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SI: FRAILTY, AGEING AND INFLAMMATION

Frailty and muscle metabolism dysregulation in the elderly
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Abstract The frailty syndrome is increasingly recognized by geriatricians to identify elders at an
extreme risk of adverse health outcomes. The physiological changes that result in frailty are complex
and up to now have been extremely difficult to
characterize due to the frequent coexistence of acute
and chronic illness. Frailty is characterized by an
decline in the functional reserve with several alterations in diverse physiological systems, including
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lower energy metabolism, decreased skeletal muscle
mass and quality, altered hormonal and inflammatory
functions. This altered network leads to an extreme
vulnerability for disease, functional dependency,
hospitalization and death. One of the most important
core components of the frailty syndrome is a
decreased reserve in skeletal muscle functioning
which is clinically characterized by a loss in muscle
mass and strength (sarcopenia), in walking performance and in endurance associated with a perception
of exhaustion and fatigue. There are a number of
physiological changes that occur in senescent muscle
tissues that have a critical effect on body metabolism.
The causes of sarcopenia are multi-factorial and can
include disuse, changing hormonal function, chronic
diseases, inflammation, insulin resistance, and nutritional deficiencies. In this review, we will explore the
dysregulation of some biological mechanisms that
may contribute to the pathophysiology of the frailty
syndrome through age-related changes in skeletal
muscle mass and function.
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Introduction
Aging is associated with a reduced ability to respond to
internal and external stressors. An age-related reduction of functional reserve occurs in many physiological systems leaving older persons vulnerable to
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diverse diseases and at an increased risk of functional
dependence. A continuous decline in the functional
reserve activates a vicious cycle leading to the frailty
syndrome. Frailty is a geriatric syndrome that compromises the ability to maintain a stable homeostasis
(Fried et al. 2001) and is associated with an increased
risk for multiple adverse health-related outcomes,
including falls, fractures, disability, institutionalization and death (Fried et al. 2001; Bandeen-Roche
et al. 2006). Frailty is considered a continuum rather
than a discrete process, where several stages or degrees
of severity can be reversed with appropriate
interventions.
In 2001, Fried et al. developed an interpretive
framework that combined the elements of the ‘‘body
composition’’ and ‘‘mobility’’ domains of the frailty
syndrome into a pathophysiologic pathway where
sarcopenia by limiting mobility and physical activity
reduces total energy expenditure and nutritional
intake, which in turn, leads to weight loss and a
further worsening of sarcopenia.
Even though there are conflicting ideas on the
criteria defining frailty, as well as it’s relationship
with aging, disability and disease, the general consensus is that frailty may be clinically identified
through the following domains: (a) mobility, such as
lower extremity performance and gait abnormalities;
(b) muscle weakness; (c) poor exercise tolerance; (d)
unstable balance; (e) factors related to body composition such as malnutrition, sarcopenia and weight
loss. The validity of these factors as components of
frailty is provided by studies showing that in older,
non-disabled persons, individual components are
associated with geriatric syndromes like falls, depression, urinary incontinence and functional impairment
which are all strong and independent risk factors for
disability and death. We will discuss the intricate
alterations of age-related skeletal muscle functioning,
sarcopenia, and the center role it plays in the
development of the frailty syndrome.

Frailty
The term ‘‘frailty’’ is widely used to characterize a
multidimensional syndrome of the loss of reserves
that gives rise to vulnerability, weakness, instability
and limitation. Even though there still is not a clear
definition of frailty, there is a general agreement that
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the main feature of frailty is increased vulnerability to
stressors due to impairments in multiple, inter-related
systems that lead to decline in the homeostatic
reserve (Bergman et al. 2007).
At the moment there are numerous clinical
approaches for identifying frailty in older persons.
Most of these definitions include mobility, balance,
muscle strength, nutritional status, and physical activity as clinical markers of frailty (Fried et al. 2001;
Studenski et al. 2004; Xue et al. 2008; Ensrud et al.
2008; Garcı́a-González et al. 2009). Other operational
definitions also include clinical parameters of depression, urinary incontinence and cognitive impairment
(Rockwood et al. 2005; Rolfson et al. 2006).
The most frequently used methods for identifying
Frailty was described by Fried et al. using data from
the Cardiovascular Health Study. Fried et al. (2001)
proposed an operational definition of frailty with the
presence of at least one of the following clinical
features: poor grip strength, self-reported exhaustion,
unexplained weight loss, slow walking speed, and
reduced physical activity. The absence of any feature
suggests that the individual is not frail. Using this
operational definition, the presence of at least three of
these five features would characterize and individual
as frail and an individual with two of these features
would be considered as ‘‘pre-frail’’.
Tables 1 and 2 summarize some of the clinical
markers used to identify the frailty syndrome components using data from large population studies.

Sarcopenia
Changes in skeletal muscle loss include three categories: cachexia, sarcopenia, and inactivity (atrophy)
(Evans 2010). Each of these conditions results in a
metabolic adaptation of increased protein degradation
(cachexia), decreased rate of muscle protein synthesis
(inactivity), or an alteration in both (sarcopenia).
Cachexia is characterized by a loss of skeletal muscle
and body weight and is considered a metabolic
condition associated with an underlying illness and
inflammation (Evans 2010). Sarcopenia is the ageassociated loss of skeletal muscle and function
(Evans 2010; Cruz-Jentoft et al. 2010) Sarcopenia is
a complex syndrome that may also be associated with
muscle mass loss alone or in combination with
increased fat mass. The causes of sarcopenia are
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Table 1 Recently used frailty markers in older population studies
Frailty component

CHS

WHAS

SOF

Weight (wt) loss

[10 lbs or 5% in last year
(unintentional)

1. wt at 60 years—wt at exam
C10% of age 60 wt or

Irrespective of intent of loss: 5% or
more between follow-ups (mean
year: 2)

2. BMI \ 18.5 kg/m2
Muscle strength

Grip strength (lowest 20% by
gender and BMI)

Grip strength (lowest 20% by
gender and BMI)

5 chair rises without using arms

Exhaustion, fatigue

Self-report of any of

Self-report of any of

GDSa

1. felt that everything I did was an
effort in the last week, or

1. low usual energy level (B3:
range 0–10), or

Answer no to: Do you fell full of
energy?

2. could not get going in the last
week

2. felt unusually weak in last
month

15 ft (4.57 m) walk (lowest 20%
by height and gender)

4-m walk

Gait speed

–

1. B0.65 m/s if ht B159 cm or
2. B0.76 m/s if ht [159 cm

Physical activity

MLTA§ (18 items)

MLTA§ (6 items)

Men: \383 kcal/week

90 kcal/week

–

Women: \270 kcal/week
Scoring

Absence = robust

Absence = robust

0 = robust

Presence of 1 or 2 = pre-frail

Presence of 1 or 2 = pre-frail

1 = prefrail stage

Presence of 3 or more = frailty

Presence of 3 or more = frailty

CHS Cardiovascular Health Study (Fried et al. 2001), WHAS Women’s Health and Aging Study (Xue et al. 2008), SOF Study of
Osteoporotic Fractures (Filho et al. 2010), §MLTA Minnesota Leisure Time Activities
a

GDS = Geriatric Depression Scale

multi-factorial and can include disuse, changing
endocrine function, chronic diseases, inflammation,
insulin resistance, and nutritional deficiencies (Morley
et al. 2002). Sarcopenia is considered a major
component in the pathway leading to frailty (Fig. 1).
A number of physiological functions that take
place within muscle tissues have a critical effect on
human metabolism in the development of sarcopenia:
muscles are a reservoir of body proteins and energy
that can be utilized in periods of extreme stress or
malnutrition; amino-acids can be mobilized during
acute infections and are used as building blocks for
antibodies; hormones are produced and catabolized in
muscle tissue. Thus, age-related muscle mass reduction may explain the lower metabolic adaptation and
immunological response to disease. Indeed, poor
muscle strength is a strong predictor of mortality,
independent of any other known risk factors for poor
muscle strength. The rate of decline varies among
individuals and is influenced by factors that modulate
the balance between catabolic and anabolic processes. There are several possible mechanisms that
may be involved in the genesis of sarcopenia. Several

hypotheses have been proposed, which include: (1)
intrinsic biochemical and physical changes leading to
muscle atrophy (Carmeli et al. 2002); (2) reduced
neuronal stimulation due to reduction in the number
of a-motoneurons or their activity (Erim et al. 1999);
(3) oxidative damage of mitochrondrial DNA with
accumulations of mutations that reduce the efficiency
of the metabolic pathways aimed at energy production
(McKenzie et al. 2002); (4) influence of external factors
such as, malnutrition, sedentary life-style and disease
typically observed in older persons (Baumgartner et al.
1996); (5) loss of endogenous hormone production
(Kamel et al. 2002); (6) dysregulation of catabolic
cytokines (Roubenoff 1997). Over the aging process,
there is an increase in intramuscular lipid content,
myosteatosis (Delmonico et al. 2007) which may also
be contribute to altered muscle function. The most
studied of these above mechanisms include: malnutrition, changes in anabolic hormonal signaling and a
prolonged pro-inflammatory state.
One approach to a clinical assessment of sarcopenia has been recently proposed by the European
Working Group on Sarcopenai in Older People
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Table 2 Approaches used from Canadian study of health and aging on defining frailty
CSHA rules for frailty

CSHA frailty index

CSHA function scale

CSHA clinical frailty
scale

0 = no cognitive or functional 70 clinical deficits including presence
Based on the Older American 1 = very fit-robust,
impairment
and severity of current diseases, ADLs, Resources Survey—scores
exercise regularly and
physical signs from clinical and
patients on 12 ADLs (some
are most fit group for
neurological exams
instrumental)
age
1 = isolated urinary
incontinence

Scores are created by dividing the
number of deficits by total (n = 70)

2 = dependent in 1 ADL or a Relative frailty = calculated as
diagnosis of CIND
percentage difference from average
score for people of that age
3 = dependent in at least 2
ADLs, having mobility
impairment, or having a
diagnosis of dementia

0 = independent in carrying
out this ADL

2 = well-no active
disease, less fit than 1

1 = needs assistance

3 = well, with treated
comorbid disease—
disease symptoms are
well controlled

Severity is indicated each deficit was not 2 = is incapable
restricted to two values (i.e. 0 or 1 for
absence or presence, respectively), but
also by three (0, 0.5,1) or four
(0,0.33,0.67,1.0) as needed

4 = apparently
vulnerable-disease
symptoms, not
dependent yet
5 = mildly frail—
limited dependence on
others for IADL
6 = moderately frail—
dependent in both
ADL & IADL
7 = severely frailcompletely dependent
on others for ADL or
terminally ill

CSHA Canadian Study of Health and Aging (Rockwood et al. 2005), ADL activities of daily living, IADL instrumental activities of
daily living, CIND cognitive impairment no dementia

Fig. 1 Diverse age-related
physiological mechanisms
linking sarcopenia to frailty
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(EWGSOP) (Cruz-Jentoft 2010). These authors proposed the following parameters for the diagnosis of
sarcopenia in older persons: (1) presence of low
muscle mass plus (2) low muscle strength and/or (3)
low physical performance. The assessment techniques in the clinical practice for measuring muscle
mass include: the use of bioimpedance analysis, dual
energy x-ray absorptiometry, computed tomography,
magnetic resonance imaging or total or partial body
potassium per fat-free soft tissue; for measuring
muscle strength include: handgrip strength, knee
extension/flexion, peak expiratory flow; for measuring physical performance include: short physical
performance battery, usual gait speed, timed get-upand-go test, stair climb power test. Lastly, using cutoff determinations based on the reference studies for
such clinical parameters, this group has proposed a
working definition for the diagnosis of sarcopenia in
older adults (Cruz-Jentoft et al. 2010).

Sarcopenia and it’s role on frailty syndrome
Frailty and sarcopenia are considered high relevant
and interconnected conditions with regard to functional independence (Theou et al. 2008). Although
frailty is considered a geriatric syndrome, sarcopenia
is a clinical finding linked to the changes in body
composition including those that occur over aging. As
one ages, fat mass increases and accumulates preferentially in the abdominal area, while a parallel decline
in muscle mass and bone density occurs. The changes
in body composition that are seen during early
adulthood may be partially explained by a decrease
in physical activity, basal metabolic rate, decreased
energy needs coupled with a maintenance in energy
intake resulting in a persistent positive energy balance.
In older adults, however, these changes are accelerated
compared to younger cohorts, and cannot be explained
by an imbalance between energy intake and expenditure, alone.
There is growing evidence that the core target of the
frailty syndrome is motor organization, and specifically of the skeletal muscle and nervous systems. Agerelated changes in neuro-muscular morphology and
function have been studied (Porter et al. 1995; Roos
et al. 1997; Evans 2010) showing a significant decline
in muscle strength and quality. Disease, disuse and
aging trigger mechanisms that weaken the redundancy
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of muscular and nervous backups systems, leading to a
measurable decline of motor performance and maximal aerobic capacity.When the damage goes beyond
the threshold of possible compensation, a measurable
decline of motor performance occurs. Furthermore,
reduced neuronal stimulation due to an age-related
decline in the number of the motor units leads to both
lower muscle mass and strength. Once the process is
activated, its consequences follow a common pathway
leading to a more generalized loss of motor functioning, contributing to sarcopenia. Considering that the
mechanisms leading to sarcopenia often overlap with
those of frailty, it should be emphasized that sarcopenia, in turn, plays a role toward the development of the
frailty syndrome in older adults. Indeed, poor nutrition
status, age-related decline in hormonal signaling and a
prolonged pro-inflammatory state are interconnected
and are likely to be powerful influences on frailty and
disability in old age (Fig. 1). Some biomarkers and
pathways associated with muscle metabolism dysregulation and frailty in such an interconnected agerelated system will be highlighted.

Poor appetite regulation in the elderly
and the role of poor nutrition on muscle
metabolism
It is now well-known that a physiological anorexia in
elderly people can play an important role in the
decline of function in older persons (Morley 2001).
Specific nutritional deficiencies (dietary protein and
vitamin D) are considered major contributors to
sarcopenia, which in turn starts the initial cycle of the
frailty spiral (Visser et al. 2003).
In older persons, a decline in serum cholesterol
levels, which is a marker of both malnutrition and proinflammatory cytokine overload, is also considered a
marker for frailty (Volpato et al. 2001a, b). A vitamin
deficiency will cause a deficiency in defense mechanisms against free radicals (Weindruch 1995). An agerelated deficit in Vitamin D is related to muscle
weakness (Visser et al. 2003) and lower physical
performance in older persons (Wicherts et al. 2007).
Furthermore, data from the InCHIANTI study (Bartali
et al. 2006) showed that a low intake of vitamins D
(OR: 2.35; 95% CI: 1.48–3.73), E (OR: 2.06; 95%
CI: 1.28–3.33), C (OR: 2.15; 95% CI: 1.34–3.45)
were independently associated with frailty. Indeed,
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multi-vitamin supplementation has been shown to
improve muscle functioning during exercise protocols
(Fry et al. 2006).
Total body protein, lean body mass and the rates of
protein synthesis decline with aging. More importantly, such alterations are components of an
impaired homeostatic phenomenon, which is not
always equilibrated with adequate dietary protein
intake. Lipid and lipoprotein concentrations vary over
the lifespan. In particular, total cholesterol and
triglyceride levels tend to increase up until 50 years
of age and then a gradual decline starts to occur. A
positive correlation exists between total cholesterol
and/or triglyceride levels with the incidence of
cardiovascular disease up to the age of 50 years.
However, the ability of total cholesterol to predict
coronary heart disease persons over the age of
70 years remains controversial. Raiha et al. (1997)
reported that an elevated level of total cholesterol was
not a cardiovascular risk in older persons, but
predicted survival for non-cardiovascular disease
mortality, while Manolio et al. (1993) did not find
any correlation between total cholesterol and allcause mortality in older subjects. Furthermore, studies have reported that persistently low cholesterol
levels increased the risk of mortality in males aged 71
to 93 (Schatz et al. 2001). Such discrepancies may be
explained by the fact that one of the major differences
between middle-aged and older populations is the
presence of an increased prevalence of poorer health
status of older individuals. In fact, older frail persons
with low total cholesterol levels are more likely to
have a decreased survival rate than older persons with
little or no disease in the presence of chronically low
cholesterol values (Pekkanen et al. 1994). Interestingly, after adjusting for frailty markers in a large
sample of older persons, elevated total cholesterol
levels predicted an increased risk for death from
coronary heart disease (CHD), and the risk of death
from CHD decreased as cholesterol levels declined
(Corti et al. 1997). These authors also emphasized the
finding that frailty markers were consistently associated with low cholesterol levels, thus confirming
those of previous reports.
Regarding lipoproteins, high density lipoprotein
cholesterol (HDL-C) has been hypothesized to be a
reliable marker of frailty and poor prognosis among
the oldest elderly (Zuliani et al. 1999). Lower HDL
cholesterol was considered a risk factor for not only
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ischemic heart disease but also cerebrovascular
disease, especially in diseased elderly (Hayashi
et al. 2009). Furthermore, it has been shown that
reduced HDL-C also predicted non-CHD/stroke
mortality in older persons (Volpato et al. 2001a). A
recent report tested the impact of HDL cholesterol on
the risk of all-cause mortality in a large population of
frail community dwelling elders (Landi et al. 2008).
These authors found that the serum levels of HDL
cholesterol were inversely associated with all-cause
deaths in frail men and women. This finding may be
explained by a lack of ‘protective’ functions of HDL
cholesterol including its promotion of reverse cholesterol transport, anticoagulant properties, antioxidant activity, and anti-inflammatory actions on
endothelial cells (Zuliani et al. 1999).Thus, low
HDL-C may also be considered a valid biomarker for
chronic disease and frailty in old age.
Although the rate of muscle protein synthesis in
the fasted state may not change with aging (Volpi
et al. 2001) it is lower in older people (compared to
young) in the post-prandial state when amino acid
availability does not limit rate of synthesis (Katsanos
et al. 2005). Despite a lower muscle mass, older
people have increased protein needs compared to
those of younger people (Campbell et al. 2001).
Protein supplementation in combination with resistance training have been shown to increase muscle
mass, strength and functional performance in older
and very old frail adults (Fiatarone et al.1994).
This age-related reduced rate of muscle protein
synthesis may not only be explained by decreased
levels of physical activity, but also by lower levels of
anabolic signaling to muscle function in hormones,
including Insulin-like Growth Factor-1 (IGF-1),
Growth hormone (GH), Testosterone or an increased
degree of insulin resistance (IR).

Changes in anabolic hormonal signaling
Insulin-like growth factor-1 and growth hormone
High IGF-1 concentrations are associated with characteristics that are opposite to those typical of aging,
including decreased body fat content, increased
muscle mass and improved metabolic homeostasis of
glucose and lipids. At the muscular level, IGF-1
stimulates protein synthesis and satellite cell
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differentiation. Many studies have provided insight
into the signaling pathways by which IGF-1 affects
muscle anatomy and function (Cappola et al. 2002,
Cappola et al. 2003). Circulating IGF-1 concentrations
decrease with advancing age. The age-associated
decline in IGF-1 plasma concentrations is influenced
by reduced GH levels, and also by nutritional status,
insulin and inflammatory cytokines. Specifically, the
biologic activity of IGF-1 on muscle strength can be
inhibited by Interleukin-6 (IL-6) suggesting that the
detrimental effect of inflammation on muscle functioning may be mediated by IGF-1. Furthermore,
studies provide evidence that the higher concentrations of pro-inflammatory cytokines found in older
persons directly interfere with the IGF-1 gene protein
expression and receptor sensibility in muscles (Cappola et al. 2003; Barbieri et al. 2003). High IL-6 and
low IGF-1 plasma concentrations are considered risk
factors for poor muscle strength, poor lower extremity
performance and disability.
An age-related decline of GH negatively influences IGF-1 muscle response. There is evidence that
the age-associated decline in GH levels in combination with lower IGF-1 levels contributes to the
development of sarcopenia (Ferrucci et al. 2002).
The reduced pituitary secretion of GH is probably due
to age-related changes in the GH-releasing hormone
(GHRH). Unfortunately, treatment with GH has
demonstrated many adverse effects such as, peripheral edema, arthralgias, glucose intolerance and type
2 diabetes (Blackman et al. 2002). One investigation
demonstrated that therapy with GHRH (somatorelin)
in older persons was capable of restoring the agerelated decline of the GH response (Kelijam 1991).
More studies are underway in order to verify whether
such pharmacological approaches can restore muscle
functioning, as well as metabolic homeostasis in
elderly persons while minimizing side effects.
Testosterone
Testosterone affects muscle mass and muscle strength
both directly and indirectly. It has been reported that
testosterone increases protein synthesis and intramuscular mRNA concentrations of IGF-1 and
decreases inhibitory IGF binding protein 4 concentrations (Urban et al. 1995). Due to evidence that
testosterone levels decline with advancing age, a
negative impact on muscle function is not surprising.
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Older men with low circulating levels of testosterone
tend to have lower muscle strength than men of the
same age with normal testosterone, and studies
utilizing supplemental therapy with testosterone have
shown an increase in muscle mass and strength in
elderly males. Testosterone has also been linked to
body composition changes such as an increase in
muscle mass and a decrease in fat mass (Sattler et al.
2009). A small number of studies have suggested an
improvement in muscle mass and strength with
testosterone treatment with aging (Caminiti et al.
2009; Sattler et al. 2009).
Insulin resistance
A significant increase in peripheral insulin resistance
(IR) develops as individuals age, and recent reports
have consistently demonstrated that age-related IR is
an independent determinant of poor muscle strength
in older persons (Lazarus et al. 1997; Abbatecola
et al. 2005). It is also widely known that insulin plays
a pivotal role for valid muscle functioning by
increasing glucose uptake and promoting intracellular
glucose metabolism, thus it is plausible that agerelated IR may be a determinant of sarcopenia. Lower
peripheral activity of insulin may reduce the muscle
tissue anabolic rate leading to a relative catabolic
state and in turn, facilitating sarcopenia. The contraction of type I fibers is especially dependent on
glucose entry and metabolism compared to type II
fibers (Song et al. 1999). Type I fibers are more
responsive to insulin, and are more representative of
the muscle in older persons (Staron et al. 2000).
Inactivity is a potent cause of insulin resistance and
exercise results in improved mitochondrial function
and improved insulin sensitivity (Hughes et al. 1993).
Over the aging process, both changes in the contractile efficiency of muscle fibers and changes in tissue
quality, such as an increase in connective tissue and
peri-cellular fat infiltration may also be contribute to
altered muscle function. IR-linked myosteatosis is
most probably explained by a mitochondrial defect
leading to failure in the use of intracellular fat, or
from an increase in circulating triglycerides, or from
reduced levels of physical activity (Morino et al.
2006). An accumulation of fatty acids in muscle cells
will lead to an abnormal phosphorylation of the
insulin receptor substrate, which in turn will inhibit
the GLUT-4 translocation pathway. Therefore, lower
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muscle functioning due to altered insulin action in
skeletal muscle seems to be more evident in older
persons.

Inflammation of aging
Normally, cytokines or other biomarkers of inflammation initiate and regulate the acute phase inflammatory response during an infection, a trauma or any
other type of stress. However, it has been suggested
that over aging, a primary dysregulation of the
mechanisms that initiate, modulate and shut off an
inflammatory response often occurs (Brunnsgard et al.
2001). This phenomenon has been defined as ‘‘inflammaging’’ and is characterized by high plasma levels of
circulating pro-inflammatory cytokines, including
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6)
interleukin-1 (IL-1), as well as acute phase proteins in
older persons (Franceschi et al. 2000).
The proinflammatory state of aging has been
implicated in the development of sarcopenia due to
the effect of increased cytokines on reduced muscle
protein synthesis. In particular, IL-6 appears to play a
role in accelerating sarcopenia and frailty. In particular, TNF-a and IL-6 have been associated with
muscle loss and lower strength in a large sample of
older persons (Visser et al. 2002; Schaap et al. 2009).
In extreme situations, such as diseases that cause
prolonged hypercatabolic states, severe muscle
‘‘wasting’’ or cachexia may develop over a short
period due to TNF-a induced muscle proteolysis.
However, a certain degree of muscle ‘‘decline’’ has
been attributed to the reduced capacity of skeletal
muscles to synthesize new proteins in the aging
process. Therefore, an imbalance between muscle
protein synthesis and degradation occurs, ultimately
leading to reduced muscle mass, protein content and
strength. Such imbalance may be partially explained
by a direct impact of cytokines, such as TNF-a and
IL-6 on protein proteolysis, or indirectly through the
interference of IGF-1 signaling at the skeletal muscle
level (Albright and Albright 2000).

Conclusions
The frailty syndrome is associated with simultaneous
alterations in different physiological systems. In this
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review, we have tried to highlight one of the core
elements in the development of frailty- sarcopenia.
Even though more studies are necessary to advance
the concepts between frailty and aging, its determinants and pathophysiology, preventive measures of
sarcopenia need to be investigated. Regularly performed exercise, particularly resistance exercise, has
been demonstrated to increase muscle mass, function,
walking speed, basal metabolic rate, improve bone
health, and increase physical activity even in very
old, frail men and women. Strategies to increase
levels of activity and improve nutritional status in the
frail elderly will have powerful effects on maintaining independence. Only future prevention trials for
primary outcomes related to sarcopenia such as
muscle mass, muscle strength and physical performance in older persons will be determine factors
related to reducing the risk of frailty over aging.
Acknowledgments No sources of funding were used to assist
in the preparation of this review. The authors have no conflicts
of interest that are directly relevant to the content of this
review.

References
Abbatecola AM, Ferrucci L, Ceda G, Russo CR, Lauretani F,
Bandinelli S, Barbieri M, Valenti G, Paolisso G (2005)
Insulin resistance and muscle strength in older persons.
J Gerontol A Biol Sci Med Sci 60:1278–1282
Albright JW, Albright JF (2000) Soluble receptors and other
substances that regulate proinflammatory cytokines in
young and aging humans. J Gerontol A Biol Sci Med Sci
55:20–25
Bandeen-Roche K, Xue QL, Ferrucci L, Walston J, Guralnik
JM, Chaves P, Zeger SL, Fried LP (2006) Phenotype of
frailty: characterization in the women’s health and aging
studies. J Gerontol A Biol Sci Med Sci 61(3):262–266
Barbieri M, Ferrucci L, Ragno E, Corsi A, Bandinelli S, Bonafe
M, Olivieri F, Giovagnetti S, Franceschi C, Guralnik JM,
Paolisso G (2003) Chronic inflammation and the effect of
IGF-I on muscle strength and power in older persons. Am J
Physiol Endocrinol Metab 284(3):E481–E487
Bartali B, Frongillo EA, Bandinelli S, Lauretani F, Semba RD,
Fried LP, Ferrucci L (2006) Low nutrient intake is an
essential component of frailty in older persons. J Gerontol
A Biol Sci Med Sci 61(6):589–593
Baumgartner R, Koehler K, Romero L, Garry P (1996) Serum
albumin is associated with skeletal muscle in elderly men
and women. Am J Clin Nutr 64:552–558
Bergman H, Ferrucci L, Guralnik J, Hogan DB, Hummel S,
Karunananthan S, Wolfson C (2007) Frailty: an emerging
research and clinical paradigm–issues and controversies.
J Gerontol A Biol Sci Med Sci 62(7):731–737

Biogerontology (2010) 11:527–536
Blackman MR, Sorkin JD, Munzer T, Bellantoni MF, BusbyWhitehead J, Stevens TE, Jayme J, O’Connor KG,
Christmas C, Tobin JD, Stewart KJ, Cottrell E, St Clair C,
Pabst KM, Harman SM (2002) Growth hormone and sex
steroid administration in healthy aged women and men: a
randomized controlled trial. JAMA 288(18):2282–2292
Brunnsgard H, Pederson M, Pederson BK (2001) Aging
and proinflammatory cytokines. Curr Opin Hematol 8:
131–136
Caminiti G, Volterrani M, Iellamo F, Marazzi G, Massaro R,
Miceli M, Mammi C, Piepoli M, Fini M, Rosano GM
(2009) Effect of long-acting testosterone treatment on
functional exercise capacity, skeletal muscle performance,
insulin resistance, and baroreflex sensitivity in elderly
patients with chronic heart failure a double-blind, placebo-controlled, randomized study. J Am Coll Cardiol
54(10):919–927
Campbell WW, Trappe TA, Wolfe RR, Evans WJ (2001) The
recommended dietary allowance for protein may not be
adequate for older people to maintain skeletal muscle.
J Gerontol A Biol Sci Med Sci 56:M373–M380
Cappola AR, Bandeen-Roche K, Wand GS, Volpato S, Fried
LP (2002). Association of IGF-I levels with muscle
strength and mobility in older women. J Clin Endocrinol
Metab. 2001;86(9):4139-46
Cappola A, Qian-Li X, Ferrucci L, Guralnik JM, Volpato S,
Fried LP (2003) Insulin-like Growth Factor I and Interleukin-6 Contribute Synergistically to Disability and
Mortality in Older Women. J Clin Endocrinol Metab
88:2019–2025
Carmeli E, Coleman R, Reznick AZ (2002) The biochemistry
of aging muscle. Exp Gerontol 37:477–489
Corti MC, Guralnik J, Salive M, Harris T, Ferrucci L, Glynn R,
Havlik R (1997) Clarifying the direct relation between
total cholesterol levels and death from coronary heart
disease in older persons. Annuals of Internal Medicine
126:753–760
Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm
T, Landi F, Martin FC, Michel JP, Rolland Y, Schneider
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