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Abstract

Frailty is a common clinical syndrome
in older adults that carries an increased risk
for poor health outcomes including falls,
incident disability, hospitalization, and mor-
tality. It is characterized by multisystem
dysregulations, leading to a loss of dynamic
homeostasis, decreased physiologic reserve,
and increased vulnerability to stressors. A
large body of literature suggests several
important multisystem pathophysiologic
processes in the pathogenesis of the frailty
syndrome, including chronic inflammation
and immune activation, insulin resistance
and those in musculoskeletal and endocrine
systems. Currently, no effective pharmaceu-
tical interventions have been developed for
the prevention and treatment of the frailty
syndrome. Conversely, epidemiological and
intervention studies suggest that adequate
nutrition and physical exercise might pre-
vent or postpone the onset of frailty and
related clinical manifestations. 

Metabolic and nutritional
approach to older frail people

Frailty has been defined as a geriatric
syndrome, indicating the accumulated effect
of impairments in multiple domains that all
together result in a particular adverse out-
come.1 Frail individuals have a higher risk
of developing disabilities in basic and
instrumental activities of daily living,
falling, institutionalization, and death.
Although different definitions have been
proposed, two themes seem to better depict
the frailty concept: i) loss of functional
reserve in multiple areas/domains; ii) exis-
tence at a level close to or past the threshold
for failure, with reduced tolerance to com-
mon stressors. 

Most definitions of frailty involve
decline in mobility, strength, endurance,
nutrition, and physical activity as clinical
components, while others include cognitive
impairment and depression too.2 Thus, there
are several domains involved in frailty devel-
opment including neurological control/cog-
nition, mechanical performance/mobility

(muscle/bone strength, joint function, bal-
ance, coordination, and motor processing),
energy metabolism (nutrition and car-
diopulmonary function), and physical activ-
ity. Frailty might be viewed as the result of
acceleration in the progressive decline of
multi-systemic homeostatic reserve related
to aging, genetic, epigenetic, and environ-
mental factors. A current pathogenetic
hypothesis of frailty is based on interaction
between aging and multiple chronic dis-
eases. Aging itself is characterized by
reduced reserve across different homeostat-
ic systems; as a result, a multi-systemic
impairment related to the accumulation of
molecular and cellular damage, and loss of
feed forward and feedback mechanisms
among interacting systems is observed.3
Multiple chronic diseases superimpose the
weakened homeostatic systems by further
reducing cross-system compensation, and
favoring the onset of frailty.

Starting from current pathogenetic
hypotheses, the prevention and treatment of
frailty should be aimed at contrasting the
conditions consistently associated with
frailty development, including the multi-
systemic impairment related to aging itself
and the multi-systemic effects of multimor-
bidity and sub-clinical diseases.4

The key points of population-based
approach to frailty would be the identifica-
tion of a pathogenetic background common
to frailty phenotype and related chronic dis-
eases. In this regard, Walston et al.5 pro-
posed a biological model in which different
molecular mechanisms together with aging-
related chronic diseases would lead to a
condition of systemic inflammation, insulin
resistance, and oxidative stress, which in
turn would result in the development of
frailty6 (Figure 1). Genetics might influence
this process; indeed, an association between
frailty and several mitochondrial DNA vari-
ations has been reported. Nevertheless,
lifestyle seems to have a central role; it has
been suggested that smoking, elevated
BMI, and poor physical exercise during
adulthood predict disability and earlier mor-
tality (two outcomes of frailty) in older age;
furthermore, commonly used CVD risk
scores in the adulthood similarly predict the
risk of frailty.

Currently, no effective pharmaceutical
interventions have been developed for the
prevention and treatment of the frailty syn-
drome. Conversely, epidemiological and
intervention studies suggest that adequate
nutrition and physical exercise might pre-
vent or postpone the onset of frailty and
related clinical manifestations.7 There is
strong evidence that over-nutrition in adult-
hood leads to systemic inflammation,
insulin resistance, and oxidative stress, and

finally to increased risk of developing
frailty; conversely, the adherence to a
Mediterranean diet has been associated with
lower systemic inflammation, insulin resist-
ance, and oxidative stress, in turn reducing
the risk of frailty.8 It has to be underlined,
however, that in older age the deficiency of
nutrients, and not their excess, might
increase the risk of becoming frail; indeed,
the lack of fundamental components, such
as essential amino acids, has been implicat-
ed in the development of sarcopenia, while
macro-nutrient supplements have been
shown to be helpful in maintaining muscu-
lar protein metabolism and cellular func-
tion. It is not just the lack of proteins, but
also a general lack of nutrients that might
lead to an increased risk of frailty in older
age. Frailty has been associated with low
levels of micronutrients, including vitamin
E and vitamin D. Dairy products (i.e., milk,
cheese, yoghurt) might be also important
for maintaining physical performance and
avoiding sarcopenia; a recent study found
that older women eating more dairy prod-
ucts had significantly greater whole body
lean mass, appendicular skeletal muscle
mass, and greater handgrip strength.9

Apart from the dietary intake, several
macro/micronutrient supplementations have
been considered to exert a possible role in
the prevention of frailty. With regards to pri-
mary prevention, a six-month DHA and EPA
supplementation trial induced an improve-
ment in walking speed compared to placebo,
explaining more than 13% of the variance in
the change in walking speed. On the other
hand, several authors demonstrated the
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effectiveness of Vitamin D supplementation
in maintaining physical performance, sug-
gesting its therapeutic role in improving
neuromuscular function and reducing not
only fractures after falls, but also the inci-
dence of falls. Protein supplementation is an
important preventive-therapeutic interven-
tion against functional decline, especially in
frail elderly with malnutrition. It should be
associated with physical exercise (both
endurance- and resistance-type exercises).
Protein supplementation should take place
just after physical exercise, to take advan-
tage of its sensitizing effect, and should con-
tain at least 2-2.5 g of leucine.

Decline in physical activity with aging
is associated with a decrease in exercise
capacity that predisposes to frailty. The
frailty syndrome includes a lowered activity
level, poor exercise tolerance, and loss of
lean body and muscle mass. There are mul-
tiple mechanisms by which regular physical
activity protects against chronic inflamma-
tion-related diseases: regular exercise
induces the reduction of visceral fat mass,
which is known to be associated with
inflammation and insulin resistance; fur-
thermore, at the molecular level, exercise
might reduce frailty by decreasing muscle
inflammation, increasing anabolism, and
increasing muscle protein synthesis.

Aerobic endurance training can signifi-
cantly improve peak oxygen consumption
by ~10-15%. Resistance training is the best

way to increase muscle strength and mass.
Although the increase in muscle mass in
response to resistance training may be
attenuated in frail older adults, resistance
training can significantly improve muscle
strength, particularly in institutionalized
patients, by ~110%.10 Because both aerobic
and resistance training target specific com-
ponents of frailty, studies combining aero-
bic and resistance training provide the most
promising evidence with respect to success-
fully treating frailty. Based on the available
studies, an individualized multicomponent
exercise program that includes aerobic
activity, strength exercises, and flexibility is
recommended to treat frailty. More studies,
however, are needed to determine which
exercises are best suited, most effective, and
safe for this population.
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Figure 1. Schematic representation of the pathophysiology of frailty.
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