionnaire
(strength, assistance walking, rise from a chair, climb stairs,

and falls).®) The diagnostic tests that follow the identifica-
tion of a case include muscle strength (handgrip), tests of
physical performance [6-m walk, five-time chair stand test,
short physical performance battery (SPPB)], and an assess-
ment of appendicular skeletal muscle mass (ASM) using
dual-energy X-ray absorptiometry (DXA) or bioelectrical
impedance analysis (BIA). Sarcopenia is diagnosed in the
presence of low ASM and one of the other two elements, low
muscle strength or low physical performance. If all three
elements are present, sarcopenia is designated as severe. It
is important to note that if case finding is done in a primary
health care or community services setting, the presence of
low muscle strength (handgrip strength) or impaired physical
performance (five-time chair stand test) should be interpreted
as possible sarcopenia, and the patient should be referred for
evaluation using the AWGS 2019 algorithm described above.

The EWGSOP2 algorithm also begins the diagnostic
process with “case” finding using the SARC-F questionnaire
or clinical suspicion. This is followed by a muscle strength
test. In this algorithm, however, in addition to the handgrip
strength test, the chair stand test is considered to be a test
of muscle strength and not of physical performance as it is
in the AWGS 2019. It could be argued that a chair stand test
is more than a strength test and also requires balance and
coordination. If muscle strength is low, this is considered
probable sarcopenia. A test of muscle quantity (by DXA,
BIA, CT, or MRI) follows, and the results are used to mea-
sure muscle mass. If both strength and muscle mass are low,
sarcopenia is confirmed. A significant difference with the
approach taken by the AWGS 2019 is that tests of physical
performance (gait speed, SPPB, time up and go test, 400 m
walk) are used only to determine if sarcopenia is severe.
If this is the case, it is classified separately. Both working
groups and algorithms include specific quantitative criteria
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Table 3. Comparison of cut-off values for various tests as recommended by EWGSOP2 and AWGS 2019

Test European Working Group on Asian Working Group for
Sarcopenia in Older People 2 Sarcopenia
(EWGSOP2) (AWGS 2019)

Handgrip strength (kg) M: <27; F: <16 M: <28; F: <18
Physical performance

6-m walk speed (m/s) <1.0

Gait speed (m/s) <0.8

Five-time chair stand test (s) >15 >12

Short Physical Performance Battery (points) <8 <9

400 m walk (min) Non-completion or >6

Time up and go (s) >20
Appendicular skeletal muscle mass (DXA)

Total (kg) M: <20; F <15

Total/height? (kg/m?) M: <7.0; F <5.5 M: <7.0; F: <5.4

M, men; F, women.

that have been developed/chosen for their respective regions
of the world. A comparison of these values is presented in
Table 3. There is a need to confirm that these criteria ap-
ply to the population under study in any particular country.
The validity and reliability of these measurements must be
considered.

Finally, a more recent diagnostic algorithm was published
by a group of experts of the International Society of Physical
and Rehabilitation Medicine.'” That algorithm has sev-
eral distinctive elements. For example, case finding includes
adults with disorders related to the renin angiotensin system
and the assessment of muscle mass is made using the sono-
graphic thigh adjustment ratio. Tests of mobility such as gait
speed and the ability to rise from a chair are used as the last
step in the identification of severe sarcopenia.

PREVALENCE AND INCIDENCE OF
SARCOPENIA

Not all older men and women have or will develop sar-
copenia. Several studies have determined the prevalence
of sarcopenia in various countries and in different patient
populations. The results have been variable. It is possible that
cultural and biological determinants of the various physi-
ological factors that contribute to sarcopenia differ among
populations. Another explanation offered for these discrepan-
cies has been the use of different (or incomplete) definitions
of sarcopenia. Furthermore, the use of different assessment
techniques and instruments may have contributed to the lack
of consistency among studies. In general, in studies using
DXA to measure appendicular muscle mass in older com-

munity dwelling populations, estimates vary between 5%
and 15%.°%6D

The prevalence of sarcopenia is reportedly higher in
both acute and rehabilitation geriatric clinical services. For
example, in one recent cross-sectional study of 601 patients
using the AWGS 2019 criteria,”® the prevalence of prob-
able sarcopenia (low handgrip strength and normal muscle
mass) was estimated to be 24.6%, the prevalence of con-
firmed sarcopenia (low handgrip strength and low muscle
mass) was 22.6%, and the prevalence of severe sarcopenia
(low handgrip strength, low muscle mass, and impaired
physical performance) was 19.7%.%? All of these estimates
are higher than those published for the general population
and may reflect the summation of acute effects of illness or
injury, chronic co-morbidities, malnutrition associated with
swallowing difficulties, and deconditioning associated with
hospitalization for medical interventions.®?

Because it is of significant public health and clinical
interest to be able to identify those at risk of developing
the condition, some researchers have looked at predictors
of future sarcopenia. In a very recent 2-year longitudinal
study of 1636 older participants in South Korea who did
not have sarcopenia at baseline, 13.5% of men and 11.7%
of women developed the condition during the course of the
study.® The investigators used the AWGS 2019 criteria for
diagnosis.®® A higher incidence of sarcopenia was reported
when the participants had some of the following conditions
at baseline: older age, lower body mass index, more co-
morbidities (e.g., hypertension, diabetes, and atherosclerotic
heart disease), lower levels of physical activity in women,
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lower engagement in resistance exercise training in men, or
higher glycosylated hemoglobin and insulin resistance. In
another cross-sectional study conducted in Japan, exercise
habits during middle-age were found to protect against the
development of sarcopenia in older age.®> It can be seen that
some of these factors are modifiable and justify public health
campaigns to identify and offer early rehabilitation to those
at risk.

REHABILITATIVE INTERVENTIONS: THE CASE
FOR STRENGTHENING EXERCISE

As mentioned in the previous section, observational stud-
ies have demonstrated that high levels of physical activity
are associated with a lower incidence of sarcopenia.®® This
observation was also reported before the current definitions
were published and included a lower incidence of sarcopenic
obesity in those who engaged in moderate or high physical
activity.®® These epidemiological data highlight the impor-
tance of lifestyle habits in the development of sarcopenia.

Exercise training studies have shown that many physi-
ological variables respond to the stimulus of frequent and
regular exercise even in older men and women. The most
effective and safe intervention to increase muscle mass
and strength in older men and women is a type of exercise
known in clinical rehabilitation as progressive resistance
exercise (PRE: strength training, high resistance training,
and strength conditioning). This observation was made as
early as 1988.%7) Interestingly, this type of exercise, not de-
signed to impact acrobic capacity, was also shown to have a
positive effect on determinants of oxygen consumption such
as muscle capillarization and the concentration of oxidative
enzymes.*®

The basic principles of exercise prescription also apply to
older age groups and include the selection of exercise that
overloads muscle (and other tissues), the frequency of train-
ing (2—4 sessions per week), the training sequence (three sets
of 10—12 repetitions each), the intensity of training (40—80%
of the one repetition maximum depending on the fitness and
health condition of the person), and the duration of training
(lifelong commitment). In a non-exerciser starting a train-
ing program, the intensity should be low during the first few
weeks and increased as tolerated by the person. Resting pe-
riods between sets of 1-2 min duration are usually included.
Similar recommendations were made in a recent systematic
review of studies in physically frail elderly people.®” In gen-
eral, the response of older individuals to this type of training
is not uniform and, while some show significant adaptations,

others do not.”” The latter group, known as non-responders,
may require a more precise and individualized exercise
prescription that takes into account specific genetic and
environmental factors, among others.”) The optimization of
exercise recommendations continues to be a research chal-
lenge. Finally, because a reduction in muscle mass occurs
frequently together with a decline in bone mineral density,
it is relevant to note the results of a recent meta-analysis
showing the beneficial effects of resistance training on both
skeletal muscle and the skeleton.””

An interesting variant of PRE training is called power- or
velocity-specific training. One key element of this type of
training is the inclusion of fast concentric muscle actions
combined with slow eccentric components. This type of
training is considered to be more functional in nature because
it takes into account “time” as a factor, which is an important
consideration in the performance of many activities of daily
living. In other words, many things in daily life must be done
quickly. A series of exercises is performed using simple
devices such as a chair and a stepper. Exercises can be done
wearing a weighted vest as resistance (in addition to body
weight). The benefits of power- or velocity-specific training
in older age groups have been demonstrated in several clini-
cal trials.”>™ A recent systematic review and meta-analysis
reported evidence that power training has benefits on both
physical function and on self-reported function.”

In this section we have limited our discussion to the use of
strengthening exercise in the rehabilitation of sarcopenia be-
cause of the strength of the available evidence. A discussion
of other types of exercise is beyond the scope of this brief ar-
ticle and could be the topic of another review. However, it is
important to recognize that interventions including multiple
types of exercise, such as aerobic exercise, have been shown
to have significant beneficial effects on mobility, strength,
and muscle mass.”® Furthermore, exercise-based interven-
tions are also effective in many chronic conditions frequently
present in older men and women. For example, the inclusion
of aerobic exercise in the treatment and rehabilitation of
older men and women will also help with the management
of age-associated health conditions or co-morbidities such as
cardiovascular disease, hypertension, and diabetes.

Finally, a detailed discussion of other non-exercise inter-
ventions is beyond the scope of this review, but it is important
to note that nutritional interventions based on an increase
in protein intake, and especially higher leucine intake, have
been shown to be synergistic with PRE. If the regular diet
does not contain enough protein, a supplement can be con-
sidered. The value of vitamin D supplementation remains to
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Fig. 2. Three fundamental steps in sarcopenia assessment, treatment, and rehabilitation.

be more clearly elucidated.

THE FUTURE OF SARCOPENIA

Future research should focus on the three fundamental
areas of knowledge in sarcopenia (Fig. 2). Perhaps, one of
the most urgent needs in the field of sarcopenia research is
to reach consensus and agreement on the best definition for
the condition. Since its first description in 1988 (published
in 1989),2% the definition of sarcopenia has evolved to a
description that includes multiple signs (see description of
main elements of sarcopenia above) and typical clinical
findings. Nonetheless, a comparison between the two very
recent published definitions, one from Asia and one from
Europe, discussed above, show that we have not reached a
universal agreement. It is important to resolve these differ-
ences because it would contribute to a better description of
the condition for all health professionals working with ge-
riatric populations and a more precise determination of the
true incidence and prevalence of this condition in various
populations. Agreement would also help to orient research
efforts designed to understand the fundamental cellular and
physiological events leading to sarcopenia. Furthermore,
techniques to evaluate persons with suspected sarcopenia as
well as assessment strategies to establish a valid and reliable
diagnosis will be influenced by a consensus definition. An
excellent effort to achieve this goal is the Global Leadership
Initiative in Sarcopenia (https:/www.eugms.org/news/read/
article/661.html).

The scientific agenda will continue to evolve as we learn
more about the general process of aging as well as the ba-

sic molecular and cellular events that control muscle size,
muscle activation, and the muscle capacity to generate force.
It is worth noting that these findings will have an impact on
the care of older men and women that goes beyond the iden-
tification and rehabilitation of sarcopenia. Basic research on
inflammation, satellite cell biology, and cellular anabolic
pathways, among other areas, is needed. Of equal impor-
tance is the identification of potential therapeutic targets and
interventions that could be used to prevent, minimize, or
reverse sarcopenia.

With regards to potential future interventions to reha-
bilitate sarcopenia, it is interesting to speculate about the
potential benefits of important scientific advances of the past
few decades. For example, in a recent review, the potential
benefits of several pharmacologic agents that may target
age-related impairments in basic molecular and cellular pro-
cesses were discussed.”” One interesting aspect of the aging
process mentioned above is the accumulation of senescent
cells, which are unique in the sense that they eventually lose
their proliferative potential and stop multiplying but become
resistant to apoptosis and do not die. Instead, they become
the source of proinflammatory cytokines and chemokines
that may contribute to sarcopenia.?) Senolytics are a class
of drugs that can selectively clear senescent cells.”® Experi-
ments using animal models have shown that transplanting
senescent cells into young mice results in physical dysfunc-
tion (slow walking speed, reduce grip strength) and spreads
senescence to host tissue cells. Treatment of young and aged
mice with senolytics increased survival and physical func-
tion.”” Furthermore, treatment with senolytics reduced the
number of senescent cells and the secretion of pro-inflam-
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matory cytokines in explants of human tissue, and senolytics
have been used experimentally in patients with diabetic
kidney disease.??) At the time of this writing, three clinical
trials are registered (clinicaltrials.gov) using senolytics, one
for skeletal health and two for Alzheimer’s disease, but none
for the treatment of muscle atrophy and weakness.

The use of stem cells, including induced pluripotent stem
cells, hasreceived significant attention as a potential interven-
tion in a variety of conditions where tissue regeneration may
have clinical benefits.®) It has been shown that rejuvenation
of existing muscle stem cells in animals is possible and may
increase the regenerative potential in aged muscle.®? How-
ever, at the time of this writing, only one clinical trial was
registered (clinicaltrials.gov) with the aim of studying the
potential benefit of mesenchymal stem cells in the treatment
of human frailty and included outcomes used to diagnose
sarcopenia. Practical issues have limited the more extensive
use of this approach, but it is reasonable to speculate that
these issues will be resolved in the next few years.?!)

Finally, the discovery of CRISPR (clustered regularly
interspaced short palindromic repeats), a technology that has
simplified the process of gene editing, suggests the possibil-
ity of altering genes that may be associated with the aging
process,®? including those associated with sarcopenia.®®
This technology is already being used in human clinical
trials of various illnesses (https:/www.labiotech.cu/best-
biotech/crispr-technology-cure-disease/), including muscu-
lar dystrophy. To our knowledge, however, it is not being
applied to rejuvenate or regenerate skeletal muscle in older
men and women.

CONCLUDING REMARKS

The study of sarcopenia is important because life expec-
tancy and the number of people in older age groups in the
world are increasing. Although not every person develops
age-related sarcopenia, a significant percentage of them do.
Older persons, particularly those with impaired mobility,
require a community infrastructure adapted to their needs
and accessible health services. Groups of experts in differ-
ent parts of the world should strive to find consensus on the
topic of sarcopenia, agree on a definition that is acceptable
and can be uniformly applied in epidemiological studies,
and settle on a diagnostic process that will consider basic
changes in skeletal muscle, placing particular emphasis on
motor performance and functional mobility. The basic sci-
ence of sarcopenia must continue to advance because this
could be the source of innovative therapeutic and rehabilita-

tive interventions. It remains to be seen whether research
into personalized exercise prescription, stem cell biology,
gene editing, pharmacological and nutritional interventions,
and socioeconomic determinants of sarcopenia will have
an impact on the incidence, prevalence, and progression of
sarcopenia. Nonetheless, the many advances in this field and
the increasing interest of the scientific community in this
condition are encouraging.
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