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Preface

During the twentieth century, the classic patient suffered from an acute disease without
functional impairments, and the health system was organized in matter to facilitate treat-
ment of specific diseases. However, the population has aged, and the modern patient of the
twenty-first century is usually suffering from many chronic conditions, with often acute epi-
sodes, which affect functionality and lead to disabilities. This situation is challenging for our
health systems, which need to reorganize their structure and shift the focus from disease
treatment to functionality of the patients.

Research in the area of geriatrics has been extensive in designing, developing, and imple-
menting preventive interventions against conditions determining/driving the disabling cas-
cade. “Aging well,” the ability to live independently, to move freely in- and outdoors
without the support of others, and to have good memory and intellectual capacity, has been
declared a global health priority by the World Health Organization, and the role of sarcope-
nia and frailty in late-life health is receiving increasing attention. Frailty is the decline in an
individual’s homeostatic function, strength, and physiologic reserves leading to increased
vulnerability, while sarcopenia describes the loss of muscle mass and function with age.

Sarcopenia is the most important cause of frailty in older persons. These syndromes are as-
sociated with a negative impact in quality of life and can lead to the occurrence of disability,
institutionalization, and even mortality.

In 2010, the European Working Group on Sarcopenia defined sarcopenia as low muscle
mass together with low muscle function (strength or performance). Based on the available
literature, it would appear that sarcopenia is present in 5 to 10% of persons 65 years of age
or older. The new ICD-10-CM (M62.84) code for sarcopenia represents an important step
forward in recognizing sarcopenia as a disease. This would help physicians make the diag-
nosis of sarcopenia and will lead to pharmaceutical companies to accelerate the interest in
developing drugs to treat sarcopenia.

Yannis Dionyssiotis

Med. Dir. of Physical Medicine and Rehabilitation Department
European Interbalkan Medical Center

Thessaloniki, Greece






Chapter 1

Epidemiology of Sarcopenia and Frailty

Harnish P Patel, Esther Clift, Lucy Lewis and
Cyrus Cooper

Additional information is available at the end of the chapter
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Abstract

Sarcopenia and frailty are common in older persons and pose particular challenges for
health and social care systems especially in the context of global population ageing.
Sarcopenia, the loss of skeletal muscle mass, strength and function with age is associated
with adverse individual physical and metabolic changes contributing to morbidity and
mortality. The health and socioeconomic implications of sarcopenia are also consider-
able. Sarcopenia is a core component of physical frailty that together impact negatively
on an individual’s capability to live independently. Frailty is a biological syndrome of
low reserve and resistance to stressors resulting from cumulative declines across multi-
ple physiological systems that collectively predispose an individual to adverse outcomes.
Frailty develops along a continuum from independence through to death as physiological
reserves progressively diminish an individual’s capacity to recover from an acute insult
or illness. Managing sarcopenia and frailty involves the multidisciplinary led comple-
tion of a comprehensive care plan that is patient centred, responsive to the needs of the
patient and adaptable therefore enabling an individual to maintain their independence.

Keywords: Sarcopenia, frail, epidemiology, Comprehensive Geriatric Assessment

1. Introduction

Over the past two centuries, there has been a demographic transformation across the world
and people are living longer [1]. For the first time in history, people can expect to live beyond
their 60th birthday. In fact, survival to age 80 is anticipated to be the norm for all of today’s
young people. People aged 60 or over are set to increase from 841 million to more than 2 bil-
lion between 2013 and 2050. This equates to 21.1% of the world’s population [1]. Globally,
the number of people aged 80 years or over, the “oldest-old”, is growing even faster. In 2000,
there were 71 million people aged 80 or over worldwide. Since then, the number of oldest-old

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNEN
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has grown by 77% to 125 million in 2015, and it is projected to increase by 61% over the next 15
years, reaching nearly 202 million in 2030. Projections indicate that in 2050 the oldest-old will
number 434 million globally, having more than tripled in number since 2015 [2]. These demo-
graphic changes are largely due to the advances in public health and modern medicine that
have reduced early life mortality, reduced the rate of infectious diseases [3] and have allowed
people to live with one or more long-term conditions. Whilst this is a cause for celebration,
these cumulative changes pose significant challenges for delivering health and social care to
older people in all nations concerned.

The situation within the UK is no different. Medical and technological advances in the treatment
of illnesses and diseases have improved mortality rates in the oldest age groups. In 2013-2015,
a UK male aged 85 could expect to live to age 90.8 years and a female to 91.8 years. Life expec-
tancy at birth has increased throughout England, Scotland, Wales and Northern Ireland due to
improvements in mortality in older age. Life expectancy is highest in England with Scotland hav-
ing the lowest of the four UK constituent countries (Office of National Statistics 2016, ONS.gov.uk).

However, numerous people who are living longer in the UK do so with one or more long-term
medical conditions and many are living with frailty. The clinical conditions of sarcopenia
and frailty are particularly complex expressions of ageing that impact a range of health and
social care settings [4, 5]. Sarcopenia is associated with adverse individual physical and meta-
bolic changes contributing to morbidity and mortality, whilst frailty is defined as a state of
increased vulnerability as a consequence of cumulative physiological decline across multiple
systems predisposing to poor resolution of homeostasis after a stressor event, which increases
the risk of adverse outcomes [4, 6]. In this chapter, we will review the epidemiology, patho-
genesis, diagnosis of sarcopenia and frailty as well as give an overview of Comprehensive
Geriatric Assessment (CGA) as a method of systematically evaluating an older person’s treat-
ment, management and long-term follow-up needs.

2. Skeletal muscle and sarcopenia

Skeletal muscle comprises approximately 40% of total body mass and therefore constitutes one of
the largest organ systems of the body [7]. Skeletal muscle plays an essential role in both physical,
for example, locomotion and metabolic functioning, for example, thermoregulation, metabolism
of glucose and amino acids. Muscle is also a reservoir for proteins and energy that can be utilised in
periods of stress or undernutrition, for example, acute deterioration in health and hospitalisation.

2.1. Diagnosing sarcopenia

Sarcopenia has previously been defined based solely on lean mass as a function of height
(appendicular lean mass [ALM] is measured by dual-energy X-ray absorptiometry [DXA]
divided by height squared) where sarcopenia was diagnosed —1 to -2 SD below gender-spe-
cific mean values of a younger control group [8]. However, direct proportionality between loss
of muscle mass and impaired strength/function cannot be inferred as longitudinal as well as
cross-sectional studies show that younger individuals can be stronger and older individuals
are weaker than would be predicted by their muscle mass [9, 10]. Therefore muscle quality
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or force generated per unit area is important and the definition of sarcopenia now extends to
encompass loss of strength and or physical performance [6, 10]. Sarcopenia, is the progressive
and generalised loss of skeletal muscle mass, strength and physical performance with age and
as such it is a core component of physical frailty [6, 11, 12]. Sarcopenia is associated with a
broad array of adverse physical and metabolic outcomes including falls [13], disability, hospi-
talisation, diabetes [14], osteoporosis [15] and also mortality [16]. The economic costs associ-
ated with “sarcopenia’ in the year 2000 were estimated to be $18.5 billion in the USA alone [17].

Recent diagnostic algorithms include those proposed by EWGSOP [6], The International
working group (IWG) on sarcopenia [18], The Foundation for the National Health Institutes of
Health (FNIH) Sarcopenia Project [11] and the Asian Working Group for Sarcopenia (AWGS)
[19]; the later driven by the need to account for ethnic variations in body composition and
muscle function in order to further research sarcopenia in the Asian subcontinent.

The EWGSOP definition requires the presence of slower walk speed (<0.8 m/s) [20] or weaker
strength (grip <30 kg for men, <20 kg for women) [21] in combination with low muscle mass
(defined as ALM/ht* <7.23 kg/m? for men and <5.67 kg/m? for women). The International
Working Group (IWG) on sarcopenia included impaired physical performance in addition to
slow walk speed before measuring muscle mass in their working definition for the diagnosis
of sarcopenia. The Foundations of National Institutes of Health (FNIH) sarcopenia project
based in the USA incorporated clinically relevant cut points of low muscle mass and strength
(grip strength <26 kg for men and <16 kg for women and ALM adjusted for BMI <0.789 for
men and <0.512 for women) [11]. Similarly, the AWGS included gait speed <0.8 mm/s, ALM/
ht? <7.0 m? in men and <5.4 kg/m” in women and grip strength <26 kg for men and <18 kg in
women [19] in their working definition of sarcopenia. From a clinical point of view, these
algorithms enable case finding for sarcopenia and conceptually identify stages of sarcopenia
that allow intervention. For example, the pre-sarcopenia stage is characteristic of low mus-
cle mass without impact on muscle strength or physical performance, the sarcopenia stage
is characterised by low muscle mass, low muscle strength or poorer physical performance,
whilst severe sarcopenia is when all three criteria within the algorithm are met [6].

2.2. Prevalence of sarcopenia

The prevalence of sarcopenia increases with age but figures are influenced by the diagnostic
algorithm used, ethnic population studied, cut-off values for lean mass and function and the
health care setting, that is, community versus in hospital [22]. For example, a recent system-
atic review reported that the prevalence rates differed for community-dwelling older people
aged 260 years (up to 29%), in long-term care age >70 years (up to 33%) and in an acute care
hospitals, age > 65 years (up to 10%) [23].

2.3. Measuring muscle mass

The commonest approach to measuring muscle mass is through bioimpedance analysis (BIA)
and where available, dual-energy X-ray absorptiometry (DXA) scanning. Computerised
tomography (CT) and magnetic resonance imaging (MRI) can also be used [24]. The approach
that is undertaken to measure muscle mass is dependent on feasibility, access, costs and sample
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size. For example, BIA utilises portable equipment and can be used across a range of health
care settings and calculates fat-free mass rather than true muscle mass based on the electri-
cal conductivity of various body tissues. Whole body DXA will enable the calculation of total
and appendicular lean mass but may overestimate lean mass values in those with extracellular
fluid accumulation. Computerised tomography (CT) and magnetic resonance imaging (MRI)
can differentiate fat from muscle, which can be useful to make assumptions on muscle quality.
However, high operational costs and radiation, in the case for CT, limits their use in the diag-
nosis of sarcopenia.

2.4. Measuring muscle strength

Grip strength measured using hand-held dynamometry, has gained wide acceptance as a reli-
able and valid measure of muscle strength across health care settings and is an integral compo-
nent in the international diagnostic algorithms for sarcopenia [25-27]. Other methods to measure
muscle ‘strength’ include ascertainment of knee extensor power, isometric knee strength and
quadriceps torque but these require static and bulky equipment that are not readily portable
and can be impractical in routine clinical practice as well as in epidemiological studies.

2.5. Measuring physical performance

Slower gait speed is associated with risk of future morbidity and mortality and is therefore
suitable for inclusion in diagnostic algorithms for sarcopenia [28]. Other objectively measured
physical performance measures such as chair rise time; time taken to complete five sit to stand
actions and standing balance; and the time for sustaining balance on one leg have also been
associated with higher risk of all-cause mortality in older people [16, 29]. Gait speed requires
intact coordination, neural and joint control so may not be practical in context of acutely
unwell hospitalised older people. Grip strength measurements in this situation may have bet-
ter predictive value and be more feasible [25-27, 30].

2.6. Questionnaires to aid the diagnosis of sarcopenia

The SARC-F questionnaire was developed to predict poor muscle function [31, 32] and is
based on five questions that ascertain how much difficulty an individual has performing the
following parameters: ability to rise from a chair, walk assisted or unassisted, climb stairs,
carry heavy loads (as a measure of strength) and ascertainment on the number of falls a per-
son has had in the last year.

Each parameter is assigned a score: 0 (none); 1(some) or 2 (a lot); the falls parameter (none =0,
1-3=1, 4 or more =2). A total score of >4 (scale 0-10) suggests that the subject is symptomatic
of sarcopenia. The SARC-F questionnaire has been shown to have excellent specificity but
poor sensitivity for sarcopenia based on the consensus criteria from the ING, EWGSOP and
AWG. However, it has been shown to predict physical limitation over a four-year follow-up
and may be useful for case identification and subsequent diagnostic evaluation for sarcopenia
in community based but not hospital or care home-based settings [33].

Despite the recent progress in refining and implementing diagnostic criteria for sarcope-
nia over the past decade, there is no consensus on global diagnostic criteria for sarcopenia
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based on cut-off values for skeletal muscle mass indices, grip strength and walking speed.
In fact, the variance in the criteria indicate that ethnic, gender and cultural differences dic-
tate population-specific criteria are required in order to account for the genome/environment
interactions that contribute to sarcopenia, thus influencing the design of both observational
and intervention studies [24, 34].

2.7. Pathogenesis of sarcopenia

In sarcopenic muscle, the rate of muscle injury (from normal contraction) exceeds that of
repair and regeneration. There may also be decreased satellite cell (muscle stem cell), pro-
liferative capability and renewal [35, 36] in combination with altered inter- and intracellu-
lar environments that favour catabolism. This increase in catabolism is associated with a
decrease in growth factors such as circulating insulin, growth hormone and testosterone and
muscle-specific IGF-1 levels [37]. Furthermore, the production of reactive oxygen species
and oxidative stress can lead to mitochondrial DNA damage and a progressive decline in
mitochondrial function and energy depletion [38]. At a tissue level, skeletal muscle is con-
tinuously remodelled in response to workload, tension, nutrition and anabolic stimulation.
The cues associated with the age-related decline in muscle mass and strength include behav-
ioural (i.e. decrease in physical activity/sedentary lifestyle), extrinsic (i.e. undernutrition) and
intrinsic factors (i.e. hormonal changes, inflammation, oxidative stress and denervation) [39]
(Figure 1).

CELLULAR
CHANGES
Mitochondrial
ENMDOCRIME dysfunction, oxidative :
FACTORS stress, autophagy, PHYSICAL
Decreased growth apoptosis, JLsatellite INACTIVITY
hormane/IGF-1, cells
testosterone,
oestrogen | l
PREDISPOSING /"/ \ DEMERVATION
GENETIC » /' SARCOPENIA . OF MUSCLE
FACTORS . J Muscle mass | FIBRES
\md function -'
NUTRTION AND INFLAMMATION
METABOLISM subcinical and disease
Malnutrition, associated clevation in
decreased protein MUSCLE IL-6, TNF-u
intake PROTEIN
DEGRADATION

Figure 1. The main mechanisms involved in the aetiology of sarcopenia.
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The complex dynamic genome/environment interplay involved in the balancing of muscle
synthesis and breakdown is mediated through multiple cell signalling pathways [40] that
include IGF-1/AKT/mTOR and NF-kB (nuclear factor-kB). These pathways influence the bal-
ance between synthesis and degradation. For example, the IGF-I/AKT/mTOR pathways pro-
mote protein synthesis and the maintenance of skeletal muscle mass. By contrast, the activation
of NF-kB by inflammatory mediators including tumour necrosis factor (TNF) and interleukin
6 (IL-6) upregulate the E3 ubiquitin ligases MAFbx (atrogin-1) and MURF-1, which signal the
muscle atrophic process. Skeletal muscle ageing is also characterised by a continuous cycle of
denervation and reinnervation as a consequence of the loss of alpha-motor neurones within
the central nervous system (CNS), withdrawal of nerve terminals from the neuromuscular
junctions (NM]) and axonal sprouting from neighbouring neurons collectively giving rise to
larger, inefficient motor units.

Remodelling of skeletal muscle tissue through neuropathic, neurohormonal and inflamma-
tory pathways leads to a reduction in muscle cross-sectional area, volume and a reduced
rate of force generation. This is characterised by the presence of fewer type I oxidative (slow
twitch) and type II glycolytic (fast twitch) myofibres as well as myofibre atrophy. The loss of
type II fibres, with concomitant decrease in satellite cells [41], is associated with decreased
strength and ability to generate power. Moreover, there is a concurrent increase in non-con-
tractile material within the fascicles that affects muscle quality. Collectively, these processes
lead to the reduced muscle functional performance.

2.8. A life course approach to understand the aetiology of sarcopenia

Muscle development in humans begins at 6 weeks of gestation and continues until approxi-
mately 24 weeks when the total number of fibres is set. Any subsequent increase in muscle
bulk occurs by hypertrophy as evidenced by an increase in fibre cross-sectional area, and
not by hyperplasia. Therefore, the number of muscle fibres formed prenatally influences the
potential for postnatal hypertrophy [42]. Muscle mass increases during childhood and adoles-
cence until adult muscle cross-sectional areas are reached shortly after puberty. Muscle mass
then remains relatively constant in early adulthood until the later part of the 4th decade of life
when a decline begins [43].

Skeletal muscle strength is determined, in part, by muscle mass, which is a function of myo-
fibre size and number. On average, men have greater muscle mass and strength than women
at any given point in the life course [44]. Between the ages of 20 and 80 years, total lean body
mass has been reported to decline by approximately 18% in males and by 27% in females
[45]. Therefore, the ‘health’ of skeletal muscle in an older person is a function of the peak
levels attained in early life and the extrinsic and intrinsic changes operating through middle
years into old age, for example, physical activity, nutrition, disease and disuse and hormonal
changes. There is also robust epidemiological evidence suggesting that low birth weight, a
marker of an adverse early intrauterine environment, is associated with a poorer grip strength
in older adults and that the mechanism may be driven by myofibre development and number
(46, 47].
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3. Frailty

Frailty is a common clinical syndrome, which is often seen in older adults, especially in women
compared to men and younger aged adults [48-50]. Frailty is distinct from disability and comor-
bidity and independently carries a high risk for poor health outcomes such as falls, hospitalisa-
tion, disability and mortality [51, 52]. Whilst, sarcopenia contributes to and is a core component of
physical frailty, the syndrome of frailty is comprised of several interlinked domains that impact
on an older person’s independence, quality of life and medium- to long-term outcomes. Cognitive
frailty refers to progressive cognitive decline in absence of a diagnosis of dementia, social frailty
refers to loneliness and the lack of robust social networks as well as poor income whilst psycho-
logical frailty refers to the inherent traits in an individual that may predispose an individual to
adversity, for example, bereavement, low mood, lack of motivation and labile emotions [53, 54].
Multimorbidity, defined by the UK National Institute for Health and Care Excellence (NICE,
guidance 56), is the presence of two or more distinct long-term conditions, is also associated with
a higher risk of developing frailty [54, 55]. This conceptual model illustrates that assessing and
managing a patient who is living with frailty requires a more holistic approach to manage the
cause, or combination of causes that have precipitated acute decompensation [5] (Figure 2).

Frailty is best understood as a multisystem disorder, with perhaps both independent and
linked mechanisms operating across organ or physiological systems. Accumulating dysregu-
lation across multiple systems can negatively affect previous normal functional homeostatic
mechanisms accelerating the development and progression of frailty. This is relevant not only
for improved understanding of this syndrome but also because a key implication of loss of
reserve across multiple systems is that therapeutic intervention of any single system, that
is, endocrine, brain, immune/inflammatory or indeed an individual domain, that is, social,
physical or cognitive, is unlikely to ameliorate the abnormal health state of frailty. For those
living with frailty, even a minor insult such as a minor infection or change in medication can
lead to a large disproportionate change in an individual’s health and social care state that
inevitably results in an acute hospital admission (Figure 2).

Older people living with frailty do so as a consequence of accelerated loss of biological
reserves across multiple systems over a lifetime and individuals experience frequent transi-
tions between frailty states over time. Using the life course approach to conceptualise frailty
is worth considering as this broadens the window of opportunity to identify markers and
mechanisms contributing to frailty with a view to intervention [56] (Figure 2). For example,
the presence of weight loss or weakness earlier in the life course, that is, slow walk speed and
exhaustion may identify people at especially high risk of rapid decline [57].

3.1. Identification of frailty

Detection of frailty should be an essential part of assessment of older people and the iden-
tification of reliable tools to determine frailty within acute and community settings is cur-
rently a research and clinical priority. Recognising and identifying people who are living
with frailty not only enables clinicians and health care professionals to respond quickly and
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Figure 2. Healthy ageing is depicted by the blue solid line. Frailty (red line) develops as a continuum from being
physiologically robust and independent to being at high risk of hospitalisation, institutionalisation and death. In more
physiologically robust individuals, full recovery is likely after an insult, for example, infection (A), but later in the time
course, moderate to severe frailty predisposes to recurrent hospital admissions as a consequence of a disproportionate
deterioration in health and social and/or psychological health from a relatively minor insult or stress (B). The recovery
from subsequent insults takes longer as physiological reserves are depleted until the individual cannot compensate
adequately, and the ability to perform daily activities diminishes leading to dependency and disability.

appropriately to minimise exposures that may not be beneficial or could be harmful, that is,
polypharmacy, invasive investigations, but also anticipate and prevent functional decline and
potentially reverse the state of frailty with appropriate interventions.

The two established international models of frailty are the phenotype model and the cumula-
tive deficit model. The phenotype model developed by Fried identifies frailty by the presence
of at least three of five physical characteristics: weight loss, exhaustion, low energy expen-
diture, slow walking speed and low handgrip strength [51]. The cumulative deficit model
developed by Rockwood et al. identifies frailty on the basis of the accumulation of a range
of ‘deficits’, which can be symptoms, sensory deficits, clinical signs, diseases, disabilities and
abnormal laboratory test results that then allow an index to be calculated. The frailty index is
a function of the number of deficits present in an individual divided by the total number of
deficits possible within the population sample [58]. The number of deficits measures accumu-
lated vulnerability, which is related to adverse outcomes. In this regard, a frailty index will
range from 0 to 1, with values over 0.67 identifying a level of frailty beyond which accumula-
tion of further deficits is not sustainable with life [59]. Despite the difference in approaches
to measuring frailty, both tools are able to predict adverse outcome, which provides support
for the notion of frailty as a unified construct [60]. In clinical practice, identification of frailty
using the Clinical Frailty Scale (CFS), a visual tool based on a comprehensive clinical assess-
ment of a patient, enables assignment of a frailty category [58]. There are seven CFS categories
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ranging from 1 (fit) to 7 (severe frailty) and increasing CFS frailty has been demonstrated to
have predictive validity for adverse outcomes of institutionalisation and mortality. In outpa-
tient settings, The PRISMA-7 questionnaire, can be used to identify persons who are living
with frailty and disability. These questions are:

1. Are you more than 85 years? Yes =1 point

2. Male? Yes =1 point

@

In general, do you have any health problems that require you to limit your activities?
Yes =1 point

Do you need someone to help you on a regular basis? Yes =1 point
In general, do you have any health problems that require you to stay at home? Yes =1 point

In case of need, can you count on someone close to you? No =1 point

N o o e

Do you regularly use a stick, walker or wheelchair to get about? Yes =1 point

A score of > 3 can be used to identify frailty.

A further important concept of frailty as a syndrome is that individuals may have previ-
ously unrecognised and inadequately addressed conditions that do not characteristically fall
into a single organ category but can have a major impact on quality of life. Identification of
these ‘frailty syndromes’ can help health care professionals manage and potentially delay
their complications. These, often inter-related syndromes, include but are not limited to falls,
delirium, weight loss and malnutrition, fluctuating disability, polypharmacy, social isolation,
fragility fracture(s) and recurrent hospital admissions (Figure 3).

Weight loss
Delirium Falls
Fragility ' Recurrent
fractures ‘ . “"t hospital
w - ‘ admissions

Polypharmacy “ ERAILTY - Malnutrition

Increased '\M- ‘

heaith care

.-"'/
costs ‘ - = " Institutionalisation

Disability Mortality

Figure 3. Consequences of living with frailty.
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3.2. Prevalence of frailty

Given poor outcomes relating to morbidity, mortality and disability, it is useful to understand
the prevalence of frailty to inform the provision of appropriate health and social care inter-
ventions. Prevalence figures have been well documented in many OECD (Convention of the
Organisation for Economic Cooperation and Development) countries such a USA, Canada,
Netherlands and the UK but data on relative incidence in developing countries is sparse [49].
Prevalence estimates based on 21 cohorts of 61,500 community-dwelling older adults across
mainly developed countries estimated frailty prevalence between 4 and 59% and varied
according to the operational definitions, for example, the physical phenotype versus frailty
index-based models. However, there was general agreement that frailty increases with age
and is higher in women than in men. In populations aged 80-84, the pooled prevalence rate
was reported to be 15.7% whilst in those over 85 the prevalence increased to 26% [49]. This
figure may be substantially higher in institutionalised older people. In an analysis of the
Study on health, Ageing and Retirement in Europe, SHARE (n = 18,566) and Study on global
AGEing and adult health, SAGE (n = 161,542), two large international data sets of adults over
50 years in which a frailty index was calculated, more women were classed as frail and frailty
as a syndrome was distributed along the socioeconomic gradient amongst both higher and
lower income countries such that individuals with less education and monetary income were
more likely to be frail [48]. Recently, a study of 5450 older people aged 60 and over participat-
ing in the English Longitudinal Study of Ageing (ELSA) reported that the prevalence of frailty
using the physical frailty phenotype rose from 6.5% in those aged 60-69 to 65% in those over
the age of 90, with frail individuals reporting decreased physical function and difficulties in
performing activities of daily living [50].

3.3. Interventions for individuals living with sarcopenia and frailty

A multi-dimensional approach to managing sarcopenia and indeed frailty involves promot-
ing physical activity, optimising nutrition/prevention of malnutrition, minimising polyphar-
macy and attending to and individual’s social and psychological aspects of health, that is,
care support and home adaptations. Management goals for an older person with sarcopenia
or frailty revolve around improving physical function and maintaining independence and
well-being.

Exercise and nutritional interventions that impact positively on muscle mass and function
play a significant role in the management of sarcopenia. For example, combination physical
activity and nutritional interventions are associated with better function, strength and less
inflammation in older sarcopenic people [61, 62]. In terms of physical activity, progressive
resistance and aerobic exercise have been shown to be the most beneficial for the preven-
tion and ‘treatment’ of sarcopenia [23, 63-65]. Whilst progressive resistance exercise improves
lean mass, strength and function [66], optimising exercise capacity through aerobic activity
improves metabolic control, reduces oxidative stress, insulin sensitivity and can stimulate a
hypertrophic response on muscle fibres. Despite being shown to be safe and effective in older
people [63, 67, 68], implementing progressive exercise in clinical practice is not always readily
achievable.
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Falls are serious and sometimes fatal complications of sarcopenia. In this regard, a multi-
component approach that addresses balance and gait, flexibility and endurance, lower limb
strengthening exercises is required to manage fallers. Such approaches are associated with
improved reaction time, gait, balance, strength coordination and physical and cognitive func-
tion [69, 70]. Group and home-based exercise programmes, which incorporate safety inter-
ventions, may reduce the rate and risk of falling [71]. Moreover, targeted home-based or
group-based exercise interventions can also improve mobility and functional outcomes for
older people with frailty [72, 73].

Intervening earlier in the life course before the onset of sarcopenia may have immense ben-
efits for later skeletal muscle health. For example, increased levels of leisure time physical
activity in mid-life were associated with stronger grip strength in both men and women at
age 60-64. This is consistent with optimising peak strength earlier in the life course, therefore
reducing the impact of sarcopenia. Therefore, regular physical activity in adolescence and
adulthood may prevent steep decline in muscle strength in early old age [74].

The synthesis of muscle fibres requires adequate protein substrates. Physiological
changes in the gastrointestinal system occur with age and result in older people eat-
ing less, having early satiety, losing their sense of taste and having a blunted anabolic
response to ingested proteins [75]. As such, older people may require more protein to
counteract the inflammatory and catabolic effects of co-existent co morbidities and their
exacerbations [76]. Protein supplements vary in their composition and evidence from
trials at present is inconstant to develop evidence-based recommendations for protein
supplementation in sarcopenia [77]. However, observational evidence suggests essen-
tial amino acids, that is, leucine, beta-hydroxy-beta-methylbutyrate (HMB), a bioactive
metabolite of leucine, stimulates muscle protein synthesis more than non-essential amino
acids and may be useful for maintain lean body mass and improving muscle function
[78-82]. A recent consensus statement from the multinational PROT-AGE group recom-
mends protein intake in older people of at least 1.2-1.5 g of protein per body weight (kg)
a day to maintain muscle homeostatsis [83]. Nutritional interventions in sarcopenia are
covered in more detail elsewhere in this book.

3.4. Possible targets for pharmacological treatment

Observational studies indicate the potential beneficial effects of testosterone on muscle mass
and function given the associated anabolic and satellite cell stimulatory activity. Randomised
controlled trials of testosterone have not demonstrated benefits on muscle function because of
adverse cardiovascular outcomes [34]. Studies of growth hormone (GH) supplementation have
shown more harm than benefit in older patients; whilst GH therapy may increase muscle mass,
it has not always increased muscle strength or functional performance. Moreover, unwanted
side effects precludes GH as a treatment for sarcopenia. These include arthralgia, paraesthesia,
fatigue, carpal tunnel syndrome and mortality in some observational human studies [84, 85].

There has been interest in selective androgen receptor modulators (SARMS) for sarcopenia
treatment, which stems from the observed anabolic effect of testosterone. SARMS are andro-
gen receptor ligands that display selective activation of androgen signalling in target tissues,
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for example, skeletal muscle. However, none are in clinical use and trials will be needed on
the safety and efficacy of SARMS in improving physical function in older people with sarco-
penia [34, 86].

Myostatin, a member of the TGF-f3 superfamily, is a negative regulator of skeletal muscle
growth and is upregulated in many muscle wasting disorders [87]. Based on these obser-
vations, myostatin and its receptor activin type IlIb pose attractive targets for therapeutic
intervention. Though there are currently no anti-myostatin drugs used in clinical practice,
myostatin receptor antibodies are currently under review with the focus on older people with
lower lean mass [34].

Angiotensin-converting enzyme inhibitor (ACEi), for example, perindopril, use was associ-
ated with improvement in 6-m walk tests in older persons with functional impairment but
did not show increased benefit with additional exercise training. Whilst ACEi use may have
beneficial effects on muscle function [88], a recent meta-analysis of four trials concluded that
ACEi did not improve walk distance or age-related strength decline in older people therefore,
further evidence from clinical trials are needed [89].

3.5. Comprehensive Geriatric Assessment (CGA)

Frailty is a dynamic process that predisposes an individual to a spiral of decline that leads
to increasing frailty and risk of worsening disability, predisposition to falls, hospital as well
as care home admission and death [51, 58]. Although current screening for frailty identifies
individuals at risk, validated tools do not recommend intervention. It is imperative that when
managing frailty, assessments should not only seek to determine and treat specific illnesses,
but that they should endeavour to maintain and where possible, improve quality of life. It is
clear that older person’s needs are more complex and that they often have co-existent func-
tional, psychological and social needs. This predisposes an individual to atypical clinical pre-
sentations that can often be misunderstood and which often require a different approach to
care that diverts away from an organ specific diagnosis towards a holistic and integrated view
of their problems.

Older people and their caregivers should purposefully be involved in making informed deci-
sions relating to health and social care needs as well as advanced care planning. A useful
method for planning the care of those living with moderate to severe frailty through a pro-
cess of assessment, summation, conversation, planning, intervention, monitoring and review
is Comprehensive Geriatric Assessment (CGA). CGA is a process, which is patient centred,
responsive, adaptable and most effective when disseminated amongst key professionals
working across the acute and community sectors. CGA is defined as a ‘multidimensional inter-
disciplinary diagnostic process focused on determining a frail older person’s medical, psychological and
functional capability in order to develop a coordinated and integrated plan for treatment and long term
follow up’ [90].

The purpose of CGA is to improve diagnostic accuracy, optimise treatment and out-
comes and crucially, allow effective integrated case management to ensure that the care
plan is enacted and remains responsive to the patient’s needs over time. CGA requires the
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systematic evaluation of physical, functional, medical, nutritional, cognitive and social
components that influences an older person’s health that can also extend to financial,
spiritual, psychological and palliative needs (Figure 4). How CGA is delivered is variable
and very much depends on the care setting, for example, home, hospital, clinic or nursing
home but, to be effective, often requires coordination of several inter-professional services
that can include clinicians, community nursing, therapy, social services, pharmacy, nutri-
tion and dietetics, optometry and audiology. There are no set universal criteria to identify
patients in need for a CGA however, patients who are ‘too well” or are ‘too sick’” are less
likely to derive benefit from the process. CGA becomes important for patients who are
identified as living with frailty through the use of validated instruments or have one or
more of the ‘frailty syndromes’ previously mentioned. There is evidence from multiple
meta-analyses that CGA delivered to patients within the hospital setting as well as in the
community is associated with better function and cognition, decrease in mortality, less
likelihood of being institutionalised, less likelihood of patients experiencing deterioration
in their health [90-93].

A critical component of CGA is a medication review and the STOPP/START approach
to polypharmacy is a useful evidence-based tool [94]. The well-being components of
the CGA may include the promotion of regular physical activity and exercise delivered
through home-based plans [95] or external activity classes, social engagement through
day centres and community networks, adaptations to the home environment to assist
with falls prevention, caregiver support and nutritional optimisation. By undertaking a
CGA with the person and those closest to them, if they wish, individuals are able to
identify their own personal goals therefore reclaiming some of the lost independence
they may have encountered as a result of living with frailty. Equally, the process will
enable appropriate advanced care planning discussions for individuals with severe frailty
in conjunction with palliative care support for those who may be entering the terminal
phase of their life.
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Figure 4.Core components of an inter-professional Comprehensive Geriatric Assessment. The process involves
data gathering, multidisciplinary team discussions, development of the plan with the patient and their caregiver,
implementation, monitoring and revision of the plan so that it remains responsive to the needs of the patient.
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4. Conclusions

Sarcopenia and frailty are inter-related conditions that are common in older age and identify
people who have an increased risk of a range of adverse outcomes. Sarcopenia has a complex
aetiology involving neurohormonal, immunological and nutritional mechanisms. Frailty is
a multisystem disorder, which commonly includes sarcopenia as a core component. Whilst
there are clear physiological and pathophysiological explanations for the development and
definition of frailty, there is need to understand that frailty as a term can be perceived as a
state of dependency, subjugation or defeat; the appearance of being weak in later life. Not
all older people are frail. These connotations and negative perceptions need to be challenged
through education and training.

There is robust evidence to support the implementation of exercise and activity programmes
for older people with sarcopenia and frailty, and that the adverse health trajectories of frailty
may be modified through a range of interventions through the process of Comprehensive
Geriatric Assessment. Better identification of sarcopenia and frailty in older age enables pro-
active targeting of interventions to improve outcomes and modify future health trajectories
that benefit older people as well as their caregivers.
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Abstract

Evidence shows that not only changes in skeletal muscle mass but changes in strength
and other factors underpinning muscle quality play a role in muscle function decline and
impaired mobility associated with aging. Changes in both strength and quality may pre-
cede loss of muscle mass. Skeletal muscle function deficit (SMFD) is a terminology that
embraces this evolving conceptualization of sarcopenia and age-related muscle dysfunc-
tions. This chapter provides a discussion on sarcopenia in the context of SMFD, including
operational definitions and methodological challenges associated with their establish-
ment; integration of muscle quality into SMFD; efforts to identify diagnostic cutoff values
for low muscle mass and weakness and their predictive validity to mobility disability;
need for standardized muscle quality assessment; clinical and public health relevance
and research opportunities. Changes in muscle composition, based on excessive levels
of inter- and intramuscular or intramyocellular fat are striking features increasingly
addressed in the literature, found to affect muscle metabolism and peak force generation.
Methods to easily and rapidly assess muscle composition in multiple clinical settings
and with minimal patient burden are needed. Further characterization of SMFD should
emphasize integration of muscle quality and factors behind changes in quality, as well as
associated clinical and research implications.

Keywords: skeletal muscle function deficit, sarcopenia, reduced muscle mass, low muscle
mass, low muscle strength, muscle quality, biomarkers, outcomes
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1. Introduction

Numerous efforts around the definition of sarcopenia and its better characterization through
biomarkers including cutoff values for muscle mass, muscle strength (weakness), and per-
formance measures, as well as the identification of outcomes of clinical and investigational
significance have evolved in the past many years and continue to be heavily investigated.
Since 1989, when sarcopenia was first defined as an age-related reduction in muscle mass
[1] and the association of low muscle mass and functional impairment was demonstrated
[2], scientific and technological advances have helped us improve our understanding of the
mechanisms underlying age-related alterations in muscle mass, muscle strength, and muscle
quality. Substantial attention has also been given to investigate the relationships of these alter-
ations to mobility impairment, disability, fatigue, risk of metabolic disorders, falls, and mor-
tality in older adults [3]. This ongoing work responds to the need to identify preventive and
therapeutic interventions that can delay, improve, revert, or eliminate the changes in muscle
mass, strength, and quality. The scientific community, including regulatory scientists, and
practicing health care professionals recognize that “a more specific definition of sarcopenia
may not only be necessary to align it with new scientific advances, but it is highly desirable
on practical grounds because specific criteria are critical for identifying candidate patients for
clinical trials that test therapies aimed at reversing or alleviating the complications of sarco-
penia and its associated manifestations [4].”

It is estimated that by 2050, 2 billion people worldwide will be age 265 years. Preserving
mobility and quality of life into old age will be a challenge because impaired mobility is often
a precursor of functional decline, disability, and loss of independence. Evidence now shows
that not only changes in muscle mass, but other factors underpinning muscle quality also play
arole in the decline in muscle function and impaired mobility associated with aging. Changes
in muscle quality may precede loss of muscle mass. This provides new opportunities for the
assessment of muscle mass, strength, and quality particularly to detect who could benefit
from interventions to prevent decline or improve muscle function [5].

The purpose of this chapter is to provide basic science, clinical researchers and expert clini-
cians with a review of the literature on key efforts to establish clinically meaningful diagnostic
cutoff values for low muscle mass and low muscle strength, integrate muscle quality into
these efforts, discuss the clinical and public health relevance, and highlight research oppor-
tunities for sarcopenia in the context of skeletal muscle function deficit. The new terminology
“skeletal muscle function deficit” was coined in 2014 to embrace the evolving concepts of sar-
copenia and other aging-related muscle dysfunctions that contribute to clinically meaningful
mobility impairments [6].

1.1. Terminology and nosology issues: sarcopenia in the context of skeletal muscle
function deficit

Sarcopenia is a condition with a complex multifactorial etiology, which is summarized in
Table 1[7]. Age-related decreases in muscle performance associated with physical impairment
are only partially explained by reduction in muscle mass, with many other pathophysiologic
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factors contributing to age-related impairments in muscle performance. Based on these facts,
decreases in muscle performance and in muscle mass require independent evaluation. The
importance of assessing muscle quality, currently defined as strength per unit of appendicu-
lar skeletal muscle mass, also continues to be highly emphasized.

Although consensus groups noted below have incorporated the criterion of impaired physi-
cal and/or muscle performance into their recommended definitions of sarcopenia, they have
not addressed the issue of specific diagnostic terminologies. The lack of sufficient specific-
ity resulting from the use of “sarcopenia,” an anatomic term currently used to define a
functional condition with which it is imperfectly correlated, and for which nonanatomic
contributory factors have been identified, generates confusion. Some of this confusion
originates from the fact that reduced muscle mass per se is a feature of several other condi-
tions in both older and younger people. Adopting a nosology that accommodates the literal
concept of sarcopenia—reduced muscle mass—while applying other diagnostic terms for
other age-related muscular conditions that contribute to impaired physical performance
seems to hold a valuable clinical approach. “Skeletal muscle function deficit” (SMED) fits
this purpose well. The term indicates a shortfall in function that can evolve to more sig-
nificant impairment and mobility-disability. The diagnostic criteria for “SMFD” can, then,
include: (A) Measures of muscle performance and strength that provide effective cutoff val-
ues for identifying those whose mobility disability is related to impairments. Muscle per-
formance is the capacity of a muscle or a group of muscles to generate forces to produce,
maintain, sustain, and modify postures and movements that are required for functional
activity. Strength is the muscle force exerted to overcome resistance under a specific set of
circumstances. Power is the work produced per unit of time or the product of strength and
speed. (B) Measures of muscle mass (e.g., “sarcopenic SMFD”), and (C) Measures of muscle
quality. Factors impacting muscle quality can be described using measures of muscle com-
position or myosteatosis (fat infiltration of muscles) as these are very relevant to mobility
outcomes and to the identification of effective preventative and therapeutic interventions in
older adults. Muscle quality is also largely impacted by intricate intramuscular ultrastruc-
ture and morphology of contractile tissue, as well as the relationship between structure and
function [6, 8].

A variety of known and putative muscular pathologies can be evaluated as their contribution
to SMFD, including newly identified contributory pathologies. This approach also specifies
other already recognized conditions that can lead to “SMFD” (e.g., diabetic polyneuropa-
thy or secondary malnutrition), which can be distinguished from age-related conditions con-
tributing to “SMFD” with etiology not yet well established. Further, it accommodates future
knowledge in diagnostic specificity based on improved understanding of the mechanisms of
aging and disease. Specific neurogenic factors, intrinsic muscle factors, or systemic factors
may lead to the characterization of specific subtypes of age-related sarcopenia, to methods
for diagnosing them, and to the identification of new therapeutic targets. In sum, the broad
concept of “SMFD” comprising a variety of contributory etiologies provides a framework for
developing diagnostic categories that are useful for both clinical practice and research. This
approach has been successfully implemented with conditions that are clinically manifested as
impaired physiologic functions (e.g., congestive heart failure, chronic obstructive pulmonary
disease) and have multiple contributory factors [6].
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Age-related

® Reduced physical activity

* Mitochondrial dysfunction

* Anorexia of aging

* Apoptosis

¢ Hormones

e Low levels of testosterone

* Low levels of growth hormone
* Low levels of insulin-like growth factor (IGF)-1
¢ Elevated levels of cortisol

* Low levels of vitamin D
Proinflammatory cytokines

¢ Interleukin-1

¢ Interleukin-6

* Tumor necrosis factor (TNF)-alpha
* Neuronal

* Loss of motor endplates

® Peripheral neuropathy
Vascular

¢ Peripheral vascular disease

* Reduced capillary function
Weight loss

¢ Dieting

* Malabsorption

¢ Disease-related

Hormones

* Low levels of testosterone

¢ Low levels of growth hormone
* Low levels of insulin-like growth factor (IGF)-1
* Elevated levels of cortisol

¢ Low levels of vitamin D
Neuronal

* Loss of motor endplates

e Peripheral neuropathy

Table 1. Multifactorial etiology for sarcopenia [7].
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2. Operational definitions for sarcopenia

Several operational definitions have emphasized that sarcopenia should now be defined as
a loss of muscle function associated with a loss of muscle mass [9-18]. This change in defini-
tion from the original meaning of sarcopenia [1] is justified by some experts as necessary due
to current knowledge that muscle quality and muscle performance do not directly relate to
muscle mass [19, 20]. Two very important factors are thought to be responsible for this knowl-
edge: the compromise of neuromuscular junctions in sarcopenia and the myosteatosis accom-
panying the aging process [21-24]. Below is a brief description of these operational definitions
published by key consensus groups. It should be highlighted that a quantitative definition of
sarcopenia that characterizes this condition in terms of rationally-defined cutoff values for
lean body mass and muscle strength is comparable to the evolution of the operational defini-
tion of osteoporosis in terms of bone mineral density to detect individuals at increased risk for
fractures. Efforts to identify an operational definition for sarcopenia include those:

* Based on muscle mass in relationship to the range of muscle mass within a reference
population;

¢ Essentially based on expert opinion, but considering muscle mass and performance criteria;

* Essentially based on expert opinion, but considering muscle mass, muscle strength and
physical performance; and

* Evidence-based, data-driven, considering muscle mass, muscle strength, and their predic-
tive validity to mobility disability.

Table 2 summarizes in a comparative way, the currently available operational definitions for
sarcopenia. While they might involve similar criteria, marked variations in cutoff values exist
as alluded below.

Working group/target Screening Operational definition
population Muscle mass Muscle strength/
function

EWGSOP - European Gait speed. If gait speed is Low muscle mass in Low grip strength <30
Working Group on <0.8 m/s, proceed to body patients with gait speed kg for men; <20 kg for
Sarcopenia in Older People composition evaluation. If gait ~ <0.8 m/s or normal gait womenorgait speed
[9]All person > 65 years speed >0.8 m/s, measure hand speed but low muscle <0.8 m/s

grip strength; if low muscle strength.DXA ASM/height?

strength (weakness) is detected, ~ <7.23 kg/m? for men; <5.67

proceed to body composition kg/m? for women

evaluation
IWGS/IANA - International Physical function (4-m gait Low appendicular lean Poor functioning, gait
Working Group on speed). If gait speed <1.0 m/s, mass/height” (assessed by ~ speed
Sarcopenia Task Force/ proceed to body composition DXA):<7.23 kg/m? for men;
International Academy on  evaluation <5.67 kg/m? for women

Nutrition and Aging [11]
Persons with clinical declines
in physical function, strength,
or health status
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Working group/target
population

Screening

Operational definition

Muscle mass

Muscle strength/
function

SIG- Special Interest Group:
Cachexia-Anorexia in
Chronic Wasting Diseases
[12]Older persons

SCWD - Sarcopenia

with Limited Mobility
[10]Persons >60 years with
clinical declines in physical
function, strength, or health
status. Exclude specific
muscle diseases, peripheral
vascular disease with
intermittent claudication,
central and peripheral nervous
system disorders and cachexia

AWGS -Asian Working
Group for Sarcopenia
[15]Community-dwelling
persons 60 or > 65 years,
according to the definitions
of elderly in each individual
country.Persons with specific
clinical conditions in all
health care settings.

FNIH - Foundation for
the National Institutes of
Health, Sarcopenia Project
[14]

Distance walked during a 6-min
walk test (cutoff value 400 m)
or gait speed <1.0 m/s (4- to 6-m
track length)

Screening in community
settings —people aged 60

or 265 years (according to
definitions of elderly in each
individual country) living in
communities.Specific clinical
conditions in all health care
settings —presence of recent
functional decline or functional
impairment; unintentional
body weight loss for over 5% in
a month; depressive mood or
cognitive impairment; repeated
falls; undernutrition; chronic
conditions (e.g., chronic heart
failure; chronic obstructive
pulmonary disease, diabetes
mellitus, chronic kidney disease,
connective tissue disease,
tuberculosis infection, and other
chronic wasting conditions)

Patient presents with poor
physical function. If weakness is
present, proceed to evaluate for
low muscle mass; if low muscle
mass is detected, it is possible it
might be the cause of weakness.
If weakness is not present or if
low muscle mass is not detected,
proceed to investigate for

other causes of poor physical
performance.

Low muscle mass (22
standard deviations below
the mean measured in
young adults of same sex
and ethnic background)

Low appendicular lean
mass/height? (22 standard
deviations below the
mean measured in healthy
persons aged 20-30 years
old from the same ethnic

group)

2-standard deviations
below the mean muscle
mass of young reference
group or the lower
quintile as the cutoff
value determination.Low
appendicular lean mass/
height*:<7.0 kg/m? for men
and <5.4 kg/m? for women,
using DXA.<7.0 kg/m? for
men and <5.7kg/m? for
women, using BIA

Recommended cutoff
value:Appendicular
lean mass adjusted to
BMI (ALM,, ) <0.789

for men and <0.512 for
women.Alternate cutoff
value:ALM <19.75 kg for
men and <15.02 kg for

women.

Low usual gait speed
(<0.8 m/s in the 4-m
walking speed).Gait
speed test can be
replaced by other
physical performance
measures

Poor functioning, 6-m
walk or gait speed

Gait speed < 0.8 m/s
as the cutoff value

for low physical
performance.Lower
20th percentile of
handgrip as strength
as cutoff value for
low muscle strength
before outcome-based
data are available.Low
handgrip strength

is suggested to be
defined as < 26 kg for
men and < 18 kg for
women.

Gait speed < 0.8 m/
sRecommended cutoff
value:Grip strength
(GS Max) <26 kg for
men and <16 kg for
women.Alternate
cutoff value:GS
adjusted to BMI
(GSMaxy, ) <1.0 for
men and <0.56 for
women.

Table 2. Comparative summary of sarcopenia definitions.
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Muscle mass in relationship to the range of muscle mass within a reference population. The first
definition of sarcopenia included the relative muscle mass 2 standard deviations (SDs) below
the mean of a large sex-specific reference population 18-40 years old [2]. This definition used
a measure of relative muscle mass obtained by dividing absolute muscle mass estimated by
dual energy x-ray absorptiometry (DXA) by height squared. Following, sarcopenia was clas-
sified per its severity as: (1) Class I sarcopenia (skeletal muscle index between 1 and 2 SDs
below the young adult values) and (2) Class II sarcopenia (skeletal muscle index above 2
SDs below the young adult reference). Skeletal muscle index was calculated by dividing total
muscle mass by total body mass, with muscle mass evaluated by bioelectrical impedance
analysis (BIA) [25].

Essentially expert opinion, but considering muscle mass and performance criteria. Numerous rec-
ommendations for a definition of sarcopenia consider muscle mass and performance crite-
ria. The European Working Group on Sarcopenia in Older People (EWGSOP) proposed a
diagnosis for sarcopenia that requires low muscle mass (estimated by the ratio of appen-
dicular lean mass (ALM) over height squared, <7.23 kg/ht* for men and <5.67 kg/ht? for
women) accompanied by either low muscle strength (measured by grip strength <30 kg
for men and <20 kg for women) or low physical performance (measured by gait speed <0.8
m/s). The group defined three stages for the condition: (1) Presarcopenia (loss of muscle
mass); (2) sarcopenia (loss of muscle mass accompanied by either loss of strength or physi-
cal performance); and (3) severe sarcopenia, with all three aspects present [9]. The defini-
tion of sarcopenia by the International Working Group on Sarcopenia (IWGS)/International
Academy on Nutrition and Aging (IANA) [11], the European Society for Clinical Nutrition
and Metabolism Special Interest Group on cachexia-anorexia in chronic wasting diseases
and nutrition in geriatrics [12], and the Society of Sarcopenia, Cachexia, and Wasting
Disorders (SCWA) [10], require that both lean mass and gait speed be included in the diag-
nostic criteria for the condition.

Essentially expert opinion, but considering muscle mass, muscle strength, and physical performance.
The Asian Working Group for Sarcopenia (AWGS) decided to take a similar approach for
the diagnosis of sarcopenia, but unlike the EWGSOP, it recommends measuring both muscle
strength (handgrip strength) and physical performance (usual gait speed) as the screening
test [15]. The group also recommends using 60 or 65 years as the age for sarcopenia diagnosis
per the definitions of older adults in each Asian country. The group, though, supports using
BIA for sarcopenia diagnosis and evaluation of effects. It recommends: (A) Using 2 standard
deviations below the mean muscle mass of young reference groups or lower quintile as the
cutoff value determination; height-adjusted skeletal muscle mass; for using DXA, cutoff val-
ues include 7kg/m? in men and 5.4 kg/m? in women; for BIA, cutoff values include 7kg/m?
in men and 5.7 kg/m? in women, defined by appendicular skeletal muscle mass/height®. (B)
Using the lower 20™ percentile of handgrip strength of a study population before outcomes
data are available; low handgrip strength defined as <26 kg for men and <18kg for women. (C)
Using <0.8m/s as the cutoff value for low physical performance.

Evidence-based, data-driven, considering muscle mass, muscle strength, and predictive validity to
mobility disability. The studies supported by the National Institute on Aging and the Foundation
for the National Institutes of Health (FNIH) Sarcopenia Project utilized a data-driven analysis
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of a large pool of data (>26,000) from studies on aging (epidemiologic and clinical trials) to
identify criteria for clinically relevant low muscle strength (weakness) and low lean mass [17].
By addressing the relationship between mobility impairment (defined as gait speed <0.8 m/s)
and muscle strength (measured by handgrip strength), strength cutoff values (<26 kg for men
and <16 kg for women) were determined below where low strength (weakness) is likely to
contribute to slow gait [26]. By relating these strength cutoff values to muscle mass (estimated
by appendicular lean mass adjusted to body mass index [ALM/BMI]), additional cutoff values
were determined (<0.789 for men, <0.512 for women), below which low lean mass is likely to
contribute to low muscle strength [27]. The cutoff values resulting from these analyses were
also found to have a predictive significance on incident mobility impairment over 3 years
of follow-up. This two-step analyses that links a clinical condition (mobility impairment) to
a functional test result (weakness), which is in turn linked to a potential therapeutic target
(muscle atrophy) is useful for establishing participant selection criteria and outcome measures
for trials of pharmaceutical or other interventions [14, 17, 28]. These studies, however, were
conducted in relatively heathy community-dwelling older adults. In addition, harmonization
of DXA data was not conducted prior to pooling data from all studies for analysis. Therefore,
additional research is ongoing to validate the findings above by analysing harmonized pooled
data from well-designed observational and interventional studies from populations of older
adults with high prevalence of mobility disability (see RFA-AG-15-013 http://grants.nih.gov/
grants/guide/rfa-files/RFA-AG-15-013.html). The main goal is to develop and assess differing
diagnostic cutoff values with regard to properties such as sensitivity, specificity, and positive
predictive value. Because the populations involved display a variety of chronic conditions,
it is possible that differing criteria might be needed to identify population subgroups. The
extent to which lack of harmonization of DXA data significantly compromised the reliability
of previously established cutoff values is to be seen.

2.1. Validation of the different definitions of sarcopenia

Validation of the different definitions of sarcopenia is ongoing. Using the criteria recom-
mended by the INGS/IANA, the prevalence of sarcopenia was slightly less compared to the
EWGSOP criteria [29]. Using the EWGSOP criteria, 4.6% of males and 7.9% of females in
Hertfordshire were found to have sarcopenia [30]; Japanese men and women age 65-80 years
were found to have sarcopenia at a rate of 21.8 and 22.99%, respectively [31]; among people
80 years and older, sarcopenia was present in 12.5% [32]; and in nursing homes, 32.8% of the
residents had sarcopenia [33]. Still using the EWGSOP criteria, sarcopenia was found to be
highly predictive of earlier mortality in nursing home residents [34], in community-dwelling
older Korean men [35], and in older adults admitted to acute care [36]. Sarcopenia assessed
with the EWGSOP criteria has also been associated with a greater increase in falls [37, 38] and
has been shown to predict mobility and instrumental activities of daily living disability [39].
Similarly, the SCWD criteria have been found to predict ADL and IADL difficulties, frailty
and mortality in a longitudinal study [40].

Because the FNIH criteria were based on developing cutoffs using a variety of large epide-
miological studies [14], these criteria are more restrictive with only 1.3% of men and 2.3% of
women being defined as having sarcopenia. While a strong negative percent agreement has
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been reported with EWGSOP, the positive percent concurrences are generally low (5-32%).
Additional comparative studies are needed, particularly to evaluate best predictive ability.

2.2. Methodological challenges in establishing diagnostic cutoff values

Analyses of pooled data from large studies on aging with measures of muscle mass, and
strength still face numerous challenges including different follow-up intervals, use of more
than one brand and/or generation of devices to measure body composition, use of more than
one type of handgrip dynamometer, use of more than one distance to calculate gait speed,
and data harmonization issues [17]. Cutoff values for measurements of muscle mass, muscle
strength, and physical performance for the diagnosis of sarcopenia may also differ across
populations due to a series of factors including race and ethnicity, body size, lifestyle, and
cultural backgrounds. Cutoff values established for Caucasians may not be applicable to
Africans, Asians, or Hispanics. For example, as acknowledged by the AWGS, the Asian con-
tinent has a rapidly growing population with a wide range of ethnicities, cultural, social,
religious backgrounds, and lifestyles [15]. In addition, Asia’s aging population status and eco-
nomic development varies significantly across Asian countries. Moreover, the age cutoff that
defines the population of older adults may differ not only among Asian countries, but also
around the world. The lack or paucity of outcomes-based studies is another factor presenting
a challenge to the assessment of sarcopenia.

The discussion in this section focuses on key methodological issues associated with the body
composition assessment and the need to establish a standardized approach to develop and
apply diagnostic cutoff values. Assessments of body composition vary in precision and in the
target tissue. The use of anthropometric methods does not allow tissue-specific inferences.
BMI, a descriptive index encompassing both the lean and fat mass, is expressed as weight
divided by stature squared (kg/m?). The availability of extensive national reference data and
their established relationships with levels of body fat, morbidity, and mortality in adults is an
advantage to the use of BMIL. However, the use of BMI alone to evaluate athletes and persons
with conditions such as sarcopenia where body weight may be altered considerably by chang-
ing proportions of muscle and fat masses is cautioned [41].

BIA produces estimates of total body water, fat-free mass, and fat mass by measuring the
resistance of the body as a conductor to a very small alternating electrical current. This is not
a direct measure of skeletal muscle. Measurements can be easily altered by fluid retention and
health status, providing inaccurate results that limit considerably the clinical application. BIA
was developed to mainly determine the volume of body fat and muscle mass, but not specific
appendicular muscle mass. While validation studies have been reported on BIA’s accuracy in
the diagnosis of sarcopenia, results also strongly depend on the accuracy of the equation of
the equipment and the conditions associated with the assessment (e.g., temperature, humid-
ity, skin condition, and others) [42-45]. New BIA equipment models will likely provide more
precise measurements of appendicular muscle mass [24, 46]. Portability, reasonable cost, fast
processing, noninvasiveness, radiation-free functions, and convenience of use are advantages
to BIA suitability for sarcopenia assessment in the community. Despite recommendations
by EWGSOP on the use of BIA validated equations in sarcopenia research, its use has been
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discouraged by others [10, 47]. Moreover, BIA equipment in Western countries is not derived
from populations from other regions of the world and, therefore, results are unlikely to be
able to be extrapolated to particular populations [15].

Currently, the precision of devices to measure body composition such as DXA, computed
tomography (CT), and magnetic resonance imaging (MRI) has been well recognized [47].
DXA is currently the most widely employed method for muscle mass measurement in
sarcopenia research. It is commonly available in both clinical and research settings, is rela-
tively inexpensive, and provides sufficiently precise results [41, 47, 48]. DXA is considered
a suitable alternative to distinguish between fat, bone mineral, and lean tissues, it leads to
minimal radiation exposure. However, its use in community screening is still challenging.
In 2008, the Center for Disease Control and Prevention (CDC), National Center for Health
Statistics (NCHS) released a DXA whole body dataset from the National Health and Nutrition
Examination Survey (NHANES) population-based sample acquired with modern fan bean
scanners in 15 counties across the United States from 1999 through 2004 [49]. The reference
dataset was partitioned by gender and ethnicity and DXA whole body measures of %fat, fat
mass/height?, lean mass/height?, appendicular lean mass/height?, %fat trunk/%fat legs ratio,
trunk/limb fat mass ratio of fat, bone mineral content (BMC), and bone mineral density (BMD)
were analysed to provide reference values for subjects 8-85 years old. DXA reference values
for adults were normalized to age; reference values for children included total and subtotal
whole body results and were normalized to age, height, or lean mass.

The estimation of fat and lean tissue by DXA is based on assumptions regarding levels of
hydration, potassium content, or tissue density, and these assumptions vary with manufac-
turer. Some analytical differences across manufacturers and models, and the risk of generat-
ing biased results due to the low differentiation between water and bone-free lean tissue are
among limitations with DXA [48]. Estimates of body composition are also affected by differ-
ences in software employed, methodological issues, and intra- and intermachine differences.
Testing of specific manufacturers and models revealed that overestimations of fat-free mass
may occur. DXA systems are currently capable of scanning a very broad range of weights
(neonates to morbidly obese). Repeatability is also very high for all reported total body mea-
sures, with the percent fat measures typically better than 1% (standard deviation) and 2%
(coefficient of variation) for total fat and lean mass measures. Whole-body DXA scans can
be subdivided into arms, legs, trunk, head, and android/gynoid soft tissue regions to report
all bone and soft tissue measures within a region. While work is ongoing, there is not yet a
reliable phantom that can be used to cross-calibrate DXA systems between manufacturers or
a standard of accuracy of percent fat. Some success at representing muscle mass as appen-
dicular lean mass in just the legs and arms has been achieved, but it has yet to be shown as a
reasonable surrogate of muscle strength or function. Further work with DXA machines will
lead to the development of more refined models of visceral and muscle fat [47].

Despite being considered gold standards for the evaluation of body composition, the use of
computed tomography (CT) and magnetic resonance imaging/spectroscopy (MRI)/(MRS) has
been impacted by their high cost, CT-generated radiation exposure, and inconvenience for
use in community screening. Both are techniques relevant to body composition assessment
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requiring additional time and software to provide whole body quantities of fat and lean tis-
sue. CT can distinguish body tissues based on a technique helpful to assess nonfat tissue or
the fatty infiltration of skeletal muscles. It accurately measures a direct physical property of
the muscle (e.g., cross-sectional area and volume). It allows the evaluation of muscle density
(a parameter related to intramyocellular adipose tissue deposit) as well as subcutaneous and
intramuscular adipose tissue deposition [48].

MRI/MRS has been increasingly used to study body composition in related physiological and
pathological conditions. MRI can be used for whole body assessment in normal or moder-
ately overweight people (limitations exist in accommodating very obese people) and measure
the volume of body components (e.g., fat tissue, skeletal muscle, organs, and bone). Recent
advances suggest that fat tissue is not a homogeneous depot but contains distinct components
with different metabolic activities. MRI provides similar measures as CT, with the additional
capacity of multiple slice acquisition and 3D volumetric estimates, and no radiation expo-
sure. Quantification of subregions of fat depots such as visceral (i.e., omental, mesenteric, and
extraperitoneal), intermuscular, and bone marrow is possible with DXA. A single slice in the
upper abdomen has been shown not only to provide the best representation of total volume
of visceral fat, but also to correlate with health risks even more closely than the traditionally
used slice located at the L4-L5 level. When fat infiltration is increased, MRS imaging allows
a more accurate measurement of intramyocellular fat [41, 47]. High technical complexity and
costs, as well as inapplicability to persons with older models of implanted medical devices
(e.g., joint prostheses) are among the limitations associated with MRL

2.2.1. Harmonization of DXA data from multiple studies

Studies focusing on the development of cutoff values for low muscle mass and low muscle
strength frequently use appendicular lean mass (ALM) as a primary independent variable,
obtained by DXA. Because these studies generally combine data from many different cohorts
to measure ALV, it is critical that DXA measurements be compatible across studies. Owing
to the variation between the manufacturers’ (Hologic and GE Lunar) designs and systematic
improvements in hardware and software instituted over time within each machine type, DXA
values obtained for a given individual may vary across machines. It is necessary, therefore,
to implement a quantitative adjustment to harmonize or put all measurements on the same
theoretical scaling. This harmonization process may require a few steps including the harmo-
nization of DXA values within manufacturer’s systems and harmonization between different
manufacturers. Studies have been conducted to address standardization and cross-calibration
of body composition using GE Healthcare Lunar and Hologic DXA systems. Equations devel-
oped are facilitating the combination of results in clinical and epidemiological studies [50-52].

2.3. Sarcopenia diagnosed without measurements

Fracture risk can be determined almost accurately by FRAX questions as by measuring bone
mineral density [53]. Because muscle function is more noticeable than bone function, the idea
of developing and adopting a simple questionnaire to identify individuals with sarcopenia
was realized with the development of the SARC-F scale. This simple and rapid questionnaire
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to assess the presence of sarcopenia is illustrated in Table 3 [54]. Robust validation, indicating
that SARC-F performed at similar level to the EWSGSOP and AWGS definitions of sarcopenia
has been reported, with suggestions that sarcopenia can be screened for without a need to
measure muscle mass or to directly measure muscle function [55].

2.4. Sarcopenia and the FY2017 United States Update of the International Statistical
Classification of Diseases and Related Health Problems, 10th Revision, Clinical
Modifications (ICD-10-CM)

Effective October 1, 2016, the U.S. Department of Health and Human Services (HHS) Centers
for Disease Control and Prevention (CDC) has established an ICD-10-CM code for “sarcope-
nia” (M62.84) for use by the medical community in the United States [56]. For that purpose,
sarcopenia is defined as a combination of low muscle mass and weakness in older adults that
leads to functional deficits. The new code designation for the condition has the potential to
affect the clinical assessment and management of sarcopenia, as well as facilitate data col-
lection and impact sarcopenia research. Because sarcopenia is a condition that can lead to
serious adverse outcomes (e.g., mobility impairment, falls, disability, and death) [25, 57-61],
the creation of an ICD10-CM code emphasizes the importance of recognizing and treating the
condition. The availability of an ICD-10-CM code for sarcopenia has the potential to facilitate
recognition of the condition and the future establishment of guidelines for the clinical diagno-
sis and management of sarcopenia; support requests for tests and referrals, and the develop-
ment of educational materials targeting potential prevention and management of sarcopenia.
It can serve as a stimulus to advance research including new drug development and new
indications by the HHS Food and Drug Administration (FDA) for the treatment of sarcopenia.
It can certainly contribute to easier access to more reliable data collection on the condition by
a variety of system data sources (e.g., electronic medical records, death certificates). Despite
these potential advantages, challenges are faced with the need to increase awareness of the
availability of such code and, most importantly, how to use it in face of the current lack of a
standardized clinical/diagnostic assessment of sarcopenia.

Evaluation component Questions Scoring

Strength How much difficulty do you have in  None = 0Some = 1A lot or unable =2
lifting and carrying 10 pounds?

Assistance with walking How much difficulty do you have None = 0Some = 1A lot, use aids, or
walking across a room? unable =2

Rising from a chair How much difficulty do you have None = 0Some = 1A lot or unable
transferring from a chair or bed? without help =2

Climbing stairs How much difficulty do you have None = 0Some = 1A lot or unable =2
climbing a flight of 10 stairs?

Falls How many times have you fallenin ~ None =01 to 3 falls = 14 or more
the past year? falls =2

Table 3. SARC-F scale: scores of 4 or more indicate sarcopenia [54].
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2.5. Biomarkers and outcomes for sarcopenia

The most basic biomarkers (functional, biological, or imaging-related) that can be utilized
in clinical trials of sarcopenia and considered the most reliable and promising to evaluate
age-related changes of skeletal muscle have been discussed and recommended. Table 4 sum-
marizes information on these proposed biomarkers for sarcopenia research. In addition, the
measurement of motor unit number index, which can be used to assess the number and the
size of the motor units is a very important biomarker as loss of motor unit input to muscle is
a significant cause of sarcopenia in at least half of older individuals [22, 48, 62].

In view of the molecular mechanisms involved in the pathogenesis of sarcopenia, potential
emerging sarcopenia biomarkers have been discussed. Normal muscle mass and function
maintenance are thought to be dependent on the dynamic balance between the positive regu-
lators of muscle growth such as bone morphogenetic proteins (BMPs), brain-derived neuro-
trophic factor (BDNF), follistatin (FST) and irisin, and negative regulators including TGFp,
myostatin, activins A and B, and growth and differentiation factor-15 (GDF-15). The authors
hypothesized that the shift in this balance to muscle growth inhibitors, along with increased
expression of the C-terminal agrin fragment (CAF) associated with age-dependent neuromus-
cular junction (NMYJ) dysfunction, as well as skeletal muscle-specific troponin T (sTnT), a key
component of contractile structure, is a main mechanism underlying sarcopenia pathogen-
esis. Based on these facts, the molecular elements mentioned above are proposed as emerging
sarcopenia biomarkers [63].

As indicated previously the EWGSOP recommends the use of physical performance, muscle
strength, and muscle mass as the primary treatment outcome indicators for sarcopenia inter-
vention trials. Activities of daily living, quality of life, metabolic and biochemical markers,
inflammatory markers, global impression of change by subject or physician, falls, admission
to nursing home or hospital, social support, and mortality are recommended by that group as
secondary outcome indicators [9].

The AWGS recommends the following approach in outcome indicators assessment for sarco-
penia research. This approach targets the measurement of changes in two ways over a period.
The AWGS also recommends the use of fear of falling and incontinence as outcome indicators
for sarcopenia research [15]:

a. Static approach: Activities of daily living, quality of life, inflammatory markers, falls, frail-
ty issues, mobility disorders, admission to hospitals, admission to long-term care facilities,
and mortality.

b. Dynamic approach: Changes in muscle mass, muscle strength, physical performance, frail-
ty status, instrumental activities of daily living, and activities of daily living.

Finally, the importance of tapping into the patient experience, identifying the linkage between
clinical measures and patient reports, and building self-report into submissions for drug

35



Frailty and Sarcopenia - Onset, Development and Clinical Challenges

36

*[8%] eruadoores uo s[err) [EOTUT 10J SINILWOI] [eTIUd}0J *F d[qeL

"3SN ST} 10] PIPUSWUOIAI +++ ‘DSN S|} 10J S[qRIINS ++ ‘PIITWI] A[2I9AIS JNq ‘dSN JO 3q ABUI + ‘SN SIUJ} I0] PIPUSWLIOIAI JOU -

1

+

Ctiirt ottt

+++
+++
+++

+

+
+
++
++
+

++
++
+++
4+
++

+++
+++
+++

+

4+

++
++
++

++
++
++
4+
+

+

+++
+++
+++

(s1930 ‘1-1030%]

U31MOI3 S¥I[-UINSUT ‘9U013)50}53}
‘auordjsorpuerdaorpAyap)
SOUOWLIOL]

(s1ay30

‘auruneard Areurmn ‘urqoj3oway
‘urnge) siajaurered [euonyny
sisojdody

SjuepIXOUY

adewrep aanepIXQ
uorewrureyuy

AyderdoAwr souepaduur eornoarg
Aydei8oypg

Suidewr soueuosal dioueN
Aydei3owo) pazryndwo)
Anpwondiosqe Le1-x A31auL [eng
stsATeue souepaduur [eorryoa[eoryg
Anpwodonpuy

Amiqesig
saInseaw Yj3uans asNA
sarnseaw aduewIoyrad [edrsAy

uonemdod ja81e) ay 10/pue
‘suure dyads apy ‘sasayjod Ay
Apnys ayy uo puadep

A7a8re] [im eruadooes jo
uoneN[eAd 3y} Ul SIaXIeWwolq
asay [e Jo aouejrodwr oy,
910N

(swsrueypaur)

SI9punoyuod esrdororg

Ssewr a[dSNJN

uonouny oSN

judwssasse jutodpuy

uonjen[eAd auraseq

BLIDJLI UOISN[IX3-UOISNU]




Sarcopenia in the Context of Skeletal Muscle Function Deficit (SMFD)
http://dx.doi.org/10.5772/intechopen.68979

approval to the HHS FDA have been a matter of discussion among experts. Work is ongo-
ing with questionnaires focusing on patient-reported outcome measures in sarcopenia, but
validation is pending [64]. In addition, the HHS FDA conducted on April 06, 2017, a public
meeting on patient-focused drug development for sarcopenia. The HHS FDA is interested in
obtaining patient perspectives on the impact of sarcopenia on daily life and patient views on
treatment approaches.

3. Integrating muscle quality in efforts to define sarcopenia and muscle
quality in the context of skeletal muscle function deficit

Aging is associated with significant changes in body composition, gradual increase in total
body fat during adulthood followed by a loss later in life, and remodeling of fat distribution.
The latter involves an increase in inter/intramuscular and visceral fat, and a gradual loss of
subcutaneous fat. Weight gain and weight loss overtime have been linked with preserved
muscle mass and accelerated muscle atrophy, respectively. Both, however, are associated
with increased fat infiltration of muscles. Adverse health and functional outcomes including
the development of insulin resistance and impaired mechanical muscle function seem to be
concurrently or independently associated with the aging changes mentioned above. Evidence
suggests that the correlation between “muscle quantity” and “muscle function” (e.g., muscle
strength) is relatively weak, and in contrast to muscle strength, muscle mass has been dem-
onstrated to be a poor predictor of functional limitation, gait speed, and even mortality. It is,
in fact, becoming increasingly clear that muscle quality (force per unit of muscle mass) and
neural function play a key role in the development of mobility disability and that a new end-
point incorporating these aspects in addition to muscle mass and strength might be useful.

3.1. Defining muscle quality: the need for a standardized assessment

Multiple factors are known to underpin muscle quality and determine the changes in muscle
function and mobility later in life. Those who conduct sarcopenia-related research have usu-
ally used relative force production (ratio of peak force and a measure of body size, regional
lean body mass, or cross-sectional area) as the favored approach to characterizing muscle
quality [65, 66]. Emerging definitions of muscle quality, however, call for its expansion to
include muscle composition, metabolism, aerobic capacity, insulin resistance, fat infiltration,
fibrosis, and neural activation [67], all of which easily correlate with the concept of SMFD. The
term muscle quality allows investigators to explore aspects of SMFD beyond the construct of
age-related decline of lean body mass [6]. While the meaning of muscle quality is linked to the
primary functions of the skeletal muscle, it can be expanded to include both physiology and
pathophysiology [8]. There is also a need to develop and adopt a standardized assessment of
muscle quality. In doing so, it is essential to consider the complexity of the skeletal muscle
tissue and its physiologic roles that include not only movement via force production, but
also metabolism through its maintenance of glucose/insulin homeostasis and amino acid stor-
age, thermoregulation, and autocrine/paracrine/endocrine signaling via myokine production.
This expanded view of muscle quality is essential to improve our understanding of SMFD [8].
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A preliminary conceptual model for the assessment of muscle quality has been proposed,
built on skeletal muscle primary physiologic functions. This conceptual model is categorized
in domains that have both clinical and research applications. The domains are the following:
(A) force production; (B) metabolism (endocrine, neurologic, orthopedic); (C) thermoregula-
tion; and (D) signalling/myokine production. No endpoint(s) have been identified as best to
establish the quantitative profile of muscle quality. Similarly, no standardized approaches
to endpoint measures have been recommended that can be linked to any of the domains
above. None have been identified as the most strongly associated with mechanisms control-
ling muscle function or with predicting mobility status and mortality in older adults. Muscle
quality seen under this perspective provides the advantage of going beyond the strict lean
body mass-driven assessment approach to sarcopenia research. Ongoing research focusing
on the local and systemic effects of fat infiltration of muscles and on the emerging methods to
quantify changes in muscle composition and function is reflecting this perspective [8].

3.2. Factors underpinning muscle quality

Below is a brief discussion on the multiple factors underpinning muscle quality, all of which
fall under the proposed domains for assessing muscle quality. The concept of muscle quality
cannot be represented by a single endpoint measure, but the factors that affect muscle quality
are frequent targets of measurement used to characterize skeletal muscle. The discussion pro-
vided in this section does not enclose every assessment target, but addresses common exam-
ples of factors that may serve as measures for basic, translational, and clinical trials related to
muscle quality and sarcopenia or muscle quality in the context of SMFD. Factors intrinsic to
skeletal muscles are crucial for function and homeostasis. Factors extrinsic to skeletal muscles
considerably impact muscle activity and muscle mass building and maintenance. Both intrin-
sic and extrinsic factors affect net force production.

3.2.1. Muscle characteristics/architecture

Muscle characteristics include size, fiber type, and contractile components. Fiber type and
number determine muscle size. Muscle cross-sectional area has a positive relationship with
muscle strength in young lean individuals, while smaller and weaker muscles are usually seen
in older adults. Muscle cross-sectional area and lower limb skeletal muscle volume are asso-
ciated with greater fat mass in both men and women [68], likely due to intermuscular lipid
or noncontractile components. There are three types of muscle fibers as identified in Table 5
[68]. The loss of types I and IIb muscle fibers associated with aging is attributed to changes in
activity and consequent disuse and denervation. Conflicting literature demonstrates no link
at all or a link between advanced age and changes in muscle fiber composition with gradual
loss of type IIb muscle fibers [69]. Conflicting limited evidence is also seen in older adults in
relation to changes in muscle fiber type, muscle cross-sectional area, and strength. Contractile
properties of types I and II muscle fibers at the single fiber level seem to be maintained inde-
pendent of the presence of mobility limitation [70], but again, evidence is conflicting. It has
been suggested that maximal shortening velocity is lower in single fibers from older adults
because of changes in myosin heavy chain isoform distribution to a more hybrid pattern. A



Sarcopenia in the Context of Skeletal Muscle Function Deficit (SMFD) 39
http://dx.doi.org/10.5772/intechopen.68979

Typel Type Ila Type IIb

Predominantly generate energy via ~ Capable of generating energy via Predominantly generate energy via
oxidative pathways for prolonged oxidative and nonoxidative pathways nonoxidative pathways for rapid
low force production.Relatively high force production.Recruited
small cross-sectional area compared during high intensity activity

to type IIb fibers, but have greater
oxidative capacity.Recruited during
low intensity activities of daily living
(e.g., walking)

Table 5. Types and functions of skeletal muscle fibers [68].

lower maximal shortening velocity in myosin heavy chain has been observed in types I and
I1a fiber of older adults including those who are very active. The evidence, however, is debat-
able because of limitations with study power and potential confounding with physical activ-
ity. Preservation of single muscle fiber contractile properties with age is thought to imply that
differences in skeletal muscle function are related to quantitative changes in muscle fiber size
or number rather than qualitative changes in the muscle’s contractile properties [68].

Fiber arrangement within a muscle (e.g., parallel or pennation pattern) will determine fascicle
length, pennation angle, and cross-sectional area, all of which can change with age. Older
adults 70-81 years of age are reported to have smaller fascicle length and pennation angle
(compared to younger adults 27-42 years) of the gastrocnemius medialis [71], but several
weeks of bed rest have not resulted in changes in the pennation angle of the vastus lateralis
muscle. Nevertheless, modest improvements in muscle architecture are reported to be pos-
sible with 4-5 weeks of resistance training. Changes in muscle architecture also appear to
precede changes in muscle size in young healthy adults.

Cross-sectional assessment of skeletal muscles provides relevant information on muscle func-
tion because both individual muscle fiber diameter and cross-sectional diameter of the whole
muscle are associated with strength. Force production is related to the architectural char-
acteristics of the skeletal muscle including muscle fiber length and arrangement in relation
to the direction of the force produced by the whole muscle. Thus, both cross-sectional and
longitudinal orientation of measures of skeletal muscles are valuable in the assessment of the
size-strength relationship and the identification of age-related differences in muscle strength
per size. Sarcomeric changes in myofibrillar disorder, Z-line streaming, and dilatation in aged
skeletal muscle have been observed in electron microscopic analysis. The characteristics/
architectural changes highlighted above have been combined in a composite measure—phys-
iological cross-sectional area (PCSA)—to reflect both strength and change in strength in leg
extension [8].

Muscle weakness is attributed to changes in muscle composition, muscle contractile quality, and
neural activation [72]. However, measures of muscle composition, size, and architecture gener-
ally do not consider the neural input into fibers, which dictate contraction potential and force
production. Strength measures are an important indicator of muscle performance and show
the ability to change in response to a variety of interventions to tackle sarcopenia and frailty



40

Frailty and Sarcopenia - Onset, Development and Clinical Challenges

in older women with clinically relevant muscle weakness independent of the presence of low
muscle mass [73]. Muscle strength and size have been used as a single measure of muscle qual-
ity known as “relative strength,” reflecting the expression of muscle force production relative
to muscle or body size. It has been suggested that strength per unit of muscle tissue may serve
as a better indicator of age-related differences in muscle quality prior to changes in lean tissue
mass [74]. A novel functional metric—muscle quality index—estimates muscle power from body
anthropometrics and timed chair raises; it has been found to have higher reliability and greater
responsiveness following a resistance exercise regimen in older adults, compared to other func-
tional measures (e.g., gait speed, grip strength, the get-up and go test, etc.) [75].

3.2.2. Muscle aerobic capacity

Muscle quality and function in both middle-aged and older adults are determined by meta-
bolic characteristics of the muscle. Aerobic capacity reflects the maximal ability to use oxygen
(cardiovascular adaptation to transport oxygen; within skeletal muscle adaptation to use oxy-
gen) in response to energy demands of physical activity. Evidence shows that aerobic capac-
ity declines at an accelerated rate after age 50, and is a strong predictor of mobility assessed by
gait speed in older adults. Evidence from cross-sectional muscle analyses from healthy men
and women (18-90 years) reveals that mitochondrial DNA, mRNA abundance, and energy
(ATP) production diminishes with age. Both skeletal muscle mitochondrial capacity and effi-
ciency, and whole body peak aerobic capacity have been linked to gait speed [68, 76, 77].

The progressive decline in mitochondrial function observed in aging results in the accumula-
tion of reactive oxygen species (ROS) generated by the incorporation of a single electron to the
oxygen molecule. Specifically, ROS negatively impact muscle quality, playing an extremely
important role in all muscle functions, muscle aging, contraction, fatigue, dystrophy or waste
[78-80]. Mitochondria are the major producers of ROS, which damage DNA, proteins, and
lipids. Animal and human studies have typically shown that aging changes in mitochondria
can be reflected by increased mutations in mitochondrial DNA, decreased activity of some
mitochondrial enzymes, altered respiration with reduced maximal capacity at least in sed-
entary individuals, and reduced total mitochondrial content with increased morphological
changes. With mitochondrial dynamics altered (e.g., fusion and fission rates, mitochondrially
induced apoptosis), net muscle fiber loss and age-related sarcopenia may ensue. Strategies
such as exercise and caloric restriction that reduce oxidative damage can improve mitochon-
drial function. While these strategies may not completely prevent the primary effects of aging,
they may help to attenuate the rate of decline [81, 82].

It is also well established that contracting muscles produce both ROS and nitrogen species.
Although the sources of oxidant production during exercise continue to be debated, grow-
ing evidence suggests that mitochondria are not the dominant source [83]. Regardless of the
sources of oxidants in contracting muscles, intense and prolonged exercise can result in oxida-
tive damage to both proteins and lipids in the contracting myocytes. Further, oxidants regu-
late numerous cell signaling pathways and modulate the expression of many genes. There
has been much controversy about measurements of mitochondrial energy production. These
controversies may be explained by differences in methodological approaches and whether
physical activity is controlled for.
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Age-related changes in skeletal muscle mass and composition can result in increased insu-
lin resistance and later to reduced capacity for insulin-mediated glucose disposal. Relative
muscle mass in healthy nondiabetic older adults is inversely linked to glucose tolerance and
insulin resistance [84]. Muscle strength adjusted for BMI, however, has been reported to
be negatively associated with insulin resistance in a large population based study of older
women, but not men, after adjustment for confounders. No association between muscle leg
strength and insulin resistance in men or women >50 years has been observed in an analysis
of the National Health and Nutrition Examination Survey (NHANES) [85]. In some studies,
gait speed assessments are found to be inversely associated with insulin resistance, suggest-
ing that insulin resistance may serve as an indicator of poor muscle quality underpinning low
levels of physical fitness and poor scores on gait speed tests. Improvement in glucose disposal
and skeletal muscle metabolism in older overweight or obese men has been observed over 6
months of both regular aerobic and resistance exercise. Fat infiltration of muscles is also asso-
ciated with insulin resistance.

3.2.3. Myosteatosis

Myosteatosis refers to fat infiltration in skeletal muscle that can lead to large negative clinical
effects including poor metabolic and skeletal muscle health, accelerated aging, and impaired
longevity. This ectopic fat tissue has become an important factor behind muscle quality and
may serve as a predictor of muscle function in older adults. Two modalities of myosteatosis
are identified: (1) intermuscular fat, which represents the visible extracellular adipose tissue
located beneath the muscle and between and within muscle groups; (2) intramuscular fat
or intramyocellular lipids, which represents infiltration within myocytes, i.e., the presence
of microscopic lipid droplets used as energy within the muscle. This ectopic fat infiltration
increases with aging, seems to act synergistically with sarcopenia and is also present in mus-
cular dystrophies. The biological mechanism underlying increases in myosteatosis with aging
in humans remain largely under investigated, with the need to identify and better understand
regulatory factors including evidence of senescent cells and cultured cells developing into
preadipocytes and fat cells. This is an opportunity for future development of therapies to
preserve skeletal muscle health [8, 86, 87].

Individuals with comparable thigh circumference may have distinct muscle function due to
the proportion of fat infiltration to contractile elements. In older adults with multimorbidity,
intermuscular adipose tissue evaluated by MRI was reported as the strongest predictor of
mobility, but strength and quadriceps lean tissue explicated some of the variation in mobility
in this study [88]. Increased mobility loss, reflected by decreased six-minute walk distance,
decreased gait speed, decreased physical performance, difficulty with repeated chair stands,
and slower stair descent and timed get-up and go tests have been reported as the result of
myosteatosis effects on muscle metabolism and function [8]. In young healthy persons with
30 days of leg disuse by suspension, myosteatosis was found to increase by 15-20% and
exceeded the loss of lean muscles (calf and thigh) [89]. Myosteatosis is also known to lead to
the transition of muscle fibers from type II to type I, which result in muscles with impaired
contractile capacity and decreased power [90, 91]. It is also suggested that myostetatosis may
harm muscle and mobility because fat infiltration leads to changes in muscle fiber orientation.
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Proinflammatory cytokines secreted by fat tissue in the skeletal muscle microenvironment
may also lead to proteolysis and muscle catabolism [8].

Fat storage and infiltration into muscle may be a marker of metabolic profile. In older adults,
intermuscular adipose tissue was found to positively correlate with higher fasting plasma glu-
cose and lower glucose tolerance [92]. Myosteatosis has been linked to insulin resistance and
an increased risk of developing type-2 diabetes, hypertension, and dyslipidemia, independent
of total body adiposity (measured by BMI or DXA whole body fat). Further investigation,
however is still needed on the association of myosteatosis and metabolic disease independent
of visceral fat. The metabolic consequences of myosteatosis depend on age, race/ethnicity,
aerobic conditioning, sensitivity to insulin, amount of physical activity, and anatomic region.
Further investigations are necessary to verify whether myosteatosis acts as a marker of meta-
bolic dysfunction or may have an intermediary modifying role in insulin resistance [8].

Physical activity seems to be able to revert intermuscular fat infiltration. In men 60 years old,
six months of aerobic exercise and weight loss decreased intermuscular adipose tissue of the
leg and improved fasting plasma glucose and glucose tolerance. Four weeks of an imposed
decrease in physical activity due to unilateral lower limb suspension resulted in 15-20%
increase in the intermuscular adipose tissue in the thigh and calf, respectively. Strength loss
was associated with the increase in the intermuscular adipose tissue, after adjustment for loss
of muscle mass and considering initial baseline values.

3.2.4. Muscle fibrosis

Impairment in the muscle repair process can lead to muscle fibrosis, which involves the depo-
sition of collagen and extracellular matrix proteins instead of proteins necessary to repair and
restore tissue function. Fibrosis is also seen in different tissues because of extra fat accumula-
tion. The presence of fibrosis in the skeletal muscle of older adults is hypothetical at this point,
and further studies are needed to investigate how or whether fibrosis is a factor in muscle
quality. Evidence, however, is available indicating that progressive intermuscular adipose tis-
sue infiltration in middle aged or older adults may lead to fibrosis and impairment of muscle
function and mobility [68].

3.2.5. Motor units and neuromuscular activation

Other potential factors related to muscle quality in middle and old age include components
of the neuromuscular system and neuromuscular activation. Skeletal muscle fibers are orga-
nized in bundles of motor units. Each motor unit is innervated by a motor nerve, which con-
nects to an alpha motor-neuron in the spinal cord. Across the lifespan, motor units go through
remodeling, denervation and reinnervation. These units are reported to be decreased in the
tibialis anterior muscle of men 65 years old and those >80 years compared to younger men (25
years), but the reduced motor unit number was only related to strength in men >80 years [93].

Neuromuscular activation hasbeen proposed as another measure of muscle quality. Impairments
in neuromuscular activation affect the rate of force development and muscle power needed for
dynamic movements. Improvements in neuromuscular activation generally precede increases
in muscle mass in response to resistance training. Neuromuscular activity and acceleration was
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impaired during dynamic leg extensions in mobility-limited older adults compared to mobile
older adults [94]. The rate of neuromuscular activation was significantly associated with physi-
cal function scores. Among middle-aged and older adults without mobility limitations, no sig-
nificant differences in measures of neuromuscular activation were detected. However, whether
neuromuscular impairment precedes the development of mobility limitations is still unclear.

3.3. Emerging alternative clinical imaging and other measures of muscle quality

Relatively high costs, limitations with access, and the testing burden associated with inva-
sive techniques are barriers to standardized assessment of muscle quality. The use of rou-
tine tissue composition analysis is hampered by the need for further demonstration of its
diagnostic value and contribution to both diagnostic and therapeutic decision making. The
emerging literature on the effects of age-related increases in intramuscular adipose tissue on
muscle performance and metabolism, has led to the development of alternative assessment.
Methodological approaches ranging from multifrequency electrical impedance analysis to
quantitative diagnostic sonography have been used to characterize skeletal muscle mass and
quality in older adults and in those with muscle disease [95]. Noninvasive, high precision,
imaging modalities such as MRI has been used to diagnose and assess progression of a num-
ber of neuromuscular conditions. Quantitative musculoskeletal diagnostic ultrasound has
been proposed as a clinically feasible means of characterizing muscle structure. Ultrasound
has been shown to be highly reliable for assessing cross-sectional areas of large individual
human muscle and particularly useful in mobility-impaired individuals who cannot be easily
transported to scanners (CT, MRI) [48].

Electrical impedance myography (EIM) is another promising technique based on the surface
application and measurement of a high frequency, low intensity electrical current applied to
specific muscles. It detects changes in the conductivity and permittivity of skeletal muscles
caused by alterations in muscle composition and structure. It has been found repeatable and
sensitive to skeletal muscle changes in persons with amyotrophic lateral sclerosis. Mass iso-
potomer distribution analysis based on the evaluation of protein and proteome synthesis rate
is obtained by heavy water labelling; it is a very promising approach due to the wide spec-
trum of proteins analysed [48].

The success of emerging alternative imaging measures of muscle quality relies on their easy-
to-use in diverse clinical settings and ability to discriminate between older adults with and
without sarcopenia, identify those at risk for impaired muscle performance, and those who
can benefit from preventive and therapeutic interventions. A symposium report on “The
Need for Standardized Assessment of Muscle Quality in Skeletal Muscle Function Deficit
and Other Aging-Related Muscle Dysfunctions” provides a good insight on these emerging
approaches [8].

4. Conclusion: clinical relevance and research opportunities

Aging muscles and other aging-related muscle dysfunctions present with a functional deficit
in one or more elements or components of SMFD involving muscle mass, muscle strength
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or muscle quality. To further characterize SMFD, additional investigation and understand-
ing of the factors behind changes in muscle quality with aging are needed. The concept of
muscle quality is critical and should be expanded beyond muscle strength or power per unit
of muscle mass, to encompass muscle aerobic capacity and other key factors which closely
relate to mobility and other important activities of daily living. Assessment or diagnostics
tools sensitive to small changes within skeletal muscle that precede a decline in mass, strength
and function can enable preventative steps to maintain healthy muscles. Diagnostic ultra-
sound and other assessment methods continue to be developed for characterizing muscle
pathology, and enhanced sonography using sensors to provide user feedback and improve
reliability is currently the subject of ongoing investigation and development. Measures of
relative muscle force (e.g., specific force or grip strength adjusted for body size) have been
proposed as methods to assess changes in muscle quality. Performance-based assessments of
muscle power via timed tests of function and body size estimates are associated with lower
extremity muscle strength and may be responsive to age-related changes in muscle quality.
The challenge remains to reach a consensus on diagnostic criteria, tools, and consistent meth-
odological approaches for assessing or measuring components of SMFD that are practical in
a community or clinical setting. These should be considered priority for the scientific com-
munity and health care providers.

To date, no studies have assessed exclusively and concurrently aging-related changes in
muscle mass, muscle strength, muscle function, and muscle quality. Analyses of pooled data
from large studies on aging with measures of muscle mass and strength still face numer-
ous methodological challenges. As highlighted by experts in the field, future well-designed
large prospective studies of interventions to improve muscle mass, muscle strength, muscle
function, and muscle quality can observe age-related changes in skeletal muscles over time
and generate the evidence to help identify individuals that will benefit from interventions to
prevent or treat these changes.

From the public health perspective, further characterization of SMFD is very relevant to sev-
eral ongoing therapeutic developments. For example, we already know that resistance exer-
cise is the primary therapeutic strategy to prevent and reverse sarcopenia; aerobic exercise
also has a therapeutic role, as demonstrated by the Lifestyle Interventions and Independence
for Elders (LIFE); vitamin D has been shown to enhance muscle function in persons with
low muscle function; and evidence that leucine-enriched essential amino acid supplementa-
tion will increase muscle mass and potentially function. Limited evidence, however, suggests
that testosterone increases muscle mass and strength, and potentially function in older adults
with hypogonadism, but its safety remains unclear. Drug development efforts with selective
androgen receptor modulators (SARMs) are promising in increasing muscle mass and stair
climbing. Ongoing research is also investigating numerous antibodies that modulate myo-
statin and the activin II receptor, as well as ghrelin agonists, which increase food intake and
release growth hormone [7].

The potential impact of clearly addressing SMFD and properly integrating muscle mass, mus-
cle strength, and muscle quality is critical to future therapeutic development to help older
adults with muscle dysfunctions maintain independence and quality of life.
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Abstract

Skeletal muscle is not only an endocrine organ but also one of core components of mus-
closkeletal system. Sarcopenia refers to a decline in the skeletal muscle mass and func-
tion. The former involves the size and number of changes in two types of myofibers,
lower satellite cell density, and regeneration ability. The latter shows a loss of muscle
strength. Frailty is a geriatric syndrome with multisystem impairment associated with
increased vulnerability to stressors. Sarcopenia increases the risk of frailty and may be
one of the major causes of physical frailty phenotype. Sarcopenia is also potentially asso-
ciated with cognitive frailty phenotype. Aging might be the common underlying patho-
physiology of sarcopenia and frailty. Therefore, there are some potential target molecules
in aging-related signaling pathways that might be associated with sarcopenia and frailty.
Nevertheless, sarcopenia can mediate metabolism and promote accelerate systemic
aging, frailty, and age-related diseases by myokines in an endocrine manner. Lifestyle
interventions (resistance exercise and dietary restriction) of gerontoscience are effective
in the prevention of sarcopenia. Some pharmacological agents are registered in different
phases of clinical trials for sarcopenia intervention. Phytochemicals, mTOR inhibitors,
metformin and acarbose, NAD precursors, and sirtuin activators demonstrated that mul-
tiple target antiaging effects might also have preventive and therapeutic perspectives on
sarcopenia and frailty.

Keywords: sarcopenia, physical frailty, cognitive frailty, aging

1. Introduction

Sarcopenia and frailty are two common geriatric conditions that may co-occur within a single indi-
vidual with aging. Frailty is a heterogeneous clinical condition depended on different domains.
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Definitions of frailty includes fried physical frailty phenotype (weight loss, exhaustion, physical
inactivity, handgrip strength, and walk time) [1] and frailty index (use of walking aid, activities of
daily living, incontinence, cognitive impairment, and multiple other components) [2]. Cognition
performance decline is considered as a domain in Frailty index, but as “cognitive frailty” pheno-
type when physical frailty and potentially reversible cognitive impairment simultaneously occur
[3]. Sarcopenia refers to decline in skeletal muscle mass and function, which includes primary sarco-
penia, or age-related loss of muscle mass and function decline, and secondary sarcopenia resulting
from nutrition, activity, and disease-related loss of muscle mass [4]. Sarcopenia is different from
cachexia, which combines the loss of both muscle and fat. Obviously, physical frailty and sarco-
penia share the core components, physical function impairment (weakness, slow walking speed,
and balance problems), and sarcopenia is considered as the biological substrate and the pathway of
physical frailty development [5, 6].

Although it is a controversy, sarcopenia and frailty are two separate conditions based on
their definitions, and outpatients with sarcopenia were more likely to be more frail than frail
outpatients to be sarcopenic [7]. Skeletal muscle is not only a component of muscloskeletal
system but also an endocrine organ. Two components of sarcopenia also obviously contribute
to frailty, a geriatric syndrome that has been defined as a multisystem impairment charac-
terized by decreased reserve associated with increased vulnerability to stressors. First, the
loss of muscle mass plays a critical role in unintentional weight loss of frailty in the elderly.
Second, age-related loss of muscle strength, commonly referred as dynapenia, was associated
with both sarcopenia and frailty [8]. Sarcopenia and frailty had the sensitivity and specificity
for dynapenia of 33 and 89%, 17 and 98%, respectively. A longitudinal aging study with 731
community-dwelling older people demonstrated that dynapenia was related to the cognitive
impairment [9]. Thus, dynapenia is also the important factor responsible for frailty. Moreover,
muscle cross-talks with other tissues and organs by myokines in an endocrine manner to
mediate metabolism and promote aging, diseases, and frailty. Here, we review the epide-
miological evidence and pathophysiological basis of skeletal muscle aging, or primary sar-
copenia, that result in frailty and potential target molecules of intervention. Particularly, we
focus on the pathophysiological basis of sarcopenia, including age-related changes of nutrient
and stress sensors, positive and negative regulators of muscle growth, and the maintenance
of muscle mass and function. Moreover, we also summarize the underlying mechanisms of
sarcopenia accelerating systemic aging, frailty, and age-related diseases. Finally, we looked
for the potential target molecules of intervention of sarcopenia according to the pathophysi-
ological basis and relevant signal pathways.

2. From Sarcopenia to frailty: the pathophysiological basis

2.1. From sarcopenia to physical and cognitive frailty: the epidemiological evidence

Frailty is heterogeneous and contains physical and cognitive multiple domains. In this con-
text, the concept of “Cognitive frailty” becomes essential. It refers to simultaneous presence
of physical frailty and potentially reversible cognitive impairment but without dementia [3].
Cognitive frailty includes reversible and potentially reversible subtypes [10] and may represent
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a precursor of neurodegenerative processes [10]. The link between physical function and cog-
nitive decline provides important targets to develop effective preventive strategies in earlier
cognitive impairment stages [3, 11, 12].

Epidemiological studies suggested that sarcopenia increases the risks of both physical frailty
and cognitive impairment. Loss of muscle mass and strength is associated with increased
dependence, frailty, and mortality. Low appendicular lean mass related to body mass index
could detect patients at risk for frailty [13]. A cross-sectional study with small subjects, 273
Japanese community-dwelling older women aged >65 years showed that sarcopenia was
related only with prefrailty and frailty, and cognitive decline was related to frailty [14].
However, several studies showed an association between sarcopenia parameters and cognitive
impairment. Low handgrip strength was shown to correlate with a decrease in Mini Mental
State Examination (MMSE) score [15]. Other studies also reported an association between
handgrip strength and the risk of Alzheimer disease and the rate of cognitive decline [16-18].
In prospective studies, a decrease in physical performance in relation to future dementia was
demonstrated [19, 20]. Subjects aged >65 years who scored low in a physical performance test
had a three-times higher risk of developing dementia at a 6-year follow-up [21]. Recently, the
new concept of “Motoric Cognitive Risk (MCR) syndrome” was defined as having mild cog-
nitive impairment (MCI) and slow gait, supporting the common underlying mechanism in
physical and cognitive impairment [22]. MCR offered further benefit on predicting dementia
than MCI or slow gait alone. A recent study demonstrated an association between increased
risk of cognitive impairment, mainly MCI, and poor lower extremity function [21].

2.2. Aging promotes sarcopenia and frailty

Factors relating to skeletal muscle mass and strength changes include the loss of motor units
innervating muscle, age-related hormone changes, muscle hypoxia resulting from atherosclerosis
and chronic proinflammatory status, decreased physical activity and protein intake, age-related
insulin resistance, and mitochondrial dysfunction [23]. Aging leads to a preferential reduction of
type Il myofiber size. There is a significant loss of type Il muscle fibers, lower satellite cell density,
and lower satellite cell/fiber ratio in older individuals with sarcopenia [24]. The loss of motor
units innervating muscle, especially type Il myofibers [25], and the decreased blood flow to mus-
cle [26] results in the loss of muscle mass. Meanwhile, many elderly population with insulin
resistance who maintains the sensitivity of glucose metabolism, but not protein synthesis, show
age-related anabolic resistance, meaning the reduced muscle protein synthesis [27, 28]. However,
muscle of older individuals with type 2 diabetes [29] metabolic syndrome [30] demonstrated a
significant low proportion of type I fibers that is positively associated with the severity of insulin
resistance. Thus, the loss of muscle mass and the alterations of myofiber type proportion due
to insulin resistance could potentially affect whole body glucose homeostasis [31]. Age-related
hormone changes, for example, the decline of anabolic hormone testosterone leads to the loss of
both muscle mass and strength [32]. The decline in both growth hormone and insulin-like growth
factor 1 are related to the loss of muscle mass but not muscle strength [33]. Muscle hypoxia results
from atherosclerosis and chronic proinflammatory status leads to the loss of both muscle mass
and strength [25]. Other factors, decreased physical activity and protein intake, also involve in
the loss of muscle mass.
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Age-related decline of the levels of 25(OH) vitamin D due to a decreased production of 25(OH)
vitamin D in skin or a decline in vitamin D absorption can result in the decline of muscle func-
tion [25]. Age-related insulin resistance causes an increase of fat infiltration into muscle and
a decline in muscle strength [34]. Mitochondrial dysfunction in aging skeletal muscle causes
oxidative damage and the decline of energy generation to maintain function properly [35].

The biological mechanisms underlying the association between sarcopenia and frailty are
uncertain [36]. Any plausible explanations are that physical, motor, and cognitive functions
are not causally related but are affected by common underlying pathophysiology [37]. Frailty,
cognitive impairment, and sarcopenia share many common risk factors, such as immune
or inflammatory response, oxidative stress, and hormonal dysregulation [38, 39]. In view
of this, frailty, cognitive impairment, and sarcopenia may be highly interrelated [38, 40].
Inflammatory markers such as C-reactive protein and interleukin-6 concentrations are cor-
related negatively with muscle strength and physical performance [41, 42]. According to the
definition of cognitive frailty, physical factors are the potential causes of cognitive impair-
ment. In a study, high levels of these markers are associated with a 66% increase in cognitive
impairment risk at 4-year follow-up in elders with metabolic syndrome [43]. Elevated oxida-
tive stress [44], decreased sex steroid levels [45, 46], and insulin resistance [47, 48] are also
involved in the association between physical and cognitive dysfunction.

2.3. The maintenance of muscle mass and function

The maintenance of normal muscle mass and function depends on the dynamic balance
between positive and negative regulators of muscle growth. Muscle growth promoters
include follustatin (FST), bone morphogenetic proteins (BMPs), brian-derived neurotrophic
factor (BDNF), and irisin. Muscle growth suppressors contain myostatin, transforming
growth factor beta (TGFp), activins A and B, growth, and differentiation factor-11 and
-15 [49, 50]. Age-related changes of these molecules, together with other factors, such as
age-related diseases, chronic low-grade systemic inflammation, insulin resistance, endo-
crine aging, low physical activity, aging-related impairment of neuromuscular junction
dysfunction, and contractile insufficiency because of skeletal muscle-specific troponin T
leakage from sarcomere, result in imbalance between positive and negative regulators of
muscle growth and sarcopenia development [49]. Muscle growth suppressors through the
antibody-coupled, T-cell receptor/anaplastic lymphoma kinase 4,5 (ActR/Alk 4,5), or type
I and II TGFp receptor (TBRI and TPRII), phosphorylate mothers against decapentaplegic
homolog 2/3 (SMAD 2/3), then combine SMAD 4 and inhibit the activation of an alterna-
tive pathway/mammalian target of rapamycin (Alt/mTOR) signal. TGF{3 promotes SMAD3
binding to the promoters of both fibronectin type III domain containing 5 (FNDC5) and
procaspase-activating compound la (PAC-1a), and suppresses the expression of irisin and
PAC-1a [51].The elevated growth differentiation factor 11 (GDF11) increases the risk for
age-related frailty and comorbidities [50]. Muscle growth promoters through their receptors
phosphorylate SMAD 1/5/8 decrease the inhibition of Alt/mTOR signal and maintain mus-
cle mass and strength. Insulin resistance due to aging, obesity, and diabetes results in the
suppression of insulin/insulin-like growth factor-1/phosphatidyl Inositol 3-kinase/protein
kinase B (IGF 1/PI3K/AKT)/mTOR, and muscle hypotrophy and dysfunction of metabolism;
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the less activated Alk fails to block the nuclear translocation of Foxo 3 to enhance the expres-
sion of autophagy-related genes and the consequent protein degradation [31, 52].

2.4. Sarcopenia accelerates systemic aging, frailty, and age-related diseases

Skeletal muscle influence systemic aging and lifespan by nutrient and stress sensors and
myokines [53]. DNA damage and mutations are particularly prominent in aging skeletal
muscle. Overexpression of phosphoenolpyruvate carboxykinase (PEPCK-C) and mitochon-
drial uncoupling proteins delays reproductive aging and decreases the incidence of several
age-related diseases. Nutrient and stress sensors in sarcopenia include decreased sirturin 1
resulting from low nicotinamide adenine dinucleotide (NAD)+ synthesis and high NAD+
consumption and low adenosine monophosphate-dependent protein kinase (AMPK) activ-
ity, which results in the decline of the activity of peroxisome proliferator-activated receptor
gamma coactivator-la (PGC-1a) [54, 55]. The overexpression of AMPK and PGC-1a in muscle
not only delays the age-related muscle deterioration but also slows the functional decline
of other tissues, delay age-related metabolic defects, including systemic low-grade chronic
inflammation, insulin resistance, increase in the stress resistance of the organism and extend
lifespan. The other two nutrient sensors, insulin/insulin-like growth factor (IIS) and mTOR
signaled nutrient abundance (high fat, amino acids, and sugar diet) and anabolic activity, are
major accelerators of aging. mTOR inhibition by rapamycin or mTORC1 activity inhibition
by genetical modification, and the downregulation of mTORC1/ribosomal protein S6 kinase
beta-1 (S6K1) increases lifespan in mammals [55]. The decrease in regenerative capacity and
skeletal muscle loss with age coincides with suppression of IIS pathways which is an attempt
to promote longevity of the organism and survival within the tissue [56]. Age-related sarco-
penia is associated with an increase in abdominal obesity, which refers to sarcopenic obesity
[57]. Sarcopenic obesity leads to the infiltration of fat into the muscle and the accumulation
of triglycerides within the cell, which impairs the function of the insulin receptor substrate
causing insulin resistance, a lower lipid buffering capacity, and anabolic resistance in muscle
[23, 58]. Sarcopenic obesity also results in cognitive impairment because of insulin resistance.
In a cohort of 1570 older British men, compared with participants in the normal cognitive
aging group, those elder men with severe cognitive impairment were more likely to be sar-
copenic, with waist circumference >102 cm, BMI >30 kg/m? and to be in the upper quintile of
total fat mass, central fat mass, peripheral fat mass, and visceral fat level after age-adjusted
multinomial logistic regressions [59]. In experiment animal mouse, obesity in combination
with sarcopenia exacerbates blood-brain barrier disruption, neuroinflammation, and oxi-
dative stress of hippocampus, which likely contribute to the remarkable cognitive decline
[60]. Calorie restriction and exercise increase the concentrations of metabolic effectors NAD+
and AMP but reduce the concentrations of the hormonal effectors IIS and growth hormone.
Meanwhile, these interventions also decrease the levels of glucose, amino acids, and lipids,
recover downstream activity, such as DNA repair, mitochondrial biogenesis, and function,
promote homeostasis, decrease frailty and comorbidities.

Beyond the profound influence on systemic aging and body metabolism, muscle secrete myo-
kines, which act on muscles and other tissues, such as adipose, bones and brain in an autocrine,
paracrine, and endocrine fashion [61]. The metabolites released from muscle and the interactions
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between muscle and nerve also participate in the systemic effects of muscle on the organism’s
physiology. Exercise can activate PGC-1a/FNDC5 pathway, promote myokine irisin secretion,
induce hippocampal BDNF release, and improve cognitive function [62].

3. From sarcopenia to frailty: the potential target molecules of
intervention

The major causes of frailty include chronic diseases, such as congestive heart failure, dia-
betes, chronic obstructive pulmonary disease (COPD), anemia, polymyalgia rheumatic,
and endocrine disorder; decreased nutrient intake because of anorexia resulting from social
factors, decline in taste and smell, altered fundal compliance, enhanced release of chole-
cystokinin, increased leptin and cytokines, sarcopenia, and pain [63]. Treating the chronic
diseases can reverse the loss of muscle mass and frailty, such as with angiotensin-converting
enzyme inhibitors in some patients with congestive heart failure, both erythropoietin and
darbepoietin-a in the individuals with anemia, and vitamin B12 supplementation in acro-
cytic anemia and related cognitive impairment. Lifestyle interventions play critical roles in
the prevention of sarcopenia, frailty, and cognitive impairment. Physical exercise, particu-
larly resistance exercise, can improve muscle mass and strength in the elderly [64, 65] and
obese elderly [58]. Individuals with higher initial adiposity experience less improvement in
both muscle strength and physical function [66]. Moreover, the addition of caloric restric-
tion during resistance training improves mobility and does not compromise other functional
adaptations to resistance training [66]. Resistance training also can increase circulating irisin
[67] and improve cognitive performance [62]. In addition, physical exercise and caloric restric-
tion can benefit age-related insulin resistance, reduced mitochondrial biogenesis, and failure
of autophagy [68]. However, it is undesirable to use caloric restriction alone in sarcopenic
elderly, which results in further loss of lean tissue mass. The oldest olds also with anabolic
resistance and frailty find it difficult to perform resistance exercise to achieve benefit effects.

Dietary interventions including protein intake, antioxidants, and vitamin D fortification may
benefit the conditions of sarcopenia and frailty. Protein supplies the amino acids, especially
leucine, which may activate the signaling pathways required for muscle synthesis. Vitamin
D deficiency is common in individuals with sarcopenia, frailty, and cognitive impairment.
However, the effects of both protein supplementation and vitamin D intervention on muscle
strength and physical performance have mixed results [69]. Although individuals with higher
overall antioxidant status have better physical function, such as walking speed [70], antioxidant
interventions might not attenuate, and even aggravate sarcopenia due to the health-promoting
action of reactive oxygen spices [71].

There are no licensed treatments for sarcopenia and frailty. Pharmacological agents proposed
and focused by investigators, with potential for treating sarcopenia include the myostatin sig-
naling pathway and hormone replacement therapy (Table 1), currently are at various stages of
development [72]. Myostatin, the family member of TGF-B, is a skeletal muscle-specific myo-
kine. Myostain binding with activin type IIB receptor inhibits myoblast proliferation, muscle
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Mechanism of action Drug name Drug developer Indication sought Study phase
I. Myostatin antagonists
Activin receptor trap  ACE-031 Acceleron Duchenne muscular ~ Phase 3 (trial
dystrophy terminated early)
Myostatin antibody =~ REGN-1033 Regeneron/Sanofi Sarcopenia Phase 2
LY-2495655 Eli Lilly Hip arthroplasty Phase 2
Elderly Fallers
Cancer cachexia
PF-06252616 Pfizer Inclusion body Phase 1
myositis
Activin receptor Bimagrumab Novartis Sarcopenia Phases 2 and 3
inhibitor (BMY338) Hip fracture Phase 2
Cancer and COPD
cachexia
II. Selective androgen Enobasarm (ostarine) GTx Cancer cachexia Phase 3 (did not meet
receptor primary
modulators endpoint)
III. Skeletal troponin  Tirasemtiv Cytokinetics Amyotrophic lateral ~ Phases 2 and 3
activators CK-2017357 sclerosis myasthenia
gravis

Table 1. Pharmacological agents in development with potential for treating sarcopenia [72].

strength, and mass by negative regulation of mTOR signaling [73]. Myostatin inhibition by
activin receptor trap or inhibitor and myostatin antibody might be useful agent for the treat-
ment of human muscle degenerative diseases (Table 1) [72]. Testosterone supplementation
is another major focus for drug discovery of sarcopenia. Testosterone could increase both
muscle mass and strength in men but are linked to adverse cardiovascular events with short
durations of therapy [74, 75]. In order to decrease the side effects of testosterone, the selective
androgen receptor molecules, including steroids and nonsteroids, have been developed, and
some are at phase 3 (Table 1). Tirasemtiv is a fast skeletal troponin activator that sensitizes the
sarcomere to calcium and amplifies the function of muscle in neuromuscular diseases, such as
Amyotrophic Lateral Sclerosis and myasthenia gravis (Table 1) [76, 77].

Age is the greatest risk factor for nearly every major cause of mortality in developed nations
[78] and the profound effect of aging on sarcopenia, frailty, and cognitive impairment is often
overlooked. A number of aging-associated molecular signals might be the potential target
in the prevention and treatment of sarcopenia, frailty, and cognitive impairment. Genetic or
pharmacological regulation of NAD+/Sirtl, sestrins/ AMPK/PGCla, IGF-1/Akt/mTOR, TGEF-
(3, myostatin, activins, GDFs /SMAD2/3, BMPs/SMAD1/5/8 signal molecules, myokine irisin
and FGF21, the antagonist of myokine myostatin propeptide follistatin or follistatin-like 3, and
urocortins can not only improve muscle mass and/or function but also delay frailty and age-
related diseases [31, 54, 68]. Besides dietary restriction and exercise, geroscience interventions
with translational potential include mTOR inhibitors, metformin and acarbose, NAD precur-
sors and sirtuin activators, modifiers of senescence and telomere dysfunction, hormonal and
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circulating factors, and mitochondrial-targeted therapeutics [78]. Phytochemicals obviously
are ideal geroscience interventions with translational potential. They not only have multiple
target molecules in many aging-related signalling pathways, such as sestrins/ AMPK/PGCla,
IGF-1/Akt/mTOR, against chronic inflammation and oxidative stress but also have systemic
influence with low side effects, including skeletal muscle and other domains of frailty [79, 80].

4. Conclusion and perspective

Sarcopenia is one of the important causes of physical frailty. Frailty contains different phe-
notypes, such as physical frailty and cognitive frailty or multiple domains in frailty index.
Skeletal muscle influences body metabolism, systemic aging, accelerates physical frailty,
cognitive impairment, and decrease healthy lifespan. Individuals with primary sarcopenia
have an increase in the risk for frailty, cognitive impairment, and age-related diseases. Aging
might be the common mechanism of sarcopenia, frailty, and cognitive impairment. Cognitive
frailty is an important target of the prevention for both physical and cognitive disability [81].
Although some pharmacological agents are registered in different phases of clinical trials
for sarcopenia intervention, no drug is really used for the clinical treatment of sarcopenia.
Phytochemicals have effects on multiple targets of aging-related signaling pathways, and
other targeted aging molecules, such as mTOR inhibitors, metformin and acarbose, NAD
precursors, and sirtuin activators [78, 82], have preventive and therapeutic perspectives on
sarcopenia, frailty, and age-related diseases.
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Abstract

Sarcopenia and malnutrition are both commonly occurring conditions in elderly popula-
tion. As understood today, sarcopenia is a syndrome characterised by progressive and
generalised loss of skeletal muscle mass, physical performance and/or strength, whereas
malnutrition has been defined as a condition of an imbalance of energy, protein and
other nutrients that can cause measurable negative effects. In many populations, mal-
nutrition and sarcopenia are present simultaneously, and they appear clinically through
a combination of decreased body weight and nutrient intake, along with a decrease in
muscle mass and function. Moreover, malnutrition is one of the key pathophysiological
causes of sarcopenia. Both entities result in numerous and substantial negative outcomes
to the patients and the healthcare system, including decreased quality of life and func-
tionality and increased healthcare costs, hospitalisation rates, morbidity and mortality.
Early identification of sarcopenia would be of great clinical relevance because the loss of
muscle mass and strength with ageing can be largely reversed by proper exercise and
nutritional intervention. Clinicians should integrate nutritional assessment with sarco-
penia screening for optimal evaluation of these two interrelated issues to help improve
clinical outcomes.

Keywords: sarcopenia, malnutrition, muscle, prevalence, elderly people

1. Introduction

The aged population in the developed world is increasing rapidly. Ageing is accompanied
by changes in body composition, including a decrease in muscle mass. From the age of 50
years onwards, muscle mass decreases by 1-2% annually and muscle strength is reduced by
approximately 1.5% annually between the age of 50 and 60 years [1]. This age-related loss of
skeletal muscle mass, resulting in loss of strength and function, is defined as sarcopenia. This
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geriatric syndrome is associated with an increased risk for adverse outcomes, such as poor
quality of life, risk of falls and death. Moreover, it is a major contributing factor of physical
disability, frailty and loss of independence in the elderly. It may be thus an important and
potentially reversible cause of morbidity and mortality in older persons [2].

On the other hand, malnutrition is described as a chronic or acute condition of the body
in which a deficiency or imbalance of energy, protein and other nutrients leads to negative
effects on function, clinical outcomes and body composition [3].

Sarcopenia and malnutrition have similar physiological mechanisms and are common and
overlapping in older adults. Both entities result in numerous and substantial negative out-
comes to the patients and the healthcare system, including decreased quality of life and func-
tionality and increased healthcare costs, hospitalisation rates, morbidity and mortality. Both
entities are highly prevalent among population over the age of 65 years and more, especially
in those living in nursing homes or hospitalised [4].

Early identification of sarcopenia and malnutrition would seem to be of clinical relevance
because the nutritional deficiencies and the loss of muscle mass and strength with ageing can
be largely reversed by proper lifelong improvements in nutritional intervention and physical
activity. They are probably the most effective intervention to improve physical functioning,
prevent falls and disabilities and, consequently, improve the quality of life in the older popu-
lation. This is especially important given that world is ageing and older adults will utilise
healthcare services at an increased rate in the next years [4].

2. Sarcopenia

2.1. Definition, mechanisms, causes and prevalence of sarcopenia

The term sarcopenia is derived from the Greek words ‘sarx’ (flesh) and ‘penia” (loss). Unlike
earlier definitions of sarcopenia, focusing on measurements of low muscle mass only, the cur-
rent definition of sarcopenia according to the European consensus of the EWGSOP (European
Working Group on Sarcopenia in Older People) [5] requires the presence of both low muscle
mass and low muscle function (muscle strength or physical performance), although they
have not achieved consensus on the cut-off points of muscle mass indicating sarcopenia. The
International Working Group on Sarcopenia (IWGS) also proposed an operational definition
of sarcopenia, which was targeted to individuals with functional decline, mobility-related dif-
ficulties, history of recurrent falls, recent unintentional weight loss, post-hospitalisation and
chronic conditions [6, 7].

In many older people, sarcopenia is a multifactorial process where several mechanisms can
be involved. When the only evident cause of sarcopenia is the ageing, sarcopenia can be con-
sidered as primary (or age-related). In fact, malnutrition status is one of the main causes of
sarcopenia (protein-poor diet determines a compensatory response characterised by a reduc-
tion in lean mass) [8].



Sarcopenia and Malnutrition in the Elderly 73
http://dx.doi.org/10.5772/intechopen.68426

Epidemiological data suggest that the prevalence of sarcopenia varies widely, depending on
the different populations studied, gender, age, settings, diagnostic criteria used and the cut-
off points chosen to define a low muscle mass. In a recent systematic review [9], five European
studies were found using EWGSOP criteria to define sarcopenia in ageing people using BIA
(bioelectrical impedance analysis) in different settings, with a prevalence of sarcopenia
between 7.5 and 77.6%. The highest prevalence was found in people staying in convalescence
and rehabilitation units, while community-dwelling older people had the lowest prevalence.

3. Malnutrition

3.1. Definition and aetiology of malnutrition

Malnutrition has been defined as a condition of an imbalance of energy, protein and other
nutrients that can cause measurable negative effects on body composition, physical function
and clinical outcomes [10].

Older adults are known to be at high risk of malnutrition. Advanced age is an independent
risk factor for malnutrition and is associated with a lower body weight, body mass index (BMI)
and serum albumin. Malnutrition is not an inevitable side effect of ageing, but many changes
associated with the process of ageing can promote a poor nutritional status. The decline in
taste acuity and smell, poor dentition and a decreased appetite are some factors that can affect
nutrient intake and can lead to malnutrition and its potentially serious consequences. Other
factors, such as an increased frequency and severity of acute and chronic medical conditions,
multiple medications, social or economic challenges and cognitive decline, all play a role in
the aetiology of malnutrition among older adults [11].

3.2. Nutritional assessment in the elderly

The best validated and most widely used test to measure nutritional status of older people is
the Mini Nutritional Assessment (MNA). This includes 18 questions regarding weight change,
dietary change, gastrointestinal symptoms, mobility, physical assessment and disease and its
relationship with nutritional requirements, with a maximum score of 30 points. Patients who
score >24 points are considered well nourished, those that score 17-23.5 points are classified
as at risk of malnutrition and those who score <17 points are considered malnourished. Using
MNA, Guigoz found 5-71% prevalence of malnutrition among 6821 elderly persons after a
review of 32 studies and reported that malnutrition risk was higher in those living in nursing
homes than in community-dwelling elderly [12].

Another nutritional assessment tool developed for the elderly population is the Nutritional
Form for the Elderly (NUFFE). This instrument was designed as a form that contains items
that reflect functional, social, nutritional and health-related aspects of nutritional intake [13].

On the other hand, ESPEN (The European Society for Clinical Nutrition and Metabolism)
has recently proposed a new consensus definition of malnutrition [14]. According to this
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definition, individuals identified as ‘at risk” of malnutrition proceed in the diagnostic process,
with two possible options: body mass index (BMI) <18.5 kg/m? or unintentional weight loss
(>10% independent of time or >5% in last 3 months), this last option is always combined with
either a low BMI <20 kg/m? (if <70 years old) or <22 kg/m? (if >70 years old) or a low fat-free
mass index (FFMI) <15 kg/m? (women) and <17 kg/m? (men).

3.3. Prevalence of malnutrition

Depending on the method or parameters used for the nutritional assessment, prevalence
rates of malnutrition among elderly subjects range between 6.5 and 85%. Early identifica-
tion of older adults at nutritional risk, followed by adequate nutritional intervention, is
expected to contribute to conservation of muscle function and muscle strength, and here-
with to maintenance the functional independence, the quality of life and possibly to prolong
the survival [15].

The prevalence of malnutrition depends on multiple factors, including the definition and the
diagnostic criteria used. This prevalence is greater among older adults in healthcare settings.
In fact, in hospital settings, malnutrition is approximately 56% in elderly patients [16].

3.4. Malnutrition-sarcopenia syndrome

Malnutrition is common across varying patient populations, particularly in older adults, and
sarcopenia prevalence also increases with age. Moreover, malnutrition is regarded as one
important contributing factor in the complex aetiology of sarcopenia, and it may be amenable
to intervention. In fact, a diagnostic category of malnutrition-related sarcopenia has been pro-
posed [5]. However, usually older people admitted to nursing homes are screened or assessed
for either malnutrition or sarcopenia, but rarely for both conditions concurrently. In several
populations, malnutrition and sarcopenia are present simultaneously and manifest clinically
through a combination of decreased nutrient intake, decreased body weight, along with a
decrease in muscle mass, strength and/or physical function [17].

Vanderwoude et al. [4] proposed the term “malnutrition-sarcopenia syndrome’, which embod-
ies the inherent association of both entities, highlighting their combined impact on clinical
outcomes, including increased morbidity, infection and complications (as falls and disability),
length of hospital stay and rehospitalisation rates, mortality and healthcare costs, apart from
decreased quality of life. Malnutrition and sarcopenia are each independently associated with
negative health consequences that impact older adults across healthcare settings [18, 19].

There are few published data demonstrating the co-occurrence of malnutrition and sarco-
penia in older adults. In a recent study [20], both entities have been studied in a post-acute
care geriatric unit, applying the new ESPEN definition of malnutrition and EWGSOP criteria,
assessing the potential clinical relationship between them. The prevalence of malnutrition
in this population was 19.3%, and the prevalence of sarcopenia was significantly higher in
patients with malnutrition: 82.3 versus 45.1% (p = 0.03), which means that most patients with
sarcopenia fulfilled the ESPEN criteria for diagnosis of malnutrition. On the other hand, in
the study of Senior et al. [21], sarcopenia was defined with EWGSOP criteria and nutritional
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status was assessed with MNA short-form test. According to these criteria, 14.9% of par-
ticipants with sarcopenia were malnourished and 48.5% were at risk of malnutrition. The
prevalence of malnutrition was higher in subjects with low handgrip strength (62.8%) and in
participants with severe sarcopenia (60.8%). Moreover, research has shown that reductions in
handgrip strength are common in individuals who have sarcopenia as well as in individuals
who are malnourished [5, 22].

4. Screening for malnutrition-sarcopenia

Clinicians should integrate nutrition assessment with sarcopenia screening for optimal evalua-
tion of these two interrelated nutritional issues to help improve patients’ clinical outcomes [4].

For sarcopenia screening, a simple clinician tool has been suggested by the EWGSOP [5]. This
group has developed an algorithm based on gait speed measurement (a cut-off point of >0.8
m/s identifies risk for sarcopenia) as the easiest and most reliable way to begin sarcopenia
screening in clinical practice.

Screening tools for malnutrition are intended for the quick identification of patients at risk
of malnutrition, for more in-depth nutritional assessment, or for identifying patients at risk
of developing complications or even increased risk of mortality. A variety of malnutrition
screening tools are available such as the Malnutrition Screening Tool (MST), Malnutrition
Universal Screening Tool (MUST) [23], the short form of the Mini Nutritional Assessment
(SF-MNA) [24] and Nutrition Risk Screening-2002 (NRS-2002) [25]. Based on the evidence
presented, the combination of screening and assessing for malnutrition and sarcopenia is rec-
ommended to screen for the presence of malnutrition-sarcopenia syndrome in at-risk patient
populations, particularly older adults in clinical settings [4].

Clinicians are urged to screen, assess and treat these conditions currently. By examining
aspects of both conditions, clinicians can more fully assess their patients’ clinical and nutri-
tional status and can design targeted therapies to meet their needs and improve outcomes [4].

Examining patient’s nutritional and functional status through screening and assessment for
both malnutrition and sarcopenia will enable clinical practitioners to determine the presence
of both entities in their patients and to target interventions to prevent and avoid them [4].

5. Nutritional interventions to prevent sarcopenia

The relationship between muscle mass, strength, physical function and nutritional status has
significant clinical implications regarding the therapeutic approaches [26].

Early identification of sarcopenia would be of great clinical relevance because the loss of mus-
cle mass and strength with ageing can be largely reversed by proper exercise programs and
nutritional intervention [27]. Of all the therapeutic options available, lifelong improvements in
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physical activity and diet are probably the most effective public health intervention and the most
important treatment option in nursing home residents for this condition, ongoing independence
and autonomy in older people. The Society for Sarcopenia, Cachexia and Wasting Disease devel-
oped nutritional recommendations for the prevention and management of sarcopenia, which
combined exercise with adequate protein and energy intake [28].

On the other hand, adequate caloric intake has to be considered as an essential requisite for any
successful therapeutic approach in the institutionalised elderly participants, in terms of preven-
tion and treatment of sarcopenia. Nutrient intake, especially adequate amounts of high-quality
protein and amino acids, is the most important anabolic stimulus of skeletal muscle protein syn-
thesis. Epidemiological studies suggest that a low protein intake is associated with sarcopenia.
To prevent it, as optimal dietary protein intake, daily 1.0-1.2 g/kg with an optimal repartition
over each daily meal or 25-30 g of high-quality protein per meal are recommended. Specifically,
the amino acid leucine and meal-induced insulin, both independently stimulate muscle protein
synthesis. It has been demonstrated that exercise and amino acid supplementation (3 g of a
leucine-enriched balanced essential amino acid mixture twice a day) together may actually be
effective in enhancing muscle strength, variables of muscle mass and walking speed in sarco-
penic women [29]. Antioxidants and w 3-polyunsaturated fatty acids may also contribute to the
preservation of muscle function. Low 25-hydroxyvitamin D (25(OH)D) serum level in adults
is also a potentially modifiable risk factor for sarcopenia [30]. In fact, nutritional interventions
combining adequate amounts of vitamin D and proteins are promising strategies to attenuate
sarcopenia development [31]. Some studies have shown the effectiveness of other nutritional
factors, such as cheese and milk protein and beta-hydroxy-beta-methylbutyrate (HMB), as a
potential supplement to improve muscle quality in sarcopenic elderly people [32, 33].

In a recent study [34], Mediterranean dietary pattern (high in olive, low-fat dairy, vegetable,
fish, nut and vegetable oil) has demonstrated a favourable role in the prevention of sarcopenia
in postmenopausal women, in comparison with a Western pattern (based on high commercial
beverage, sugar and dessert, snacks, solid fat, potato, high-fat dairy, legume, organ meat, fast
food and sweets). Another study [35] demonstrated that improvements in clinically relevant
measures, such as strength and functionality, could be achieved by supplementation with
high-quality oral nutritional supplementation.

Other treatments of sarcopenia currently under investigation include testosterone replacement
therapy, oestrogens in women, growth hormone and other behavioural and pharmacological
strategies. The main limitation of these treatments is the lack of long-term adherence [8].
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Abstract

Dysphagia (swallowing difficulties) is a serious problem associated with malnutrition,
dehydration, aspiration pneumonia, and death. Its well-known causes include stroke,
neuromuscular disease, and head and neck cancer, and these affect muscles and sensa-
tion during deglutition. In recent years, dysphagia due to sarcopenia (i.e. “sarcopenic
dysphagia”) has been reported as a new concept. Sarcopenic dysphagia results from low
swallowing and general skeletal muscle mass and strength. The characteristic changes
in swallowing muscles occur primarily in oral and pharyngeal muscles along with other
associated factors. With a rapidly aging population, the number of older adults with sar-
copenic dysphagia is expected to increase. Therefore, it is necessary to investigate the
pathophysiology and treatment strategies for sarcopenic dysphagia. In this chapter, we
summarize previous studies related to sarcopenic dysphagia.

Keywords: sarcopenia, deglutition disorders, rehabilitation

1. Introduction

The term “sarcopenia” was first proposed by Rosenberg [1] to describe age-related decrease
in muscle mass. In 2010, the European Working Group on Sarcopenia in Older People (EWG-
SOP) proposed the sarcopenia consensus on definition and diagnostic criteria. The EWGSOP
defined sarcopenia as a geriatric syndrome characterized by progressive and generalized loss
of muscle mass and strength. In addition, they proposed diagnostic criteria for sarcopenia
[2]. Subsequently, the International Working Group on Sarcopenia (IWGS) proposed similar
definitions [3]. In 2014, the Asian Working Group for Sarcopenia (AWGS) proposed diag-
nostic criteria based on data on Asian populations [4]. In 2016, sarcopenia was recognized
as an independent condition by an ICD-10-CM code [5]. Currently, sarcopenia is recognized
worldwide.

I m Ec H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Since sarcopenia is characterized by generalized loss of muscle mass and function, it caninvolve
a concomitant reduction in swallowing muscles mass and function. Swallowing is defined
as “the function of clearing food and drink through the oral cavity, pharynx, and esopha-
gus into the stomach at an appropriate rate and speed” by the International Classification of
Functioning, Disability and Health [6]. According to medical terminology, “dysphagia” is the
symptom (not a disease) characterized by swallowing problems. Dysphagia has been pro-
posed as a geriatric syndrome such as sarcopenia [7]. In 1992, Veldee and Peth indicated that
malnutrition affects swallowing muscles; however, the term “sarcopenia” was not coined [8].
In 2005, Robbins et al. used the term “dysphagia due to sarcopenia” in their study [9]. Since
then, studies on dysphagia related to sarcopenia have increased drastically. The term “sarco-
penic dysphagia” was first used by kuroda in 2012 [10]. Since then, the term “sarcopenic dys-
phagia” has been used by mainly Japanese researchers [11]. However, this is not a standard
medical term. In 2015, Clave and Shaker, worldwide leading researchers in dysphagia, used
the term “sarcopenic dysphagia” in a review article [12], wherein sarcopenic dysphagia was
introduced as a new concept of dysphagia. To our knowledge, that was the first article that
described the term “sarcopenic dysphagia,” except those from Japan.

Dysphagia results in serious complications such as aspiration pneumonia, choking, dehydration,
malnutrition, and lower quality of life, all of which are potentially lethal. A meta-analysis on
aspiration pneumonia in frail older people revealed that dysphagia is a significant risk factor
for aspiration pneumonia [13]. Furthermore, dysphagia negatively affects the nationwide cost
of medication because of these complications, readmissions, higher drug intake, and prolonged
hospitalization [14, 15]. Therefore, dysphagia is a serious problem that should be prevented and
treated.

Many studies have been reported on dysphagia due to neurological diseases such as stroke,
Parkinson’s disease and other forms of dementia, amyotrophic lateral sclerosis, head and neck
cancer, and esophageal cancer. However, articles on sarcopenic dysphagia are few because it
is a new concept of dysphagia. We described the number of articles about dysphagia based on
years of publication in Table 1. We used “aging” or “frail” or “sarcopenia” and “dysphagia”

Total 2016 2015 2014
Stroke 1416 159 145 134
Head and neck 1019 139 141 120
cancer
Parkinson’s disease =~ 472 50 53 46
Aging 305 31 31 30
Frail 75 8 6 8
Sarcopenia 38 13 11 6

We set the keywords related to sarcopenia (aging, frail, or sarcopenia) and major causes of dysphagia (stroke, head and
neck cancer, or Parkinson’s disease) for comparison of research interests. We described the number of articles overall
and their years of publication in the last three years. Compared to stroke, Parkinson’s disease, and head and neck cancer,
articles related to sarcopenic dysphagia are less. The articles were accessed on January 7, 2017.

Table 1. Number of articles retrieved for the terms “dysphagia” or “swallowing” and each keyword on PubMed.
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or “swallowing” as keywords for retrieving in PubMed. In addition, stroke or Parkinson’s
disease or head and neck cancer were used as keywords to compare these with the number
of articles on dysphagia related to sarcopenia. Since sarcopenia is a geriatric syndrome [2],
the number of older adults with sarcopenia would increase with a rapidly aging worldwide
population. Similarly, the number of older adults with sarcopenic dysphagia would increase.
Thus, it is important to investigate the clinical conditions and treatment strategies for sarco-
penic dysphagia. In this chapter, we summarize dysphagia related to sarcopenia based on
previous studies on mainly healthy or frail subjects or those with sarcopenia.

2. Epidemiology of sarcopenic dysphagia

2.1. Definition and prevalence

The current definition of sarcopenic dysphagia is “difficulty swallowing due to sarcopenia
of general skeletal and swallowing muscles” [7, 12]. Although the diagnostic criteria for
sarcopenia are defined by the cutoff value of muscle mass and physical function or muscle
strength [2, 16], the diagnostic criteria for sarcopenic dysphagia have not been standardized.
However, a few studies have attempted to investigate the prevalence of sarcopenic dyspha-
gia; these included subjects without diseases directly affecting swallowing function, such as
stroke, Parkinson’s disease, and head and neck cancer. Maeda and Akagi [17, 18] reported its
prevalence as 42.3 and 30%, respectively, in acute older inpatients at admission. In addition,
in their prospective observational study [19], 26% of acute older inpatients developed sarco-
penic dysphagia within 60 days of admission. Their studies mainly included older inpatients
with acute internal diseases. For older inpatients, it is easy to develop sarcopenic dysphagia
during hospitalization because of rest in bed and anorexia by illness. In our study subjects,
from acute hospitals to a rehabilitation hospital [11], 32.2% of older inpatients had sarcopenic
dysphagia on admission. Our study included many older inpatients with orthopedic disor-
ders. These findings suggest that the prevalence of sarcopenic dysphagia is approximately
30-40% in older inpatients. In community-dwelling older adults, the review article reported
that approximately 15% of them had dysphagia [20]. The risk factors of dysphagia included
age, history of clinical disease, and physical frailty, including reduced activities of daily liv-
ing. However, this review did not have sarcopenic dysphagia as an endpoint. Older inpatients
are at a higher risk of sarcopenic dysphagia than community-dwelling older adults. The pre-
vention, assessment, and intervention for sarcopenic dysphagia are important, especially in
older inpatients.

2.2. Etiology

Several pathophysiological mechanisms are known for sarcopenia in general skeletal mus-
cles. Sarcopenia is categorized as primary and/or secondary sarcopenia based on etiology
[2]. The most prominent cause of primary sarcopenia is aging, while those of secondary sar-
copenia are inactivity (bed rest, sedentary lifestyle, deconditioning, or zero-gravity condi-
tions), malnutrition (inadequate dietary intake), and disease (advanced organ failure such
as heart, lung, liver, kidney, brain, inflammatory disease, malignancy, or endocrine disease).
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Several studies have shown associations of aging, inactivity, malnutrition, and disease with
dysphagia [21-23]. The characteristic change in the swallowing mechanism in healthy older
adults, because of aging, is referred to as “presbyphagia” [24]. Anatomical and functional
changes due to aging render older adults at risk of dysphagia [25, 26]. Though aging causes
reduced swallowing function, it does not cause dysphagia. In relation to inactivity, physi-
cal inactivity can cause sarcopenic dysphagia [19]. In our study in a rehabilitation hospital
[11], physical activity level was independently associated with the functional level of oral
intake of food and liquid. In addition, the duration of tentative nil per os (NPO) without
dysphagia assessment in patients with aspiration pneumonia resulted in reduced swallow-
ing ability during treatment [27]. Inactivity of swallowing muscles itself can cause disuse of
themselves and appendicular skeletal muscles. Aspiration pneumonia in older adults usu-
ally results in bedrest and NPO for treatment. Although aspiration pneumonia is known to
be caused by dysphagia, it can also cause sacropenic dysphagia because of inactivity and
malnutrition with its treatment. In relation to nutritional status, mid-upper arm circumfer-
ence was associated with swallowing function [10]. In addition, nutritional status was a
factor of the prognosis of swallowing ability in older inpatients [19]. In other studies, mal-
nutrition has been suggested to cause dysphagia [8, 28]. Veldee and Peth [8] postulated that
swallowing muscles have moderate-to-high percentage of type II fibers because normal
swallowing is characterized by rapid contraction of muscles. Furthermore, malnutrition
can affect those swallowing muscles because type II fibers are reportedly affected by mal-
nutrition more easily than type I fibers [29-32]. Malnutrition can be one of the main causes
of sarcopenic dysphagia.

In relation to the disease, the prevalence of sarcopenia is high among chronically ill patients,
ranging from 15 to 50% in patients with cancer and 30 to 45% in patients with liver failure
[33]. In addition, cachexia is a metabolic syndrome characterized by loss of muscle mass
with or without loss of fat mass, which can cause sarcopenia, and is prevalent in 50 to 80%
of cases in several types of cancer [34]. Wakabayashi et al. [23] showed that loss of skeletal
muscle mass was related to severe dysphagia in patients with cancer. Patients with chronic
progressive diseases such as cancer can develop dysphagia more easily than those with
other diseases, owing to sarcopenia. In older adults with Alzheimer’s disease, decreased
skeletal muscle mass resulted in poor swallowing functions [35]. Dysphagia in neurodegen-
erative disease can be caused by sarcopenia. Decreased general skeletal muscle mass was
considered a risk factor for sarcopenic dysphagia in acute older inpatients [19]. Although the
detailed pathophysiological mechanism of sarcopenic dysphagia from decreased general
skeletal muscle mass is largely unclear, sarcopenic dysphagia can develop during general
sarcopenia.

A high prevalence of sarcopenic dysphagia in older inpatients may be because hospitalization
causes further inactivity and/or decrease in nutritional status and leads to severe sarcopenia.
Almost all these studies revealed the associations between dysphagia and sarcopenia; how-
ever, these are not causal relationships because of the cross-sectional design of these studies.
Further studies are required to explore causal relationships. We described the possible patho-
physiological mechanism of sarcopenic dysphagia in Figure 1.
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Presbyphagia
with or without sarcopenia

Inactivity |—-—| Malnutrition |
I

| Progression or onset of sarcopenia !

‘ Decrease in swallowing muscle mass and strength |

Tongue muscle — Pharyngeal muscle — Suprahyoid muscles

kL

Sarcopenic dysphagia

Figure 1. Possible mechanism of sarcopenic dysphagia. Older adults with presbyphagia can develop generalized
sarcopenia due to disease, inactivity, or malnutrition. In the progress of generalized sarcopenia, sarcopenic dysphagia
can develop due to decreased tongue, pharyngeal, and/or suprahyoid muscle function involved in swallowing.

3. Pathophysiology of sarcopenic dysphagia

3.1. Swallowing process

Swallowing is a complex process involving up to 30 striated muscles [12, 36], although swal-
lowing is a continuous process generally conceptualized as occurring in several discrete
phases. The first phase is the “preoral phase” wherein visual and olfactory qualities of food
are recognized and they cause salivation, which is needed for bolus preparation [37]. The
second phase is the “oral preparatory phase” wherein food is chewed and mixed with saliva
to form a bolus that is easily transported to pharynx. The third phase is the “oral transit
phase” wherein the tongue begins anterior-to-posterior propulsion of the bolus into pharynx.
The fourth phase is the “pharyngeal phase” wherein numerous muscles function in a rapid
sequence. The last phase is the “esophageal phase” wherein the bolus enters the esophagus
and is transported toward the stomach by peristaltic contractions of the esophagus. Through
swallowing, appropriate temporal coordination of feeding and breathing is needed to pro-
vide proper nutrition and to prevent aspiration because the pathways for food and air com-
municate in the pharynx [38].

3.2. Preoral phase to oral transit phase

In the preoral phase, cognitive function is related to dysphagia. In patients with congestive
heart failure, cognitive dysfunction is a predictor of dysphagia [39]. In addition, sarcopenia
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has been independently associated with cognitive impairment in meta-analysis [40]. Thus,
cognitive impairment can contribute to development of sarcopenic dysphagia. On transiting
from the oral preparatory phase to the pharyngeal phase, several muscles are involved in
swallowing, of which the tongue is a major muscle. The previous studies [9, 41] have found
that individuals who aspirate have lower tongue strength than those who do not. Thus,
tongue strength is a very important factor for swallowing. To our knowledge, Robbins et al.
[42] are the first to indicate that tongue strength is affected by sarcopenia. In their study on
healthy men, maximal isometric pressures were significantly greater at the tongue blade site
in younger subjects, whereas peak swallow pressures remained similar across both young
and older subjects. Nicosia et al. [43] also showed the same results in both healthy men and
women. However, Robbins and colleagues [44] showed that both maximal isometric pres-
sures and swallow pressures reduced with aging, and differences between maximal isometric
pressures and swallow pressures were greater in younger adults than in older ones. Their
studies have suggested diminished reserve of tongue strength in older adults. Buehring et al.
[45] showed that both anterior and posterior maximum tongue pressure negatively correlated
with age among community-dwelling individuals aged > 70 years. Furthermore, Utanohara
et al. [46] showed that men aged 20-40 years had higher anterior tongue pressure than the
women, and anterior tongue pressure started to decrease from the age of 60 years in men and
70 years in women among healthy older adults. Their study indicated that tongue strength
in men reduced with age at a faster rate than it did in women. Collectively, anterior and pos-
terior tongue strength can decrease differently owing to age-related sarcopenia among men
and women. Although a standard value of tongue strength in healthy older adults has not
been established yet, Robbins et al. [41] considered tongue strength of <40 kPa as low, and
Utanohara et al. [46] showed average tongue strength at 60 years of age was 37.6 + 8.8 and 31.9
+8.9 kPa at 70 years of age. These values can be useful references in the clinical settings and in
research. However, in our subjects aged > 65 years [11], malnutrition was independently asso-
ciated with low anterior tongue strength but not with age. Thus, decreased tongue strength in
older adults can occur easily owing to malnutrition than because of aging.

The association between tongue strength and grip strength that represents whole body
strength has been reported in several studies. Mendes et al. [47] showed that tongue and
grip strength were reduced with increasing age. This study indicated that tongue strength
was decreased owing to reduction in general muscle strength. Anterior tongue strength was
significantly correlated with grip strength [11, 45, 47, 48]. However, Butler et al. [49] reported
that posterior tongue strength, not anterior, was correlated with grip strength. The association
between general muscle strength and tongue strength, whether anterior or posterior tongue,
is under discussion. In addition to the difference of magnitude of tongue strength, Nicosia
et al. [43] showed the difference of timing of tongue pressure generation between older and
younger healthy adults. Time taken to reach maximal isometric pressure and swallowing
pressure for liquids was longer in the older group than in the younger one. The timing of
tongue strength generation may be also important in sarcopenic dysphagia.

Regarding tongue composition, a few studies have reported the distribution of tongue adipose
tissue. Miller et al. [50] reported greater muscle tissue and correspondingly less adipose tissue
in the posterior tongue than in the anterior tongue, whereas Nashi et al. [51] reported greater
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adipose tissue in the posterior tongue than in the anterior tongue on autopsy. As tongue muscle
composition changed, amyloid deposits were found to be higher in older adults [52]. Owing
to few studies on the tongue composition change by sarcopenia, further studies are required.

Regarding the association with appendicular skeletal muscle mass and tongue strength,
Buehring et al. [45] showed that tongue strength was not significantly different in indi-
viduals who did or did not meet skeletal muscle mass criteria for sarcopenia. However,
studies in older inpatients [11, 17] found a significant association between appendicular
skeletal muscle mass and tongue strength in correlation analyses. In any case, the associa-
tion between tongue strength and grip strength as one of sarcopenia indices is evident, and
decreased tongue strength can be a symptom of sarcopenia and lead to sarcopenic dyspha-
gia. Not only tongue strength but also tongue thickness was related to general muscle mass.
Tamura et al. [53] showed that tongue thickness was significantly associated with mid-arm
muscle area. Not only appendicular skeletal muscle mass but also tongue muscle mass can
be affected by sarcopenia.

3.3. Pharyngeal phase

In the pharyngeal phase of swallowing, decreased pharyngeal strength has been shown to
be related to aspiration status [54]. The suprahyoid muscles are important muscles respon-
sible for pharyngeal strength required for swallowing. Feng and colleagues [55] examined the
geniohyoid muscle—one of the suprahyoid muscles—using 80 computed tomography scans
of the head and neck from healthy older and younger adults and revealed that the geniohyoid
muscle atrophies with age in both the midsagittal and anterior coronal planes in men as well
as women. In addition, atrophy of the geniohyoid muscle in the midsagittal plane was related
to aspiration in men.

The movement of the hyoid bone, which is pulled upward and forward by the suprahyoid
muscles, is assessed as an indicator of suprahyoid muscle function in videofluoroscopic swal-
lowing studies (VFSS). VESS is considered the gold standard examination for assessment
of swallowing function because it is the only objective examination that evaluates the oral,
palatal, pharyngeal, and pharyngoesophageal components of deglutition, comprehensively.
Decreased range of motion and velocity of movement of the hyoid bone is observed more
frequently in healthy older men than in younger men [56, 57]. In another study, the elevation
of the hyoid was found to be greater in older adults both with and without dysphagia than in
younger adults; however, in contrast to older adults without dysphagia, those with dysphagia
were unable to use this strategy during deglutition of larger boluses [58]. In another study, the
range of motion of the hyoid bone during swallowing was not significantly different between
older and younger adults among both men and women. In contrast, the hyoid-larynx dis-
tance at rest was greater in both older men and women than in younger ones, and the change
between the hyoid-larynx distance at rest and at the maximum approximation during swal-
lowing was greater in older adults than in younger adults (men: mean 1.25 cm in younger
men and 1.54 cm in older men; women: 1.07 cm in younger women and 1.19 cm in older
women) [59]. The duration of supraglottic closure in VFSS was longer in older healthy adults
than in younger healthy adults [60]. In addition, frail older adults showed slower laryngeal
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closure and upper esophageal sphincter opening and delayed maximal vertical hyoid motion
(healthy, 0.310 + 0.048 s; frail, 0.480 + 0.055 s) than healthy adults. Tongue bolus propulsion
strength measured by means of Newton’s second law of motion in the pharyngeal phase in
VESS was 22.16 + 2.54 mN in healthy older adults; frail older adults exhibited weaker tongue
propulsion strength (8.99 + 1.09 mN), leading to low bolus velocity and less kinetic energy
[60]. There have been few studies on kinematic change related to sarcopenic dysphagia based
on imaging findings; therefore, further research is warranted to investigate this issue.

In the assessment of dysphagia, jaw-opening strength was proposed as an indicator of supra-
hyoid muscle strength [61]. Based on measurement of jaw-opening strength in healthy adults,
lida et al. [62] suggested that suprahyoid muscle strength decreases with aging in both men
and women. Machida et al. [63] demonstrated that low jaw-opening strength was associated
with sarcopenia in older men. Suprahyoid muscle strength may decrease with aging and is
further decreased in older men with sarcopenia. Hiramatsu et al. [64] demonstrated that the
initiation of saliva swallowing was delayed and the number of saliva swallowings per 30 s
decreased after meals in older adults but not in young adults (premeal, mean 7.61 and post-
meal 7.30 in younger adults [no significant difference]; premeal, mean 5.35 and postmeal,
mean 4.65 in older adults [significant difference, p < 0.05]). Their study indicated low endur-
ance of swallowing muscles, including the suprahyoid muscles, in older adults. Low swal-
lowing endurance can be an important component of sarcopenic dysphagia. Compared to
studies on tongue muscles related to sarcopenia, fewer studies have been conducted on the
suprahyoid muscles in relation to sarcopenia.

Kendall and Leonard [65] demonstrated that elderly patients with dysphagia of unknown eti-
ology had delayed and incomplete pharyngeal constriction compared with both younger and
age-matched controls without dysphagia. Leonard et al. [59] investigated spatial displace-
ment variables in adults with no history of dysphagia and swallowing complaints. In their
study, older adults with dysphagia exhibited poorer maximal pharyngeal constriction during
swallowing as compared to healthy young controls. Dysfunction of pharyngeal constriction
can be an important symptom of sarcopenic dysphagia. Based on the MRI scans of the neck
in 60 women, Molfenter et al. [66] demonstrated that pharyngeal muscle thickness decreases
and the size of the pharyngeal lumen increases with age. Such a structural change in the phar-
ynx can result in incomplete pharyngeal constriction.

As for the sensory impairment associated with dysphagia, silent aspiration is a serious prob-
lem. Silent aspiration refers to aspiration before, during, or after swallowing in the absence
of cough or visible signs of choking and distress. In a previous study, 32.5% of frail older
adults with impaired safety swallow exhibited silent aspiration [60]. In a study on 76 healthy
older adults [67], 83% (63/76) and 28% (21/76) exhibited penetration and silent aspiration,
respectively. In addition, 85 and 61% of the subjects who exhibited penetration and aspira-
tion, respectively, did not elicit a sensorimotor response. In another study with 56 healthy
subjects [68], older adults showed a progressive decline in pharyngeal and supraglottic sensi-
tivity measured using air pulse stimulation; sensory discrimination was 2.07 + 0.20 mmHg in
subjects aged 20-40 years and 2.68 + 0.63 mmHg in subjects aged 61-90 years. Sarcopenia can
lead to sensory decline in the pharynx and larynx and cause silent aspiration.
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With regard to the changes in muscle tissue, sarcopenia or fatty degeneration after atrophy of
striated muscles was observed to be accompanied by accumulation of macrophages [69, 70].
The numbers of macrophages per striated muscle fiber were 5-6 times greater in the larynx
and pharynx than in other parts of the body (e.g. tongue, shoulder, and anus) in old men [71].
This kind of change in muscle tissue can lead to dysfunction of swallowing muscles with age.

3.4. Esophageal phase

Dysphagia caused by problems associated with the esophageal phase of swallowing is termed
“esophageal dysphagia”. Esophageal dysphagia can occur due to achalasia, diffuse esopha-
geal spasm, nonspecific motor disorders, obstructive lesions such as stenosis or neoplasm,
or gastroesophageal reflux disease [72]. Esophageal motility disorder with aging is termed
“presbyesophagus” [73]. Neuromuscular dysfunction, decreased resting upper esophageal
sphincter (UES) pressure, and delayed relaxation of the UES after swallowing are some
age-related changes in swallowing [74, 75]. Sarcopenia can also alter esophageal functions.
Sarcopenic esophageal dysphagia may be also important in addition to sarcopenic oropha-
ryngeal dysphagia.

3.5. The coordination of swallowing with respiration

Disturbed respiration can cause aspiration in older adults [76]. The expiration-swallow-expi-
ration (EX/EX) pattern is essential to prevent aspiration [77]. However, the probability of the
non-EX/EX respiratory phase pattern has been found to be higher in the middle- and old-age
groups than in the young-age group [78]. In addition, older adults had a longer swallowing
apnea duration than younger adults for preventing aspiration [78]. Though the coordina-
tion of respiration and swallowing is regulated by the central pattern generator center in the
brainstem, it can be altered in case of advanced age or disease [79]. This mechanism seems
to be related to respiratory function change with age or disease. A few studies showed that
respiratory muscle strength was related to sarcopenia [80, 81]. Sarcopenia can affect the safety
swallowing respiratory pattern. The relationship between sarcopenic dysphagia and respira-
tory function should be investigated.

4. Treatment for sarcopenic dysphagia

A systematic review suggested that interventions such as resistance training, compound
exercises (a mix of aerobic, flexibility, and/or balance training), and nutritional interventions
(protein supplementation, essential amino acid [EAA, mainly leucine] supplementation,
B-hydroxy p-methylbutyric acid [HMB; a bioactive metabolite of leucine] supplementation
with arginine or alone or fatty acid supplementation) were effective for improvement of gen-
eralized muscle mass and strength or functions [82]. Among these interventions, supervised
resistance exercise or composite exercise programs for at least 3 months and preferably lon-
ger, EAA (with leucine), and HMB were indicated to be more beneficial for improving mus-
cle-related parameters in sarcopenia. In another review, Morley [83] suggested that resistance
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exercise is the most promising candidate for attenuating sarcopenia. In addition, supplemen-
tation with essential amino acids, creatine, vitamin D, or testosterone was also indicated to
be effective.

With respect to treatment of dysphagia in relation to sarcopenia, the effectiveness of resistance
training intervention to improve tongue muscle function has been demonstrated. Robbins et al.
[9] used the Iowa Oral Performance Instrument to examine the effect of an 8-week progressive
tongue resistance exercise program consisting of compressing an air-filled bulb between the
tongue and hard palate in 10 healthy older adults aged 70-89 years. The frequency of exercise
was 30 times in a single session, three times a day, and 3 days a week. The exercise intensity
level in that study was 60% of the maximum pressure in the first week and 80% of the maxi-
mum pressure in the remaining 7 weeks. In this study, isometric tongue strength (baseline:
mean 41 kPa; week 2: 44 kPa [nonsignificant difference]; week 4: 47 kPa [p = 0.02 compared to
baseline]; week 6: 49 kPa [p = 0.01 compared to baseline]), tongue volume (change rate ranges
from 2.16 to 10.68% upward), and peak swallowing pressure increased after the intervention.
Tongue strength and thickness are decreased in sarcopenia but can have possible reversibility.
The method used for measurement of tongue strength is described in Figure 2.

The effectiveness of the Shaker Exercise for strengthening the suprahyoid muscles is well-
known in the field of dysphagia rehabilitation. The Shaker Exercise consists of an isometric
component comprising three head lifts for 60 s each with a 60-s rest period between two
consecutive head lifts and an isokinetic component comprising 30 consecutive head lifts at
constant velocity (Figure 3). Shaker et al. [84] and Easterling [85] examined the effect of this

Figure 2. Tongue strength measurement. Compressing an air-filled bulb between the tongue and the hard palate and
displaying the maximum tongue strength at the upper row (JMS, Hiroshima, Japan).
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Figure 3. Shaker exercise. Lying on a bed and raising the head without lifting the shoulder, while looking at the toes.

exercise in healthy older adults. They showed that the anterior hyoid and larynx as well as the
deglutitive anteroposterior UES opening diameter increased after this exercise was performed
three times daily for 6 weeks. Wakabayashi et al. [86] demonstrated that dysphagia with aspi-
ration was independently associated with both malnutrition and low head lifting strength.
They suggested head lifting strength as an indicator of the severity of dysphagia in frail older
adults. Strengthening the head lifting muscles can be an effective treatment for sarcopenic
dysphagia. In recent years, a new method to strengthen the suprahyoid muscles—the Chin
Tuck against Resistance (CTAR) exercise—has been developed [87]. This exercise involves
squeezing a rubber ball placed between the chin and the manubrium sterni (Figure 4). The
maximum activation level of the suprahyoid muscles measured using sEMG was significantly
greater after this exercise than after both the isometric and isokinetic tasks in the Shaker
Exercise; in addition, the CTAR exercise was less strenuous. CTAR was suggested to also be
more specific in targeting the suprahyoid muscles than the Shaker exercise [88]. Instead of
the rubber ball, a training device named ISO Swallowing Exercise Device (Alternative Speech
and Swallowing Solutions, Inc.) was developed in America recently. The CTAR may be more
feasible and efficient to improve swallowing function in older adults with sarcopenic dys-
phagia. The jaw-opening Exercise was developed as another training regimen for improving
suprahyoid muscle strength [89]. This exercise is performed by opening the jaw to the maxi-
mum extent and maintaining this position for 10 s while feeling a sensation of stretching. This
exercise is repeated 5 times with 10 s of rest as 1 set. Two sets of this exercise are needed to be
performed daily. After this exercise, the upward movement of the hyoid bone and the open-
ing of the UES significantly increased in all subjects. In addition, the time for pharynx passage
also significantly decreased. In this study, among eight subjects with chronic dysphagia, four
had dysphagia due to cerebrovascular disease and the remaining four had dysphagia due to
possible sarcopenia. Further studies on interventions for people with sarcopenic dysphagia
are warranted in the future.

For the treatment of dysphagia and prevention of aspiration pneumonia, compensatory strat-
egies are important [7]. Particularly, modification of the consistency of ingested liquids is
commonly used as a compensatory strategy. Rofes et al. [60] demonstrated that the preva-
lence of penetration and aspiration decreased by increasing the viscosity of ingested liquids
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CTAR using ball

A

Figure 4. Chin tuck against resistance exercise. Squeezing a rubber ball placed between the chin and the manubrium
sterni. Source: http://www.speechtherapyworks.com.sg/blog/new-dysphagia-exercise-chin-tuck-against-resistance-alter-
native-to-shaker-exercise/.

(liquid, nectar, and pudding viscosity) in frail older patients. In contrast, they also found
that the prevalence of oral and pharyngeal residue increased with increase in viscosity. Thus,
altering the consistency of ingested liquids can be effective for increasing the safety but not
the efficiency of swallowing. The appropriate viscosity level should be determined by objec-
tive examination in older adults with sarcopenic dysphagia.

As treatments for sarcopenic dysphagia, nutritional and physical interventions have been
indicated to be effective. Maeda and Akagi [90] describes the case of an 80-year-old woman
who recovered from sarcopenic dysphagia with aggressive nutritional management and
physical therapy in addition to dysphagia therapy. In their nutritional management, the
total energy intake increased from 1200 to 1830 kcal/day, and the amount of protein intake
increased from 0.84 ideal body weight (IBW)/day to 1.42 g/kg IBW/day. As a result, the oral
intake level [91] improved from “nothing by mouth” level to “total oral diet with multiple
consistencies, but requiring special preparation or compensations” level. Wakabayashi and
Uwano [92] also described the case of a 71-year-old man who recovered from sarcopenic dys-
phagia with aggressive nutritional management and physical therapy in addition to dyspha-
gia therapy. His energy intake was 986 kcal/day at the time of referral to the department of
rehabilitation medicine and was increased to 2200 kcal/day. The oral intake level in this case
improved from “nothing by mouth” level to “total oral diet with no restriction” level. In both
the cases, physical function and nutritional status also improved with improvement in oral
intake level. These cases indicate that nutritional management and physical rehabilitation
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in addition to dysphagia rehabilitation can be effective in the treatment of sarcopenic dys-
phagia. Our study [11] investigated the association between tongue strength, grip strength,
and nutritional status, suggesting the effectiveness of physical rehabilitation and nutritional
therapy in improving tongue strength. Yoshimura et al. [93] demonstrated that nutritional
intervention added to resistance training improved muscle mass and activities of daily living
more than resistance training alone in older inpatients in a rehabilitation hospital. Therefore,
the combination of nutritional intervention and resistance training can also be effective in
the treatment of sarcopenic dysphagia. Wakabayashi and Sakuma [94] have proposed that
nutritional rehabilitation is useful for the treatment of sarcopenic dysphagia. In this concept,
nutrition management, to increase muscle mass and strength, is proposed to be indispens-
able for rehabilitation. On the other hand, the effectiveness of nutritional intervention in
sarcopenic dysphagia is unclear because of the lack of intervention studies and hence, such
studies are warranted in future.

In adults aged 60 years or older, with atrophy of the vocal cords or sulcus vocalis with aging,
self-controlled vocal exercise in the sitting position that consists of counting out loud from 1 to
10 while pulling up firmly on both sides of the seat reduced the frequency of hospitalization
for aspiration pneumonia (2/199 in the intervention group and 18/216 in the control group)
[95]. Subjects in the intervention group exercised for a total of two sets, both in the morning
and in the evening for 6 months. The intrinsic laryngeal muscles commonly cause glottal
closure insufficiency with aging [96-98]; therefore, sarcopenia can cause atrophy of the vocal
cords. Because insufficient glottal closure increases the risk of aspiration [99], atrophy of the
vocal cords can lead to aspiration pneumonia in older adults. The vocal exercise mentioned
above can be an effective treatment for sarcopenic dysphagia.

As decrease in pharyngeal and supraglottic sensitivity was indicated in older adults with
sarcopenic dysphagia, sensory stimulation may be an effective treatment. Ortega et al. [100]
demonstrated the effectiveness of two sensory stimulation techniques. One was the chemical
sensory stimulation with a natural TRPV1 agonist solution (natural capsaicinoids 1 x 10~ M).
In this study, capsaicin solution was obtained from an alimentary sauce containing 185.5 pg/g
of capsaicinoid. Subjects consumed 10 mL of tomato juice mixed with the capsaicinoid sauce
three times per day before each meal, 5 days per week for 2 weeks. The other technique
was electrical stimulation in the thyrohyoid position using the Intelect VitalStim device
(Chattanooga Group, Hixson, TN, USA), consisting of the application, at rest, of 80 Hz of trans-
cutaneous electrical stimulus (biphasic, 700us). Subjects received this therapy for 1 h per day,
5 days a week for 2 weeks. Aspiration was significantly reduced in the group that received
a natural TRPV1 agonist solution (TRPV1 group; 38.46% vs. TSES group; 0%) and the prev-
alence of penetration decreased significantly in the group receiving electrical stimulation
(TSES group; 87.5 vs. TRPV1 group; 25%). In addition, the time for laryngeal vestibule closure
was significantly shortened in responder patients in the group receiving electrical stimulation
(TSES group; 480 + 167 ms vs. TRPV1 group; 295 + 189.9 ms). Because the cause of dysphagia
in the subjects in this study was aging (39.5%), or a combination of aging with previous stroke
or neurodegenerative diseases, the effectiveness of these techniques for older adults with sar-
copenic dysphagia should be examined.
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In rehabilitation for sarcopenic dysphagia, risk management for aspiration pneumonia is also
important. Frail older patients with oropharyngeal dysphagia have poorer oral health, higher
oral bacterial load, and a higher prevalence of oral colonization by respiratory pathogens than
healthy older adults [101]. Since these can be potential risk factors of aspiration pneumonia,
oral care is important as a risk management strategy in the treatment of sarcopenic dysphagia.

The Dysphagia Working Group from the European Society for Swallowing Disorders and the
European Union Geriatric Medicine Society has proposed that oropharyngeal dysphagia is a
multifactorial geriatric syndrome [7] and is treatable only with a multidimensional approach.
Further research is required to identify the components of this multidimensional approach.

5. Conclusions

Sarcopenic dysphagia is a swallowing disorder caused by sarcopenia of the swallowing mus-
cles, including the general skeletal muscle. Its prevalence seems to be high, particularly in
older adults after acute disease. Because sarcopenic dysphagia is caused mainly by inactivity
and malnutrition, it is preventable and treatable in most cases. Among published articles on
dysphagia, there have been few studies on sarcopenic dysphagia. With an increasing aging
population, sarcopenic dysphagia has become an important public health issue. For adequate
prevention, diagnosis, and treatment, further studies on the pathophysiology of and interven-
tion for sarcopenic dysphagia are warranted in future.
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Abstract

Sarcopenia is a complex problem and an important emerging field in rehabilitation of the
elderly. In 2010, the European working group on sarcopenia in older people (EWGSOP)
described sarcopenia as a syndrome characterised by progressive and generalised loss
of skeletal muscle mass and strength, associated with a risk of adverse outcomes such
as physical disability, poor quality of life and death. This field of rehabilitation has been
defined as ‘evaluative, diagnostic and therapeutic interventions whose purpose is to
restore functional ability or enhance residual functional capability in elderly people with
disabling impairments’. With growing numbers of frail older people, there is an increas-
ing need for appropriate geriatric rehabilitation services. Definitely, sarcopenia needs a
specific rehabilitation program to improve muscular mass and strength that must be inte-
grated with a global approach with the aim to recover postural assessment, amplify sen-
sory-motor systems, in order to gain the necessary information for proper motor planning,
to reduce risk of falls. Several physical agents in medicine permit to treat sarcopenia, like
vibrations or electrical stimulation. The aim of this chapter is to give an overview about
rehabilitative medicine for sarcopenia, highlighting the state of the art, presenting the most
significative clinical researches and giving some inputs to set a rehabilitation protocol.

Keywords: sarcopenia, physical energies, complex sensory-motor rehabilitation

program, vibrations, electrical stimulation

1. Introduction

Sarcopenia (from the Greek sarx ‘flesh’ and penia ‘loss’) is a term used for the first time by
Rosenberg to describe the age-related decrease in muscle mass. In fact, aging is associated with
a progressive decline in muscle mass that can lead to a decrease in muscle quality and strength.
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In 2010, the European working group on sarcopenia in older people (EWGSOP) described sar-
copenia as a syndrome characterised by progressive and generalised loss of skeletal muscle
mass and strength, associated with a risk of adverse outcomes such as physical disability, poor
quality of life and death [1]. The reduction in muscle mass is associated with longer hospi-
talisation, increased need for rehabilitation care after hospital discharge, infective complica-
tions, prolonged duration of mechanical ventilation and higher mortality. There are several
approaches to treat sarcopenia and it was demonstrated that, regardless of the type of interven-
tion, treatment improves the quality of life preventing falls, disability and loss of independence
among elderly patients [2]. Among interventions, resistance training has been shown to be the
most effective to reduce the effects of sarcopenia, this because it induces skeletal muscle hyper-
trophy and enhances muscle strength; unfortunately, resistance training is not always feasible
in sarcopenic elderly people [2]. Therefore, in these cases, physical therapies come to the res-
cue, i.e. vibrations or electrical stimulations. Particularly, it is possible to use focal vibrations,
which excite the afferents coming from the neuromuscular spindle, leading to the activation
of the proprioceptive sensory system. Electrical stimulation too is an alternative, even more
effective than exercise alone, in strengthening muscles in sarcopenic patients [3]. These alter-
native approaches to exercise offered a safe addition to a traditional, high-intensity volitional
strengthening program with the aim to implement muscular mass and strength. It is also a nec-
essary adequate sensory-motor and functional recovery program to reach an acceptable walk-
ing ability. The ability to walk is the key to any human movement, despite the fact the human
movements are not limited to bipedal locomotion; bipedal locomotion is a fundamental part
of daily life and is a prominent target of public health physical activity guidelines [4]. In order
to get a better walking performance and a postural global improvement, two integrate pro-
cedures may be used: normalisation of the foot-ground reaction to control vertical and shear
forces on the foot during the stance phase; second one is the microgravitary environment that
determines the sensory-motor and functional recovery of the posture during walking activity
in combination to the development of proprioceptive information from periphery to the corti-
cal central system [4]. Definitely, sarcopenia needs a specific rehabilitation program to improve
muscular mass and strength that must be integrated with a global approach with the aim to
recovery postural assessment, amplify sensory-motor systems, in order to gain the necessary
information for proper motor planning, to reduce risk of falls.

2. Background

Aging, as mentioned, is characterised by a progressive loss of skeletal muscle mass and
strength, thus leading to the loss of functional capacity. In sarcopenia, the loss of skeletal
muscle mass must be due to a chronic disruption in the balance between muscle protein syn-
thesis and degradation.

In active and healthy elderly patients, the mechanism underlying the loss of muscle mass does
not seem to be bound to a disorder of protein metabolism in the basal state (fasting). Rather, it
was proposed that muscle in the elderly presents a deficiency in the ability to regulate protein
synthesis in response to an anabolic stimulus, such as physical activity or food intake [1].
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According to epidemiological data in literature, the prevalence of sarcopenia in people rang-
ing in ages from 60 to 70 turns out to be 5-13%, while in patients over 80, it varies between
11 and 50% [2]. In 2000, the number of people worldwide over the age of 60 years was esti-
mated at 600 million, a value that is forecast to rise to 1.2 billion in 2025 and 2 billion in 2050
[5]. Making an approximate estimate about the prevalence, people with sarcopenia nowa-
days are more than 50 million that should increase to over 200 million in the next 40 years.

The impact of sarcopenia in elderly affects multiple aspects; in fact, its influence can be seen in
terms of morbidity [6], disability [7], increasing in costs related to health care [8] and mortality [9].

The underlying causes of sarcopenia and frailty are multifactorial. Although the progressive
loss of muscle mass that occurs with aging is well-known for many years, but it is only with
the latest techniques and prospective-longitudinal studies that changes related to aging in
muscle composition have begun to be described [10].

Several reviews have highlighted cellular and molecular mechanisms underlying the weak-
ness and muscle atrophy related to aging [11]. It has been seen that the loss of muscle strength
and mass are the consequence of a progressive atrophy due to a loss of individual muscle
fibres associated to a reduction of some motor units; this implies fat and other non-contractile
tissue (i.e. fibrous tissue) infiltrations which involves a reduction of “‘muscle quality’ [1].

Therefore, changes in musculoskeletal age are initially neuromuscular and subsequently oth-
ers several factors intervene (Figure 1) such as neural transmission, protein synthesis and
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degradation, muscle architecture, composition of muscle fibres, increasing in production of
reactive oxygen species, apoptosis of muscle cells, alteration in excitation-contraction cou-
pling and metabolism [11].

In generic terms, sarcopenia is the age-associated loss of skeletal muscle mass and function; this
decline is progressive and generalised with the possible risk of adverse outcomes such as phys-
ical disability, poor quality of life and even death [12, 13]. The causes are multifactorial and can
include disuse, changing endocrine function, chronic diseases, inflammation, insulin resistance
and nutritional deficiencies. The pathogenic mechanisms underlying sarcopenia are different
from acute muscular atrophy resulting from disuse, cachexia, denervation or other conditions.

In order to make the diagnosis of sarcopenia, the European working group on sarcopenia in
older people (EWGSOP) recommends verifying the simultaneous presence of both low mus-
cle mass and reduction in muscle function (understood as strength or performance). Thus, the
diagnosis requires the satisfaction of the criterion 1 in combination of criterion 2 or criterion 3
(Table 1).

The reason why are necessary at least two criteria for the diagnosis is that the force does not
depend only on the muscle mass and also the relationship between strength and mass is not
linear [14]. In fact, alterations in muscle quality have a central role in the loss of strength in
elderly. Hughes et al. [15] showed that only a variation of 5% in strength depends on muscle
mass. Muscle weakness may lead to reduced function, decreased physical activity and immobil-
ity, thus leading to secondary muscular ‘ex non usu’ atrophy. Consequently, diminished muscle
mass is the result, but also the cause of age-related loss of strength. This is due to increased
levels of pro-inflammatory cytokines and to a damage of type 2 muscle fibres. Furthermore,
the growth in muscle mass is not directly related to an increment in strength, which may be
increased even in the absence of a visible variation of muscle mass [16]. Neurological changes,
hormonal and metabolic milieu, pro-inflammatory cytokines, fat infiltration (lipotoxicity) may
conduce to a progressive muscle weakness in elderly [13]. Therefore, defining sarcopenia only in
terms of loss of muscle mass is too simplistic and may be of limited clinical value. Precisely for
this reason, some authors argue that the term dynapenia would be preferable to describe the loss
of strength and function associated with aging [17]. However, ‘sarcopenia’ is a term so widely
spread that replacing it could generate more confusion.

Sarcopenia staging, which reflects the severity degree of the disease, is a concept that can be
of assistance in clinical management of the condition; specifically, the EWGSOP suggests a
division into “pre-sarcopenia’, ‘sarcopenia’ and ‘severe sarcopenia’ (Table 2). ‘Pre-sarcopenia’
stage is characterised by low muscle mass without influencing on muscle strength or physical

Diagnosis is based on documentation of criterion 1 plus criterion 2 or 3

1. Low muscle mass
2. Low muscle strength

3. Low physical performance

Table 1. EWGSOP diagnostic criteria.
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Stage Muscle mass Muscle strength Performance
Pre-sarcopenia l

Sarcopenia ! ! Or|

Severe sarcopenia l l 1

Table 2. EWGSOP stages of sarcopenia.

performance; this phase can only be identified by techniques that measure muscle mass accu-
rately (see later). Concerning to standard populations, ‘sarcopenia’ stage is characterised by
low muscle mass with low muscle strength or low physical performance. The last stage, when
the three criteria (low muscle mass, low muscle strength and low physical performance) are
present concomitantly, is defined as ‘severe sarcopenia’. Recognising different stages of sar-
copenia is essential to choose the most appropriate treatment and setting, thus enabling the
achievement of therapeutic goals. Staging also allows to program scientific research focused
on a particular stage or to evaluate any changes over time [18].

Generally, all the syndromes associated with prominent muscle loss are described as sarco-
penia. Only research on the etiopathological mechanisms of age-related sarcopenia can lead
to distinction from secondary forms, so the most appropriate therapy for each of them can be
chosen such as cachexia, frailty and sarcopenic obesity.

The parameters of sarcopenia are muscle mass and function. The measurable variables are
mass, strength and physical performance; for diagnostic and research purposes, it is important
to identify the best diagnostic test that is able to measure them accurately. It is also important
to recognise changes by repeating the same measures over time in the same individuals [18].

Only a few clinical trials are underway to evaluate the potential for sarcopenia treatments
compared to the great impact that reduced mobility and functionality have on the quality of
life of older people. The absence of standardised primary outcomes is a major challenge for
the design of such studies. For intervention trials, EWGSOP presently recommends three pri-
mary outcome variables: muscle mass, muscle strength and physical performance (Table 3).
Further studies could lead to the finding of outcomes currently considered secondary, but
which may play a central role in the diagnostic and prognostic phase of this clinical condition.

Among methods of evaluation computed tomography (CT) and magnetic resonance imaging
(MRI) can distinguish fat from other soft tissues of the body, thus representing validate meth-
ods for estimating muscle mass for research scope. The high costs and risks related to exposure
to radiation (TC), limit their use in clinical practice. Dual energy X-ray absorptiometry (DEXA)
distinguishes adipose tissue, bone mineral mass and lean body mass. It can be used both in
research and in clinical practice and exposes patients to a smaller quantity of radiations.
However, the access to this method is limited for severely obese individuals; furthermore,
the equipment is not portable, which limits its use in epidemiological studies on a large scale.

Bioimpedance analysis (BIA) is a test that is not expensive, easy to use, easily reproducible and
suitable for both ambulatory patients and bedridden. The bioelectrical impedance measurement
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Variable Exams Clinical practice
Muscle mass Computed tomography (CT) BIA

Magnetic resonance imaging (MRI) DXA

Dual energy X-ray absorptiometry (DXA) Anthropometry

Bioimpedance analysis (BIA)
Total or partial body potassium per fat-free tissue

Muscle strength Handgrip strength Handgrip strength
Knee flexion/extension
Peak expiratory flow

Physical performance Short Physical Performance Battery (SPPB) SPP
Usual gait speed Usual gait speed
Timed up and go test Timed up and go test

Stair climb power test

Table 3. Measurements of muscle mass, strength and performance in research and clinical practice.

techniques have been studied for many years and the BIA results in standard conditions cor-
relate with the predictions of the MRI [19].

Among measurements to assess muscle strength, it is necessary to emphasise the importance
of handgrip test; even if lower limbs are more relevant than the upper limbs in physical func-
tion and walking, the evaluation of strength by isometric handgrip has been widely used.
Measured under standard conditions, with a well-studied model of dynamometer hand, it is
closely correlated with lower limb muscles power and with the area of calf section.

The short physical performance battery (SPPB) is one of the most valid techniques to mea-
sure physical performance. It consists of a brief set of tests evaluating the functionality of the
lower limbs. This battery is composed of three different sections. The first one is the assess-
ment of balance in three tests: (a) maintenance of balance in stand position with feet together
side-by-side for 10 seconds; (b) maintenance of balance in semi-tandem position (heel of one
foot against side of big toe of the other) for 10”; (c) maintenance of balance in tandem posi-
tion (feet aligned heel to toe) for 10”. The second section evaluates gait speed measuring the
time required to walk 4 m linear at a normal pace. Finally, the third one measures the time
required to perform five rises from a chair to an upright position as fast as possible without
the use of the arms.

Other tests can be used in clinical practice, as they require a very simple execution setting.
One of these is the sit to stand test, which evaluates the ability to move from sit to stand
position without using arms. The timed up-and-go test (TUG), which evaluates the dynamic
balance by measuring the time required to complete a series of tasks (getting up from a chair,
walking a short distance, turning around an obstacle, walking back and sitting down again)
[20, 21].

Specific mode and intensity of physical activity can act synergistically to maintain and even
increase muscle mass, strength and power, both in healthy individual and in elderly patients
with limited functionality. These interventions also have been found effective for all ages and
there is evidence for similar responses in both female and male [22].
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During aging, a sedentary lifestyle is associated with a decrease in lean body mass and with
an increase in fat mass, which ultimately leads to an increase in mortality and functional
limitations. This is demonstrated in studies showing the reduction of cardiovascular-related
risk and all causes of mortality in individuals highly physically active than those moderately
active or worse sedentary.

Physical activity, in particular resistance exercises, is a powerful stimulus to promote muscle
protein anabolism, resulting in specific metabolic and morphological adaptations of the skel-
etal muscle tissue. Resistance type exercise training can effectively increase muscle strength
and muscle mass, thus improving physical performance and functional capacity. To stimulate
muscle hypertrophy and to increase strength in elderly patients, it is known [23] that the tra-
ditional exercise of resistance at low speed (i.e. performing concentric and eccentric to each
muscle in 2-3") is found to be a type of intervention that is safe, feasible and effective. The
physiological response to resistance exercises may consist in an increase in protein synthesis,
in an activation and proliferation of satellite cells, in a production of anabolic hormones and
in a decreased activity of catabolic cytokines. Resistance exercises in elderly subjects appear
to lead to an increased number of mitochondria and a reduction in oxidative stress. Recent
scientific evidences suggest that muscle performance is a determining factor regarding the
functional capabilities. A new and effective approach to increase power in elderly subjects is
found to be the fast-contraction-velocity exercise. In addition, the aerobic exercise can gener-
ate benefits on elderly muscles through an increment in mitochondrial energy production,
increased insulin sensitivity and/or reduction of the oxidative stress [24].

In elderly patients, the clinical relevance of a nutritional and rehabilitative intervention based
on exercise, resides with the long-term effects on not only strength and muscle mass but also
on the implications concerning functional capacity and risk of developing chronic metabolic
diseases. It is well known that the ability to respond to an anabolic stimulus, through the acti-
vation of muscle protein synthesis, is kept up even in elderly (though to a lesser extent) [24].
Definitely, it is possible to affirm that resistance-type exercise interventions have been shown
effective in increasing skeletal muscle mass, training muscle strength and/or improving func-
tional capacity in elderly [24].

3. Rehabilitation

3.1. Scientific researches

Over the years, we have therefore investigated the effects of exercise and mechanical stimula-
tion in primary prevention and treatment of sarcopenia.

In 2006, the first study [25] evaluated the selective development of muscle strength in 20 female
subjects with severe atrophy of the femoral quadriceps muscle, with a mean age of 31 years.
Subjects were randomly divided in two groups, named A and B. Group A performed 10 reha-
bilitation sessions, 5 times per week, lasting 10 minutes each, with mechano-sound vibration
(without performing voluntary contraction) with a defined frequency of 300 Hz. Group B
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performed 10 sessions of strengthening every other day through isokinetic Cybex equipment
at 90°/second in concentric-eccentric mode. The evaluation was performed at first visit (T0),
after the treatment period (T1) and at a 6 months follow-up (T2) by isokinetic testing (Cybex)
with flexion-extension movement of right and left knee at 180 and 60°/second, in both study
groups. At T1 evaluation, it was found in both groups a significant increase in muscle strength
and working ability as well as an improvement in muscular coordination. The increase in
contractile strength in group A was comparable to that obtained with a conventional rehabili-
tation protocol (group B). Differences between the two groups were the longest duration of
treatment effectiveness (about 6 months) and the faster achievement of these results, already
during the protocol, in Group A. High speed contractile improvements induced by the local
vibrational method appeared more effective; in fact, in group A, contralateral muscle strength
improved too, unlike the group B.

In a 2008 study, we compared the efficacy of three methods of training in elderly subjects with
postural instability and sarcopenia [26]. Nineteen subjects (11F and 8M, aged between 64 and
80 years) took part in the study. Evaluations at TO and T1 have been carried out through clini-
cal examination, needle biopsy of the vastus lateralis muscle (measuring specific development
of the individual fibres), expression of myosin heavy chains, transcriptional and regenerative
capacity profile of satellite cells. Subjects were divided randomly into three groups of six
subjects each; group A performed aerobic training (endurance), group B anaerobic training
(power), group C mechano-sound vibration at a frequency of 300 Hz. The protocol frequency
was three sessions per week for all study groups. The results obtained showed that the devel-
opment of single fibre strength did not change in any of the training protocols; gene expres-
sion profiles showed, for each type of intervention, the stimulation of a specific metabolic
pathway, as both resistance and vibration training increased aerobic metabolism, while resis-
tance training stimulated creatine metabolism. All trainings protocols stimulated in a differ-
ent way the expression of sarcomeric and cytoskeletal proteins; in particular, mechano-sound
vibration training has stimulated proteins associated with the Z-line. It was also found that
satellite cells contribute to regeneration and trophism of muscle fibre. The results therefore
suggested that all training protocols are effective in contrasting the progression of sarcopenia
and each one is able to stimulate specific molecular signals. The effects are specific because
there is a relationship between the type of exercise and the metabolism stimulated.

In another study, we further evaluated the effect of focused vibration on elderly skele-
tal muscle [27]. Eleven subjects (5F and 4M, aged between 65 and 82 years), diagnosed
with sarcopenia in accordance with the guidelines of the Centers for Disease Control and
Prevention (CDC) were evaluated and treated. Inclusion criteria for the study were patients
older than 18 years, diagnosis of sarcopenia in absence of joint pathology. Exclusion criteria
were cardiovascular and/or metabolic diseases, hereditary or acquired muscular disorders,
respiratory and psychiatric disorders, treatment with testosterone or other drugs affecting
muscle mass. Mechanical vibrations were applied at local level at a frequency of 300 Hz on
thigh muscles for a period of 12 weeks, starting from a 15-minute per session once a week
to progressively reach 3 sessions per week. The evaluation consisted of clinical examina-
tion, resting ECG and isometric tests. These were carried out the week before the beginning
of the study (T0, pre-session), at the end of the therapeutic protocol (T1, post-session) and
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16 weeks after the end of treatment (T2, follow-up). Moreover, it was evaluated the body
mass index (BMI), the measurement of the circumference of proximal and distal thigh and
it was performed the vastus lateralis muscle biopsy. Maximal isometric strength evalua-
tion of lower limb extensor muscles showed an increase in strength since 4 weeks of treat-
ment in women and after 8 weeks in men; increasing strength reached a plateau phase at
week 12. As it regards the circumferences, it was found a significant increase of the distal
circumference of 0.5-3 cm and a non-significant increase of the thigh circumference at the
proximal zone. Vastus lateralis biopsy results showed the increase of muscle fibre section
width (TO0: 3667 + 310.7, T1: 4238 + 357.4 um?); changing in myosin chains, which switched
from the isoform slow (MyHC-1) to the isoform fast (MyHC-2X). Other interesting observa-
tions were the stimulation of genes involved in energetic metabolism (PIK3R3; GSK-3), in
protein synthesis and degradation, in calcium homeostasis (ACTA2; MLCB; ARL5A; LCCP;
TTID; POP3; RyR3; CHERP) and in oxidative stress processes (P12; PRDX3; MSRA). It was
also found a down-regulation of the gene coding for nitric oxide synthase (NOS-1). The
results showed that sarcopenic skeletal muscle reduced metabolic power because of sev-
eral factors, such as a reduction in blood supply, fibrosis processes and atrophy develop-
ment. Muscle tissue undergoes continuous oxidative phenomena; this leads to imbalance
between oxidant and antioxidant capacity; in fact, in elderly, several genes coding for anti-
oxidant factors are down-regulated. The reduced expression of NOS leads to a reduction
of the amount of nitric oxide circulating, compromising vasodilatation. Therefore, focused
mechano-sound vibration, increasing the expression of genes coding for antioxidant fac-
tors, while enhancing the maximal isometric force, can be considered effective in combat-
ing sarcopenia.

In a more recent study of 2013, we compared the effectiveness of three types of training on
strength and balance ability on a population of elderly male subjects suffering from sarco-
penia [4]. In this study, 40 male subjects (mean age 71 years) diagnosed with sarcopenia, in
accordance with the guidelines of the CDC, were evaluated and treated. Inclusion criteria
of the study were patients over 18 years, sarcopenia diagnosis in absence of joint disorders.
Exclusion criteria were cardiovascular or metabolic diseases, hereditary or acquired muscular
disorders, respiratory and psychiatric disorders, treatment with testosterone or other sub-
stances affecting muscle mass. Forty participants were included randomly into one of the four
study groups. Each group performs a specific protocol. Group A carried out a comprehensive
sensorimotor training on I-Moove® with ‘Reebost’ program (for balance and flexibility) for
20 minutes, after warming-up with cycle-ergometer (5 minutes) and stretching of the lower
limbs; frequency of sessions was 2 times per week for 12 weeks. Group B performed aerobic
endurance training with leg-press and leg-extension: 2 times a week for 12 weeks. Group C
underwent training vibration with a frequency of 300 Hz (average size of the transducer of
23.7 cm?) lasting 15 minutes per session, 1 session a week for the first 8 weeks and 3 sessions
per week in the last four weeks; group D (control group) did not perform any kind of rehabili-
tation program. The assessment was carried out using clinical examination, maximal isometric
tests performed on leg-extension equipped with load cell, BMI measurement, gait analysis,
stabilometry. At the end of treatment was highlighted statistically significant increase in bilat-
eral isometric force equal to 45% in group B (which performed resistance training) and 43%
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in group C, which was treated with mechano-sound vibrations. In the group, which carried
out the sensorimotor training on I-Moove (group A), the improvement was only 15%, while
no change was observed in the control group. About balance and stability, it was found a
significative improvement of the sway area and path length, measured by stabilometry, in
groups A and C; no improvements were found in groups B and D. Another observation was
the increase in half-step length in all three trained groups (108% in group A, 65% in group B,
92% in group C); step width increased only in the I-Moove group. Significant reduction of 24%
in time of contact to the ground was observed only in the vibration training group. The study
showed that an overall sensorimotor stimulation produced by focused acoustic vibration and
proprioceptive training, carried out with I-Moove, is an effective approach to increase strength
and balance in sarcopenic elderly, which could result in a better quality of life.

As a part of primary prevention, we also evaluated the influence of exercise and focused
acoustic vibration on blood concentration of some hormones [28]. Aim of the study was to
evaluate the effects of focused acoustic vibrations, set to a frequency of 300 Hz, on muscle
performance and blood hormone concentrations in healthy young adult males in acute and
long-term observations. In this study, 36 male patients (average age 21.5 years) were evalu-
ated and treated; they usually performed moderate intensity level of physical activity (1-2
times per week). The participants were divided into 2 groups: group A performed focused
mechano-acoustic vibrations every 3 days for 4 weeks (10 sessions overall); instead, group B
performed resistance training every 3 days for 4 weeks (10 sessions). The assessment was car-
ried out every 3 days, during therapeutic session, through haematochemical parameters (to
quantify hormone levels), counter-movement jump (CMJ) and maximal voluntary isometric
contraction (MVC); assessments were performed before each session, immediately after it
and 1 hour after the end of treatment. All subjects also performed isokinetic and MVC tests
after 4 weeks of training and at 2 months follow-up. Group A showed a significant increase
in growth hormone (GH) and creatine-phosphokinase levels and a reduction of cortisol levels
(P <0.05); no change was highlighted in group B. In both groups, it was observed a significant
improvement in MVC test (P <0.05). After 4 weeks, the results showed evidence of an increase
in isokinetic tests and in maximal strength test in both groups; the improvement persisted in
the next 2 months. These results indicate that focused mechano-acoustic vibrations can influ-
ence the concentration of particular hormones and can improve neuromuscular performance.
The benefit gained is maintained over the medium to long term and it was comparable to
what happens after a resistance training treatment.

Other authors have also studied the effectiveness of vibration therapy in improving strength
and muscle tone in patients suffering from sarcopenia. Wei et al. [29] try to determine the
optimal combination of frequency and exposure time of a whole-body vibration (WBV) train-
ing program to improve muscle performance in elderly with age-related muscle loss. A total
of 80 community-dwelling older adults with sarcopenia were randomly divided into four
groups, 20 patients each: first group treated with WBV set to low-frequency and long duration
(20 Hz x 720 seconds), second group treated at medium-frequency and medium duration (40 Hz x
360 seconds), third group set to high-frequency and short duration (60 Hz x 240 seconds)
and control group did not perform any training. The treatment period lasted 12 weeks and
a follow-up was scheduled at additional 12 weeks. There was a significant time per group



Rehabilitation in Sarcopenic Elderly
http://dx.doi.org/10.5772/intechopen.69638

interaction effect in isokinetic knee extension at 180°/second. The study found significant time
effects in all muscle strength outcome variables. Comparing second group (WBV set at 40 Hz
for 360 seconds) with control group, the authors found that the percentage of change from
baseline values were significant on isokinetic knee extension tests (at 180 and 60°/second).
Therefore, they concluded that the best combination for WBV exercise is to set medium fre-
quency and medium duration (40 Hz x 360 seconds), because of it shows the best outcome
among all other combinations tested; moreover, the improvements in knee extension perfor-
mance can be maintained for 12 weeks after cessation of WBV training.

The effectiveness of electrostimulation in rehabilitation has been long known, especially in
muscle strengthening. Kern et al [30] analysed (at functional, structural and molecular level)
the effects of electrical stimulation training on healthy seniors with normal lifestyle, without
routine sport activity. The study found that electrical stimulation was able to improve muscle
torque and functional performances and it increased muscle fibres and most importantly fast
fibres, which are related to the power of skeletal muscle. At molecular level, electrical stimula-
tion induced up-regulation of insulin-like growth factor 1 (IGF-1) and modulation of MuRF-1,
a muscle-specific atrophy-related gene. Furthermore, it induced up-regulation of relevant
markers of differentiating satellite cells and of extracellular matrix remodelling, which might
guarantee shape and mechanical forces of trained skeletal muscle as well as maintenance of
satellite cell function, reducing fibrosis. This study provide evidence that electrostimulation
is a safe method to counteract muscle decline associated with aging.

In 2015, Barberi et al. [31] analysed some downstream pathways activated by IGF-1. They
demonstrated that electrical stimulation increases not only anabolic pathways, but it also
reduces muscle catabolism. Extracellular matrix during physical exercise shows remodel-
ling processes. The authors demonstrated that this occur also with electrostimulation, due
to enhance of collagen expression; in fact, they observed an up-regulation of three differ-
ent forms of collagen (I, III and VI) in electrical stimulated muscle. The question was if this
increase in collagen was due to stimulated fibrosis by electrical stimulation. However, biopsy
did not demonstrate any accumulation of fibrotic tissue. Further supporting the morphologi-
cal evidences, Barberi et al. analysed miR29, one of the most important controllers of fibro-
sis. Actually, the electrical stimulation regulates miR29, which might down-regulate fibrosis.
Then authors verified electrical stimulation in increasing activity of satellite cells, such as
physical exercise. In fact, electrostimulation increased the number of these cells, and this
is also demonstrated by the increase of their molecular markers (myogenin, miR-206 and
miR-1). In conclusion, the electrical stimulation can be applied to elderly sarcopenic patients,
which might not carry out normal physical activity, modulating similar factors associated
with exercise. In particular, IGF-1 once stimulated through electrostimulation, activates ana-
bolic pathway, increasing protein synthesis and satellite cells. All these modifications lead to
an increase in muscle performance.

As part of a bio-progressive rehabilitative approach, treatment of sarcopenic patients may not
be limited to muscle strengthening or pain resolution. It appears clear; therefore, the need
for a global approach to the patient, which also guarantees postural and gait rehabilitation.
To do this, we usually consider the use of SPAD® (dynamic anti-gravitary postural system),
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the function of which is to provide postural stability and to increase exteroceptive and pro-
prioceptive sensitivity. SPAD® [32] is composed by a conveyor belt, surmounted by a lifting
structure, which forces the patient to walk in a straight line on a treadmill, while six proprio-
ceptive blocks (four anterior and two on the back) act on the rotation components.

In a 2008 study [33], the aim was to define the possibility of using SPAD system in elderly
rehabilitation. Group A was treated with SPAD system, while group B performed a proprio-
ceptive rehabilitative protocol on Galileo platform (WBV at 28 Hz). Patients were evaluated
at the beginning of the treatment (T0), at the end (T1) and at 6 months follow-up (T2) through
gait analysis, stabilometry and isokinetic test (Cybex® system). After treatment period, both
groups showed a significative improvement in gait alignment, a reduction of sway area and
ellipse surface in stabilometry and a significative improvement in isokinetic tests. At follow-
up evaluation, better results were found in group A (maintenance of previous results) than
in group B, especially in gait and balance. These results show the effectiveness of both treat-
ments suggested, with a better outcome at follow-up in the group that performed a rehabilita-
tive protocol with SPAD system. In conclusion, it can be stated that SPAD treatment allows
to comprehensively address the problem of postural disability evident in aging, as it acts on
deep spine muscles, improving lower limb muscles tone and associating a motor-vestibular
rehabilitation. This means a greater capacity of mobility with a better quality of life for elderly
people.

3.2. Rehabilitative protocols

Scientific data illustrated above and those collected by our personal experience allowed us to
summarise that each type of physical agents in medicine has a proper applicability in terms of
cost/benefit ratio. To modulate muscle activity, enhancing muscle tone, the approach applied is:

Step 1. Focused mechano-acoustic vibrations
Step 2. Focused mechano-acoustic vibrations + SPAD
Step 3. Electrical stimulation + whole-body vibrations + SPAD

With regard to the focused mechano-acoustic vibration, the frequencies related to effects on
muscles can be schematically summarised as follows:

e 120 Hz, muscle relaxation
* 200 Hz, strengthening of slow muscle fibres
¢ 300 Hz, strengthening of fast muscle fibres

Therefore, the treatment protocol we recommend, using Vibration Sound System?®, in elderly
patients suffering from sarcopenia, consists of 200 Hz for 10 minutes, 300 Hz for 10 minutes
and 120 Hz for 5 minutes, applied with segmental strips in standing and/or supine position
(Figure 2). The aim of this treatment is muscle strengthening and corticalisation.

Integrated protocols involve the use of focal vibrations in combination with active exercises
and systems that increase proprioceptive stimulation to determine the synergy between stimuli.
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Figure 2. Focused mechano-acoustic vibrations, in supine position.

For example, if the clinical conditions of the patient permit it, we work with Vibration Sound
System® to carry out eccentric exercises in upright position.

Treatment goals include increased strength through muscle hypertrophy and improved
flexibility. This is also achieved through stretching exercises that improve the absorption of
energy and the muscular movement range, and thus the power. Therefore, the reduction of
the risk of falling, as well as the improvement of coordination, is achieved.

Another type of integrated protocol, to recover kinetic and kinematic characteristics of gait,
includes the use of Vibration Sound System® with a proprioceptive system called Synergy Mat
(Human Tecar® Unibell srl, Calco, Italy). It is composed by mats and pillows and it allows train-
ing, rehabilitation and natural and harmonious re-education of the body. Different surfaces
give the possibility to work barefoot on different levels of instability, responding to the needs
of personalised training and rehabilitation (Figure 3). Different densities correspond to dif-
ferent level of movement absorption, providing protection of the joints and increasing energy
expenditure time. The variety of interchangeable elements that composed the Synergy Mat set
(mats and pillows) provides many combinations of routes adapted to the user-specific needs.

To better understand the potential of vibrations and even the feasibility to integrate them with
other rehabilitative systems (such as synergy mat), Table 4 provides a list of protocols related
to specific objectives and a brief description of exercises.
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Figure 3. Another possible way to use focused mechano-acoustic vibrations in association with synergy mat.

Aim Frequencies

Description

Muscle relaxation 50-120 Hz for 10 minutes
(applied with an hand piece)

120-200 Hz for 10 minutes
(applied with an hand piece)

Muscle strengthening, 200 Hz for 10 minutes
upright position 300 Hz for 10 minutes
120 Hz for 5 minutes
(applied with segmental strips)

Muscle strengthening and 200 Hz for 10 minutes
corticalisation 300 Hz for 10 minutes

120 Hz for 5 minutes

(applied with segmental strips)

Proprioceptive exercise in 60-80-100-120-140-160-180-200-220-
combination with Synergy Mat 240-260-280-300 Hz, to increase every
(Human Tecar® Unibell srl, 2 minutes

Calco, Italy) (applied with segmental strips)

Treatment of tender points and
fatigue

Treatment of trigger points and taut
bands

Strengthening of slow muscle fibres
Strengthening of fast muscle fibres
Deconditioning

Working with squats through active
work or isometric muscle contraction

Mono- and bipedal walking on
unstable proprioceptive platforms

Table 4. Treatment protocols proposed using mechano-acoustic vibrations.

As mentioned, the second-line treatment we suggest for sarcopenia is the association of
focused mechano-acoustic vibrations with SPAD® (Figure 4). This system has two alternative
and complementary support systems: pneumatic and mechanical, which allow using con-
sistently rates of body weight support even higher than 50%. The aim of this therapy is the
recruitment of specific muscle chains, postural reprogramming and optimisation of motor
coordination with restoration of the proprioceptive stimuli and physiological recovery of gait
motor patterns. Therefore, the goals are both mechanical (partial decompression of lumbar
spinal structures during the walk due to the microgravitary environment created) and pro-
prioceptive (automatic-induced adaptations related to walking, once the mechanical action of
relieves has achieved the percentage of body weight support established).
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Figure 4. SPAD® system.

Third-line treatment consists of whole-body vibrations, electrical stimulation and SPAD.

Currently available WBV devices (Figure 5) deliver vibrations at a range of frequencies from
15 to 60 Hz and displacements from <1 to 10 mm. Considering several combinations of ampli-
tudes and frequencies with current technology, it is clear that there are a wide variety of
WBY protocols that could be used in elderly patients suffering from sarcopenia. The duration
of treatment varies between individuals as well as frequencies (range 15-45 Hz); moreover,
sessions of short duration (2-20 minutes), interspersed in variable-duration periods of rest,
are recommended. The exercise on WBV platform would have to be performed in standing
with hips and knees in slight flexion, to ensure better transmissibility of the forces to hips and
spine. Table 5 shows our WBV protocols to treat sarcopenia.

Neuromuscular electrical stimulation is defined as the use of electrical stimulation to acti-
vate muscles through intact peripheral nerve. Conventional exercise programs to increase
strength are based on the overload principle of eliciting a small number of contractions of
high-intensity (at least 70% of a maximal contraction 3-10 repetitions or fewer) in a treat-
ment session performed 3-5 times per week. The same frequency of sessions can be applied
when using electrical stimulation to increase strength in healthy and healthy-but-injured
patients.

Our therapeutical approach involves the use of alternating currents of medium frequency
produced by Horizontal Therapy (Hakomed®, Figure 6). The rationale is that each induced
frequency generates a specific effect; for strengthening, in example, the frequencies at which
muscles have to work are 20 or 100 Hz. In particular, our protocol for sarcopenia consists of
a stimulation at 20 Hz for 30 minutes per session; this program includes a stimulation phase
and a rest phase of 30 seconds each.
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Figure 5. Whole-body vibrations (WBV).

Aim Parameters Protocol
Strength training Frequency: 15-12 Hz. Starting position: exercises out of force and power
Duration: 3-5 minutes. series alternately.
Amplitude: medium to high, Sets of 10, three sets per exercise. 10-to-20-second rest
depending on comfort. between sets.
1-3-minute rest between the sets.
Additional weights 70% of individual’s maximal
strength.
Stretching/balance Frequency: 15-30 Hz. Starting position: in standing, carry out exercises
exercises Duration: 3-5 minutes for each from balance and stretching series.

Power training

exercise.
Amplitude: low to medium.

Frequency: 18-30 Hz.
Duration: 5-6 minutes.
Amplitude: medium to high.

The number of repetitions is individually tailored.
Importantly, the whole body is gradually brought to
an end-of-range stretching position.

Balance: placing one foot alternately on the lowest
position, slightly lift the other foot and hold at 5 Hz
without support for 5-30 seconds.

Carry out exercises without weights, concentrating
on speed and changes in direction.

Table 5. Treatment sequence for the use of whole-body vibration in sarcopenia.
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Figure 6. Horizontal therapy.

4. Conclusions

Sarcopenia is a complex problem and an important emerging field in rehabilitation of elderly.
The progressive and generalised loss of skeletal muscle mass and strength is associated with
the risk of physical disability, poor quality of life and death.

For these reasons, adopting the correct therapeutic solutions results of fundamental impor-
tance; to do this is necessary to know, not only the possible pharmacological interventions,
but also the therapeutic possibilities that can be used thanks to the increased knowledge in
the field of physical therapy. The role of rehabilitation specialist must be to integrate various
therapeutic options in order to set a more suitable rehabilitative approach with the purpose
of recovery postural assessment and amplify sensory-motor systems.
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Abstract

Many patients with cancer experience muscle wasting and weakness. Muscle wasting in
patients with cancer can be caused by cachexia and sarcopenia. Both cachexia and sarco-
penia involve inflammation and oxidative stress. However, they differ in the underlying
mechanisms that lead to muscle wasting. Cachexia involves the release of inflammatory
cytokines due to cancer, while sarcopenia involves inflammation due to aging. Physical
exercise has shown effectiveness for improving physical function, ability, and quality of
life (QOL) in patients with cancer cachexia. On the other hand, no studies have investi-
gated the relationship between physical exercise and sarcopenia in elderly patients with
cancer. Previous studies showed effectiveness for improving physical function in elderly
patients with cancer. In the future, more studies are required on physical exercise in sar-
copenic elderly patients with cancer.

Keywords: cachexia, sarcopenia, physical exercise, quality of life, patients with cancer

1. Introduction

Muscle wasting and weakness are common in many disease states and conditions including
aging and cancer [1]. Muscle wasting in advanced cancer is related to age, sex, tumor type,
and inflammation [2]. It can be caused by inflammation and malnutrition in patients with
cancer [3]. Patients with cancer have problems including anorexia, weight loss, negative nitro-
gen balance, and skeletal muscle wasting [4]. The loss of muscle and fat tissue due to chronic
illness is referred to as cachexia, and the general loss of muscle mass with advancing age is
referred to as sarcopenia [5]. Sarcopenia diagnosis requires documentation of low muscle
mass along with either low muscle strength or low physical performance [6]. Cachexia and
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sarcopenia share some pathological muscle wasting mechanisms characterized by inflamma-
tion and oxidative stress [7, 8]. In both cachexia and sarcopenia, muscle loss can lead to frailty
and adversely affect various clinical outcomes [9]. Many oncologists and rehabilitation staffs
confuse cancer cachexia with simple starvation or physiological processes such as sarcopenia.
Since cancer cachexia and sarcopenia can both involve muscle wasting, we speculate that the
two conditions can be confused in patients with cancer. However, sarcopenia and cachexia
should not be confused in patients with cancer (Figure 1). Instead, it should be understood
that the loss of skeletal muscle mass occurs in patients with cancer (cachexia) as well as dur-
ing aging (sarcopenia). Cachexia involves muscle wasting and weakness as a result of cancer-
related inflammation, while sarcopenia involves muscle wasting and weakness as a result
of age-related inflammation. Thus, the underlying pathological processes leading to muscle
wasting and weakness differ between the two conditions.

Cachexia Sarcopenia
Cancer-related Age-related
inflammation inflammation

Muscle wasting and weakness

v v

Decreased ability, QOL, and survival

Figure 1. Muscle wasting due to cancer cachexia and sarcopenia.

2. Cachexia

Cachexia is associated with cancer and other chronic diseases, and cachexia patients lose
weight and experience a decline in their overall health. The mechanism of cancer cachexia
is known to involve inflammatory cytokines such as tumor necrosis factor-alpha and inter-
leukin-6 [10]. Cancer cachexia is a complex syndrome that describes the progressive muscle
wasting and weakness observed in many patients with cancer and accounts for at least 20%
of cancer deaths [11, 12]. It is caused by numerous complex interactions of tumor and host
factors [13, 14], and results in anorexia, wasting syndrome, and subsequent related issues [15].
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It is a multifactorial syndrome defined by an ongoing loss of skeletal muscle mass (with or
without loss of fat mass) that cannot be fully reversed by conventional nutritional support
[16]. A panel of experts has also defined consensus criteria for diagnosing cachexia in patients
with cancer [16]: (1) weight loss > 5% over the past 6 months (in the absence of simple star-
vation); (2) BMI < 20 kg/m? and any degree of weight loss > 2%; or (3) appendicular skeletal
muscle index consistent with sarcopenia (males < 7.26 kg/m? females < 5.45 kg/m?), and any
degree of weight loss > 2%. A defining feature of cancer cachexia is the loss of muscle, but fat
may also be lost [17]. Weight loss is involuntary, meaning that there is no desire or attempt to
lose weight. Cancer cachexia usually worsens over time, and as weight loss increases, cancer
cachexia patients also experience difficulties in daily activities.

Cancer cachexia has three clinical stages: precachexia, cachexia, and refractory cachexia [16].
The condition may occur in stages that are defined by differences in food intake, weight loss,
and ability to function. In addition to muscle wasting and appetite loss, patients who have
cancer anorexia—cachexia have a poor overall quality of life (QOL) and experience fatigue.
They find it difficult to perform regular daily activities [18], and experience a significant
symptom burden [19, 20]. Patients with cancer cachexia have significant decrease in physical
function [21, 22], with low grip strength, and shorter walking distance even when controlling
for muscle wasting [23, 24]. Also, cancer cachexia patients demonstrate lower physical activ-
ity [25-27]. In the early or mild stage, patients with cancer may only notice a slight loss of
appetite. At the moderate stage, patients will notice more weight loss and often eat less than
at the early and mild stages. In the severe stage, muscle wasting becomes markedly increased
compared to the moderate stage, and the condition may be resistant to normal treatments
such as dietary supplementation and nutritional support. Patients with cancer do not experi-
ence weight gain. Furthermore, patients may also have great difficulties in performing routine
activities [16, 28]. Cachexia can reduce the physical activities of daily living (ADL) in patients
with cancer [29]. Many patients with cancer cachexia experience decrease in physical function
and ADL after muscle wasting. Thus, in addition to nutritional support, physical exercise may
also contribute to improve the physical function in patients with cancer cachexia.

3. Sarcopenia

Sarcopenia, derived from a Greek word meaning “poverty of flesh,” is characterized by the
triad of progressive loss of skeletal muscle mass, muscle strength, and physical performance
[30]. It is defined as age-related muscle wasting; thus, sarcopenia frequently occurs in elderly
people. European Working Group on Sarcopenia in Older People (EWGSOP) recommends
that the diagnosis of sarcopenia in elderly patients should be based on the presence of both
low muscle mass and low muscle function (strength or performance) [6]. EWGSOP uses
these characteristics to further classify the condition into the stages of presarcopenia, sarco-
penia, and severe sarcopenia [6]. Sarcopenia has emerged as an important prognostic factor
in elderly advanced patients with cancer [6]. Modalities used to assess sarcopenia include
magnetic resonance imaging, computed tomography, dual-energy X-ray absorptiometry, and
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bioelectrical impedance analysis [31]. Sarcopenia is associated with poor performance status,
toxicity from chemotherapy, and short time of tumor control [32, 33].

Sarcopenia is now recognized as a multifactorial geriatric syndrome [34, 35], and is a com-
mon clinical symptom of elderly patients with cancer [36]. It has been reported to serve as an
independent risk factor for poor prognosis indicative of disease and death [37]. It typically
co-occurs with cachexia in patients with cancer [38]. However, changes in muscle mass and
physical performance may occur before clinically overt cachexia in patients with cancer [35].
In recent years, clinical research on the application of exercise, nutritional support, and drugs,
as well as other comprehensive interventions in sarcopenia patients have demonstrated good
results [39]. A significant proportion of elderly patients with cancer are at risk of sarcopenia
development. However, despite its potential impact on their quality of life [2, 40], limited data
are available regarding the factors associated with sarcopenia in elderly patients with cancer,
who might have more problems such as malnutrition than non sarcopenic patients.

4. Physical exercise

Physical exercise has the potential to help maintain or slow the loss of physical function [41]
as well as sustain and build muscle mass [42]. Aerobic and resistance exercise have been
found to better improve upper and lower body strength than usual care in patients with can-
cer [42]. Aerobic exercise training for skeletal muscles improves wasting in cardiac and cancer
cachexia patients [43]. Resistance exercise attenuates muscle wasting associated with a variety
of catabolic conditions [44]. Physical exercise has been shown to be effective in improving
physical activity levels in cancer survivors [45]. Physical activity intervention significantly
improved quality of life for cancer cachexia patients [46, 47]. A systematic review found that
physical activity has benefits including improvement in physical activity levels, aerobic fit-
ness, muscle strength, functional quality of life, anxiety, and self-esteem [48] (Figure 2).

Physical activity correlated with maximum exercise capacity, weight loss, blood hemoglo-
bin concentration, C-reactive protein, and QOL-related factors of physical functioning and
bodily pain in patients with cancer with progressive cachexia [49]. Physical exercise may pro-
mote a disruption in the cycle of events leading to cachexia advancement (i.e. muscle tissue
loss via anorexigenic proinflammatory cytokines) and, in turn, enhanced functionality and
thus, improved QOL in patients with cancer [50]. It has been suggested to counteract sus-
tained disease-related inflammation and the effect of exercise training in cancer cachexia [51].
Furthermore, it has been shown an association with the reduced levels of C-reactive protein
in patients with cancer [52].

In patients with cancer, physical exercise represents a function-preserving, anti-inflammatory,
and metabolism-modulating strategy with a low cost [53]. It may reverse protein degradation
while increasing protein synthesis and lean body mass, thus counteracting the wasting seen
in cachexia [54]. It is necessary to develop a better understanding of how to support patients
with cancer in starting and maintaining physical activity and exercise programs. It is uncer-
tain whether physical activity during and following cancer treatment has the same benefits
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Cachexia Sarcopenia
Cancer-related Age-related
inflammation inflammation

Physical exercise

Positive effect Unknown
Improvement of muscle To date, no effects of physical
wasting and weakness. exercise on physical function,
Prevention of lowered ability, ability, or QOL have been
QOL, and survival reported

Figure 2. The effectiveness of physical exercise for patients with cancer with cachexia and sarcopenia.

in the weight-stable and weight-losing patients. The question also remains as to whether
physical exercise has any health benefit in people with cancer cachexia or those at risk of
cancer cachexia. Research investigating physical exercise in patients with cancer undergoing
treatment has demonstrated improvements in physical performance, fatigue, and functional
quality of life. It is unclear whether these benefits are experienced by patients with cancer
cachexia. There is insufficient evidence to establish the safety and effectiveness of physical
exercise in cancer cachexia patients, and future trials on exercise and supportive care inter-
ventions are required in this population. Aerobic and resistance exercise regimens may have
positive effects on decreasing cancer-related fatigue and muscle wasting in patients with can-
cer cachexia.

To date, no studies have shown a relationship between physical exercise and cancer sarcope-
nia. In elderly patients with cancer, physical exercise has several benefits including improv-
ing immune function [55], hemoglobin and red blood cell count [56], and physical activity
[57], not but VO2peak, 1 repetition maximum, functional capacity, anxiety level, or emotional
well-being [58]. Physical exercise seems to improve physical function and immune function
in elderly patients with cancer [59]. However, it has not shown effectiveness for sarcopenic
patients with cancer.

5. Summary and conclusion

Muscle wasting is often encountered in patients with cancer. Both cachexia and sarcopenia
lead to muscle wasting in patients with cancer. However, the different mechanisms of muscle
wasting in patients with cancer should be recognized. Physical exercise might be effective
for improving physical function, physical activity, ADL, and QOL in patients with cancer
cachexia. In the future, more studies are required on physical exercise in sarcopenic elderly
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patients with cancer. Studies investigating the combined effect of physical exercise and nutri-
tional therapies such as branched chain amino acids in cancer rehabilitation are required to
improve patient outcomes in the future.
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Abstract

There has been great progress over the last decade in understanding the pathophysiology
of cachexia associated with pancreatic cancer. However, there is a large need to find bet-
ter therapeutic options to successfully manage this complex and challenging condition.
Patients with pancreatic cancer have some of the highest prevalence and often the most
severe degrees of cachexia, which is described as a multifactorial metabolic syndrome
that is associated with unintended weight loss of adipose tissue and skeletal muscle in the
setting of anorexia. This chapter will review the current concepts surrounding pancreatic
cancer cachexia, its clinical diagnosis, pathophysiology, and its known and proposed ther-
apeutics. A multimodal approach utilizing nutritional support and pharmaceutical thera-
pies is proposed to lead to the most successful management of pancreatic cancer cachexia.

Keywords: pancreatic cancer, cachexia, anorexia, metabolic syndrome, catabolism

1. Introduction

In western countries, pancreatic cancer represents the fourth leading cause of cancer-related
death [1]. Among the many complications associated with this disease, cachexia marked by
progressive weight loss represents one of the most distressing features related to pancreatic
cancer. Cachexia is a multidimensional wasting syndrome that is characterized by unintended
loss of both adipose tissue and lean body mass (LBM) that cannot be fully reversed through
conventional nutritional support. It is a complex metabolic disorder frequently described in
pancreatic cancer and represents a significant physical and psychological burden in approxi-
mately 80% of pancreatic cancer patients during the disease progression [2]. The complications
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associated with cachexia, which include immobility, impaired immunity, and severe respira-
tory muscle impairment leading to cardiopulmonary failure, result in death in up to one-third
of pancreatic cancer patients [3]. Cachectic patients are observed to have lower physical func-
tion, decreased tolerance to chemotherapy and radiation treatment, and generally worse prog-
nosis than those with stable weight. Poorer outcomes after pancreaticoduodenectomy have
also been observed in patients with preoperative signs of cachexia [4].

While research over the past decade has provided new insights regarding the pathogenesis
of pancreatic cancer cachexia, the mechanistic pathology of this condition is still not entirely
understood. In this chapter, we will provide a review of the current concepts, potential thera-
peutic targets, and management of this significant clinical condition.

2. Classification and progression of cancer cachexia

Cachexia has been established to be a common adverse effect of cancer. An international con-
sensus in 2011 defined cachexia as a multifactorial condition recognized by ongoing skeletal
muscle loss irreversible by standard nutritional support and eventual functional impairment
[5]. The diagnostic criterion established for cancer cachexia is weight loss greater than 5%
within 6 months or weight loss greater than 2% in patients already showing depletion (body
mass index (BMI) < 20 kg/m?) or evidence of sarcopenia determined by a dual energy X-ray
absorptiometry (DEXA). A skeletal muscle index less than 7.26 kg/m? in males and 5.45 kg/m?
in females is classified as cachexia and the majority of pancreatic cancer patients show signs
of cachexia at the time of diagnosis [2].

Cachexia typically develops progressively through a continuum by way of three clinically
relevant stages: precachexia, cachexia, and refractory cachexia [5]. A combination of degree
of ongoing weight loss as well as depletion of energy stores and body protein mass (using
BMI) can be used to classify the severity of the condition. At the precachexia stage, patients
show metabolic signs such as anorexia and impaired glucose tolerance prior to significant
unintended weight loss. Patients who continue to lose weight and meet the diagnostic crite-
rion described above then transition to full-on cachexia. The cachexia is considered clinically
refractory when the cancer is characterized as preterminal or when the individual becomes
unresponsive to anticancer therapy. With the presence of uncontrollable catabolism and a life
expectancy of less than 3 months, therapeutic interventions usually focus on palliating the
symptoms and further preventing the complications of cachexia.

3. Assessment of cancer cachexia

A patient should be assessed for the following features to be characterized with cachexia:
anorexia or reduced food intake, catabolic drivers, muscle mass and strength, and functional
and psychosocial ability [5]. A recent study indicated that patients who exhibit these compo-
nents have significantly worse prognosis. Weight loss (>10% weight loss), reduced food intake
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(<1500 kcal/day), and indication of systematic inflammation (C-reactive protein (CRP) >10 mg/L)
reduced subjective and objective functional ability in patients with at least two of these com-
ponents [2].

Many underlying factors could contribute to anorexia or reduced food intake. Pancreatic can-
cer patients suffer from a reduced drive to eat, chemosensory disturbances (e.g., taste and
smell), dysphagia, decreased gastrointestinal (GI) motility (e.g., early satiety and nausea), pain,
and fatigue [5]. To detect the presence of these factors, food intake should be assessed routinely
by the patient or a family member. At the minimum, the patient should estimate their overall
food intake in comparison to their normal intake or have a family member perform a percentile
calculation of food consumed during each meal [6]. The early detection of secondary causes
of reduced food intake, such as stomatitis, constipation, dyspnoea, and poor dietary habits is
important since some complications may be readily reversible [5].

A key component of pancreatic cancer cachexia is hypercatabolism due to tumor metabo-
lism, systemic inflammation, or other tumor-mediated effects. Systemic inflammation is often
indexed using serum C-reactive protein (CRP) levels [7]. Indirect indices such as responsive-
ness to chemotherapy and rate of disease progression should also be evaluated.

As cancer cachexia is characterized by ongoing muscle wasting, a routine assessment of muscle
mass is performed with the various techniques currently available. The methods to measure
muscle mass include cross-sectional imaging with computed tomography (CT) or magnetic
resonance imaging (MRI); appendicular skeletal muscle index obtained from DEXA, anthro-
pometry (mid-upper muscle area); and bioimpedance analysis to obtain a whole body fat-free
mass index [5, 8-10]. An imaging-based method is typically selected to quantify changes in
body composition by factors such as skeletal muscle wasting, altered body fat distribution,
and pathological accumulation of lipids in various tissues. An MRI provides a measurement
of quadriceps muscle volume with a coefficient of variation <1% while diagnostic CT scans
estimate the cross-sectional area of the abdominal muscle at the L3 area, which can be extrap-
olated to the lean body mass of the entire body. Muscle strength is typically assessed with an
upper-limb hand-grip dynamometry [5].

Among pancreatic cancer patients, those who are overweight were found to be more likely to
develop a condition termed as sarcopenic obesity or cachexia hidden in the context of obesity.
Sarcopenic obesity is the substantial muscle loss and dysfunction associated with pathologi-
cal accumulation of adipose tissue. While sarcopenia alone is not associated with decreased
survival, being both overweight and sarcopenic does have a significant effect on mortality.
With approximately 40% of obese pancreatic patients with detectable sarcopenic obesity, this
condition needs to be recognized early on as it was also found to be an important prognos-
tic factor for decreased survival [11]. A comprehensive approach including history, physical
examination, and various imaging tests to properly identify this phenomenon can potentially
increase the survival of pancreatic cancer patients.

Cancer cachexia contributes substantially to a decreased quality of life by adversely effecting
physical and psychosocial functioning. As it is associated with symptoms such as fatigue, weak-
ness, and poor physical performance, it leads to altered body images and can significantly impact
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the patient’s relationships and emotional well-being [12]. A recent study that used an advanced
ambulatory pedometer technology found that physical activity was reduced by around 40% in
cachectic cancer patients [13]. Since increased bed rest is known to reduce protein synthesis and
contribute to the decrease in skeletal muscle mass in healthy patients, this decrease in physi-
cal function in cachectic patients adversely affects performance status, quality of social interac-
tions, and ability to performance daily living tasks [14]. Currently, the most widely accepted
method for assessing the effects of cancer cachexia is the routine use of patient-reported physi-
cal functioning, specifically using the European Organization for Research and Treatment of
Cancer (EORTC) quality of life questionnaire (QLQ)-C30 or the Eastern Cooperative Oncology
Group (ECOG) questionnaire [15-17]. Physical functioning can also be assessed with physi-
cian-reported physical activity (the Karnofsky performance score) and objective methodologies
including electric activity meters or checklists of specific activities [17].

4, Mechanisms of cancer cachexia

The pathophysiology of cancer cachexia is characterized by a negative protein and energy bal-
ance created by a combination of reduced food intake and abnormal metabolism that is mainly
driven by a large increase in the rate of skeletal muscle proteolysis [5, 18, 19]. Anorexia and
hypercatabolism have been found in cachectic patients to be driven by mechanical factors such
as cytokines, circulating hormones, neuropeptides, neurotransmitters, and tumor-derived fac-
tors. Recent studies have also identified other processes that potentially contributed to the
pathophysiology of pancreatic cancer cachexia, including neural invasion and abnormalities in
muscle microenvironment [20-25]. The following section will review these currently proposed
mechanisms that interact and contribute to the development of this disease.

4.1. Mechanical factors

Cancer-associated weight loss can be promoted and maintained by reduced food intake, which
can be a result of loss of appetite driven by abnormal mechanical digestion [26]. Tumorigenesis
is the main cause of these digestive abnormalities and frequently results in the obstruction
of the pancreatic duct and/or GI tract, especially the second portion of the duodenum. This
can directly lead to symptoms of pain, fatigue, nausea, dysphagia, gastroparesis, duodenal
stenosis, pancreatic insufficiency and malabsorption, and constipation [27]. A pancreaticoduo-
denectomy to resect a pancreatic head mass is often performed following an obstruction and
unfortunately can exacerbate pancreatic insufficiency and reduce oral intake [28, 29].

4.2. Cytokines and systemic inflammation

The hypercatabolic component of cachexia is largely caused by the systemic inflammation
response, which in turn promotes fat and protein degradation. Serum C-reactive protein is uti-
lized to indirectly index systemic inflammation, and elevated CRP levels (CRP > 10 mg/L) have
been related to cachexia and poor performance in pancreatic cancer patients [2]. Elevated levels
of the cytokines IL-6 and IL-10 have also been associated with weight loss, poor prognosis,



Pancreatic Cancer Cachexia: Current Concepts and Clinical Management
http://dx.doi.org/10.5772/68047

and decreased survival in patients [7, 30]. The cytokines that are generated by tumor cells
or released by the host in response to cancer have been found to contribute to pathways that
result in anorexia and hypercatabolism. These pathways can be separated into the hypothal-
amus-mediated central pathways and the peripheral pathways, which control lipolysis and
proteolysis.

4.2.1. Centrally mediated pathways

The hypothalamus typically plays a role in energy intake by responding to peripheral signals
regarding energy and adiposity status. A mechanical response is produced via these signaling
pathways and abnormalities in these pathways can lead to anorexia. Current findings indicate
that systemic inflammation plays a role in inducing cancer anorexia through the activation of
a complex neurochemical cascade [24, 25, 31, 32]. Interference with the hypothalamus’ normal
response to peripheral signals is suggested to be a direct consequence of elevated tumor-
mediated cytokine expression, which actively promotes anorexigenic pathways and inhibits
orexigenic pathways [24, 25].

Derangements in the ability of the hypothalamus to transduce peripheral signals into neuronal
responses may also be associated with cancer anorexia. There are two pathways that are respon-
sible for energy expenditure and food intake within the hypothalamus: neuropeptide Y (NPY)/
agouti-related peptide (AgRP) neurons that stimulate energy intake and proopiomelanocortin
(POMC)/cocaine and amphetamine-regulated transcript (CART) neurons that inhibit intake.
Research suggests that the hyperactivation of the POMC/CART pathways through the IL-1 and
other pro-inflammatory cytokines could contribute to developing cancer cachexia [20-23].

Energy homeostasis is also regulated by a protein called leptin through feedback signaling
via the central nervous system (CNS). By controlling the synthesis and activation of hypotha-
lamic neuropeptides, such as NPY and corticotropin-releasing factor (CRF), leptin reduces
appetite and increases energy expenditure. Since leptin is primarily released by adipose tis-
sue, a lower body fat mass due to starvation leads to lower leptin levels, which allows for the
production, release, and action of a potent orexigenic peptide called NPY. NPY then promotes
the activation of the NPY/AgRP pathway that stimulates energy intake. Low levels of leptin
also decrease the activity of anorexigenic neuropeptides that decrease appetite, which include
CRF and melanocortin. Studies have found that cytokines, including tumor necrosis factor-
alpha (TNF-a) and interleukinl (IL-1), increase leptin mRNA expression in adipocytes and
in plasma despite decreased adiposity [33-36]. Cancer anorexia might therefore be a conse-
quence of increased leptin levels since compensatory mechanisms that typically occur with
reduced food intake are inhibited. However, there is also evidence showing that cytokines can
induce anorexia without leptin [37]. In some animal and clinical studies, leptin levels were
found to not be elevated in tumor-bearing rats and patients with cancer cachexia [38-41].
Recent research demonstrated that in cancer cachexia, IL-1 and TNF-a0 mimic leptin signal-
ing and result in the interference of the orexigenic pathway, which is normally a response to
reduced leptin levels [24, 42]. This suggests that even during starvation, the inhibition of the
orexigenic response and activation of the anorexigenic pathway can occur and lead to unop-
posed anorexia and elevated energy expenditure.
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Serotonin may also contribute to the pathogenesis of cancer anorexia, specifically through the mel-
anocortin system. Research has shown that IL-1 releases hypothalamic serotonin and indirectly
alters food intake [43]. High levels of serotonin create a continuous activation of POMC/CART
neurons, which causes decreased appetite and anorexia [44]. Additionally, higher levels of tryp-
tophan, which is a precursor of serotonin, were also found in plasma and cerebrospinal fluids of
cancer patients with cachexia compared to those without cachexia or healthy controls [45]. After
tumor removal, tryptophan concentrations were normalized and subsequently improved appetite
[46]. These facts concurrently suggest that serotonin plays a pivotal role in the development of
cancer cachexia and is also a potential therapeutic target.

These hypothalamic pathways and neuropeptides were also found to have catabolic effects.
The POMC/CART anorexigenic pathway activates the sympathetic nervous system and leads
to the induction of mitochondrial uncoupling proteins, including UCP-1 and UCP-2 [47, 48].
By dissipating the proton gradient generated during respiration across the inner mitochon-
drial membrane and uncoupling respiration from ATP synthesis, UCP-1 and UCP-2 result in
thermogenesis and energy expenditure in brown adipose tissue (BAT) [47, 48]. Increases in
BAT thermogenesis have been associated with a cachectic state in both humans and experi-
mental animals [49, 50].

4.2.2. Peripheral pathways

Not only have cytokines been proven to corroborate and sustain the neurochemical changes
associated with cancer cachexia, but they have also been found to induce lipolysis, muscle
catabolism, and the hepatic acute phase protein response (APPR) through multiple pathways
[51-57]. The combined action of these cellular activities results in the development of progres-
sive muscle and adipose tissue loss.

4.2.2.1. TNF-a

The cytokine TNF-a has been shown to result in profound metabolic changes, even when
administered in low doses. Characterized as a potent anorexigenic agent, it promotes lipoly-
sis, impairs lipogenesis, and increases mobilization of lean tissue reserves from skeletal mus-
cle. TNF-a has been shown to induce lipolysis in vitro with increases in glycerol production
in mouse and human adipocytes, likely through downregulation of perilipin [51]. Since per-
ilipin typically coats intracellular lipid droplets, the decreased expression of perilipin thus
enables the lipolysis regulator hormone-sensitive lipase (HSL) to access the surface of lipid
droplets for breakdown [51, 52]. By acting as an inhibitory agent on adipocyte differentiation,
TNEF-a also results in impaired lipogenesis [53, 54].

Research has also indicated that TNF-a contributes to the muscle wasting that characterizes
cancer cachexia. Mouse models demonstrated that TNF-a may promote muscle protein deg-
radation by producing reactive oxygen species (ROS). Nuclear factor kB (NFkB) is activated
as a result of this oxidative stress and then subsequently upregulates the ubiquitin-mediated
proteasome pathway [55, 56]. Moreover, TNE-a has been shown to upregulate the expression
of the 1/2- and 2.4-kb transcripts of ubiquitin and the ubiquitin ligase atrogin 1/MAFbx in
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skeletal muscle [55, 56]. In vitro experiments that involved NFkB-mediated downregulation
of MyoD transcripts have also shown the ability of TNF-a to interfere with myogenesis [57].

While these studies indicate that TNF-a is involved in lipolysis and proteolysis, its relevance in
cancer cachexia is still not well established. While some studies measuring TNF-a serum levels
in pancreatic cancer patients with cachexia found the predicted inverse relationship between
TNEF-a levels and body weight as well as BMI; other studies involving advance-staged cancer
patients demonstrate no such correlation between circulating TNF-« levels, weight loss, and
anorexia. Because of the conflicted results produced from these studies, the significance of
TNEF-a in cancer cachexia still remains an active area of debate.

4.2.2.2.1L-6

Another important pro-inflammatory cytokine implicated in facilitating cachexia is IL-6, which
has been associated with weight loss and reduced survival in pancreatic cancer patients [7, 30,
58]. The secretion of IL-6 is known to be induced by TNF-a and works synergistically with
TNF-a in many of its cellular functions, including the triggering of other cytokines. Although
the role of IL-6 in lipolysis is still unclear, a recent study using cachectic tumor-bearing mice
demonstrated enhanced IL-6 signaling in brown adipose tissue, which suggests that IL-6 may
be directly involved in activating thermogenesis [59]. More importantly, IL-6 is known to acti-
vate the hepatic APPR and stimulate tissue catabolism. The C-26 tumor-bearing mouse model
of cancer cachexia established an IL-6 dependent loss of skeletal muscle during cancer cachexia
and treatment with an IL-6 targeting antibody attenuated the development of weight loss
[60]. Another study confirmed increased CRP levels and IL-6 production in pancreatic cancer
patients with cachexia [7]. There is a strong correlation between heightened peripheral blood
mononuclear cells (PBMCs) production of IL-6 and the presence of increased APPR [7, 58, 61].
The stimulation of APPR thus promotes the production of acute phase proteins like CRP and
gives rise to hypercatabolism at the expense of skeletal muscle [62]. A twofold to threefold
increase in fibrinogen production and elevated serum CRP is observed as a consequence of
APPR activation [63]. The hepatic synthesis of acute phase proteins occurs due to the mobiliza-
tion of peripheral amino acid reserves from lean muscle and contributes greatly to the observed
weight loss. Both the overproduction of IL-6 and APPR thus have been shown to result in poor
responses to chemotherapy in those surviving with pancreatic cancer cachexia [7].

4.3. Tumor-derived factors

In addition to cytokines and systemic inflammation, tumor-derived factors also contribute to
the metabolic abnormalities leading to pancreatic cancer cachexia. Two of the most studied
factors are lipid mobilizing factor (LMF) and proteolysis-inducing factor (PIF). Other factors
that potentially lead to pancreatic cancer cachexia are still being established.

4.3.1. Lipid mobilizing factor

Another molecule associate with cancer is LMF, which was isolated from both a mouse model of
cancer cachexia (MAC16 adenocarcinoma) and the urine of patients with unresectable pancreatic
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cancer and weight loss [64]. Given that LMF was found only in pancreatic patients with weight
loss and not in those without weight loss or even normal individuals, LMF/ZAG was identified
as a serum protein that is a potential marker of pancreatic cancer cachexia [64, 65]. Additional
immunohistochemical findings identified LMF/ZAG expression in pancreatic cancer cells and in
the peritumoral stroma, with cachectic pancreatic cancer patients demonstrating stronger immu-
nostaining results than those without cachexia or normal subjects [65].

LMF/ZAG has also been demonstrated through in vivo findings to cause selective reduction
of carcass fat without altering levels of body water and nonfat mass [66]. This lipolysis is acti-
vated by the stimulation of adenylate cyclase in a GTP-dependent fashion and is proposed
to be mediated by 3 adrenergic receptors [66—68]. When mice are treated with LMF/ZAG,
elevated serum levels of glycerol and 3-hydroxybutyrate are observed as well as an increase
of oxygen usage by BAT is observed, demonstrating the role of LMF/ZAG in stimulating lipid
utilization [66]. This increase in lipid oxidation and utilization has been shown to be medi-
ated by the “CQO, from [14C-carboxy]triolein and also potentially by 33 adrenergic receptors
[69]. This function occurs with the increased expression of mitochondrial UCPs, particularly
UCP-1, UCP-2, and UCP-3 in BAT, and UCP-2 in the skeletal muscle and liver [70]. LMF/ZAG
also enhances the response of adipose tissues to the lipolytic effects of other stimuli such as
catecholamines [66]. The plasma membranes of adipocytes contain Gs a-subunits (Gas) that
stimulate adenylate cyclase and Gi a-subunits (Gat) that inhibit adenylate cyclase. LMF/ZAG
favors mobilization of lipid stores from adipocytes and promotes hypercatabolism by increas-
ing Gas and decreasing Gai expression [71]. By promoting both the lipid and substrate uti-
lization as well as mitochondrial oxidative pathways in BAT, LMF/ZAG results in lipolysis,
elevated energy expenditure, and a hypercatabolic state.

4.4. Proteolysis-inducing factor

In 1996, PIF was isolated from a murine tumor (MAC16) originating in an adenocarcinoma
murine model of cachexia and was discovered to induce skeletal muscle catabolism in MAC16
[72]. In humans, PIF was also discovered in cachectic cancer patients, but not from patients
with weight loss due to trauma, cancer patients with little or no weight loss or normal indi-
viduals [73]. Moreover, this compound was detected in the urine of 80% of pancreatic cancer
patients with significantly higher total weight loss and rate of weight loss than those whose
urine did not contain PIF [74]. Immunochemistry analysis also revealed the presence of PIF in
the cytoplasm of GI tumors such as pancreatic adenocarcinoma [75].

PIF has been found to induce cachectic symptoms when injected intravenously in normal
mice; body composition analysis revealed that PIF extracted from the urine of cachectic cancer
patients induced reductions in lean body mass without reduction in food and water intake in
murine models [76]. This decrease in muscle mass involved two components: an increase in
protein degradation by 50% and a reduction in protein synthesis by 50% observed in gastroc-
nemius muscle [77]. Additional studies regarding the PIF-mediated reduction in protein mass
implicate the ubiquitin-proteasome proteolytic pathway. Upon the administration of PIF in
normal mice, mRNA levels for ubiquitin, E2,,, and the C9 proteasome subunit are increased.
An increase in the expression of the ubiquitin-proteasome pathway in skeletal muscle may
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contribute to this protein degradation; some studies suggest that this process is found to be
mediated by the activation of NFkB [78-80]. While a reduction in protein mass as well as the
depletion of myosin is observed, actin levels continue to remain unchanged with the admin-
istration of PIF [80].

The role of NF«xB in protein degradation following administration of PIF is still not entirely
elucidated. However, it is known that arachidonic acid originating from membrane phospho-
lipids is released and then rapidly metabolizes into eicosanoids such as hydroxyeicosatetrae-
noic acid (15 -HETE) with phospholipase A, (PLA,), which has also been shown to increase in
the presence of PIF [81]. 15-HETE was also shown to cause the nuclear accumulation of NF«kB
and thus protein degradation [82]. The muscle degradation due to the PIF-induced expression
of the ubiquitin-proteasome pathway is also largely reliant on NADPH oxidase and produc-
tion of ROS [81, 83]. Protein kinase C (PKC) is necessary for the activation of NADPH oxidase
and may also be dependent on 15-HETE. The generation of ROS stimulates IkB kinase (IKK)
and phosphorylates and degrades IxB; this process then releases NFxB from its inactive cyto-
solic complex [84].

PIF results in the reduction of protein mass not only by causing degradation, but also by inhib-
iting protein synthesis. PIF activates double-stranded RNA-dependent protein kinase (PKR)
through phosphorylation, which leads to the phosphorylation of elF2; this in turn inhibits trans-
lation and subsequently protein synthesis [85]. PKR is also able to elevate the expression and
activity of the ubiquitin-proteasome pathway by activating IKK, which then generates excessive
NF«B [86].

APPR that is associated with cachectic pancreatic cancer patients may also be driven by
PIF, which was found to play a role in excessively generating hepatic cytokines. Human
hepatocyte cultures that were treated with PIF had increased NF«B, signal transducers, and
activators of transcription (STAT3), which resulted in an increased production of IL-6, IL-§,
and CRP, as well as decreased production of transferrin [87]. The same treatment given to
human Kupffer cells and monocytes similarly resulted in an increased production of TNF-a,
IL-6, and IL-8 [88].

4.5. Other proposed mechanisms
4.5.1. Pax7 dysregulation

Other contributory factors to muscle loss within a cachectic setting have also been investi-
gated in recent studies and further characterize the muscle microenvironment. In pancreatic
cancer patients with cachexia, activation of NFkB in satellite muscle progenitor cells resulted
in muscle wasting caused by the dysregulation of the self-renewing transcription factor Pax7,
which suppressed expression of MyoD and myogenin [89, 90]. These processes subsequently
prevented the muscle progenitor cells that typically commit to a myogenic program from
completing differentiation and inhibited myoblast fusion, which ultimately impaired muscle
regeneration [90]. Furthermore, Pax7 was shown to be induced by serum factors from both
cachectic mice and patients in an NFkB-dependent manner [90]. However, the exact circulating
factors contributing to NF«B activation and Pax7 dysregulation still require further research.
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4.5.2. Neural invasion

Pancreatic cancer patients often develop signs of neural invasion that can result in nerve
damage from intraneural tumors of pancreatic cancer. Recent studies suggest that this pro-
cess involving nerve damage is associated with cachexia as well as astrocyte activation and
microglia stimulation in the spinal cord. These activated astrocytes may then stimulate the
sympathetic nervous system, which has previously been shown to induce lipolysis and mus-
cle atrophy [47, 91]. However, the mechanisms that potentially lead to cachexia still require
further investigation.

4.6. Management of cancer cachexia

Since cachexia is a multifactorial condition, treatments involving combinations of therapies
are more likely to be successful. Current therapeutic strategies involve an integrated and mul-
timodal approach including oncological therapy for control of the tumor, nutritional support,
and pharmacological treatment. The best supportive care practices also involve the manage-
ment of the secondary causes of anorexia, such as pain, nausea, pancreatic insufficiency, and
constipation.

4.6.1. Nutritional support

Nutritional deficit is one of the highest concerns among pancreatic cancer patients [92].
Involving dieticians and nutrition assessment programs early on in the disease progression
is essential for the successful management of pancreatic cancer cachexia. These programs can
provide essential dietary suggestions as well as recommendations for oral nutritional supple-
mentation, enteral nutrition, and parenteral nutrition [93-96].

When concerned with appetite and weight management, professional dietary guidance can
significantly increase oral caloric and protein intake [97]. Pancreatic cancer patients who were
enrolled in studies requiring them to take oral nutritional supplementation found improve-
ments in weight and appetite [98, 99]. Specifically, including L-Carnitine and omega-3 fatty
acids as an addition to patients’ diets may provide benefits [100, 101]. In a multicenter, random-
ized, double-blind trial that enrolled patients with advanced pancreatic cancer, L-Carnitine
supplementation was found to significantly improve weight and body mass composition,
which ultimately resulted in an increased global quality of life [101].

For patients with swallowing difficulties or severe dysphagia, a nasogastric tube or gastros-
tomy tube can be utilized to administer nutritional support. However, enteral feeding can be
linked to morbidity resulting from aspiration, pneumonia, and diarrhea. For patients with
bowel dysfunction and progressive weight loss despite enteral support, parenteral nutrition
may be used to limit nutritional deterioration and provide temporary benefits [102].

While nutritional interventions can provide temporary stabilization in nutritional status and
certain metabolic indices for cachectic cancer patients, response is often limited in these patients
and is frequently lower than responses observed in noncancer patients receiving equivalent
nutritional support [103]. A unimodal approach is still not sufficient and patients with pancreatic
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cancer cachexia will therefore require a combination of therapies to successfully manage the
cachexia.

4.6.2. Pharmacological approach

Since nutritional interventions produce only limited responses, many studies attempted to
manipulate the process of cachexia using a variety of pharmacological agents. The mecha-
nisms of these drugs are all based on modulation of cytokines, hormones, or other pathways
involved in the pathophysiology of cancer cachexia.

4.6.2.1. Progestogens

Megestrol acetate (MEGACE) is a synthetic and orally active derivative of the naturally
occurring hormone progesterone. It was first developed for the treatment of breast cancer
and later for endometrial cancer, MEGACE is now used to stimulate appetite and increase
weight in cancer-associated anorexia, as well as for other chronic conditions such as the
human acquired immunodeficiency syndrome (AIDS) after being approved by the Food
and Drug Administration (FDA) in 1993. Multiple trials have demonstrated that MEGACE
(480-800 mg/day) resulted in significant improvements in appetite, food intake, nausea, and
weight gain among pancreatic patients with cancer cachexia [27, 104-107]. This efficacy of
MEGACE appears to be dose-dependent [106]. MEGACE is generally well-tolerated with low
incidence of side effects, including rash, adrenal insufficiency, hyperglycemia, and throm-
boembolic events, which only have an incidence of less than 5% [105]. Since its approval,
many studies have confirmed the effectiveness of MEGACE at increasing weight and thus
quality of life when compared to other drugs potentially used for the management of cancer
cachexia (cisapride, dronabinol, corticosteroids, and nandrolone) [108, 109]. Body composi-
tion analysis has also confirmed that the weight gain observed following MEGACE intake is
predominately due to increases in adipose tissue and less from increases in body fluid [110].
However, there were no improvements in survival found in those who were treated with
MEGACE [107, 109].

Some studies suggest that the mechanisms by which MEGACE stimulates appetite and
weight gain is related to decreased production and release of pro-inflammatory cytokines (IL-1,
IL-6, and TNEF-a) as well as the stimulation of NPY in the hypothalamus [111-113]. Another
progestogen, medroxyprogesterone acetate, was demonstrated through in vitro experiments
to decrease the production of cytokines and serotonin by PBMC of cancer patients [112, 113].

4.6.2.2. Corticosteroids

Corticosteroids are one of the most widely used appetite stimulants and are effective in induc-
ing food intake and weight gain [114-116]. However, these do not result in lasting changes
(less than 4 weeks) and may cause long-term side effects, such as insulin resistance, fluid
retention, steroid-induced myopathy, skin fragility, adrenal insufficiency, and sleep and cog-
nitive disorder [116]. The exact mechanisms of action of corticosteroids in a cancer cachexia
context still remains unclear, but is likely to be related to the inhibition of IL-1, TNF-«, and
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leptin as well as the stimulation of NPY [117]. Because of their short duration of effectiveness,
corticosteroids may be useful for patient with short expected survival.

4.6.2.3. Cannabinoids

Cannabinoids, which are also called dronabinols, are a class of diverse chemical compounds
that have a known effect on reducing nausea as well as weight gain and stabilization. A phase
II trial found that dronabinol improved anorexia in 68% of patients, but also resulted in danger-
ous toxicity levels in 16% of patients who eventually suspended treatment [118]. In addition,
dronabinol is associated with many adverse side effects, including euphoria, hallucination,
psychosis, vertigo, and cardiovascular disorders. The mechanism of action appears to be medi-
ated by interaction with endorphin receptors, interference with IL-1 production, activation of
cannabinoid receptors associated with the neurochemical circuit of leptin, and inhibition of
prostaglandin synthesis.

In a controlled clinical trial, dronabinol was compared to megestrol acetate in cachectic cancer
patients [119]. A total of 469 patients were enrolled in the study and were instructed to take
megestrol acetate 800 mg/day or dronabinol 2.5 mg/12 h or both. The findings indicate that
megestrol is superior to dronabinol in terms of increasing appetite and weight: 75 vs. 49%
(P =0.0001) increase in appetite, respectively and 11 vs. 3% (P = 0.02) increase in weight gain
of at least 10% from baseline, respectively [114]. There were no differences in appetite and
weight between the combination treatment group compared to the megestrol acetate only
group (66 vs. 75%, P =0.17, for appetite and 8 vs. 11%, P = 0.43, for =10% weight gain, respec-
tively). While megestrol acetate seems to be more effective than dronabinol, cannabinoid is
still able to stimulate in appetite and reduce nausea. It is available as an alternative option as
an appetite stimulant and antiemetic.

4.6.2.4. Anti-inflammatory agents

Systemic inflammation plays an important role in the pathophysiology of pancreatic cancer
cachexia. Pro-inflammatory cytokines, including TNF-a, IL-1, and IL-6, have been implicated
in the progression of cancer cachexia in a potentially synergistic way. These findings have
prompted the development of treatments to curtail the inflammatory response by inhibiting
the synthesis or action of cytokines.

Research has indicated that nonsteroidal anti-inflammatory drugs (NSAIDs), includ-
ing cyclooxygenase-2 (COX-2) inhibitors, indomethacin, and ibuprofen, have the ability to
reduce acute phase proteins and cytokines [120-122]. The inhibition of prostaglandin syn-
thesis has been shown in vivo to attenuate tumor progression and decrease incidence of can-
cer cachexia [123, 124]. NSAIDs inhibition of prostaglandin synthesis blocks downstream
effects of systemic inflammation; thereby interfering with the cytokines that depend on sig-
nal transduction mediated by eicosanoids. In cachectic patients with metastatic solid tumors,
indomethacin use may prolong survival and offer palliative support to those with advanced
cancer, including pancreatic cancer patients [125]. Other controlled clinical trials have shown
that ibuprofen can reduce CRP levels, increase body weight and muscle mass, and improve



Pancreatic Cancer Cachexia: Current Concepts and Clinical Management
http://dx.doi.org/10.5772/68047

global quality of life, especially when combined with progestogens [122, 126, 127]. McMillan
et al. conducted a multicenter, randomized, control trial that involved 73 cachectic patients
with advanced GI cancers, predominately pancreatic cancer (67% of patients) [126]. This
study reported that taking a combination of ibuprofen (1200 mg/day) and megestrol acetate
(480 mg/day) resulted in more significant improvements in weight and increased quality of
life compared to those only consuming megestrol acetate [128]. Similar side effects were pres-
ent in both groups, including venous thrombosis, upper GI bleeding, and ascites. However,
due to disease progression, there was a high attrition rate with 63% failing to complete the
12-week assessment. These provide promising results that would benefit greatly from larger
studies that can better evaluate the clinical role of NSAIDs in the management of pancreatic
cancer cachexia.

Research has also shown that thalidomide has anti-inflammatory and complex immunomod-
ulatory properties. Thalidomide results in the downregulation of the production of TNF-a
as well as other pro-inflammatory cytokines in monocytes, inhibits NFkB, downregulates
cyclooxygenase 2, and inhibits angiogenesis [129]. Many controlled trials showed that tha-
lidomide is well-tolerated and successful in improving appetite, weight gain, and sensation
of well-being [130, 131]. One specific double-blind, placebo-controlled, randomized clinical
trial of thalidomide recruited 50 pancreatic cancer patients with cachexia to take either 200
mg/day of thalidomide or a placebo [131]. The study found that after 4 weeks, patients in the
thalidomide group had significant increases in weight compared to the placebo group (0.37 vs.
-2.21 kg, P =0.005) and significant improvements in lean body mass (1.0 cm? in arm muscle
mass vs. —4.46 cm?®, P =0.002) [131]. There were some adverse reactions to thalidomide, includ-
ing peripheral neuropathy, dizziness, somnolence, constipation, rash, and possible increased
risk of venous thromboembolism in the setting of malignancy. These preliminary results are
encouraging, but merits further investigation to confirm the efficacy of thalidomide in treat-
ing pancreatic cancer cachexia.

Some therapeutic approaches also involve pharmaconutrients with anti-inflammatory activ-
ity, such as the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA). Both found abundantly in fish oil, EPA and DHA both have immunomodulatory prop-
erties that allow for the suppression of pro-inflammatory cytokines, including IL-1, TNF-a, and
IL-6 by PBMC [132, 133]. Research on EPA has also suggested its ability to inhibit the down-
stream effects of LMF and PIF [134-136]. In past studies involving patients with unresectable
pancreatic cancer, fish oil supplementation containing both EPA and DHA as well as high-
purity EPA administration have both been associated with weight stabilization [137, 138].
A study conducted by Barber et al. further demonstrated the efficacy of EPA, which were
taken through oral supplementation, at producing significant increases in weight, dietary
intake, and performance status in cachectic patients with advanced pancreatic cancer [100].
However, recent data from a multicenter, double-blind, placebo-controlled, randomized clini-
cal trial provided conflicting results suggested that single agent EPA administration is not
effective in treating cancer cachexia [139]. Another multicenter clinical trial that compared
EPA, megestrol acetate, and a combination treatment determined that megestrol acetate
alone resulted in more weight gain than EPA administration or a combination therapy [140].
While the role of EPA in the management cancer cachexia still remains unclear, recent data
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demonstrates EPA’s lack of effectiveness as a single agent or even in combination regimens
for the management of pancreatic cancer cachexia.

As the mechanisms involved in the development and progression of cancer cachexia contin-
ues to be elucidated, the management of this multifactorial syndrome has made improve-
ments towards developing a multimodal approach. Recent data from a large multicenter trial
suggests that a combination therapy with megestrol acetate (320 mg/day), EPA supplementa-
tion, L-carnitine (4 g/day), and thalidomide (200 mg/day) provides more effective results in
improving lean body mass and appetite than single agents [141]. Future progress in the field
of cancer cachexia will be realized through the development of combined pharmacological
therapies given along with nutritional supplementation in the context of supportive care.

5. Future directions

Despite a significant increase in research on cancer cachexia, there are currently no therapies
available for pancreatic cancer cachexia that results in lasting effects on weight management
and improvements in prognosis. Developing an effective and powerful treatment for this dis-
ease still remains an ongoing challenge.

Recent studies have focused on targeted therapies with anti-inflammatory activity. IL-6 has
been identified as a promising target, but most of the studies investigating IL-6 antibodies
have involved nonsmall cell lung cancer (NSCLC) patients with cachexia [142-145]. In a phase
IT randomized, double-blind, placebo-controlled trial with NSCLC patients, the humanized
monoclonal IL-6 antibody called ALD518 (also known as BMS-945429) was evaluated for its
safety and efficacy in treating cancer cachexia. This safe and well-tolerated antibody effec-
tively increased hemoglobin levels and prevented loss of lean body mass [142, 143]. Rigas et al.
also reported statistically significant improvements in fatigue score in the ALD518 group vs.
placebo group that persisted over a 12-week period [142].

Another agent that was found to have anti-inflammatory properties is OHR/AVR118, which is
an immune modulator that targets both TNF-at and IL-6. In a phase II study by Chasen et al.
administering OHR/AVR118 in cachectic patients with advanced cancer resulted in improve-
ments in anorexia, dyspepsia, strength, and depression [146]. A current phase IIb study is
advancing the understanding of the role and efficacy of OHR/AVR118 in enhancing appetite
as well as improving weight, lean body mass, strength, and quality of life [147]. Additional
research is still needed to evaluate the safety and efficacy of these agents in pancreatic cancer
patients with cachexia.

Studies have discovered the therapeutic potential of inhibiting myostatin and activin type IIB
(ActRIIB) in treating cancer cachexia. ActRIIB is a high affinity activin receptor that mediates
signaling through a subset of TGF-f ligands including myostatin and activin and both play a
critical role in regulating muscle mass [148]. These ligands inhibit myogenesis and the Akt/mTOR
pathway involved in muscle protein synthesis and upregulate the expression of ubiquitin
ligases that degrade muscle. In several models of cancer cachexia, Zhou et al. reported the
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prevention of muscle wasting as well as prolonged survival through the pharmacological
inhibition of the ActRIIB pathway [148]. One myostatin inhibitor BYM338 has been devel-
oped by Novartis (Hanover, NJ, USA) and is currently being investigated for the efficacy
of myostatin inhibitors in attenuating loss of body mass. This compound is currently being
evaluated in a multicenter, randomized, double-blind, placebo-controlled phase II trial that
involves cachectic patients with either stage IV NSCLC or stage III/IV pancreatic cancer [149].
LY2495655 is another humanized antimyostatin antibody currently investigated in a multi-
center, randomized, double-blind, placebo-controlled phase II trial that recruited patients
with locally advanced or metastatic pancreatic cancer. Patients were administered with one of
two different doses of LY2495655 in combination with gemcitabine to evaluate potential dose-
dependent effects on survival, lean body mass, and physical performance [150].

6. Conclusion

Cancer cachexia is still regarded as noncurable and is diagnosed in approximately 80% of
pancreatic cancer patients. Among these patients, 30% eventually die from cachexia-related
complications [2, 151]. As a multifactorial condition, pancreatic cancer cachexia is complex
disease that is associated with anorexia and excessive catabolism mediated by mechanical fac-
tors, pro-inflammatory cytokines, neuropeptides, hormones, and tumor-derived factors. The
pathophysiology of cachexia in pancreatic cancer is characterized by compromised energy
homeostasis driven by decreased food intake and abnormal metabolism. This negative pro-
tein and energy balance leads to unintentional skeletal muscle and adipose tissue mass, which
greatly decreases the overall prognosis of pancreatic cancer patients.

While the management of cancer cachexia has improved dramatically in the past decade, more
research is still needed to further understand the complex mechanisms involved in the patho-
genesis and maintenance of pancreatic cancer cachexia. Current research identifies targeted
immunotherapy as a promising treatment option for cachexia and successful intervention of
this condition will most likely involve a multimodal approach to aid in developing potential
therapeutics. Future progress in the management of cancer cachexia will likely be realized
through a combined approach that includes nutritional support, multiple agents, and targeted
therapies to improve the quality of life and general outlook of patients with pancreatic cancer.
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Abstract

Primary sarcopenia is considered to be age-related when no other cause is evident, other
than aging itself. Secondary sarcopenia should be considered when one or more other
causes are evident, such as multiple chronic conditions. Previous studies have reported
that low muscle strength and impaired physical performance can be found in chronic
diseases, including metabolic disease (diabetes, hypertension, and obesity), arthritis,
osteoporosis, cancer, chronic kidney disease, chronic obstructive pulmonary disease,
neuromuscular disease, and chronic infection. The development of preventive and thera-
peutic strategies against secondary sarcopenia and wasting disorders in general is an
epidemiological need. The planning of a complex rehabilitation program in sarcopenia
associated to chronic conditions, in the context of a comprehensive treatment, is made
up of a nutritional support, exercise, correction of lifestyles, and the use of advanced
physical energies. Therefore, for the purposes of the optimal management, it is essential
to identify the pathogenesis and clinical characteristics that can affect the different reha-
bilitative treatment.

Keywords: secondary sarcopenia, chronic illness, rehabilitative approaches

1. Introduction

Many definitions available on sarcopenia agree on to define it as paraphysiological phenom-
enon, characterized by loss of muscle mass that occurs with aging.

I m Ec H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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Some authors emphasize the histopathology defining sarcopenia as an increase of the adipose
and connective component within the muscle itself, whereas others focus on the reduction of
muscle strength and physical function [1, 2].

Cachexia is a composite word from the Greek words “kakos” (bad) and “hexis” (condition) and
refers to the prognosis and functionality of patients suffering from cachexia. The characteristic
of this complex metabolic disturbance is weight loss due to an underlying cause disease, such
as heart failure, chronic pulmonary diseases, or cancer. According to the definition given by
Cruz-Jentoft et al. in 2010, cachexia is found in patients with unintentional weight loss of 5%
in the past year, a body mass index (BMI) lower than 20, decreased muscle mass as shown
with bioimpedance analysis (BIA) or dual-energy X-ray absorptiometry (DEXA), low muscle
strength, low serum albumin levels, anemia, and elevated biomarkers of inflammation [2].

Weight loss becomes a clinical sign of any progressive acute or chronic disease state. In its
extreme form, it involves a significant lean body mass (including skeletal muscle) and fat
loss. Skeletal muscle provides a fundamental basis for human function, enabling locomotion,
and respiration. Muscle wasting is related to a poor quality of life and increased morbidity/
mortality [3].

2. Sarcopenia in chronic illness

Sarcopenia can be defined as primary sarcopenia when due to the aging process and second-
ary when due to comorbidities, malnutrition, or immobility (Figure 1).

MUSCLE WASTING DISEASE

REFER
MliTE 1O AGE CHRONIC
BURNS lr

SEPSIS
CLASSIFICATION BY EATIOLOGY;
CANCER
CHRONIC HEART FAILURE [CHF)
CHRONIC KIDNEY DISEASE (CKD)
CHRONIC OBSTRUCTIVE PILMUNARY
DISEASE (COPD)
NEUROMUSCULAR DISEASES
MULTI-MORBID DISEASE PROCESSES
METABOLIC DISEASE

Figure 1. Classification of sarcopenia.
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¢ Comorbidities that induce sarcopenia are organ failure (e.g. heart, kidneys, lungs, brain
and liver), inflammatory diseases, cancer, and endocrine diseases.

* Malnutrition due to gastrointestinal disorders, anorexia in cases of polypharmacy, and in-
adequate intake due to psychosocial disorders lead to secondary sarcopenia.

¢ Inactivity as a result postoperative deconditioning or prolonged rehabilitation is the reason
for activity-related secondary sarcopenia [4].

Ithas been known for millennia that muscle and fat wasting leads to poor outcomes, including
deaths in chronic disease states. It is usually accompanied by physical inactivity, decreased
mobility, slow gait, and poor physical endurance, which are also common features of the
frailty syndrome. Although the specific contribution of each of these factors is unknown,
there are more and more convincing evidence of chronic low-grade inflammation prominent
role in the development of sarcopenia. According to recent studies, chronic inflammation is
associated with many degenerative diseases [5]. Systemic inflammation is thus dependent
on many factors that include diseases such as obesity, type 2 diabetes, dementia [5, 6], heart
failure, and rheumatic diseases [7, 8], which can then be the result of this inflammatory
condition and/or themselves can be the cause of the increase of inflammation. The impact of
inflammation on the development of sarcopenia is supported by many studies. Animal stud-
ies show that low-grade inflammation reduction following the administration of ibuprofen
in rats have determined a significant decrease in the loss of muscle mass [9]. Other stud-
ies, always conducted on animals, have shown that administration of interleukin-6 (IL-6) or
tumor necrosis factor alpha (TNF-a) increases the skeletal muscle degradation, decreases
protein synthesis, and reduces plasma concentrations of insulin-like growth factor (IGF)
[10]. However, considering the studies of healthy elderly people living in the community, it
was confirmed that one pro-inflammatory state produces, in the long-term, negative effects
on sarcopenia. In the study “Longitudinal Aging Study Amsterdam,” high levels of IL-6
and C-reactive protein (CRP) were associated with a double or triple risk of losing more
than 40% to the hand grip (strength of the handshake) over 3 years. TNF-a, IL-1a, IL-6,
IL-18, C-reactive protein (CRP) and fibrinogen are among the cytokines and acute phase pro-
teins, that result to be more elevated in pro-inflammatory state [11]. Moreover, high levels
of muscle catabolic biomarkers, which include IL-6, are important predictors of the decline
in muscle strength [12]. Other authors report that IL-6 is a multifunctional cytokine because
it has both pro and anti-inflammatory effects by determining muscular growth or atrophy,
and according to different conditions, its effect is anabolic or catabolic. Several different
pathophysiological processes induce sarcopenia following distinct pathways: neurologi-
cal diseases produce sarcopenia by loss of motor neurons. Malabsorption leads to protein
deficits and muscle catabolism. Disuse of muscles due to physical inactivity is followed by
muscle degeneration. Hormonal disturbances of the thyroid, hypercortisolism, and insu-
lin resistance lead to sarcopenia resulting from protein deficiency [13, 14]. These processes
are found in combination or alone in many acute and chronic diseases above all in elderly
patients, for example heart failure, chronic obstructive pulmonary disease (COPD), diabetes,
neurological diseases, musculoskeletal diseases, as well as post-traumatic or postoperative
conditions [15].
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2.1. Sarcopenia: obesity and diabetes

Although the mechanism by which the potential TNF-a and IL-6 increase and the relation-
ship with sarcopenia is not yet well defined, they may be related to the increase of the intra-
muscular adipose tissue. Under the pro-inflammatory stimulus, the intramuscular contents
and intra-myocellular fat deposits increase creating a vicious circle where adipocytes, which
secrete IL-6 and TNF-a as well as adipocines such as leptin and adiponectin, further promote
inflammation [16].

More recently, Newman et al. have shown that it is important to consider in sarcopenia the
percentage of fat mass. These authors have shown that people with higher body weight is
not classified as suffering from sarcopenia, though their lean mass is sufficient compared to
the total body weight [17]. Both sarcopenia and obesity represent, as the individual factors, a
risk for adverse events, it has been shown that if present in combination, act synergistically
increasing the earlier onset of disability [18]. For example, Rolland et al. found in a cohort
study of women with sarcopenia, decreased physical performance (climbing stairs) compared
to a group of healthy same aged, the worse performance was related to sarcopenia associated
with obesity [19].

2.2. Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) is a common cause of morbidity and mor-
tality worldwide. The burden of disease is induced to a great extent by extrapulmonary
symptoms, such as osteoporosis, heart failure, and sarcopenia. Using only BMI as a predic-
tor of muscle mass or sarcopenia is misleading in these patients because the combination of
abdominal obesity and sarcopenia is often present [20]. Sarcopenia affects 15% of patients
with chronic obstructive pulmonary disease (COPD) stable and compromises the indepen-
dence and the functional state of the musculoskeletal system. This loss of muscle mass does
not seem to affect the outcome of pulmonary rehabilitation, which can lead to remission of the
syndrome in selected patients. Pulmonary rehabilitation can improve symptoms and quality
of life of patients with respiratory disease. It releases dyspnea and fatigue, as well as increas-
ing exercise tolerance, emotional function so in indirect way it decreases frailty such as weak-
ness, inactivity and fatigue, and then sarcopenia [21, 22].

It has been reported that patients with COPD and sarcopenia have nearly overlapping results
after pulmonary rehabilitation compared to patients with COPD without sarcopenia, in terms
of upper and lower limb strength, exercise capacity and health status [23].

Another important data are the absence of statistical differences about the body composition,
functional performance, or health status between patients with and patients without sarcope-
nia undergone to pulmonary rehabilitation [24].

Musculoskeletal dysfunction is a recognized manifestation of COPD whose characteris-
tics include the weakness of the quadriceps, the atrophy, and the change of type 1II fibers, all
associated with a poor prognosis independent from lung function [25]. COPD determines an
imbalance favoring protein breakdown over synthesis, apoptosis, sarcomere and sarcolemma
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damage, reduced myosin heavy chain-I isoform type I [slow twitch/endurance] muscle fibers,
and a decreased density of capillaries and mitochondria [26-28]. This chronic disease is related
to abnormalities of oxidative enzymes, mitochondrial activity, and expression of myogenin and
m-cadherin—key molecules required for muscle growth and repair [29]. In chronic conditions,
the poor peripheral oxygenation linked to abnormalities of gas exchange typical of COPD and
anemia, as well as increased oxidation processes [30-32] associated with hypercapnia, create an
acidosis condition that alters muscle proteases [33, 34], increasing catabolic activity in the mus-
cle [35]. In addition, the effect of tobacco is associated with the [36] myopathy induced by cor-
ticosteroid use (especially systemic steroids) [37, 38], malnutrition that has a negative balance
of energy [39], and reduction of physical activity leading sarcopenia [40]. The other mechanism
involved in the genesis of sarcopenia is a sedentary lifestyle due not only to previous habits
but also to reduced exercise tolerance. This was highlighted by disproportionate impairment of
lower limb musculature in comparison to the upper limbs (that are subjected to a lesser degree
of physical inactivity than the legs) [41] and by similarity in the structural changes seen in the
sarcopenia of COPD and atrophy due to muscle disuse [42]. Furthermore, recovery of strength
is possible with muscle training and conditioning [43, 44], and the apparent lack of correlation
between the severity of airflow limitation and extent of muscle dysfunction [45]. Rehabilitation
would therefore be expected to improve frailty and sarcopenia, but there are little published
data on this as an intervention.

2.3. Sarcopenia: chronic renal failure

Patients with end-stage renal disease (ESRD) and chronic renal failure (CRF) receiving dialysis
can have altered nutritional status and body composition due to dietary restrictions, level of
physical activity, co-morbidities, metabolic alterations, and inflammation. Fatigue and immo-
bility due to low muscle function are frequent symptoms reported by patients with chronic
kidney disease. Sarcopenia is found in all stages of the disease and more distinctly in patients
with high grades of renal function impairment. Pereira et al. found a significantly higher
association of sarcopenia, diagnosed by BPA and hand grip strength measurements and mor-
tality [46]. The degradation of proteins is an important energy production mechanism since
the amino acids are rapidly converted to glucose. In conditions of catabolism generates an
imbalance in favor of the degradation compared to the synthesis of proteins and, not existing
a storage of the same, the muscle proteins are degraded and, if not additional sufficiently,
develop muscle atrophy that determines a condition of sarcopenia [47, 48].

Many diseases promote protein catabolism, including the IRC; in particular, it was noted that
during and after the hemodialysis session protein degradation is significantly accelerated.
Several studies have shown that the ubiquitin-proteasome system (UPS) is the major pro-
teolytic system in renal patients (Figure 2); despite prove even other hyperactive pathways
(lysosomal cathepsin and calpain-gated calcium), caspase is a protease involved in cell apop-
tosis process that accelerates the degradation of the muscle through the reduction of complex
protein structures in simple proteins, useful substrates for the UPS [49].

Several evidences have shown that patients with CRF, insulin resistance, inflammation,
metabolic acidosis, and excess of angiotensin II determine high levels of caspase 3 and
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Figure 2. The proteins responsible for muscle degradation are first of all ubiquitin: the enzyme activates the ubiquitin E1,
activating a cascade of ATP-dependent events. The ubiquitin chain is recognized by the proteasome 19S, which catalyzes
entrance of the protein substrate in the proteasome core 20S, which is cleaved to peptides of the 26S proteasome. The
peptides are degraded into amino acids to build cellular proteins or are released from the cells. From: Workeneh BT,
Mitch WE. Review of muscle wasting associated with chronic kidney disease. The American Journal of Clinical Nutrition
2010;91(suppl):11285-1132S.

a significant increase of catabolic processes. These conditions promote the degradation
of muscle protein, itself CRF can induce and enhance insulin resistance, encouraging
the development of sarcopenia [50-52]. Another consequence of CRF, even more, of the
hemodialysis treatment, is the presence of a chronic inflammatory state that, through
different modulators, including TNF-alpha, suppresses the action of insulin, increases
blood cortisol levels, and activates caspase-3. Glucocorticoids enhance degradation of
muscle proteins by upregulation of UPS system. Metabolic acidosis, that is very com-
mon, especially in the case of dialysis treatment, determines sarcopenia through mul-
tiple mechanisms: induces a negative nitrogen balance and protein synthesis, promotes
protein degradation by the UPS system and caspase 3 and alteration of pathway PI3K/
Akt, which is a critical transduction signal in cell proliferation and cell cycle progression,
apoptosis, and cellular metabolism. It reduces blood levels of IGF-1 and increases those
of glucocorticoids. It is probably the main cause of the high prevalence of sarcopenia CFR
[53]. The dialysis treatment, by itself, may determine, during each session, a damage to
the protein metabolism, with the loss of amino acids and proteins in the dialysate, which
reduces the availability of nutrients for muscle synthesis [54]. Many studies, in fact, show
that the dialysis catabolic effects induce negative impact on the homeostasis of skeletal
muscle protein with reduction of their synthesis and increase of their degradation [55].
Other authors noted that the increased protein lysis persists up to 2 hours after the end of
hemodialysis session [56].

The mechanisms underlying this alteration of protein turnover were due not only to the
reduction of circulating levels of amino acids and proteins but also to alterations of the factor
and EIF2B (eukaryotic translation initiation factor 2 subunit B), which acts in the early steps
of protein synthesis and activation of the inflammatory cascade [57].
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2.4. Sarcopenia: chronic heart failure (CHF)

Heart dysfunction is a major factor limiting physical performance and skeletal muscle abnor-
malities, which often accompany CHF, may also contribute to fatigue and dyspnea (Figure 3).

Heart dysfunction is associated by metabolic changes that implicate inflammatory and endo-
crine disorders that determine muscle atrophy and weakness [58].

Cardiac myopathy is defined as muscle fiber atrophy, decreased capillary density, and
a low number of type I fibers (fast) compared to type 2, with alteration of the normal
ratio between type 1 fibers and type 2 fibers, changes that are responsible for intolerance
to physical exercise [59]. Mechanism involved is the ubiquitin-mediated proteolysis and
anorexia that exacerbate the weight loss process.

The UPS involves a multi-subunit protease that specifically degrades ubiquitin-conjugated
proteins through the action of three enzymes, the ubiquitin-activating enzyme, the ubiquitin-
conjugating enzyme, and ubiquitin ligases (atrogin-1 and MuRF-1). A higher frequency of
myonuclear apoptosis has also been found in the muscle of patients with CHF relative to age-
matched healthy controls [60].

In fact, patients develop anorexia that is secondary to intestinal edema with symptoms like
dysgeusia, nausea, and gastroenteropathy and it is also mediated by several drugs such as
digoxin, angiotensin-converting enzyme (ACE) inhibitors, -blockers, and diuretics that favor
a loss of nutrients. So, an insufficient intake or absorption of primary nutritional elements, or
their loss, determines a malnutrition condition and muscle depletion.
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Figure 3. Pathophysiology of secondary sarcopenia.
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Furthermore, elevation of angiotensin II levels aggravates these mechanisms. High levels
of angiotensin II increase cytokines, such as TNF-alpha, interleukin 6, and glucocorticoids,
which induce muscle protein degradation. TNF-a and its soluble receptors have been associ-
ated with declines in muscle mass and strength [61]. Another pathophysiological process is
related to the decrease of expression of growth hormone (GH) and IGF-1 (anabolic hormones)
in muscle, possibly contributing to muscle mass loss [62].

2.5. Sarcopenia: cancer

Within neoplastic sarcopenia definition (often described as cachexia), are included both
the real cases of primary cachexia and the cases of nutritional deterioration secondary to
obstruction of the digestive tract, chemo-radiotherapy toxicity, and post-surgical intestinal
malabsorption syndromes (secondary cachexia). Cachexia is, regardless of the histology and
location of the primary tumor, the most common paraneoplastic syndrome in patients with
advanced cancer. Over 70% of cancer patients, especially in advanced stages, develop signs
and symptoms of cachexia, and about 20% die because of its consequences [63].

Cachexia is characterized by alterations of all metabolic systems, production of circulating
factors in part produced by the tumor, in part by the host cells, mainly macrophages, in
response to the tumor, and reduced caloric intake.

Some of these alterations appear early in the natural history of neoplastic disease:

a. Glucose metabolism: Increased gluconeogenesis from lactate, amino acids, and free fatty
acids with loss of protein and lipid reserves.

b. Protein metabolism: Increased turnover with decreased muscle and hepatic protein
synthesis, increased hepatic synthesis of acute phase proteins, increased serum levels of
proteolysis-inducing factor (PIF), and increased protein degradation from muscle tissue.
The activation of muscle proteolytic systems, such as that of the ubiquitin-proteasome, is
present even before there has been weight loss, suggesting that biomolecular alterations
responsible for muscular loss are highlighted early in the natural history of neoplastic dis-
ease. Other proteolytic mechanisms provide the activation of calcium-dependent systems,
such as that of calpain (regulated by a kinase ATP-dependent and an inhibitor, calpastatin).

c. Lipid metabolism: Increased beta-oxidation of fatty acids and the turnover of free fatty
acids, increased serum lipoprotein, triglycerides, and production of lipid mobilizing factor
(LMF), which induces lipolysis [64].

Some systemic effects of cancer cachexia, such as anorexia, “fatigue,” and increased resting
energy expenditure, are the result of circulating factors’ action in part produced by the tumor
and in part by the host cells, mainly macrophages, in response to the tumor. Among them, a cen-
tral role is given by the pro-inflammatory cytokines (IL-1, IL-6, TNF-¢, IEN-vy), which trigger the
acute phase response with reduced synthesis of proteins (albumin, prealbumin, and transfer-
rin) [65]. Cytokines such as interleukin-1 (IL-1) and tumor necrosis factor-a (TNF-a) have been
suggested as involved in cancer-related anorexia, possibly by increasing the levels of corticotro-
pin-releasing hormone (CRH), a central nervous system neurotransmitter that suppresses food
intake, and the firing of glucose-sensitive neurons, which would also decrease food intake [66].
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2.6. Secondary sarcopenia: assessment

The variability of weight, even when expressed as body mass index (BMI), is very wide in
patients with chronic conditions. There is a correlation between the amount of weight loss
and survival. The weight loss cannot be explained only by the decreased supply of food. In
fact, it may be related to the size of the increase in basal metabolic rate (resting energy con-
sumption). It is important at the same time in particular for patients suffering from metabolic
syndrome and respiratory problems to assess the degree of overweight and obesity.

Therefore, it is necessary to investigate:

* Weight and height (BMI body mass index), and weight loss percentage in the previous
period (2 weeks, 1 month, or 6 months).

* Assessment of the quantity and quality of food intake (presence or not of dysphagia). The
term sarcopenic dysphagia means a condition characterized by the presence of dysphagia
due to sarcopenia of swallowing muscles associated with secondary sarcopenia. Unlike in
the elderly dysphagia in stroke outcome, the sarcopenic dysphagia is rarely acknowledged,
probably due to the fact that the definition and diagnostic criteria of this condition have
not yet been clearly established. According to Butler et al., muscle strength, measured with
handgrip, correlates directly with the isometric strength of posterior tongue. This obser-
vation indicates that the muscle strength of tongue can be reduced with the generalized
deficit in skeletal muscle force, like in sarcopenia [67].

The 10-item Eating Assessment Tool (EAT-10) and a water test (e.g. Toronto Bedside
Swallowing Screening Test) or different viscosities (e.g. Volume-Viscosity Swallowing Test)
combined with pulse oximetry are useful for dysphagia screening, and if it is confirmed, it
requires further secondary clinical evaluations (speech therapist) and possibly instrumental
study (Videofluoroscopic Swallowing Study) [68].

The Mini Nutritional Assessment (MNA) [68] is a multidimensional assessment tool, which is
easy to complete and allow an easy and feasible large-scale use. The MNA includes 18 items
divided into three main sectors (anthropometry and variations in weight, measuring quanti-
tative and qualitative food intake, and disability status and cognitive status); the maximum
score is 30. A score below 17 is indicative of malnutrition, a score between 17 and 23.5 is indic-
ative of risk of malnutrition, and a score greater than 24 indicates a normal nutritional status.

The questionnaire allows to classify the nutritional state in an univoque way and has high
interpersonal reliability and clearly defined thresholds. It has been validated in several eth-
nicities and ethnic-specific anthropometric cut-off has been set up [69].

The MNA is also a nutrition guide. Timely intervention blocks the weight loss in people who are
at risk of malnutrition or undernourished. It takes in regard anthropometric, global, dietary, and
subjective assessment, and it gives to this tool high sensitivity (96%) and specificity (98%) [70].

The scale allows to global assessment of patient as the prevalence of malnutrition increases
significantly among hospitalized and institutionalized patients and those with cognitive
impairment. The connection is simple enough to guess, the inability to feed on their own, the
choice of foods, and the long-lasting immobility.
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Perhaps less intuitive, chronic protein energy malnutrition affects the ongoing development
of higher cognitive processes rather than simply showing a generalized cognitive and motor
impairment.

Deficits of cognitive, emotional, and behavioral functioning are linked to structural abnor-
malities of different regions of the brain. Brain structures and brain circuits calculate different
components of cognitive processes. Malnutrition has long-lasting effects in the processes of
cognition and behavior [71].

According to the consensus conference of EWGSOP of 2009, the main parameters to be evalu-
ated in the course of sarcopenia relate to muscle mass, muscle strength, and physical perfor-
mance of the subject. Based on these three parameters, sarcopenia can be classified into three
stages: pre-sarcopenia, sarcopenia, and its severe form [72].

Muscle mass can be assessed by magnetic resonance imaging (MRI) and computed tomogra-
phy (CT); their use is limited in primary care settings by difficulties in access, costs, the lack of
portable equipment, and the requirement of highly specialized personnel [73].

Dual-energy X-ray absorptiometry (DXA) is used to assess body composition and provides
reproducible estimates of appendicular skeletal lean mass but it is known that the accuracy of
DXA for assessing muscle mass in people of different ages and different pathological condi-
tions may vary [74]. Bio-electrical impedance analysis (BIA) estimates the volume of fat and
lean body mass based on the relationship between the volume of a conductor and its electrical
resistance. It is not expensive, it can be used easily in clinical practice, both on ambulatory
subjects and on hospitalized patients [75, 76]. A still not widely used method, but of extreme
interest for the estimation muscular mass, it is represented by the ultrasounds.

Ultrasound allows to explore parenchymas and soft tissue of the human body, responding
to all the ideal requirements of a diagnostic method: the almost absolute harmlessness, prac-
ticity, rapidity of implementation, and cost contents. According to Fanelli and Kuczmarski,
ultrasound application represents a prediction system of body fat that is valid at least as far as
plicometry [77], but there are still many limitations related to the application of the method:
there is no conventional choice of best frequency to apply, body position, and probe pressure
on the surface to be evaluated (Table 1).

This method, by measuring thickness of the muscular layers, visceral and subcutaneous fat,
was useful in evaluating the regional body composition and where the plicometry is limited
[78]. In 2012, Leahy et al. [79] took ultrasound and DXA measurements with good predic-
tive accuracy. In addition, others have used ultrasound to predict the body density of lean
men [77], lean women [80], obese adult, Japanese men and women [81], sumo wrestlers [82],
the body fat percentage of physically active British and Chinese men [83], and the fat mass
of pre-pubertal Japanese children. A new technology, a small, portable, hand-held 2.5 MHz
A-mode ultrasound transducer designed specifically for the purpose of body composition
assessment; it is connected to a laptop computer using a USB cable, the software assumes the
acoustic reflections of the fat-muscle and muscle bone interfaces (Body View, IntelaMetrix,
Inc., Livermore, CA) [84].
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Advantages Limitations

Lower cost than laboratory methods Higher cost than field methods

High accuracy and precision in the hands of an Requires experienced technician, considerable skill is

experienced technician necessary

Capable of regional and segmental measurements Measurement procedures and techniques are not yet
standardized

Minimal tissue compression Inherent artifacts (fascia etc.)

Noninvasive and no ionizing radiation
Applicable for testing in the field
Can measure other tissue thicknesses (muscle and bone)

Short testing time, rapid procedure

Table 1. Advantages and limitations of ultrasound application.

Studies reported qualitative changes in muscle related to sarcopenia (e.g. atrophy of type II
muscle fibers, increase of intramuscular fat, increase of extracellular water relative to muscle
volume) and that these abnormalities can be linked to differences in echo intensity obtained
from ultrasonography images.

Enhanced echo intensity (EI) represents changes caused by increase of intramuscular fat and
fibrous tissue: an increase of echogenicity indicates greater fibrous tissue and fat between
muscular fibers (Figure 4) [85]. The simplicity of execution, the low cost, and wide availability
make them ideal in the evaluation also for bedridden patients.

Muscle strength was assessed by functional tests: handgrip strength, the walking speed, flex-
ion/extension of the thigh muscles, and forced expiratory flow. Handgrip strength appears to
be the most widely used method for the measurement of muscle strength. Isometric handgrip
strength shows a good correlation with leg strength and also with lower extremity power,
knee extension torque, and calf cross-sectional muscle area [86, 87]. Standardized conditions
for the test [88] include seating the subject in a standard chair with their forearms resting flat
on the armchairs. Six measures should be taken, three with each arm. Ideally, the patients
should be encouraged to squeeze as hard and as tightly as possible for 3-5 seconds for each
of the six trials; usually, the highest reading of the six measurements is reported as the final
result [89].

The most widely used tool in clinical practice for the assessment of physical performance is
measured by gait speed alone or as part of a test battery such as short physical performance
battery (SPPB). The SPPB is a test scored to a maximum of 12 points comprising an assessment
of gait speed (over 3—4 m), a balance test, and a repeated chair stand test. These tests focus on
lower extremity function, as the latter has been shown to correlate with mobility, disability,
and patient outcomes, including hospitalization, institutionalization, and mortality. The SPPB
takes about 10 min to complete. Participants presenting a score <8 points have been described
as having a poor physical performance [90]. Other standalone tests can be performed to assess
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High El Low EI

Femoral bone

Figure 4. Echo intensity of the rectus femoris muscle. Left: High echo intensity; Right: low echo intensity. EI, echo
intensity; FT, subcutaneous fat thickness; MT, muscle thickness; RF, rectus femoris muscle; VI, vastus intermedius
muscle. From Watanabe et al. [85].

physical performance. In the Timed Up and Go (TUG) test, individuals are asked to rise from
a standard armchair, walk to a marker 3 m away, turn, walk back, and sit down again. The
6-min walk distance or 400 m walk time can be used to measure aerobic capacity. The stair
climb power test also shows good correlation with other measures of leg power and physical
performance but is mostly restricted to use in research settings [91].

They have been proposed numerous biomarkers to evaluate the catabolic/anabolic balance
of skeletal muscle: inflammation biomarkers, such as C-reactive protein, interleukin-6, and
tumor necrosis factor-a, and other clinical parameters that express the general state of health
like hemoglobin, serum albumin, and urinary creatinine. In the overall evaluation, it is impor-
tant to measure, also, hormones: dehydroepiandrosterone sulfate, testosterone, insulin-like
growth factor-1, and vitamin D, products of oxidative damage like advanced glycation end-
products, protein carbonyls, and oxidized low-density lipoproteins, or antioxidants and
finally a-tocopherol [92].

3. Rehabilitative approach

3.1. Nutritional-supplementary-integrative —intervention

Malnutrition and peripheral insulin resistance, which increases glucose levels in peripheral
blood, are frequent alterations in pathologies that may cause sarcopenia.
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The feeding of patient suffering from sarcopenia is essential, mostly the intake of essential
amino acids. It should be reminded the importance of 3 protein meals intake and/or supple-
mentation, better if it is given immediately after exercise. The reduced response to the pro-
tein synthesis after ingestion of small amounts of essential amino acids can be increased by
the ingestion of a mixture with a greater amount of leucine (essential branched-chain amino
acid) or a supplementation with hydroxy-methyl butyrate (HMB), a metabolite of leucine;
it promotes protein synthesis by preventing protein breakdown. Hormone replacement
therapy, if there are no contraindications can be used. According to the recommendations of
the European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and
Musculoskeletal Diseases (ESCEO), it must be associated to physical exercise, a high protein
diet (1-1.2 g/kg per day with at least 20-25 g of high quality protein, such as those derived
from milk) [93]. Rizzoli et al. reported that the recommendations for optimal dietary pro-
tein intake are daily 1.0-1.2 g/kg (body weight) with an optimal repartition over each daily
meal to prevent sarcopenia [94]. Paddon-Jones et al. proposed a dietary plan that includes
25-30 g of high quality protein per meal as dietary protein recommendations for the preven-
tion of sarcopenia [95]. A protein-enriched diet equivalent to 1.3 g/kg/day achieved through
lean red meat is safe and effective for enhancing the effects of progressive resistance training.
Carnitine plays a decisive role in the metabolism of long-chain free fatty acids, thus affecting
lipid metabolism and energy reserves within the cells. Carnitine is a necessary cofactor for the
transport of long-chain fatty acids within the mitochondrial matrix, where they are subjected
to oxidation for the production of cellular energy. A clinical study has shown that administra-
tion of 6 g/day of L-carnitine for the duration of 30 days was able to significantly improve the
symptom “fatigue,” appetite, and lean body mass of patients. Therefore, the administration
of L-carnitine should be recommended in cachectic patients at a dose of 4-6 g/day orally for
a period of time of 3-4 months being usually well tolerated by the patient. Occasional side
effects of L-carnitine include epigastralgia and, more rarely, diarrhea [96].

In addition to the now well-known beneficial effects on bone, the vitamin D has positive
extraskeletal effects; it acts on the muscle directly (receptor have been identified in skeletal
muscle) and indirectly, through increasing of calcium that is essential for muscle contraction;
and finally, it promotes the synthesis of contractile proteins [94]. Even supplements, such as
omega-3 and carnitine, are widely recommended in this area [96, 97].

Creatine is a molecule produced in the body, and it is a natural amine endogenously synthe-
sized by the liver, kidney, and pancreas from the amino acids arginine, glycine, and methi-
onine. It stores high-energy phosphate groups in the form of phosphocreatine that releases
energy to aid cellular function in brain, bones, muscles, and liver. It can be found in some
foods, mostly meat, eggs, and fish [98]. Creatine supplementation became popular in the 1990s
for enhancing athletic performance and building lean body mass [99]. It has also been used in
the treatment of chronic heart failure and mitochondrial disorders. Recent findings have con-
firmed the potential therapeutic effects of creatine supplementation and have demonstrated
that in the elderly, it improves the quality of life by increasing muscle strength and resistance
to fatigue, improving performance in daily activities, and preventing bone loss [100, 101]. As
a supplement, it is most commonly available as a monohydrate in powder, candy, gum, and
liquid. Many synthetic derivatives are available, including creatine malate, creatine pyruvate,
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creatine citrate, creatine-magnesium chelate, and creatine ethyl ester. Studies with older people
have used this regimen 2-5 g per day to ensure the saturation of muscle compound [102], and
when it is associated with resistance training, training volume is increased, thereby enhancing
strength and muscle mass [103].

The quality of proteins is paramount. A major stimulus in muscle anabolism has been reported
as a result of an increase in circulating leucine levels. This was inferred from the observation
that the ingestion of whey protein causes even more postprandial muscle protein synthesis
rates relative to the ingestion of the intact or hydrolyzed casein and the difference is in the
leucine content that has a key role in increasing muscle protein synthesis [104].

Whey protein can be considered a high quality protein, due to the anabolic properties attrib-
uted to the faster digestion and absorption of essential amino acids, such as leucine [105].

The mechanism of action of whey proteins is linked to the phosphorylation of p70S6K, which
targets the ribosomal subunit S6 and thus promotes protein synthesis. It has been seen that
its levels remain elevated even 2 hours after ingestion of whey proteins [106]. In association
with amino acid supplementation, it is helpful to administer omega-3 fatty acid because these
affect the membrane fluidity, endocytosis, exocytosis, absorption, and release of neurotrans-
mitters such as acetylcholine involved in muscle contraction. They also stimulate the pathway
of protein kinase C, enhancing muscle protein synthesis [107].

A recent integrative approach is the use of melatonin. Melatonin, also known as N-acetyl-
5-methoxytryptamine, is a derivative of tryptophan, an essential amino acid [108]. It is well
known for its role in synchronization of circadian rhythms such as sleep timing, blood pres-
sure, and seasonal reproduction [109, 110], but it is also an antioxidant molecule since it seems
to be essential regulator of homeostasis.

Lee et al. found an inverse association between urine melatonin and sarcopenia, suggesting
that melatonin may have a protective role in the pathophysiology of sarcopenia. Aging and
age-related conditions show an association with low melatonin level. Considering that mela-
tonin has anti-apoptotic effects and attenuates autophagic pathways, its decrease may have a
role in the pathogenesis of sarcopenia. Muscle is one of the systems that requires more oxygen
and consequently generates more reactive species. Melatonin is a protective factor against this
damage, scavenging free radicals, enhancement of antioxidant enzymes, and inhibition of
pro-oxidant enzymes [111, 112].

Its antioxidant function is expressed by protection of the electron transport chain and mito-
chondrial DNA from oxidative damage more efficiently than other conventional antioxi-
dants. So, it increases ATP production in mitochondria [113]. For example, melatonin induces
autophagy in myoblast cells collaborating in myogenic differentiation degradation [88], but it
inhibits autophagy in muscles from carbon tetrachloride-treated mice by reducing oxidative
stress-induced damage. Melatonin reduces endoplasmic reticulum stress in skeletal muscle
by increasing the expression of several proteins as well as mRNA levels [114]; this improves
protein synthesis. It reduces inflammation in muscle cells, acting specifically against these
cytokines in rats [115] and also in humans [116].
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Melatonin is more than a regulator of circadian rhythm, it is an antioxidant molecule, and
it seems to be essential as a physiological regulator of homeostasis. So, its supplementation
may be useful to prevent or treat sarcopenia-associated diseases, including osteoporosis and
neuromuscular dysfunction [117].

The management of weight loss in secondary sarcopenia must be evaluated with extreme
care since it is known that any treatment of obesity is diet therapy which affects the loss of fat
mass and lean mass. This loss of muscle mass is greater when they are prescribed diets with
a very low calorie intake or less than 1000 kcal/day, which should be strongly discouraged in
chronic diseases. In the management, it is necessary to ensure a moderate caloric restriction
ensuring a gradual weight loss, from 0.5 to 1 kg per week, or a decline of 8-10% compared to
the initial weight in 6 months. It is also necessary to ensure proper protein intake. Metabolic
and epidemiological studies suggest that the current intake recommendations for protein in
elderly may not be sufficient.

3.2. Reduction of chronic inflammation

Despite the different chronic conditions can lead to secondary sarcopenia, one of the factors
underlying the development and progression is the state of chronic inflammation. The pro-
nounced anti-inflammatory effects of extremely low frequency (ELF) magnetic fields may
improve the well-being of patients suffering from illnesses of different etiology. Human stud-
ies regarding ultralow frequency magnetic field effects have been carried out in several clini-
cal settings over the past 20 years for treating bone and joint diseases, neuropathies, spinal
cord injury, diabetic neuropathy, immune disorders, and cardiomyopathy. Properly con-
figured signals have been demonstrated to regulate major cellular functions, including cell
proliferation, differentiation, apoptosis, cell cycle, DNA replication, and cytokine/chemokine
expression [118, 119].

The anti-inflammatory effects have demonstrated a decrease in pro-inflammatory cytokines
and increase in anti-inflammatory cytokines after traumatic brain injury. Several metabolic
parameters change in consequence of exposure to electromagnetic field, as observed in
injured rats [120], stroke, decreased pain in osteoarthritis [121], wound healing [122] and
postsurgical recovery [123].

Saggini et al. show inflammatory effects of external pulsed electromagnetic fields in the
treatment of low back pain with a decrease of pro-inflammatory cytokines (IL-6) after 40
minutes to a sequence of electromagnetic fields of low intensity with inferior frequen-
cies at 100 KHz for a number of 10 sessions in 3 weeks [124]. Furthermore, they allow, as
a consequence, a ionic flow capable of optimizing the intrinsic capacity of maintaining
the intra and extracellular potential difference essential for the cellular metabolism and
homeostasis [125].

The frequency of the field was such to “stimulate” several ions in the sense of the cyclotron
frequency. These ions may be involved in the enzymatic chains experimentally affected. This
issue needs to be analyzed in detail in the future through well-designed experiments [125].
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The term cyclotron frequency points to the form of resonance, which is established at the
level of cell membranes, using electromagnetic fields at a very low intensity and at a specific
frequency (cyclotron), able to influence and stimulate the metabolism of human cells. It acts
to adjust the ordered traffic of selected ions between the internal and external environments
of the cell; it stimulates the activity of those ion-dependent enzymes allowing the occurrence
of several biological reactions [126].

The bioresonance cyclotron technology (Figure 5) (Quantum Electrodynamic Catalysis) is
able to provide magnetic fields that respond to the laws of quantum electrodynamics consis-
tency (QUEC), i.e. fields that interact with the “Domains of Consistency” of water, contained
in every living being, animal, and plant. The advantage of quanto-elettrodinamica (QUEC)
technology is to be able to influence the movement of different ion species to the cell mem-
branes and stimulate the formation of coherent structures by strengthening the metabolism
and cell cooperation (homeostasis) [125, 126].

Exposure to bio-cyclotron resonance technology determines: a change of configuration of the
water; the normalization of the ion concentration in intracellular and extracellular fluid; the
biocatalytic stimulation of intracellular enzymatic functions [127, 128].

With ion cyclotron resonance, we have the possibility to intervene in noninvasive, natural and
precise way, on body’s homeostasis adjustment mechanisms, where the only pharmacologi-
cal support can be incomplete.

Figure 5. Ion cyclotron resonance with QUEC PHISIS QPS1.
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Therefore, it is possible to:

=

Rebalance subjective metabolism

Adjust the enzyme functions, the ion channels, and the body pH3.
Strengthen the immune system

Encourage the bioavailability and absorption of nutrients for cell metabolism
Treat neuralgia, headaches, and migraines

Stimulate healing in all kinds of wounds, even after surgery

Balance the water retention

Enhance the effect of drugs and supplements
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Detoxify and to allow antioxidant function against free radicals, metabolites, and toxins 10.

—
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Stimulate a painkiller function (acute and chronic)

—
p—

. Get muscle relaxation, from anxiety and stress
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N

. Improve the homeostasis recovery under stress (physiological microtrauma and muscle
protein catabolism).

3.3. Physical exercise

In patients with secondary sarcopenia, both aerobic exercise (endurance) and the anaerobic
exercise (resistance) are able to reduce sarcopenia and increase muscular strength and muscle
power. Habitual physical inactivity of these patients is due to a number of barriers: socio-
economic, psychological, and clinics.

From a clinical point of view, these patients are fragile and sedentary with significant comorbid con-
ditions, such as osteoporosis, anemia, and heart failure, which often limit their access to physical exer-
cise. Theoretically, a physical exercise could be harmful as it may increase temporarily the risk of fatal
and nonfatal cardiovascular events, especially if in the presence of other cardiovascular risk factors.

The recommends pre-participation of exercise protocols, provide cardiovascular evaluation by
means of history (personal and family history) and physical examination alone, although this
screening protocol has a recognized limited power (<10%) to detect potentially lethal cardiovas-
cular event. ECG enhances the sensitivity of the screening process by allowing early detection of
cardiovascular conditions distinctively manifesting with ECG abnormalities. If in the course of
screening emerge, cardiovascular abnormalities should be assessed the need for further inves-
tigation, focusing initially noninvasive, such as echocardiography, Holter monitoring, ECG-
averaging, tilt testing, the ECO-stress, myocardial scintigraphy, MRI, and cardiac CT (Table 2).

It is well known that aerobic exercise induces an increase in skeletal muscle mitochondria. In
fact, adaptations to aerobic training appear to be the result of exercise-induced increases in
the transcription of mitochondrial genes.
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Absolute Relative

Unstable coronary heart disease Major risk factors for coronary heart disease
Decompensated heart failure Decompensated diabetes

Severe pulmonary arterial hypertension (mean arterial Hypertension above 160/100 mmHg

pressure >55 mmHg)

Uncontrolled arrhythmias Patients with pacemakers or defibrillators
Uncontrolled high blood pressure (>180/110 mmHg)

Marfan’s syndrome

Severe symptomatic aortic stenosis, aortic dissection

Table 2. Contraindications to exercise training.

Many studies have shown an improvement of muscle function even with aerobic or combined
aerobic and anaerobic exercises. Aerobic training can include multiple sporting activities,
such as stretching, walking, jogging, bicycle ergometer, and aerobic exercises. The latter often
based on different tools: weights, elastic bands, rubber balls, rollers, and treadmill. A typical
aerobic workout session could last about 90 minutes and be divided as follows: 15-20 minutes
of stretching exercises, 20-50 minutes pedaling bicycle ergometer, and 20 minutes of recovery
phase [129]. It should start with a lower intensity of training, with the shortest duration and
for a few days a week [130]. Several authors showed a significant improvement in aerobic
exercise capacity and muscle strength; an improvement in insulin resistance and anorexia;
and an increase in ejection fraction, cardiac output, and stroke volume after 6 months of
training. Aerobic exercise is related to significant reduction of systolic and diastolic pressure
values [108] and an improvement in strength and muscle power [131]. It is well established
that traditional, slow-velocity resistance exercise (RE) performing the concentric and eccen-
tric phase of each muscle contraction in 2-3 s is a safe, feasible, and effective intervention to
induce muscle hypertrophy and increase strength. It seems to increase muscle protein syn-
thesis [132], satellite cell activation and proliferation [133], anabolic hormone production, and
decrease in catabolic cytokine activity [134]. RE has been shown to increase both type I and 1I
muscle fiber cross-sectional areas and whole body leading to an increase in muscle strength.
Resistance training needs to use a progressively increasing load to maintain the desired range
of repetitions per set of exercise (Table 3).

Fast-velocity RE (performing the concentric phase as quickly as possible and taking 2 sec to
perform the eccentric phase of each muscle contraction) appears to be a novel intervention
for older adults to enhance muscle power. With the subsequent atrophy of type II fibers with
aging, fast-velocity movements are important for preserving aging muscle health. Several
studies have shown a significant increase in muscle power with fast velocity RE in older
adults, because of greater motor unit recruitment of type II fibers [135].

Physical training can improve balance and stability and thus has been recommended as part
of rehabilitative exercise protocols. Studies demonstrate significant flexibility improvements
(some joints show range of motion improvements of greater than 40%) with supervised exer-
cise programs, including static stretching or a combination of stretching and movements
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Type of training

Intensity

Duration/set

Aerobic exercise

Resistance exercise
involving the major muscle
groups (free weights and
machines)

Power training to practice
only after the resistance
training

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

At least 2 days/week

Moderate intensity
40-60% VO, max
40-60% VO, max
40-60% VO, max
3-6 METS

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

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

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

8-10 exercises

1-3 sets per exercise

8-12 repetitions (1-3 min of
rest among set)

1-3 sets per exercise, 6-10
repetitions

HR, heart rate; RM, repetition maximum; and METS, metabolic equivalents.

Table 3. Physical exercise indications.

through a full range of motion [136]. The recovery of proprioception is an essential part of
the recovery of sarcopenia for the recovery the motor task is to be made through advanced
systems for muscle strength and balance. I-Moove (Figure 6) has a balancing platform with
helispheric movement and continuous realignment of spatial plans and subsystems of the
body in order to maintain an optimal posture in open chain or to exert a tensile force. It also
provides a real-time visual feedback that allows to monitor corrections [137].

It is possible to use whole body vibration and focal vibration system that is an effective
method to activate the proprioceptive sensory system. It consists of the excitation of the affer-
ents coming from the neuromuscular spindle. This causes the activation of a large number

Figure 6. I-Moove and rehabilitative gym at University Centre of Physical Medicine and Rehabilitation University G. d’

Annunzio- Chief R. Saggini.
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of alpha-motor neurons, leading to the recruitment of muscle fibers, previously inactive, to
contribute to muscle contraction. It has been demonstrated that mechanical vibration on a
single muscle is able to activate Ia and II afferent nerve fibers of the muscle spindle, and
hence the alpha motor neurons: this elicits the so-called Tonic Vibration Reflex (TVR), consist-
ing in sustained contraction of the muscle vibrated and simultaneous relaxation of its prime
antagonists. Neuromuscular electrical stimulation (NMES) is an alternative and potentially
more effective mean than exercise alone of increasing the force of muscles. These alterna-
tive approaches to exercise offered a safe addition to a traditional, high-intensity volitional
strengthening program with the aim to implement muscular mass and strength (as described
in chapter Rehabilitation in sarcopenic elderly)

4. Dynamic antigravity postural system (SPAD)

SPAD®, a device for body weight relief, consisting of a machinery designed to reduce,
modify, and condition the force of gravity acting on the body structures of movement dur-
ing the act of rectilinear motion (Figure 7). The system is based on the rational that gait
training can be made combining the motor task to sensory feedback, in line with the mul-
tisensory approach to postural balance. The system consists of a treadmill on which the
patient carries out training in body weight support and of a structure to which the patient
is harnessed by means of a pneumatic belt placed between the iliac crests and the costal
arches, connected to lifting system with four tie rods attached to the body and to the pel-
vic girdle. Equipment is completed by four front pads (two on the humeral heads for the
shoulder girdle and two on the anterior superior iliac spine for the pelvis), which act as
stabilizers (as they prevent possible twisting of the pelvis or shoulder during movement
on the treadmill), and at the same time as informants proprioceptive. Two rear pads can be
placed on the interscapular region and on the sacral area; according to the characteristics of

Figure 7. Dynamic antigravity postural system (SPAD).
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the patient, an inflatable collar can also be used. Each session of SPAD® provides a 30-50%
mean body weight relief and a training on the treadmill with adjustable speed (down to
0.01 km/h during the first session, allowing to become familiar with the machine and thus
obtaining a higher compliance). The harnessing in body weight support allows the vertical
excursion of the center of gravity of the subject, facilitating the execution of longer steps,
according to the possibilities of the individual patient; the step performing is corrected
continuously by the operator, inviting the patient to get an ordered cadence with sequen-
tial placement of heel-plant-toe. In this way, session after session, SPAD® allows to change
asymmetrical gait adaptations, working with a dual action: a mechanical one, which allows
a neuromotor retraining with cortical-subcortical learning aimed to the reacquisition of a
balanced body schema that minimizes the energy consumption needed to maintain the pos-
ture, and a proprioceptive one, which acts on the maintenance of automatic and induced
over time walking adaptations. The last part of the session provides for the reduction of
body weight relief gradually to 0% and the reduction of the speed of the treadmill until
the stop; in this way, in the last part of the session, the patient continuing to maintain the
proprioceptive stimulus [138-140].

5. Exercises in virtual reality

Virtual reality exercises in the proposed protocol are based on the most recent findings about
the neurophysiology of learning processes and movement memorization. The virtual reality
system Riablo® is based on the use of sensors connected to a screen, which in real time sent
the exact awareness of the carried out motor task to the patient, with the possibility to focus
attention only on the fundamental elements of the movement reducing distracting stimuli
from the surrounding real environment. It is possible to set a series of exercises: stand up
from the chair; displacement of the load with bending knees; displacement of the load on the
sagittal plane; displacement of the load on the sagittal and frontal planes; and bilateral squats
with back support. The resulting motor performances and the collected kinematic data are
entirely analyzed and recorded in the system, which calculate a score. This motivational input
rewards the patient’s efforts, ensuring faster progress [141].

6. Microgravity aquatic therapy

Aquatic therapy is based upon several important bioengineering properties. The basic forces
acting upon the patient while in the water consist of buoyancy, drag, and inertial forces.
Additional factors affecting the patient include hydrostatic pressure and specific heat. Various
properties of water contribute to therapeutic effects, including the ability to use water for
resistance in place of gravity or weights. Thermal stability that permits maintenance of near-
constant temperature; hydrostatic pressure that supports, stabilizes and influences heart
and lung function; buoyancy that permits floatation and reduces the effects of gravity; and
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turbulence and wave propagation that allow gentle manipulation and movement. In our clini-
cal experience, microgravity aquatic therapy can restore active range of motion. In the water,
where resistance of water changes depending on walking speed, it is possible to adjust the
exercise intensity. Compared to slow movements, such as walking, the body is subjected to
greater levels of water resistance with movements that require use of great muscle strength
in a short period of time. Previous studies have found that by exercising in the water, where
buoyancy makes it difficult to support the body, people can experience postural instabil-
ity and improve dynamic balance and muscle strength [142]. As far as exercise safety was
concerned, in the water buoyancy and viscosity, lower forces applied to body mass-bearing
joints, such as the knee, and as a result, the aquatic exercise did not damage muscles and
joints. Moreover, in the present aquatic exercise training, the level of intensity can be defined
as “moderately strong.”

7. Resistance exercise with Kineo system

Changes related to sarcopenia have negative implications on metabolism, cardiovascular, and
muscular function. Physical exercise is the most effective intervention to improve quality of
life, physical, and psychological health [143].

Physical exercise acts on all the physiopathological mechanisms of sarcopenia: increases
mTOR expression that controls protein synthesis in the muscle in response to exercise and
nutrition; decreases fat infiltration and prevents lipotoxicity; and regulates oxidative stress
through activation of mitochondrial genes and optimization of energy production, increase of
capillary density, and muscle perfusion.

A training program that includes endurance and resistance exercises has more positive effects
on sarcopenic muscle: resistance exercises are more effective in increasing muscle mass and
strength, whereas endurance exercises are more effective for improving maximum aerobic
power [144].

Increase of muscle strength and mass can be achieved with an innovative system, such as the
KINEO system: a multitasking ergonomic robotic platform that will give you the opportunity
to differentiate the activities of muscular work in a highly efficient and accurate way. It is the
only robotic platform that allows to differentiate the workload in the two movement phases:
concentric and eccentric. This allows to optimize the training of strength and also to work
with maximum loads in the concentric phase, as it reduces the load in the return movement.

Kineo (Figure 8) is the only robotic platform that allows to differentiate the workload in
the two movement phases: concentric and eccentric. This allows to optimize the training of
strength and also to work with maximum loads in the concentric phase, as it reduces the load
in the return movement.

The Kineo system makes it possible to perform the movement with or without inertia:
in the latter case, the displacement of the load requires an application of muscle strength
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Figure 8. Kineo system.

throughout the movement, even in gestures characterized by great explosiveness. The set
load remains constant in all angles and is not modified by inertia, as is the case with a tradi-
tional isotonic work. It is possible to differentiate the load between the concentric phase and
the eccentric phase. It is possible to work in different conditions, such as elastic and “water
viscous method.” The elastic method uses resistance bands or springs as external resistance.
The elongation of an elastic element depends on the strength applied to it by the subject and
the nature of the elastic material (elastic constant). The advantage of the traditional elastic
method is constituted by the gradual increase in the muscular effort while varying the work-
load is laborious.

Kineo elastic method is its ability to use differentiated loads between the concentric and
eccentric phase to generate specific muscle adaptations and to use different methods in the
concentric and eccentric phase.
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Water workout is, universally, recognized as the most appropriate method for prevention
and functional rehabilitation, because the load adapts exactly to the real strength of the
subject. The “water viscous method,” which can be considered as the most innovative, uses
the principle of water workout and makes it available in a classic workout station. Kineo
offers the possibility to use six levels (Figure 9) of viscosity simulating a workout in various
fluids, such as water, oil, honey, and so on, which correspond to different levels of muscular
effort. One of the most important applications of the water viscous method is the work for
the stabilization of the joints, especially the knee joint, because the progressive increase in
the viscous load involves the individual muscle groups according to physiologically correct
models.

The water viscous method is characterized by the following features: the load increases or
decreases depending on the speed of movement and level of viscosity; the speed is not con-
stant but it depends on the level of applied force; and there is no inertia. When the movement
stops, the load is immediately set to zero (maximum safety for the subject). Biphasic load:
you can independently configure the level of viscosity in the concentric and eccentric phases
(Figure 10). Unlike other methods, the progressive increase in the load according to the speed
allows the subject to use a load that always respects his/her neuromuscular condition and
prevents pain.

The training schedule with Kineo should involve two or three sessions a week in noncon-
secutive days. The workload is related to the potentialities of the individual subject, which is
analyzed with specific tests that evaluate strength, equilibrium, speed, and power. (see http://
www .kineosystem.com/)

Figure 9. Kineo system, concentric vs. eccentric phase.
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Figure 10. Kineo system, viscous method.

8. Quality of life improvement

The inclusive approach to improve the quality of life includes music therapy relaxation
training, diaphragmatic breathing, guided imagery, self-hypnosis, mindfulness meditation,
and distracting thoughts and activities outdoor exercises being perceived as energizing and
indoor exercises being perceived as relaxing. Using methods deriving from cognitive therapy,
patients are taught how to identify and change unhelpful or negative thoughts (cognitive
restructuring) that contribute to psychological distress, while facilitating coping thoughts that
reduce distress and enhance other coping efforts. Occupational therapists can help patient to
maintain or resume their previous social role.

9. Conclusion

Sarcopenia is a disabling condition related to various adverse health outcomes such as mental
disorders, poor quality of life, and mortality. Acting with rehabilitation goals is important for
promoting positive functional (strength and power) and structural (hypertrophy and phe-
notypic changes) adaptive responses. The planning of a complex rehabilitation program in
sarcopenia associated to chronic conditions, in the context of a comprehensive treatment, is
made up of a nutritional support, exercise, correction of lifestyles, and use of advanced physi-
cal energies. Therefore, for the purposes of the optimal management, it is essential to identify
the pathogenesis aspects and clinical characteristics, which can affect the different treatment
choices in rehabilitation. A specialist in the identification, evaluation, and rehabilitation of
neuromuscular, musculoskeletal, and functional disorders associated with chronic conditions
and its treatment emphasizing the restoration and maintenance of function and quality of life.
Future research should focus on better understanding the role of rehabilitation and on defin-
ing appropriate interventions for sarcopenia in chronic illness.
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Abstract

Cardiovascular disease (CVD) comprises a vast spectrum of disease states ranging from
hypertension (HTN) to valvular heart disease (VHD). CVD is known to be the lead-
ing cause of morbidity, mortality, and health-care expenditure throughout the world.
According to the World Health Organization, coronary artery disease (CAD) and stroke,
both subsets of CVD, are the world’s biggest killers, accounting for a combined 15 mil-
lion deaths in 2015. These diseases have remained the leading causes of death globally in
the last 15 years. In 2010, CAD alone was projected to cost the U.S. $108.9 billion includ-
ing the cost of health-care services, medications, and lost productivity. The presence of
frailty significantly worsens outcomes for patients suffering from CAD. With just this one
example of how frailty affects CVD, it is clear that understanding the impact of frailty
upon patients afflicted with the spectrum of cardiovascular disease is integral for the care
of this very significant patient population.

Keywords: frailty, cardiovascular disease, valvular heart disease, outcomes in cardiovascular
disease, hypertension, coronary artery disease, peripheral vascular disease, lipid dysregulation

1. Introduction

Cardiovascular disease (CVD) comprises a vast spectrum of disease states ranging from hyper-
tension (HTN) to valvular heart disease (VHD) and is known to be the leading cause of mor-
bidity, mortality, and health-care expenditure throughout the world. According to the World
Health Organization, coronary heart disease (CHD) and stroke, both subsets of CVD, are the
world’s most impactful causes of mortality, accounting for a combined 15 million deaths in
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2015. These diseases have remained the leading causes of death globally in the last 15 years. In
2010, CHD alone was projected to cost the United States (US) $108.9 billion including the cost
of health-care services, medications, and lost productivity. The presence of frailty significantly
worsens outcomes for patients suffering from CHD [1]. With just this one example of how
frailty affects CVD, it is clear that understanding the impact of frailty upon patients afflicted
with the spectrum of CVD is integral for the care of this very significant patient population.

While frailty as an entity is manifested by the interplay of multiple factors, there are some
that are pertinent to the relationship between CVD and frailty. Endocrine dysregulation and
higher levels of inflammatory markers have been found in frail compared with non-frail per-
sons, and these derangements have been appreciated in patients with CHD. Elevations in
some markers of frailty are also risk factors for the development of progressive vascular and
CHD [2]. So while it can be inferred that CVD and frailty share common links, the effect of
frailty upon the outcomes of CVD is still an area of interest and continued study [3].

We now know that CVD can worsen sarcopenia and lead to frailty, while frailty worsens
morbidity and mortality in CVD [4, 5]. Maximal aerobic power (MAP), a measure of frailty,
decreases with age due to a decrease in cardiac output. And though CVD is not the primary
cause of decline of MAP, CVD clearly exacerbates the said decline [5]. Recently, in a meta-
analysis of 54,250 elderly individuals with a mean follow-up of 6.2 years, the presence of ath-
erosclerotic CVD was associated with the coexistence of frailty syndrome (FS) with an odds
ratio (OR) of 2.7-4.1 [6]. Also, in patients who did not begin the study with FS, CVD was asso-
ciated with the onset of FS during follow-up of these patients. There have been several studies
that highlight the relationship between CVD and frailty, as described in Tables 1 and 2.

Study Study type/number of Objective Outcome
patients
Chin Population-based cohort Assess association between classic Combined classic
etal. [7]  study/545 men cardiovascular risk factors and subsequent cardiovascular risk factors
functional disability and mental well-being are predictive of functional
in elderly men. disability.

Newman Observational cohort/4375  Assess the relationship between subclinical Cardiovascular disease was
etal. [8]  patients cardiovascular disease and frailty. associated with an increased
likelihood of frail health.

Chaves Prospective population Examined the cross-sectional relationship Mildly low and low-normal
etal.[9]  based cohort/670 patients ~ between hemoglobin (Hb) and a Hb levels were independently
recently-validated measure of frailty in associated with increased
community-dwelling older women, and frailty risk. This risk was
whether this relationship was modified by ~ synergistically modified by
cardiovascular disease (CVD) status. the presence of CVD.
Woods Prospective study, the Identified risk factors for frailty as targets =~ Community-dwelling
etal. [10] Women’s Health Initiative  for prevention. Investigated the predictive older women with CVD
Observational Study/40.657 validity of this frailty classification for and cardiovascular risk
women death, hospitalization, hip fracture, and factors were at higher risk of

activity of daily living (ADL) disability. developing incident frailty.

Table 1. Effect of cardiovascular disease on frailty.



Frailty and Cardiovascular Disease

http://dx.doi.org/10.5772/intechopen.69877

Study Study type/ Objective Outcome
number of patients
Klein Prospective Association of measures of frailty to Greater frailty was significantly
etal. [11] cohort/2962 patients  disease outcomes and survival in a associated with cardiovascular disease
population-based study of Midwestern ~and hypertension.
adults.
Cacciatore ~ Prospective This study aimed to examine the Frailty represents a new independent
etal. [12]  cohort/1259 patients predictive role of frailty on long-term  variable for predicting long-term
mortality in elderly subjects with CHF.  mortality in elderly subjects with CHF.
Purser Observational To characterize physiological variation = Gait speed frailty was the strongest
etal. [13]  cohort/309 patients  in hospitalized older adults with severe predictor of mortality in a population
coronary artery disease (CAD) and with CAD and may add to traditional
evaluate the prevalence of frailty in this risk assessments when predicting
sample, to determine whether single-  outcomes in this population.
item performance measures are good
indicators of multidimensional frailty,
and to estimate the association between
frailty and 6-month mortality.
Boxer Prospective To assess the distance on the 6-min The 6MWT may be useful to identify
etal. [14]  cohort/60 patients walk test (6(MWT) as a measure of frailty and those in transition to frailty.
frailty in 60 older HF patients (ejection
fraction <or=40%) compared with
frailty phenotype (FP).
Dumurgier Prospective cohort  Study the relation between low Slow gait speed was associated with
etal. [15]  study/3208 menand walking speed and the risk of death a threefold increase in cardiovascular
women in older people, both overall and with ~ mortality over 5 years but no
regard to the main causes of death. difference in death due to cancer or
death due to other causes, implying a
specific effect of frailty on CVD.
Ekerstad Prospective To analyze how frailty predicts Frailty is strongly and independently
etal. [5] cohort/307 patients  short-term outcomes for elderly associated with in-hospital mortality,

non-ST-segment elevation myocardial
infarction patients.

1-month mortality, prolonged

hospital care, and the study’s primary
composite outcome which included
endpoints like all-cause mortality,
reinfarction, revascularization, and
even dialysis in older patients after
non-ST elevation myocardial infarction
(NSTEMI).

Table 2. Effect of frailty on cardiovascular disease.

A scoring system easily used on an inpatient basis highlights the interplay of CVD and
frailty [16]. Sanchis et al. described seven independent predictors of frailty: age >75 years,
female sex, prior CHD, admission for heart failure (HF), hemoglobin <12.5 g/dL, vitamin D
<9 ng/mL, and cystatin-C >1.2 mg, which could be measured on an inpatient basis. Defining
frailty as positive when there were >3 had a good correlation with the Fried score of frailty.

In this chapter, we delve into a basic understanding of the underlying pathophysiology of
CVD in relation to frailty and how it is worsened by the latter, inflammatory markers that
have proven significant in CVD and frailty, and how frailty affects a vast spectrum of CVD,
ranging from lipid dysregulation to outcomes in VHD.
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2. Pathophysiology

The pathophysiology of CVD and frailty relates to a baseline chronic inflammatory state [17-20].
This phenomenon is caused by a metabolic imbalance in the body, hereby systemic demand is
not met by metabolic supply, and consequently the body becomes primarily catabolic, oxidative
stress increases, and ultimately a low-level inflammatory phenotype is established [18, 21-28].

Multiple diseases place systemic stress demands on the body [1] that in turn leads to the
inability of the body to keep pace with the demands of daily living, such as thermoregulation,
aerobic respiration, glycolysis, and oxidative phosphorylation [17, 22, 29]. As a consequence
of this baseline mismatch between the body’s demand and its ability to supply, the body
enters a pro-catabolic state and begins to metabolize itself for nutrient utilization [17, 25].
During this state, more inefficient systems are used to produce energy, and weakness and
weight loss occur [30]. A pro-catabolic state is frequently seen in both CHD and frailty and
leads to, as we already know exists in frailty, a pro-inflammatory state [18, 24].

The aforementioned pro-inflammatory state is highlighted by the presence of elevated inflam-
matory markers. There are markers specific to frailty and others that are common between CVD
and frailty. Interleukin (IL)-6 is the most consistently seen inflammatory marker in patients with
frailty, and is thought to be central to the pathogenesis of the phenotype [18, 21, 24, 26-28]. Studies
have reported seeing elevated plasma uric acid, D-dimer, white blood cells (WBCs), erythrocyte
sedimentation rate (ESR), triglycerides, homocysteine, glucose, hemoglobin A1C (HbAlc), cre-
atinine, cystatin C, insulin-like growth factor (IGF)-1, fibrinogen, von Willebrand factor, factors
VIII and IX, oxidized proteins, protein carbonylation, as well as decreased vitamin D and testos-
terone in patients with frailty [31]. In order to highlight the common role inflammation plays in
both CVD and frailty, we can appreciate that elevations of C-reactive protein (CRP), factor VIII,
and D-dimer are commonly seen even after correction of CVD [32]. Particularly, D-dimer, CRP,
IL-6, and tumor necrosis factor (TNF)-alpha will be discussed where pertinent.

3. Frailty and hypertension (HTN)

Though not all frail patients are hypertensive, there is some evidence to suggest that HTN is
independently associated with frailty [33]. The mechanism behind this finding is further elu-
cidated by the fact that frail patients have a decreased ability to use adenosine triphosphate
(ATP) [23, 29, 34]. This leads to a decreased ability of smooth muscle to use ATP to pump
calcium back into the sarcoplasmic reticulum, which is marked by a slower rate of decay
of the calcium transit. In practical terms, this means the blood vessels of frail patients have
decreased compliance and difficulty relaxing, which leads to HTN.

The renin-angiotensin-aldosterone system (RAAS) is one of the primary systems used by the
body to regulate blood pressure (BP) (Figure 1) [35, 36]. Chronic inflammation directly stimulates
RAAS, which causes HTN [37]. Since frail patients have persistently increased inflammation,
stimulating RAAS, they are more likely to develop HTN. Thus, there is a direct link between the
chronic inflammation phenotype and HTN in frail patients.
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Figure 1. Renin-angiotensin-aldosterone system. ACE I, angiotensin-converting enzyme inhibitor; ACE-2, angiotensin-
converting enzyme-2; Ang, angiotensin; BK, bradykinin; BP, blood pressure; HFpEF, heart failure with preserved ejection
fraction; JG, juxtaglomerular; LV, left ventricle; LVEDV, left ventricular end diastolic volume; LVH, left ventricular
hypertrophy; NO, nitric oxide; PAI-1, plasminogen activator inhibitor-1; SNS, sympathetic nervous system.

Evidence from randomized controlled trials over the past decade indicates there is benefit
to treating hypertension in older patients [38, 39]. This is inconsistent with earlier observa-
tional and subgroup analyses of previous randomized control trials which were inconclusive
[40, 41]. The HYVET trial in 2008 specifically focused the treatment of hypertension in elderly
patients and found that antihypertensive treatment in patients older than 80 was benefi-
cial [39]. In 2015, the Systolic Blood Pressure Intervention Trial (SPRINT) was undertaken.
This trial should not be confused with the Sarcopenia and Physical Frailty in Older People:
Multicomponent Treatment Strategies (SPRINTT) trial, which aims to provide a clear opera-
tional definition of physical frailty and assess the impact a multi-component intervention has
on its progression [42]. The SPRINT trial showed that among patients >50 years old, lowering
BP to <120 mmHg, particularly in the elderly, was associated with a significant decrease in
mortality compared to a target of less than 140 mmHg at 5 years (5.2% vs. 6.8%; hazard ratio
(HR): 0.75; 95% confidence interval (CI): 0.64-0.89, p < 0.001) [38]. Of note, patients who were
>75 years old tended to fare better than younger patients. Taken together, this suggests that
all elderly patients benefit from antihypertensive treatments, but there is an important caveat
to both of these studies: enrolled patients tended to be relatively healthy patients and specifi-
cally excluded patients with heart failure, stroke, and end-stage renal disease [35, 38].
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The exclusion criteria for HYVET and SPRINT raise concern that their findings may not
be generalizable to frail patients [43]. A subgroup analysis of patients enrolled in HYVET
addressed this concern [44]. Participants in both the control and treatment groups were given
a frailty index according to 60 different variables. The impact of the frailty index on subse-
quent risk of stroke, mortality, and cardiac events was found to be non-significant, suggesting
that benefits associated with BP lowering were conserved in frail patients. A frailty index was
calculated for SPRINT participants using a similar set of 36 variables [45]. The frailty index
distribution among the participants was comparable to general population cohorts. This sug-
gests the heterogeneity of frailty among participants is similar to the general population.

Another 2015 report as a part of the Zwolle Outpatient Diabetes Project Integrating Available
Care-34 (ZODIAC-34) cohort study, this time including all-comers, confirmed what observa-
tional studies had shown: for all-cause mortality (especially frail patients), there was an inverse
relationship between blood pressure and all-cause mortality with a hazard ratio for systolic
blood pressure of 0.92 (95% CI: 0.87-0.98) and 0.83 for diastolic blood pressure (95% CI: 0.73—-
0.93) [46]. This suggested that among all patients >75 years of age, this time including those with
less than 1 year life expectancy and DM, lower BP was associated with an increase in mortality.
Contiguously, intensive lowering of BP in patients with low gate speed (a commonly used proxy
for frailty) did not reduce mortality and the rate of CVD events (p =0.05, 0.28, respectively) [47].

4. Frailty and lipids

The metabolism of lipids has been shown to affect aging, such that having a high-density lipo-
protein (HDL) level above 70 mg/dL is referred to as longevity syndrome. The Invecchiamento
e Longevita nel Sirente (iISERENTE) study showed that the HDL levels of the patients in their
study who died during follow-up were significantly lower than the levels of the survivors.
This finding contributed to the understanding of the effect of HDL on lifespan, highlighting
the role of lipid metabolism in decreasing mortality in the frail, elderly patient [48]. Another
study of the same group of patients showed that, among frail patients, those with the high-
est HDL levels had the best functional states [49]. To further support this idea, another study
done in 2015 supported frailty as an independent risk factor for various diseases along the
CVD spectrum. A low HDL level was one of the parameters [50]. As a part of the Longitudinal
Aging Study Amsterdam, it was described that a lower total cholesterol was related to a higher
rate of decline on information-processing speed indicating, ultimately, that lower total choles-
terol may be considered to be a marker of frailty and predictive of lower cognitive function in
the elderly [51]. As described earlier, there has been significant study regarding the relation-
ship between frailty, HDL status, and its effect on mortality. Conversely, the relation between
low-density lipoprotein (LDL) levels and frailty has yet to be established. Also, whereas the
effect of lipids in the frail patient has been studied, the effect of frailty on the patient with a
lipid disorder has yet to be established.

There has been speculation upon the metabolism of lipids in the frail patient. As there is a
pro-inflammatory milieu in the frail patient, this inflammation may affect lipid metabolism
and, hence, lipid profiles in those who are frail. There may also be some correlation between
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dysfunctional lipid metabolism due to endocrine dysregulation evidenced by lower IGF-1
and growth hormone levels in frail patients, lower HDL levels, and resultant poorer outcomes
in CHD [52, 53]. A study on metabolic syndrome and disability showed a correlation between
high triglycerides and a limitation in mobility and activities of daily living [54]. Overall, the
effect of frailty, its pro-inflammatory state, and the collective effect on lipids seems to be con-
tiguous with an elevation in triglycerides (TGs) and a decrease in HDL likely contributing to
the elevated CVD risk in the frail population.

5. Frailty and atrial fibrillation (AF)

The up-regulation of the RAAS system in frail patients, as mentioned earlier, mediates an
up-regulation of endothelin-1, which in turn mediates an increase in cardiac fibrosis [55].
Cardiac fibrosis, in turn, increases the likelihood of AF by disrupting the cardiac neurocon-
duction pathways [23]. Additionally, frailty may be an independent risk factor for AF [46] due
to a decreased ability to modulate heart rate, resulting in an increased likelihood of a patient
developing AF [56, 57]. Additionally, an increased calcium influx, as discussed earlier, causes
changes in the trans-cellular membrane potential, which in turn makes a patient more likely
to develop AF [23].

Frail patients have a 4.4 times higher chance (95% CI: 2.104-9.080, p <0.001) of having AF com-
pared to the general population [57]. Additionally, Polidoro et al. found that even after adjust-
ing for age, sex, CVD, and CVD risk factors, AF was associated with a fourfold increase in
frailtyhighlighting the relation between frailty and AF [58]. Additional evidence supporting
the link between frailty and AF is the impairment of autonomic control vis-a-vis decreased
heart rate variability which often precedes episodes of paroxysmal AF [57]. Similarly, there is
decreased heart rate variability in frail patients.

AF has a significant impact on outcomes, including mortality, in frail patients [59]. Nguyen et
al. found that in patients with AF, there was a 2.69 times higher risk of death in frail patients
over a 6-month period after hospitalization (HR: 2.69, 95% CI: 1.53-4.74). This relationship
held even after correction for potential co-founders (HR: 2.33; 95% CI: 1.31-4.14). It may be
plausible to infer that AF also causes significant risk for cognitive decline to these patients see-
ing as they are already at an increased risk for microbleeds as discussed subsequently in the
section on cerebrovascular disease. Furthermore, the strong risk of stroke and TIA outlined in
the subsequent text is indubitably linked with AF [60].

Despite the increased risk of death with AF, frail patients have an eightfold less likelihood of
being discharged home on an oral anticoagulant after hospitalization [57]. In fact, frailty is
the third most cited reason for not prescribing an oral anticoagulant. This makes the report
by Granzera et al. more pertinent as the population ages [61]. In this study, he provides an
approach to deciding if oral anticoagulation is appropriate in elderly frail patients (Figure 2).

Granziera et al. also discussed what factors should go into making the decision of whether to
use warfarin or novel oral anticoagulants (NOACs) in frail patients [61]. Severe renal impair-
ment, severe liver impairment, and poor adherence favored the use of warfarin. The exceptions
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Granziera et al. [61].
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to favoring warfarin in renal impairment are apixaban and edoxaban, both of which may be
prescribed in patients with compromised renal function. Decreased renal and hepatic clear-
ances have minimal effect on warfarin. In patients at risk for poor compliance, their risk for
stroke will not revert to baseline if a dose is missed. For patients with decreased mobility,
they are less likely to comply with nutritional changes for warfarin and have polypharmacy;
NOAC:s are the better choice for improved compliance.

Frail patients may have less of a benefit from device therapy than healthy patients [57]. In a
combined analysis of four clinical trials, the benefits of implantable cardioverter defibrillators
were inversely proportional to the number of comorbidities. This line of thought was further
supported by a retrospective study of 83,792 undergoing ICD implantation in which frail
patients had a 22% risk of mortality at 1 year compared to 12% overall.

6. Frailty and cerebrovascular disease

Several studies have indicated that frailty is associated with low cognitive performance. This
is attributed to multiple causes including increased rates of Alzheimer’s disease (AD), mild
cognitive impairment, and a distinct subtype of frailty —cognitive frailty [62, 63]. Cognitive
frailty is a clinical syndrome found in elderly patients without AD or other dementias, and
occurs concurrently with physical frailty [63]. The key feature differentiating this syndrome
from AD and other dementias is its potential for reversibility. The proposed mechanism
for cognitive frailty is similar to physical frailty—a decrease in physiological reserves for
responding to systemic stressors that manifests as an erosion of homeostatic mechanisms.
The erosion of homeostatic mechanisms seen in cognitive frailty is manifested as (3-amyloid
accumulation. These changes are independent other causes of dementia such as vascular and
Alzheimer’s dementia.

Frail patients were also more likely to have any form of dementia (HR 1.85; 95% CI: 1.01-3.40)
and vascular dementia in particular (HF 2.68; 95% CI: 1.16-7.17) [62]. Frail patients are 3.38 times
(95% CI: 2.37-4.81, p < 0.001) more likely to have a stroke or TIA than non-frail patients [60].
This association with cerebrovascular disease extends to include pre-frail patients, who have a
1.98 times greater risk of having a stroke versus non-frail patients (95% CI: 1.53-2.57, p < 0.001).
Another manifestation of cerebrovascular disease, cerebromicrobleeds, is one of the primary
lesions responsible for vascular dementia. When the number of lesions is low (only one or two),
there is usually no clinical evidence of microbleed, but when there is a larger lesion burden,
patients present with stroke or dementia [64]. Even when adjusted for age, sex, and presence of
vascular risk factors (CHD, chronic kidney disease, and global cognitive impairment), the lesion
number was positively correlated with the severity of physical frailty. Chung et al. also found
that the severity of physical frailty was positively correlated with proportion of cerebromicro-
bleeds present in the deep and infratentorial regions of the brain.

Furthermore, a study performed on patients undergoing carotid endarterectomy (CEA)
using the American College of Surgeons National Surgical Quality Improvement Program
(NSQIP) database from 2005 to 2011 showed that frailty is a predictor of increased stroke,
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mortality, myocardial infarction, and length of stay after CEA, further supporting the idea
that CVD and frailty are strongly interlinked with frail patients suffering poorer outcomes
postintervention [65].

6.1. Inflammatory markers in CHD

The relationship between frailty and CHD is one that has been extensively studied as well.
Chronic inflammation is a shared mechanism between atherosclerosis and frailty [18, 66, 67].
In Libby et al.’s strong and well-cited review article, they show that, in addition to plaque
characteristics, acute coronary syndromes are also caused by a chronic inflammatory state
[59]. This link is most strongly seen by four markers of inflammation shared by both frailty
and coronary vascular disease: IL-6, CRP, fibrinogen, and D-dimer [26, 27].

Hunter et al. made the strong case that IL-6 is a keystone mediator of systemic inflammation
in multiple disease processes, especially CVD [28]. There have been numerous other stud-
ies linking IL-6 and CHD [18, 66, 67]. This suggests that IL-6 is central to the immunogenic
dysregulation that accounts for the disease burden suffered by patients with both CVD and
frailty [28]. Another significant marker of chronic inflammation shared between both CHD
and frailty is CRP [26, 27]. Like IL-6, this marker is elevated in frailty even when CHD is
accounted for [32].

Fibrinogen is an acute-phase reactant shown to be elevated with chronic inflammation and
is strongly correlated with both frailty and atherosclerosis [26, 66]. Elevated fibrinogen is an
independent risk factor for CVD events [66]. The mechanism is thought to be caused by fibrin-
ogen affecting the plaque phenotype, causing it to be more permeable, able to accumulate oxi-
dized LDL, increase platelet reactivity, and aggregation. A direct association between frailty
and fibrinogen has been observed independent of chronic disease states [26].

Similar to fibrinogen, D-dimer fragments are an independent risk factor for CHD to the
point where they are considered a biomarker for atherothrombosis [66]. Moreover, elevated
D-dimers are also independently associated with frailty [32].

7. Frailty and CHD

A meta-analysis of 54,250 elderly individuals with a mean follow-up of 6.2 years showed that
the presence of atherosclerotic CVD was associated with the coexistence of frailty syndrome
with an odds ratio of 2.7-4.1 [6]. The relationship between CVD and frailty is significantly
bidirectional [6, 60]. This is highlighted by the twofold increase in mortality among frail CHD
patients compared to non-frail patients even when adjusted for age and comorbidities [68]. In
the Women’s Health Initiative Study, women with CHD were more likely to become frail over
the subsequent 6 years; likewise, the Health, Aging, and Body Composition Study showed
that older adults with frailty were more likely to develop CHD. This same study showed that
the presence of frailty, assessed by gait speed, was associated with an increased risk of inci-
dent CVD. After adjustment for potential confounding factors, a slower gait was associated
with an increased incidence of CVD events and all-cause mortality compared with individuals
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having higher walking speed [69]. Furthering the complexity of this disease interplay is the
fact that patients with both frailty and CHD have a higher frequency of multivessel disease
and left main disease (74%) than non-frail patients (60%) and moderately frail (68%) patients
(p=0.019) [70]. These differences persisted even after correcting for age and gender (p = 0.005).
The wealth of evidence clearly defines the effect of frailty upon CHD.

Interestingly, atherogenesis is also affected by sarcopenia. This effect is partially due to the
replacement of muscle with adipose tissue, and partially to the neurohumoral dysregula-
tion and decreased mobility brought on by sarcopenia [71-73]. Atherogenesis is worsened
by the presence of sarcopenia and frailty in humans as evidenced by the association between
carotid atherosclerosis, arterial stiffness, and sarcopenia [6]. It, therefore, seems natural that
frail patients fare worse after an acute CHD event compared to non-frail patients. This notion
was validated by Dodson et al., who found that at 1 year after an acute CHD event, older
adults with slow gait speed (<0.8 m/s measured 1 month after the event) were more likely to
die or be re-admitted to the hospital than those with faster speeds (35.4% vs. 18.5%; p = 0.006)
[74]. However, it is important to note that the majority of these events were re-admissions—
not death.

Regarding interventions, there has been an extensive amount of investigation into whether
coronary artery bypass grafting (CABG) is better than percutaneous coronary intervention
(PCI) in frail patients. Fifty-six percent of frail patients who underwent CABG had postop-
erative complications compared to seventeen percent of those who were non-frail (p < 0.001)
[75]. Frailty was also an independent predictor of in-hospital mortality after CABG (OR 1.8;
92% CI: 1.1-3.0). Similarly, PCI also carried significant risks. Frailty was associated with a
longer hospital stay (HR 4.8, 95% CI: 1.4-16.3; p = 0.013), higher 30-day mortality (HR 4.8, 95%
CI: 1.4-16.3; p = 0.01), and higher 1-year mortality (HR 5.9, 95% CI: 2.5-13.8; p < 0.001) [76, 77].
Importantly, there is evidence that there is no significant difference in change in frailty at
30 months between CABG and PCI (p = 0.090) [78]. In patients 275 years old treated with
either PCI or CABG, there was a significantly different trajectory in their frailty score at 30
months (0.188 vs. 247, respectively) and at baseline (0.164 vs. 0.189, respectively; p = 0.041).
Including frailty as part of the three-tiered criterion in the assessment of a patient under-
going PCI improved the discriminatory ability of the Mayo Clinic risk score [79]. Of great
importance is the decision as to which modality of intervention is most effective in the frail
population with obstructive coronary artery disease (CAD). Although we suspect that being
less invasive in frail patients may be preferable, a prospective, randomized trial in the frail
population addressing this quandary, as well as whether revascularization impacts frailty,
would be beneficial.

8. Frailty and peripheral arterial disease (PAD)

Clearly, PAD is a pandemic condition that could potentially lead to the literal loss of life and
limb. It manifests as tissue hypoperfusion caused by acute insult upon a limb with preexist-
ing underlying atherosclerosis. This disease process is a significant cause of morbidity and
mortality in both the frail and non-frail populations [80, 81].
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Frailty has been shown to be associated with and worsen outcomes in patients with PAD. A
study of the participants >50 years of age in the National Health and Nutritional Examination
Survey (NHANES) showed that, in multivariable multinomial logistic regression models,
ankle brachial index (ABI) <0.9 predicted frailty and pre-frailty. A higher prevalence of frailty
was seen in participants with ABI >1.4. Frailty predicted general and CVD mortality in par-
ticipants with ABI <0.9. Hence, this study suggested that frailty mediates increased morbidity
and mortality in PAD [82]. A cross-sectional study was carried out in a geriatric population
of >65-year-old residents of Taichung, Taiwan, in June 2009 to assess the association between
frailty and subclinical PAD. It reported findings suggesting that frail individuals had a signifi-
cantly increased risk for subclinical PAD with an odds ratio of 3.168 [83]. In a study assessing
gait in patients with PAD versus non-PAD both with and without frailty, the pre-frail group
defined by the Fried Frailty Index had a diminished difference between study groups. This
indicated that pre-frail patients have a poor functional status overall, which may overshadow
the level of dysfunction imposed upon them by PAD alone [84].

Another study assessing the effect of frailty on outcomes after vascular surgery showed that
frailty, assessed by the modified Frailty Index (mFI), predicted mortality in patients under-
going open procedures and Clavien-Dindo class IV (life-threatening) complications for both
open and endovascular abdominal aortic aneurysm repairs [85]. Affecting disposition and,
hence, patient wellness and health-care expenditure, frailty also increases the propensity of
home-dwelling patients classified as frail to be discharged to a facility other than their home
after elective vascular interventions [86]. There is also evidence to support the idea that frail
females are potentially at the highest risk of death after vascular surgery, suggesting that
female gender may be an additive risk factor [87].

9. Frailty and heart failure

The pathogenesis of HF has significant overlap with the processes leading to the frailty phe-
notype [17, 88]. With HF, much like frailty, the metabolic demands of the body outstrip physi-
ologic reserves. The findings of Lavie et al. likewise show that a loss of fat (reserves) signals a
worsening prognosis in HF [30].

Frail patients and patients with HF consistently have a similar biochemical profile of ele-
vated CRP and interleukin-6, which in turn promote mitochondrial dysfunction [18, 22, 31].
Mitochondrial dysfunction produces excessive reactive oxygen species producing a pro-
apoptotic intracellular environment. In the case of HF, apoptosis of cardiomyocytes fosters
a local pro-inflammatory atmosphere, leading to cardiac fibrosis and ultimately decreased
contractility. Likewise, when applied to skeletal muscle, this process causes sarcopenia, one
of the hallmarks and precursors of frailty.

The likelihood of a frail patient to manifest HF is 8.76 times higher than that of a non-frail
patient and, compared to any other element of CVD, HF is the most strongly linked with
frailty [60, 89]. However, it should be noted that frailty is not limited to geriatric heart failure
patient, and been observed in up to one-third of younger patients with HF [68]. The prevalence
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of frailty among heart failure patients is important because frailty is an even stronger predictor
of mortality than is HF per se [88]. Cacciatore et al. assessed the role frailty had on mortality
in HF patients (n = 1139) over a 12-year period compared to patients without CHF (n = 120)
and found that frailty was independently associated with mortality in HF (HR 1.48, 95% CI:
1.04-2.11; p = 0.0032) and control group patients (HR 1.36, 95% CI: 1.17-1.57; p < 0.001), prov-
ing that it indeed was a more important predictor of mortality than HF itself [12]. Lupon et al.
found that among 622 outpatient HF patients, frailty was an independent predictor of mortal-
ity even after adjustment for HF (HR 2.09, 95% CI: 1.11-3.92; p = 0.022) [90].

Discerning which patients are frail versus non-frail also has an impact on clinic resources. Frail
patients versus non-frail patients in one study had a 92% increase in Emergency Department
(ED) visits (HR 1.92, 1.60; 95% CI: 1.30-2.83) and 65% increased risk for hospitalizations (HR
1.65; 95% CI: 1.17-2.35) [91]. Of note, there was no significant association between outpatient
visits in HF patients and frailty. This raises the question as to whether or not more intensive
outpatient management of frail HF patients would decrease ED and hospital utilization.

One possible intervention to decrease the amount of hospital utilization in frail patients and,
moreover, improve their morbidity and mortality is specifically resistance exercise [92]. As
noted by Lavie et al., there is compelling evidence that muscle mass and muscle strength are
protective in HF patients [93]. Moreover, a lack of muscular fitness overall is a strong determi-
nant of cardiac cachexia which, as mentioned earlier, may be seen as a classification of frailty.
There is evidence to suggest that maximal aerobic power, a measure of frailty, decreases with
age, due to a decrease in cardiac output, and is exacerbated by CVD. Importantly, this is a
measure of frailty which could be addressed with an increase in muscle mass and anaerobic
exercise [94]. It is important to note that resistance training is the most well-validated coun-
termeasure to slow the decline of muscle mass and muscle strength, even in frail patients [92].
By slowing the decline in muscle strength, the decline into frailty is consequently retarded.
Taken together, this evidence points to muscle bulk, or the lack thereof, as being a significant
marker of disease progression in HF and element of CVD.

The choice of pursuing advanced therapeutic options in the frail population with HF is a
difficult one. As Joyce points out, HF itself and its ensuing sequelae can simulate the frailty
phenotype [95]. Discerning between frailty caused specifically by HF and frailty attributable
to non-CVD causes has significant implications in this selection of patients for destination
therapy with left ventricular assist devices (LVADs). In patients with HF as the primary driver
of his or her frailty, implantation of an LVAD led to restoration of aberrant cardiac output and
metabolism. Flint et al. sorted out frail patients receiving an LVAD into three groups: LVAD-
responsive, LVAD-independent, and LVAD-intermediate. In the LVAD-responsive group,
whose frailty was primarily due to HF, implantation of LVAD caused a significant decrease in
post-LVAD frailty as measured by hand-grip strength compared to both the LVAD-intermedi-
ate and LVAD-independent patients. These LVAD-responsive patients may be more accurate
representatives of cardiac cachexia versus frailty.

Frailty in the heart-transplant (HT) population has more significant and far-reaching impor-
tance. Frail patients who underwent HT in one study had a 1-year survival rate of 52 + 23%
versus 100% in the non-frail control arm. This has significant implications in the way HT
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therapy is allocated. This is a realm that requires more study, though studies will be sparse
given the requirements for HT approval, including appropriate performance on pre-HT
cardiopulmonary testing, in which frail and pre-frail patient would likely have suboptimal
results.

10. Frailty and valvular heart disease (VHD)

In industrialized countries, the prevalence of VHD is estimated at 2.5%. Degenerative calcifi-
cation seems to augment the prevalence of VHD markedly after the age of 65 years, particu-
larly regarding aortic stenosis (AS) and mitral regurgitation (MR). These two disease entities
account for three in four cases of VHD. Also contributing to the incidence of VHD is infec-
tive endocarditis, the incidence of which is approximately 30 cases per million individuals
per year worldwide. Finally, theumatic heart disease (RHD) is another very significant con-
tributor to the incidence of VHD and still represents a significant health burden with over
15 million cases of RHD worldwide, 282,000 new cases, and 233,000 deaths annually [96].
Health-care expenditure for these disease entities is substantial. In fact, US expenditure esti-
mates close to $2 billion annually for symptomatic and asymptomatic aortic VHD, and $2.6
billion for symptomatic and asymptomatic mitral VHD [97, 98].

Patients who meet indications for VHD surgery are frequently not offered surgery due to
prohibitive risk features. As an example in the mitral VHD population, among patients who
meet the current indications for surgical treatment of MR, almost 50% are not offered therapy
due to several factors, including high surgical risk from comorbidities and frailty associated
with advanced age [99, 100]. Importantly, though some patients may tolerate a surgical pro-
cedure, meaningful functional recovery is not achieved if they demonstrate marked frailty
prior to the intervention [101]. Unfortunately, such patients are left with few clinical options,
resulting in frequent referrals to palliative care and hospice programs. Fortunately, as we now
know, patients earlier deemed inoperable or high risk for conventional VHD surgery have
minimally invasive options to address their comorbid state. These include transcatheter aortic
valve replacement (TAVR), transcatheter mitral valve replacement (TMVR), and Mitraclip.
These procedures may be the ones most suitable for the frail population as they are part of the
aforementioned patient populations that would otherwise be left without options. Currently,
of the interventions for VHD that are performed, the three mentioned earlier are the ones that
have the most impact on the frail population.

In a study aimed at studying inflammatory markers in patients undergoing TAVR in an
attempt to estimate preoperative risk, two inflammatory markers were studied. Neopterin,
a pteridine synthesized by activated macrophages, and immune activation-mediated trypto-
phan and its subsequent degradation had both been shown prior to be associated with frailty
and chronic disease. Ultimately, increased immune activation and associated tryptophan deg-
radation underscored the prognostic role of baseline inflammation for outcome in patients
with severe AS undergoing TAVR [102]. The aforementioned inflammatory markers like IL-6,
TNF-alpha, D-dimer, and CRP have not yet been studied in the frail population in regard to
outcomes in VHD but may prove to be valuable area of further research.



Frailty and Cardiovascular Disease
http://dx.doi.org/10.5772/intechopen.69877

Frailty is well known in the VHD population to be associated with poorer outcomes when
compared to non-frail patients. Patients with a moderate to severe degree of frailty (defined
as requiring assistance to ambulate or attend to their own bodily needs, or a modified Rankin
score 4) are generally considered high risk for valvular surgery [103]. In a study conducted by
Sepeheri et al., frailty had a strong positive relationship with the risk of major adverse cardio-
vascular and cerebrovascular events (MACCE) (odds ratio, 4.89; 95% confidence interval, 1.64—
14.60) [104]. Relationships were stronger in older patients undergoing TAVR than younger
patients undergoing CABG and VHD surgery (hazard ratio for frailty in TAVR, 3.31-4.89 vs.
hazard ratio for non-TAVR, 1.10-3.16). One single-center experience of all cardiac operations
demonstrated frailty to be an independent predictor of in-hospital mortality, institutional dis-
charge, and reduced midterm survival [105]. In a study assessing the effect of frailty on mor-
tality, length of stay (LOS), and discharge destination in patients post-TAVR, Chauhan et al.
showed that frailty portended an increase in LOS and mortality [106]. Additionally, a study
assessing preoperative computed tomography (CT) scans that are done as part of the workup
for transcatheter therapeutic interventions for VHD shows that these CTs have proven useful
in measuring the patient’s skeletal mass index (SMI) and, thus, preoperative sarcopenia. This
correlated directly to length of stay more strongly than the frailty index [107].

Many of the frail patients afflicted with MR, however, tolerate MitraClip and are able to
recover from the femoral venotomy and general anesthesia required for this procedure. In
one study assessing effectiveness of transcutaneous mitral valve repair with Mitraclip in 564
patients, frailty was noted in 57% of patients. The procedural success rate, nonetheless, was
91% defined as MR less than or equal to grade 2 and surviving the hospital stay. A majority
of patients were discharged home with moderate or less MR than prior [108]. Patients with
severe frailty who are bedridden and/or require constant nursing care may be too disabled to
achieve meaningful benefit from MitraClip and may also be considered prohibitive for TAVR
[101]. This, though, has yet to be assessed prospectively.

The interesting aspect of frailty in VHD is that the novel interventions in this field are gener-
ally aimed to treat non-operable or high, prohibitive risk individuals. Frail patients comprise
a significant portion of this population indicating that understanding how best to treat these
patients is of significant import for the field in its gestalt. As this field continues to develop
more prolifically, addressing the frail patient will prove to be an area of in-depth study. Many
practitioners share the belief that current interventions prove to reverse certain aspects of
frailty but this has yet to be studied in a prospective trial.

11. Conclusions

Frailty is a significant disease entity affecting a myriad of clinical situations. How it affects the
spectrum of CVD has been an area of interest and study for a number of years. With the advent
of novel procedures in the realm of VHD and the expansion of patient populations now being
considered as candidates for interventions, the topic of frailty, its interplay with CVD, and
how it affects outcomes in patients with CVD are of the utmost import. As discussed earlier,
current risk scores for patients undergoing cardiovascular surgery (STS and euroSCORE) have
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yet to include frailty as official criteria in their scoring systems, yet many practitioners still note
frailty to be a condition predisposing patients to unfavorable outcomes and, thus, precluding
them from interventions.

That frail patient suffers poorer outcomes is significant. From postintervention mortality to
disposition postdischarge, frail patients perform suboptimally when compared to their non-
frail counterparts. The generalized debility to which frail patients are predisposed may make
them less tolerant of therapeutic postintervention treatments that would otherwise improve
their outcomes, such as physical therapy and progressive exercise training. Their subclinical
inflammatory state may further prevent wound healing and resolution. Also, their comorbid
conditions may prevent complete healing and recovery as well. These hypotheses have not
yet been studied and warrant further investigation for the purpose of elucidating ways to
counteract the aforementioned poorer outcomes experienced by frail patients.

Frailty can be treated, potentially, with specific modalities, such as exercise, protein-calorie
supplementation, vitamin D, and reduction of polypharmacy [109]. This shows that, although
frailty is incredibly significant and has undeniable impacts on morbidity and mortality, it is
something that is potentially reversible. With further study and therapeutic interventions tai-
lored specifically to the frail patient, we may be able to expand our indications and improve
the quality of life for a patient population known to suffer with a disease process different
from any other.
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Abstract

As life expectancy is projected to increase in the ensuing decades, individuals of older
age continue to exceed the previous generation’s lifespan. Advancing age is associated
with a reduction in physical and mental functional capacity, and chronic inflammation is
a major factor contributing to this decline. A heightened inflammatory state can lead to
exhaustion, weakness, weight loss, slow gate speed, and an overall decrease in activity
level. These phenotypes define the onset of the disease process known as frailty. Frailty
is a growing epidemic, which severely undermines a person’s ability to deal with out-
side stressors, and increases their rate of hospitalization, institutionalization, and mor-
tality. Current interventions focus on preventative care by improving exercise capacity,
strength, nutritional supplementation, diet, and mobility. However, a biological cure has
heretofore remained elusive. Here, we introduce the novel therapeutic principle that mes-
enchymal stem cell (MSC) therapy may represent a safe, practical, and efficacious both
the treatment and prevention of frailty in individuals of advancing age. To date, a phase
I safety trial reveals an excellent safety profile and suggests that mesenchymal stem cells
can ameliorate signs and symptoms of frailty. These early studies lay the groundwork for
future large-scale clinical trials of this exciting and novel therapeutic concept that has the
potential to expand health span in the aging population.

Keywords: mesenchymal stem cells, immunomodulation, frailty, tumor necrosis
factor-alpha, regenerative medicine
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1. Introduction

Projected life expectancy continues to grow worldwide owing to the advancement of new
treatments and technologies for leading causes of death such as cardiovascular disease and
cancer [1]. Meanwhile, frailty is gaining relevance as a significant clinical syndrome that is
associated with increased risk of falls, depression, and disability, leading to higher mortality
[2]. Frailty is defined by an age-related decline in reserve and function leading to a reduced
ability to cope with acute or external stressors [3] and is characterized by easy tiring, decreased
libido, mood disturbance, accelerated osteoporosis, diminished muscle strength, and suscep-
tibility to disease. However, the pathophysiology underlying this syndrome is complex and
not clearly understood [4].

Inflammation is a pathophysiologic change that is closely linked with frailty [5]. Aging is asso-
ciated with immunosenescence or the dysregulation of the innate immune system, resulting
in an increase of pro-inflammatory cytokines such as tumor necrosis factor (TNF)-q, interleu-
kin (IL)-6, and IL-1B, further leading to a chronic low-grade inflammatory state [6]. Chronic
inflammatory response inhibits the repair, turnover, and adaptation of many tissues, includ-
ing skeletal muscle [6]. Regeneration of skeletal muscle involves the cross-talk of muscle cells
with immune cells, where the pro-inflammatory phenotype of immune cells promotes migra-
tion of satellite cells to the injured area, activates satellite cells, and matures newly formed
muscle fibers [7]. Muscular degeneration caused by the altered pro-inflammatory state in frail
patients is referred to as sarcopenia, another critical physiologic component of frailty.

Aging also produces physiologic changes in the brain, contributing to the development of
frailty. Neurons with high metabolic demands, such as the hippocampal pyramidal neurons,
are an important mediator in the pathophysiology of cognitive decline and are a key compo-
nent of the stress response [3]. Concomitant with changes in the immune system, microglial
cells, which are the resident immune cells of the central nervous system, are also structur-
ally and functionally altered with aging and undergo senescence, likely causing damage and
neuronal death [8]. Accumulating evidence supports an association between frailty, cognitive
impairment, and dementia [9, 10].

The brain and endocrine system are intrinsically linked through the hypothalamo-pituitary
axis, controlling metabolism via a series of homeostatic hormones. Four major circulating
hormones are affected by aging: first, the decrease of insulin-like growth factor 1 (IGF-1) is
associated with lower strength and decreased mobility [11]. Second, decreased sex hormone
(estradiol and testosterone) increases the release of luteinizing hormone and follicle-stimu-
lating hormone [12]. Third, decreased activity of the adrenocortical cells produces the major
sex steroid precursor dehydroepiandrosterone sulfate (DHEA-S), which is associated with a
gradual rise in cortisol. DHEA-S directly maintains muscle mass and indirectly prevents the
inflammatory pathways that contribute to muscle decline [13, 14]. Finally, the reduced level
of 25(OH) vitamin D is associated with the development of osteoporosis [15].

Due to the complexity of multiple inter-related physiological systems that contribute to frailty,
there is no gold standard for diagnosing the syndrome. There are currently two models for
evaluating frailty: the phenotype model and the cumulative deficit model that forms the basis
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Frailty phenotypes MSC response Postulated mechanism of action

Weight loss Maintains total caloric expenditure | Inflammation which suppresses the onset of
sarcopenia

Exhaustion 1 Pulmonary function, | chronic 1 Endothelial function, | markers of inflammation

inflammation

Weakness 1 Physical performance 1 Mitochondrial transfer, fendogenous stem cell
function

Slow gate speed 1 6-minute walk distance 1 Endothelial function, 1 cardiac performance,

tskeletal muscle performance

Decreased activity level | Chronic inflammation, 1 quality | TNF-a, | IL-1p, 1 IL-10
of life

Notes: MSCs home to sites of injury and to enhance repair of damaged tissue (heart, joints, muscle, and blood vessels)
and exert their regenerative effects via paracrine signaling, mitochondrial transfer, direct cellular contact, and exosome
excretion.

Table 1. The effect of MSCs on the phenotypes of frailty.

of the Canadian Study of Health and Aging (CSHA) frailty index [16]. The phenotype model
defines frailty as meeting three or more of five criteria: weight loss (>5% of body weight in the
previous year), exhaustion (positive response to questions regarding effort required for activ-
ity), weakness (decreased grip strength), slow gait speed (>6-7 seconds for walking 15 feet),
decreased physical activity, or low energy expenditure (kcal spent per week: males expend-
ing <383 kcal, females expending <270 kcal) (Table 1) [17]. This model is simple and easy to
use; however, it fails to include factors such as cognitive impairment and highly prevalent
conditions associated with functional decline and disability [3].

The cumulative deficit model is based on the accumulation of illnesses, functional and cogni-
tive declines, and social situations that are added together to calculate frailty [16]. This model
utilizes 20 or more medically and functionally related questions and 92 baseline variables. The
deficit model fashioned the origin of the CSHA frailty index [3]. The frailty index measures a
number of age-associated health deficits (signs, symptoms, and laboratory values) [18], which
is calculated by dividing each ‘deficit’ by the total number tested [3]. The higher the number
of deficits, the higher the score, with ‘1’ being the maximum index, which indicates a poorer
prognosis. Specifically, Rockwood and Mitnitski noted that an index >0.7 indicates a high risk
of mortality [19]. In an effort to simplify this index, the same authors proposed the CSHA
clinical frailty score, a 7-point rapid screening tool that was highly correlated with the frailty
index; with 7 being the maximum score, indicating “severe frailty” [20]. The clinical frailty
score is currently widely used in clinical practice [21].

2. Epidemiology

Universal characteristics that are associated with an increased prevalence of frailty include:
chronological age, female sex, racial, and ethnic minority, those in supportive residential settings,
and lower income [22]. The prevalence among community-dwelling people over 65 years of age
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ranges from 4 to 17% in studies with varying geographic features [23, 24]. There are similar trends
in Japan, the country with the highest life expectancy in the world. The reason for longevity in
Japan is multifactorial. The universal health insurance system, the high population density with
close access to hospitals, fish-based diets, awareness of healthy aging in the general public, and
lower prevalence of lung cancer despite a higher population of smokers are some contributors
[25]. Interestingly, a meta-analyses of frail Japanese patients using the phenotype model dem-
onstrated that the age-stratified-weighted prevalence of frailty was lower in younger age groups
(1.9% in 65-69 years, 3.8% in 70-74 years), the same in the 75-79-year age groups (10.0%), but
higher in older age groups (20.4% in 80-84 years, 35.1% in 285 years) when compared to Western
countries [25]. One explanation is that non-Japanese frail older individuals die younger, while
Japanese frail older individuals survive longer, leading to a higher prevalence of frailty in their 80s.

3. Intervention and preventive care

While there is no cure for frailty, exercise is considered the most effective intervention to
improve quality of life and functionality in frail adults. Improvements in muscle strength and
mobility [26, 27] are among the most successful changes reported. Several studies have dem-
onstrated an improvement in muscle strength in older persons with resistance exercise [28-30].
A longitudinal study of aging showed that physical activity is associated with a slower pro-
gression in functional limitations in older adults over a follow-up period of 6 months [31].
A randomized, placebo-controlled trial compared resistance exercise training, multinutrient
supplementation, both interventions, and neither intervention (control group) in frail adults
over a period of 10 weeks. The study suggested that high-intensity resistance exercise train-
ing improved muscle strength, gait velocity, and stair-climbing power. However, nutritional
supplementation did not reduce muscle weakness or physical frailty [28]. Similarly, the LIFE-P
(lifestyle interventions and independence for Elders pilot) exploratory study demonstrated that
regular physical activity reduces frailty prevalence at a 12-month follow-up time point [32].

Another approach to delay frailty is the use of nutritional supplements, which increase pro-
tein and caloric daily intake. Administration of leucine-enriched essential amino acids can
increase muscle synthesis through stimulation of the mechanistic target of rapamycin (mTOR)
signaling pathway [33]. The PROT-AGE study [34] reviewed the dietary protein intake in
older healthy people (>65 years). They found that the optimal protein intake in older persons
with sarcopenia is 1.0-1.2 g/kg body weight per day, and higher protein intake >1.2 g/kg body
weight per day for those who are exercising. The PROVIDE trial [35] assessed protein supple-
ments enriched in leucine and vitamin D in sarcopenic older adults at high risk for disability.
The study demonstrated that the group receiving high quantity protein supplements gained
significantly more muscle mass and improved their chair stand ability relative to the control

group.
The randomized Controlled Trial of Community-based Nutritional, Physical and Cognitive
Training Intervention Programmes for At Risk Frail Elderly (FIT) compared the effects of

6-month interventions with either nutritional supplementation, cognitive training, physi-
cal activity, the combination treatments, or no intervention (control) in prefrail and frail
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adults [36]. Frailty score and status were measured at 3, 6 and 12 months. While these param-
eters were reduced in all groups, including the controls, the other four groups were signifi-
cantly improved compared to the controls, at all three time points. However, none of the
interventions improved the secondary endpoints, which included: hospitalizations, falls, and
performance of activities of daily living [36]. Recent studies suggest that vitamin D plays a
role in the pathogenesis and management of frailty [37, 38]. One such study demonstrated
that daily doses of 2800 IU of vitamin D has beneficial effects on balance and muscle strength
[39]; while another reported an improvement in balance with a single large dose of vitamin
D [40]. While an analysis of 53 trials showed that vitamin D supplementation alone does not
prevent fractures in older adults [41], supplementation of vitamin D in combination with
calcium can prevent disabling hip fractures among others [41].

While diet and exercise have been thoroughly evaluated, hormone therapy has also been
tested. Testosterone undecanoate plus a high-calorie supplement (2108-2416 kJ/day) was
compared with a control group (placebo plus a low-calorie supplement (142-191 kJ/day))
in a randomized controlled trial. The results showed that there were no significant differ-
ences in frailty scores at either 6- or 12-month follow-up between the groups [42]. While
testosterone treatment improves muscle strength, it also increases incidence of adverse car-
diovascular events [43]. Estrogen in combination with progestin therapy in postmenopausal
women increases the risk of incident breast cancer after 5.6- or 7.1-years of follow-up [44, 45].
Likewise, the benefits of dehydroepiandrosterone sulfate (DHEA-S) supplementation in frail
patients have not been demonstrated. Older subjects who received DHEA for 2 years exhib-
ited no beneficial effects on body composition, physical performance, or quality of life [46].
Similarly, 1 year of treatment with insulin-like growth factor 1 (IGF-1) did not alter bone min-
eral density, fat mass, muscle strength, blood lipid parameters, and measures of postprandial
glucose disposal in postmenopausal women [47].

Frailty is increasingly recognized as a clinical state of vulnerability with increased risk of
adverse health outcomes. The pathogenesis that underlies this syndrome is multifactorial
and elusive, and there is not yet a gold standard for diagnosis or treatment. Exercise and
nutritional supplementations are currently the key interventions for frailty. Although help-
ful, none of them have been proven to treat the disease process. Therefore, an alternative
approach to treating frail adults needs to be investigated. Here, we focus on a novel interven-
tion, allogeneic mesenchymal stem cells (allo-MSCs) as a potential therapy for the treatment
of frailty. While the mechanism is as yet unclear, we propose that the beneficial effects of
MSCs for frailty are due, in large part, to a combination of their immunomodulatory, antifi-
brotic, and pro-regenerative effects.

4. Regenerative medicine

Frailty is a multifactorial condition triggered by genetic and environmental factors. As pre-
viously described, there is a direct association between frailty and the loss of proliferative
homeostasis, neurodegeneration, DNA/mitochondrial mutations, free radical accumulation,
a rise in pro-inflammatory markers, and increased immunosenescence. Stem cell depletion is
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a key mechanism postulated to contribute to frailty and its epigenetic dysregulation [48-50].
Thus, the repletion of stem cells is an appealing approach to treat this multifactorial dysregu-
lation and MSCs are a particularly attractive candidate. MSCs are a multipotent, self-renew-
ing somatic progenitor cell type that exhibits immunoprivileged properties [51-53] and are
relatively easy to collect (bone marrow harvest), isolate, and expand [54, 55].

MSCs home to sites of injury, upregulate endogenous stem cells, and reduce inflammation
and organ dysfunction [56-61]. With respect to age-related diseases, MSCs have demonstrated
improvements in ischemic and nonischemic cardiomyopathies [62-64], stroke [65], systemic
inflammation [66], and Parkinson’s, among others [67]. Although not completely understood,
the beneficial effects of stem cells are likely due primarily to paracrine signaling [68, 69] includ-
ing microvesicle/exosome release [70, 71] and secondarily to direct cellular contact including
gap junction formation [72] and mitochondrial exchange via tunneling nanotubes [73, 60].

MSC effects at the molecular level are secondary to the secretion of growth factors, chemo-
kines, and metalloproteinases, including vascular endothelial growth factor (VEGEF), angio-
poetin-1, fibroblast growth factor, placental growth factor, stem cell-derived factor (SDF),
plasminogen activator [74], hepatocyte growth factor/scatter factor (HGF/SF) [75], secreted
frizzled-related protein 2 (Sfrp2), hypoxic-induced Akt-regulated stem cell factor (HASF) and
IGF-1 and -2 [76]. These molecules stimulate the Akt pathway [77], promote vasculogenesis
[56], and protect native cells under hypoxic conditions [68]. In the heart, injection of MSCs
produces antifibrotic, anti-inflammatory, and proangiogenic [57-59] effects and upregulates
the proliferation of endogenous cardiac stem cells [60, 61], while improving the preservation
of function of the cells surrounding the sites of injection.

MSCs mediate metabolic changes and stimulate resident cell activation after injury. In vitro
studies have shown that MSC-conditioned culture media stimulates resident cardiac stem
cells to proliferate, differentiate, and migrate [53, 78] via IGF-1. HASF and Sfrp2 prevent car-
diomyocyte apoptosis, promote cardiac stem cell differentiation, and reduce fibrosis after
myocardial infarction (MI) [79-81].

The absence of major histocompatibility complex (MHC) class II antigens underlies the lack
of allo-MSCs to stimulate a major immune response [82] and has generated an interest in their
systemic and local application without the need for immunosuppression [62]. In the clinical
setting, multiple trials have evaluated and proven the safety and efficacy of MSC therapy [63,
64, 83-85]. Several disease processes have been studied in humans: autoimmune diseases,
organ transplantation, and as a therapeutic agent after solid organ injury.

5. Immune biomarkers in aging and frailty

Aging and frailty are associated with a dramatic impairment of the ability of the immune
system to provide protection from new pathogens. Older frail individual has serious com-
plications that cause adverse health outcomes including acute illness, heightened inflam-
matory state, and immune dysregulation, which cause a severe impairment in both innate
and adaptive immunity and greater susceptibility to infectious diseases, comorbidities, and
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increased mortality [86, 87]. The accumulation of reactive oxygen species (ROS) in the aging
process leads, in part, to chronic activation of Toll-like receptors (TLRs), which in turn leads
to an increase in the inflammatory process [88-90]. In frailty, the immune phenotype is dys-
regulated due to incrementing chronic inflammation known as inflammaging and includes
increased IL-6, C-reactive peptide (CRP), and TNF-a [87]. Inflammaging plays an important
role in the suppression of the immune system and the remodeling of the immune phenotype
(Figure 1). The remodeling of the immune phenotype in aging is known as immunosenes-
cence and is marked by several immune biomarkers described below.

The immune risk phenotype (IRP), which is the ratio of CD4+ to CD8+ T cells, decreases to
<1 in aging and frailty, has been linked to increased risk of mortality [91, 92]. The decreased
IRP associated with aging and frailty is due to an expansion of the CD8+ compartment in
comparison to the CD4+ compartment. In spite of the expansion of the CD8+ T-cell compart-
ment, the effector T cells in frail individuals have diminished function mostly due to antigen
experienced CD8+ T cells re-expressing the naive marker CD45RA, also known as TEMRA
T cells [87]. This expansion of the TEMRA T cell population is exacerbated by factors such
as chronic activation due to Cytomegalovirus (CMV) exposure known to be present in >60%
of the US population [93]. Finally, the ability to produce protective antibodies upon new
antigenic exposure is also severely impaired in aging and frailty due to a remodeling of
the B cell compartment. In addition, there is an intrinsic defect in B cells in aging, which
causes a decrease in the enzyme, activation-induced cytidine deaminase (AID) leading to
diminished ability to switch antibody isotype, which has been correlated to increased TNF-a
[94]. The inflammaging process depletes the B cell compartment of switched memory B cells,
which are a predictive biomarker for protective vaccine response. In addition, the refractory/
exhausted B cell compartment is expanded filling up the B cell niche with unresponsive cells
[86, 94, 95].

Stressors Driving Frailty in the Aging Population: MSCs
History of Diseases
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Figure 1. The role of stressors, aging, and inflammation in frailty and the effects of mesenchymal stem cells. As
individuals grow older, several stressors (poor nutrition, diseases, oxidative stress, and environmental factors) increase
the inflammaging process leading to frailty. Mesenchymal stem cells (MSCs) secrete several factors that block or reverse
the inflammaging process and ultimately reverses the effects of frailty.
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6. The role of MSCs in inflammaging and immune modulation

Human bone marrow-derived MSCs downregulate the expression of pro-inflammatory cytokines
TNEF-q, IL-13, IL-6, and monocyte chemoattractant protein-1 (Figure 2) [96, 32]. Other immuno-
modulatory properties include the inhibition of dendritic cells, natural killer cells [97-99], and
T/B cell proliferation via the downregulation of the molecules programmed death-1 (PD-1) trans-
forming growth factor-f3, HGF, nitric oxide, indoleamine 2,3-dioxygenase, and prostaglandin-E2
release [52, 68]. Interestingly, MSCs are able to transform pro-inflammatory macrophages (M1)
into anti-inflammatory macrophages (M2) by upregulating IGF-1 and IL-10 [100], thereby pro-
moting angiogenesis and cardiomyocyte recovery [101, 102]. Most importantly, MSCs suppress
T cell activation, which is crucial due to the high incidence of CMV virus among the US popula-
tion, causing chronic activation of T cells leading to an exhausted immune phenotype [103].

Ground-breaking immune-modulatory results in the Randomized Comparison of Allogeneic
Versus Autologous Mesenchymal Stem Cells for Nonischemic Dilated Cardiomyopathy:
POSEIDON-DCM study demonstrated that 6 months post-TESI, allogeneic human mesen-
chymal stem cells (hMSCs) were more efficient than auto-hMSCs in reducing serum levels
of TNF-q, increased switched memory B cells, decreased exhausted B cells concomitant with
a decrease in the percentage of B cells expressing TNF-a, decreased T cell activation and
decreased TEMRA T cells [62]. This reversal on the effects of chronic inflammation on these
immune biomarkers opens up the feasibility of using allo-hMSC as a treatment to reverse the
process of inflammaging and immunosenescence.

Together, these findings are indicative of the safety of MSC therapy in a variety of disease pro-
cesses. Furthermore, given that MSCs are known to elicitimmunomodulatory, neoangiogenic,

MSCs

Reduces Inflammation:
TNF-q, IL-1B, IL-6

Figure 2. MSCs serve as an anti-inflammatory treatment. (A) Depiction of systemic inflammation (white asterisks’).
(B). The anti-inflammatory effects of MSCs. Reproduced from Golpanian et al., with permission from the publisher.
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endogenous cellular proliferative, and antifibrotic effects post-MI in both animal models and
clinical trials alike, we anticipate that MSC therapy will act in a similar manner and prove
beneficial in older individuals with frailty.

7. CRATUS phase I and II

The therapeutic interventions available to frail older individuals focus on improving the
functionality of a precipitously declining quality of life. With the understanding that dete-
riorating endogenous stem cell function is a key mechanism behind this disease process,
the allogeneic human mesenchymal stem cells (allo-hMSC) in patients with aging FRAilTy
via intravenous delivery (CRATUS) trial (Figure 3) was established to reverse the untoward
effects of frailty. Conducted at the University of Miami Miller School of Medicine, the pilot
phase was designed to establish an optimal dose, and tested the hypothesis that allo-hMSCs
were safe, well tolerated, and reduced the signs and symptoms of the disease [104]. The study
was conducted in a nonrandomized, nonblinded, escalating dosage via peripheral intrave-
nous infusion in 15 frail subjects [104]. Donors were healthy males and females between
the ages of 20 and 45 [104]. Three groups of five patients each received either 20 million
(M)-, 100M-, or 200M-cells [104]. Patients were followed out to 1-year postinfusion. The pilot
phase revealed the two most salient doses (100M- and 200M-cells) [55] and was followed by

Phase 1: “Run In” Safety Phase
Primary Endpoint: Safety of single infusion

Open Label 1,3 & 6 months 12 months
Group 1:
20 million MSCs >
(single i.v. infusion)
R Safety
Screening 2
* Aging Frailty L Group 2: )
diagnosis 100 million MSCs  [———»  Efficacy
+>60and <95 (single i.v. infusion) Evaluations
* MMSE Score > 24
Group 3:
200 million MSCs [
(single i.v. infusion)

Phase 2 Study Initiated in new
subjects after Phase 1 six month time
point in last patient at highest dose.

Double blind ;3¢ 6 months

Phase 2: Safety & Efficacy

(single i.v. infusion)

R
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Figure 3. Schematic of the CRATUS pilot and randomized phases.
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phase II, a randomized, double-blinded, placebo-controlled trial that further tested the safety
and efficacy of allo-hMSCs in frail older individuals.

7.1. Results of the phase I study

The 15 subjects in the pilot phase had an average age of 78.4 + 4.7 years [55]. Eight patients
were categorized as vulnerable to frailty with a CSHA score of 4 and the others were mild,
with a score of 6 (n = 6) and moderate with a score of 7 (n = 1) [55]. Most importantly, the
primary endpoint, treatment-emergent serious adverse events (TE-SAE) at 1-month postinfu-
sion, was met with no adverse reactions in any group [55].

Efficacy outcomes were measured out to 6 months postinfusion as a secondary endpoint.
The 6-minute walk distance (6-MWD) test is a measure of functional exercise capacity [105],
which can reflect a frail subject’s ability to perform basic activities of daily living. The test has
been specifically used to assess subjects with diseases of the musculoskeletal, pulmonary, and
cardiovascular systems [106-108]; and as such, the subjects experienced a significant improve-
ment in all treatment groups at 3 and 6 months postinfusion with the greatest improvement
in the 100M cell-dose group in the phase I [55]. Pulmonary function was measured via FEV1,
and improved in the 200M cell-dose group [55]. In regard to physical and quality of life
improvement, the SF-36 questionnaire, which has a physical and mental component, yielded
an improvement in the 100M-group in the pilot phase. Inmunomodulation was also reported
with a significant reduction in the pro-inflammatory biomarker serum TNF-a in the 100M
and 200M cell-dose groups at 6 months postinfusion [55].

7.2. Update on the phase II study

The 30 subjects in phase Il had a mean age of 75.5 + 7.3 and a mean frailty score of 4 based on
the CSHA Clinical Frailty Scale, and were equally randomized to receive 100M-, 200M-cells,
or placebo [109]. Safety was the primary endpoint of the study and was measured via the
occurrence of TE-SAE at 1-month postinfusion. The trial has completed enrollment, however,
as reported in phase 1, preliminary findings show that the treatment is safe and produces sig-
nificant improvements in the treated subjects in both quality of life and functional status [109].

8. Conclusion

Frailty has increasingly been recognized as a constellation of waning physical and mental
qualities secondary to outside stressors, which relate to aging, and confer a vulnerability to
adverse health outcomes [110]. Biologically, inflammation and stem cell depletion are at the
forefront of this disease process. Early intervention is warranted at the onset of recognized
symptoms to reduce the burden of disease progression, hospitalizations, and associated
healthcare costs [111, 112]. To date, several important multimodal interventions are available
to manage frailty; however, a disease-specific treatment has yet to emerge [112, 113]. Given
the positive results of numerous studies utilizing MSCs in a variety of disease processes com-
mon to frailty as defined by the physical phenotype model, we believe stem cell therapy will
be a treatment of choice for this disease process.
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Future indications applicable to Response to MSCs Proposed mechanisms of action

frailty

Osteoporosis Improved bone mineral content and ~ Reduction in ROS and increased
reduced rate of fractures AMPK

Heart disease Improved function Increased endothelial function,

decreased inflammation, reduced
cardiac fibrosis, and increased
cardiomyogenesis

Delayed healing in Injury Increased wound healing Decrease inflammation (TNF-a and
IL-1B), Increased IL-10

Autoimmunity Delayed onset/prevention Suppress TH17, induce T regs, and
promote TH2 response

Table 2. MSCs and future indications.

Future implications of stem cell administration in frail or prefrail older individuals may
be useful in settings where undo stress may cause rapid physical deterioration. There are
a number of medical procedures (breast/colorectal cancer treatment, cardiac surgery, non-
cardiac elective surgery, etc.) that are taxing to a young healthy individual let alone older
individuals [114-116]. A preemptive or perioperative administration of MSCs may dampen
the immune response, aid in the healing process, and keep at-risk older individuals from
declining in functional status (Table 2) [56, 117-120]. Given the results from the CRATUS,
pilot dose finding [55] and randomized placebo controlled study [109] and the number of
medical procedures older individuals undergo, large, randomized, double-blinded clinical
trials are warranted to elucidate the efficacy of stem cell therapy in regard to the disease
process in itself and its ability to suppress the progression of frailty after strenuous medical
interventions.

In summary, allogeneic MSCs are immunotolerant in frail older individuals providing clini-
cally meaningful improvements in functional capacity, inflammatory biomarkers, and quality
of life patient-reported outcomes. Frailty, the multimodal biologically mediated decline in
physiologic reserve, may now have an optimistic therapeutic option.
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