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Abstract A progressive decline in physiologic reserves

inevitably occurs with ageing. Frailty results from reaching

a threshold of decline across multiple organ systems. By

consequence, frail elderly experience an excess vulnera-

bility to stressors and are at high risk for functional deficits

and comorbid disorders, possibly leading to institutionali-

zation, hospitalization and death. The phenotype of frailty

is referred to as the frailty syndrome and is widely recog-

nized in geriatric medical practice. Although frailty affects

both musculoskeletal and nonmusculoskeletal systems,

sarcopenia, which is defined as age-related loss of muscle

mass and strength, constitutes one of the main determinants

of fracture risk in older age and one of the main compo-

nents of the clinical frailty syndrome. As a result,

operational definitions of frailty and therapeutic strategies

in older patients tend to focus on the consequences of

sarcopenia.
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Introduction

A progressive decline in physiologic reserves inevitably

occurs with ageing. Frailty results from reaching a

threshold of decline across multiple organ systems, and

leads to an excess vulnerability to stressors and a decreased

ability to maintain homeostasis after a destabilizing event

[1]. After exposure to stressors, frail elderly encounter

more functional deficits and are at higher risk for comorbid

disorders [1]. This combination of functional deficits and
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comorbid disorders constitutes the frailty syndrome, the

widely recognized clinical phenotype of frailty. A key

component in the frailty syndrome is sarcopenia, the loss of

muscle mass and strength with ageing. The aim of this

article is to review the concepts of frailty and sarcopenia,

including their definition, classification and approaches to

treatment and prevention.

Sarcopenia

Originally, sarcopenia has been described as the age-rela-

ted loss in muscle mass [2]. Currently, the term mostly

refers to the loss of muscle mass and muscle strength that is

associated with ageing [3]. Sarcopenia results in a decrease

in aerobic capacity of about 10 % per decade from the age

of 25–30 years, through which, in older people, activities

of daily living (ADL) will demand efforts that are close to

their limiting capacity. Consequently, sarcopenia is linked

with disability [4], loss of mobility [5], impaired (static and

dynamic) balance [6], and an increased risk of falls [7],

fractures [8], and even death [9].

Age-related Change in Muscle Mass and Muscle

Strength

In longitudinal studies, muscle mass decreases by around

40 % between the age of 20 and 60, with an average loss of

1 % per year [10]. The absolute decrease is more pro-

nounced in men than women, though relative loss is

comparable as men initially have more muscle mass [11].

The difference in muscle strength at 20–40 years and at

70–80 years of age varies between 20 and 40 % in cross-

sectional studies. At age 90 and over there is further loss of

muscle strength up to 50 % or more [12]. In longitudinal

studies, muscle strength decreases more rapidly, up to 3 %

per year. As with the decrease in muscle mass, the relative

loss of muscle strength in men and women is comparable,

though again the absolute loss is larger in men, who ini-

tially have greater muscle strength. In contrast to loss of

muscle mass, which mainly occurs in the lower limbs, the

loss of muscle strength in the upper and lower limbs is

comparable [13].

With respect to the mechanisms leading to the age-

related loss of muscle mass and strength, an increase of

catabolic and a decrease of anabolic processes can be

distinguished [12]. The first category includes low-grade

immunologic changes, which occur with ageing even in the

absence of inflammatory processes and which may con-

tribute to muscle protein breakdown. Apart from the rela-

tionship between low muscle performance and high levels

of proinflammatory substances during acute inflammation

[14], an association has indeed been shown between lower

muscle mass and strength and a chronic, age-related

increase in white blood cells, C-reactive protein (CRP) and

proinflammatory cytokines like tumor necrosis factor-a
(TNF-a) and interleukin-6 (IL-6) [15]. Alterations in the

levels of anabolic hormones, such as a decline in sex

hormones [16, 17], vitamin D deficiency [18], changes in

the growth hormone/insulin-like growth factor-1 (GH/IGF-1)

axis [19] and insulin resistance [20] may also play a role

in the development of sarcopenia. Insulin resistance for

example is associated with low muscle mass and strength

as it impairs the synthesis and increases the breakdown of

muscle proteins, reduces the uptake and intracellular

metabolism of glucose, and induces chronic inflammation

[21]. On its turn, chronic inflammation may be a mecha-

nism for insulin resistance. Age-related myocellular

changes, including apoptosis of myofibers and a decreased

number of satellite cells, which replace damaged myofi-

bers, may contribute to sarcopenia as well [22]. Finally,

also physical inactivity and insufficient protein intake due

to anorexia of ageing and cachexia in chronic diseases and

malignancy are associated with loss of muscle mass and

strength [23].

The loss of muscle strength with ageing has been

thought to be a direct result of the age-related loss in

muscle mass. However, as mentioned before, the decline in

muscle strength is greater than the decline of muscle mass,

with suggests that loss of muscle strength is only partially

due to loss of muscle mass and that other factors than low

muscle mass may contribute to muscle weakness [24, 25].

In a longitudinal study, changes in muscle mass indeed

explained only 5 % of the change in muscle strength [26].

Other muscular and also neurological mechanisms have

been suggested to account for the major part of the age-

related loss in muscle strength, including, amongst others,

reduced cortical and spinal excitability, a decline in the

number and size of motor units, age-related remodeling

of motor units, excitation–contraction uncoupling and

increased fat infiltration in the muscles [10, 24].

Definition of Sarcopenia

An operational definition of the concept sarcopenia, that

provides a threshold for targeting treatment and inclusion

in trials, is required in clinical and research practice.

However, until now, there is no consensus about such a

definition of sarcopenia.

Analogous to the definition of bone loss (osteoporosis),

sarcopenia has been defined using a threshold based on the

distribution of muscle mass in young healthy adults. Thus,

it has been defined as a relative appendicular skeletal

muscle mass (RASM, muscle mass of arms and legs [kg]

divided by height2 [m2]) less than two standard deviations

below the mean of a same sex young healthy reference
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group [3]. Appendicular skeletal muscle mass can be

measured accurately using computed tomography (CT) or

magnetic resonance imaging (MRI). Determination of

muscle mass using these tools, however, is restricted to

research purposes because of costs and availability and

also, in the case of CT, radiation exposure. In clinical

practice, dual-energy X-ray absorptiometry (DXA) is used

for measuring muscle mass [27]. An alternative for DXA is

bioelectrical impedance analysis (BIA); the results under

standardized conditions correlate well with MRI findings

and there are established reference values for older people

[28]. Assessment of muscle mass using anthropometric

measurements based on the circumference and skinfold

thickness of the upper arm has been used, though age-

related changes in body composition and elasticity of the

skin make the results difficult to interpret [27].

As discussed above, muscle strength is largely inde-

pendent of muscle mass and so defining sarcopenia

purely on the basis of a reduction in muscle mass has

been considered to be inappropriate. Therefore, some

have suggested that additional criteria are needed. On the

basis of the recommendations of the European Working

Group on Sarcopenia in Older People (EWGSOP), at

least one criterion of low muscle function (low muscle

strength or poor physical performance) must be met in

addition to the low RASM criterion for the diagnosis of

sarcopenia. The EWGSOP recommends that a person

fulfilling only the criterion of low RASM should be

classified as presarcopenic, while a person who also

meets one or two criteria of low muscle function is

diagnosed with sarcopenia or severe sarcopenia, respec-

tively [27]. The EWGSOP proposes different cutoff

points for these three criteria, which vary according to

the reference population and the techniques used to

measure muscle mass, muscle strength and physical

performance. Also other expert groups have been work-

ing on an operational definition of sarcopenia that

includes a measure of low muscle function (usually low

gait speed) in addition to low muscle mass [29–31].

Instead of adding the criteria of muscle function (muscle

strength or physical performance) to low muscle mass,

Clark and Manini have argued that the term sarcopenia

should be limited to its original meaning of the age-related

loss of muscle mass. To describe the decline of muscle

strength associated with ageing, they proposed the concept

dynapenia [24, 25]. One argument to distinguish sarcope-

nia (low muscle mass) from dynapenia (low muscle

strength) is, as discussed, that the pathophysiology of loss

of muscle strength is multifactorial, with muscle mass

explaining only a small part of the variance in muscle

strength. Another argument is that, although a formal meta-

analysis comparing the relative influence of low muscle

mass versus low muscle strength on physical disability and

poor physical performance is still lacking, current evidence

suggests that this association is more important for low

muscle strength than for low muscle mass [25]. Also

mortality was strongly related with muscle strength and

this association could not be attributed to muscle mass

[32]. Currently, there are no sufficient data to define cutoff

points for dynapenia [25]. Clark and Manini argued against

defining dynapenia on the basis of low muscle power (the

rate of work per time) instead of low muscle strength [25].

Although muscle power correlates strongly with physical

performance and decreases even faster with ageing com-

pared to muscle strength [33–35], the rationale for not

defining dynapenia based on muscle power is the con-

flicting evidence as to whether or not muscle power is a

better predictor of physical performance. Although in some

large studies on ageing, muscle power was better than

muscle strength to predict physical performance [36, 37],

other authors could not confirm this observation [38] or

found such a small difference that the debate remains

undecided [39]. Moreover, muscle power increased less

with training as compared with muscle strength in some

studies [40], and even when the increase in power was

greater than the increase in strength, the improvement in

physical performance was the same [41]. Reference values

and equipment to measure muscle power are also less

available than is the case for muscle strength.

The prevalence of sarcopenia depends on its definition,

the technique used to measure muscle mass and strength,

and the reference group [42]. Prevalence is also gender-

dependent and increases with age, from less than 5 %

between 50 and 65 years of age, up to 30 % in women aged

80 and above and even 50 % in men over 80 [43].

Sarcopenic Obesity

A specific condition is sarcopenia in obese elderly, known

as sarcopenic obesity. Baumgartner defined this condition

as having a % body fat (% fat) above the median together

with the aforementioned criterion of low RASM [44].

Other cut-points for obesity and low muscle mass have

been proposed, resulting in a prevalence of sarcopenic

obesity of between 4 and 12 %. When sarcopenic obesity

was defined as a body mass index (BMI) higher than

30 kg/m2 plus muscle strength in the lowest gender-specific

tertile, the prevalence ranged between 4 and 9 % [45].

Several mechanisms potentially link obesity and sarco-

penia. Obese persons tend to be less physically active and

have lower levels of anabolic hormones such as testoster-

one, GH and IGF-1. They also have higher levels of pro-

inflammatory cytokines and adipokines (leptin, adiponectin

and resistin) that induce chronic inflammation, which may

trigger insulin resistance [15, 45]. All these conditions may

lead to sarcopenia.
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Studies about the effect of sarcopenic obesity on dis-

ability and physical performance have provided inconsis-

tent results when the sarcopenia component was defined as

low muscle mass. When it was defined as low muscle

strength (dynapenia), elderly persons with sarcopenic

obesity had a higher prevalence of disability and physical

impairment compared to those who were just obese or

sarcopenic [46]. Also the risk on mortality was higher in

overweight persons with low grip strength compared to

those with a normal weight and high grip strength [47].

Frailty

As evidenced by longitudinal studies such as the Baltimore

Longitudinal Study of Aging, normal ageing is accompa-

nied by a number of physiologic changes, such as changes

in the cardiovascular system and the musculoskeletal sys-

tem [48]. Frailty can be described as an increased vulner-

ability with reduced resistance to stressors resulting from

reaching a threshold of decline in physiologic reserves

across multiple organ systems [1]. Because this decline is

an inherent feature of ageing, the occurrence of frailty

inevitably rises with age. However, frailty is not synony-

mous with ageing, as individual differences in organ

reserves may protect against or mitigate the consequences

of the decline. The size of the reserves determines the

degree of frailty, with elderly people with low reserves

being more vulnerable and prone to functional deficits and

comorbid disorders [49].

This increased susceptibility to functional deficits and

comorbidity results in a decline in ADL and instrumental

ADL, loss of mobility, (recurrent) falls, fractures, hospi-

talization and institutionalization in frail elderly [50–56].

Frailty also increases the risk of mortality: compared to

nonfrail elderly, frail persons were more likely to die in the

following years, even after adjusting for demographic

variables and underlying comorbidity [50–52, 54–56].

Thus, the increased frailty of older people predisposes to

functional deficits and comorbidity. These, in turn, may

contribute to the progression of frailty. Yet, frailty, func-

tional deficits and comorbidity are distinct clinical entities

[57]. On the one hand, not all frail people have functional

deficits or comorbid disorders and on the other hand,

functional deficits may be the consequence of other dis-

orders, and comorbid disorders do not necessarily lead to

frailty [58] (Fig. 1).

Deterioration of the musculoskeletal system—both sar-

copenia and osteoporosis, or sarco-osteopenia [59]—has an

important functional impact and weighs heavily on the

clinical expression of frailty. However, frailty refers to the

whole organism and should not be confined to musculo-

skeletal frailty, as a decline in nonmusculoskeletal organ

systems contributes to frailty as well [60]. A recent com-

prehensive analysis has shown, for example, that the excess

mortality after hip fracture, in contrast to what was

assumed before, does not normalize after a vulnerable

period of 6–12 months, a period in which especially

medical complications after the traumatic event and sur-

gery are paramount. Even after successful surgery and

intensive revalidation, the prognosis remains relatively

unfavorable, with mortality rates being three to fourfold

higher than expected even after 10–15 years [61]. This

reflects the underlying generalized vulnerability (rather

than just musculoskeletal vulnerability) of such patients

[62].

Mechanisms that Contribute to the Development

of Frailty

Because deterioration of the musculoskeletal system is a

key component of the frailty syndrome, the aforementioned

pathophysiological mechanisms that lead to sarcopenia

contribute to the development of frailty as well. However,

as frailty is an organism-wide problem, one assumes that

potential determinants of the frailty syndrome induce a

catabolic cascade that also affects other tissues and organs

(e.g., skin atrophy, heart failure), in addition to weakened

bones and reduced muscle strength [63]. These determi-

nants will be discussed hereafter. What should be empha-

sized is that the discussed mechanisms of frailty, to a

FRAILTY-syndrome 
Clinical expression of frailty

- Reduced mobility - Reduced appetite
- Walking instability - Malnutrition
- Recurrent falls - Weight loss
- Loss of strength - Incontinence
- Exhaustion - Cognitive deterioration
- Inactivity - Delirium
- Confinement to bed - Dependence
- ... - ...

ComorbidityFunctional deficits

FRAILTY
Intrinsic ageing of the organ systems

- musculoskeletal system (sarcopenia and osteoporosis)
- non musculoskeletal systems

Fig. 1 The frailty concept and its clinical expression
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certain degree, are mostly based on association studies and

remain speculative.

The age-associated chronic low-grade inflammatory

profile that, through its catabolic effect, plays a role in the

development of sarcopenia, may contribute to frailty, as

higher levels of white blood cells, proinflammatory cyto-

kines and CRP have been observed in frail elderly [63, 64].

CRP is also associated with incident frailty in some [65],

but not all trials [66]. Inflammation may be the result of

oxidative stress, which has recently been linked with frailty

[67]. Certain lifestyle and environmental factors increase

the production of reactive oxygen species (ROS), which

induces changes in gene expression and damage of DNA,

proteins and lipids. This does not only give rise to more

ROS, but also to inflammation and proliferation, necrosis

and apoptosis at cellular level, ultimately leading to frailty

[68]. In a recent study that explored the association

between genetic variants and frailty, many of the genes

associated with frailty were involved in the regulation of

apoptosis, biosynthesis and transcription, rather than in

inflammation [69]. This suggests that—more than inflam-

mation—cellular senescence and apoptosis, including

apoptosis of myofibers, may play a role in the development

of frailty [22, 69].

Increased levels of biomarkers of coagulation and

fibrinolysis have also been considered in the pathophysi-

ology of frailty. Indeed, significantly higher levels of

D-dimer and factor VIII have been observed in frail

elderly, and higher levels of D-dimer and tissue plasmin-

ogen activator (t-PA) increased the risk on incident frailty

[64, 66]. Whether this means that frailty is directly linked

with activated coagulation or decreased fibrinolysis is not

clear, as these increased markers may also be the result of

the aforementioned age-associated chronic inflammation

[63].

Hormonal changes associated with sarcopenia may play

a role in the development of frailty as well. With respect to

the contribution of the age-related decline in sex hormones,

studies have provided inconsistent results. Although some

authors did not find a cross-sectional association between

total or free testosterone and frailty [70], other authors did

find such an association cross-sectionally [71–73] and

longitudinally [72–74], although it disappeared in one of

the longitudinal analysis adjusted for covariates [74]. The

same applies to sex hormone-binding globulin (SHBG);

SHBG was associated with frailty in some [70], but not all

studies [74]. A possible explanation for the inconsistencies

in these studies may be the different definitions of frailty.

Frailty has also been linked with vitamin D deficiency [75].

Low levels of vitamin D (\20 ng/mL) are associated with a

higher odds of prevalent frailty [76, 77] and an increased

risk of incident frailty [76]. The latter was, however, not

consistent in all studies in men [77]. Low 25-OH-D may be

associated with frailty through several biological pathways,

including an effect on bone, muscle and the immune sys-

tem [78]. Indeed, besides its well documented role in

osteoporosis and fracture risk, vitamin D deficiency has

been associated with low muscle mass and strength and an

increased level of proinflammatory cytokines [18, 79]. Also

IGF-1 and insulin resistance may contribute to frailty, as

frail elderly had lower IGF-1 levels than nonfrail age-

matched individuals and having insulin resistance

increased the risk of incident frailty [21, 65].

Although frailty is often considered as a wasting syn-

drome, obesity does not protect against frailty. Quite the

contrary, a U-shaped curve between BMI and frailty in

elderly women suggests that not only underweight indi-

viduals, but also obese ones have an increased risk of

frailty [80, 81]. This can be explained by the fact that obese

elderly may develop sarcopenia—musculoskeletal frailty—

through several mechanisms, which have been discussed

before.

Definition of Frailty

Although most people recognize the clinical syndrome of

frailty, it has proved difficult to agree to a consensus

operational definition. A number of classification criteria

have been proposed.

Frailty Phenotype

One of the most widely used operational definitions of

frailty is that developed by Fried et al. [54]. Fried et al.

proposed a phenotypic definition of frailty that consists of

five components: unintentional weight loss, weakness,

slowness, self-reported exhaustion (poor endurance) and

low physical activity (Table 1). An individual is classified

as frail if at least three of these criteria are met. Those with

one or two criteria are classified as pre-frail and those with

none, robust. Fried et al. used data from the Cardiovascular

Health Study (CHS), a comprehensive analysis of 5,317

men and women aged 65 years and older to develop the

criteria [82]. Unintentional weight loss was defined as an

involuntary decrease in weight of at least 4.5 kg in the last

year. Muscle strength was assessed as maximal grip

strength (in kilograms) in the dominant hand (average of

three measures), using a hand-held dynamometer. People

had muscle weakness if their maximal grip strength was in

the lowest quintile of the study population (adjusted for

gender and body mass index). Walking speed was specified

as the time needed to walk 15 feet at normal pace; slow-

ness was defined as a value in the lowest quintile (adjusted

for gender and standing height). People had poor endurance

(exhaustion) if they agreed with either of two statements:

‘‘I felt that everything I did was an effort’’ or ‘‘I could not
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get going more than 3–4 days in the last week.’’ An affir-

mative answer was indicative of decreased maximal oxy-

gen consumption (VO2max). Physical activity was estimated

by questioning about 18 leisure activities during the last

week. A weighted score of kilocalories expended per week

was calculated on the basis of these questions. The lowest

quintile of physical activity was identified for each gender

and defined as low physical activity. The strength of the

approach of Fried et al. lies in the ability of the criteria to

predict clinical end points, including the risk for falls,

decreased mobility, functional decline, hospitalization and

even death in older adults [54].

Using a similar approach, others have adapted data from

their own studies to develop a frailty phenotype [50, 55,

83–86] (Table 1). For example, in the frailty definition of

the Women’s Health Initiative Observational Study (WHI-

OS), muscle strength and walking speed were not deter-

mined by measurements, but by means of a questionnaire

on physical function, the Rand-36 Physical Function Scale,

which is considered to be a good alternative for muscle

strength and walking speed assessments [50]. In the Oste-

oporotic Fractures in Men Study (MrOs), instead of weight

loss over the last year, appendicular skeletal muscle mass

by DXA was determined, which is a better measure for

sarcopenia than recent weight loss because the latter may

not accurately reflect changes in muscle mass, and muscle

loss can be masked by a simultaneous increase in fat mass

[83].

Others have proposed modified phenotypic definitions of

frailty by either adding or subtracting criteria. To supple-

ment the purely physical frailty phenotype by Fried et al.,

psychosocial factors have been proposed, like fear and

loneliness or depressive symptoms, and even cognitive

scores [87–89]. It remains unclear to what degree such

additional factors may improve the predictive value of

frailty on adverse health outcomes [90]. On the other hand,

elements have been left out to render the frailty definition

more usable in clinical practice. To establish thresholds for

muscle weakness, slowness and low physical activity

according to Fried et al., the distribution of these charac-

teristics in the target population should be known and

corrected for factors like height and weight. Additionally,

some authors found the assessments of walking speed and

physical activity infeasible in clinical practice because of

space and time constraints [52]. Therefore, simplified

frailty indices have been introduced in different studies [51,

52]. In the Study of Osteoporotic Fractures (SOF) index,

only weight loss, muscle weakness and poor endurance

were retained as criteria (Table 1). According to the SOF-

index, weight loss was defined as the loss of body weight of

5 % or more during a 2-year follow-up period. Muscle

weakness was specified as the inability to rise from a chair

five times without using the arms. Poor endurance was

identified by a negative answer to the question, ‘‘Do you

feel full of energy?’’ Individuals that met two or three

criteria were considered to be frail, those with only one to

be pre-frail and those with none to be robust.

A growing number of frailty scales has become avail-

able, though interestingly the clinical and research value of

these indices seems comparable. The predictive value of

the operational frailty definition of Fried et al. is similar to

that of alternative indices in which the criteria from Fried

et al. have slightly been adapted [50, 55] or simplified [51,

52]. The simplified SOF index, for example, was able to

predict the risk for falls, fractures, functional decline and

mortality as well as the more detailed approach of Fried

et al. [51, 52].

Frailty Index

The frailty phenotype of Fried et al. and modified pheno-

typic definitions outlined above characterize individuals

into groups and consider a person frail if a certain number

of criteria are present, with the focus largely on the mus-

culoskeletal system. A separate approach, pioneered by

Rockwood and colleagues in Canada, is the frailty index. In

the frailty index, deficits, which have been identified by

means of a comprehensive assessment, are quantified and

used as a marker or index of underlying frailty. The index

is expressed as the proportion of present deficits to the total

number of potential deficits in an individual [91]. Dozens

of items are thereby checked; symptoms, clinical findings

and diseases, but also functional limitations and abnormal

biochemical, electrocardiographic and radiographic find-

ings can be included as deficits [92]. Whereas the definition

of Fried et al. emphasizes functional deficits caused by

frailty, the frailty index includes functional deficits as well

as underlying comorbidity [91, 93]. A further advantage of

the approach is that it seems to be robust to the number and

type of deficits included. The frailty index has been shown

to be predictive of a range of adverse outcomes including

functional prognosis, hospitalization, institutionalization

and mortality, and it correlates well with the phenotypic

definition of Fried et al. [94]. However, it is more time-

consuming to implement.

FRAIL Scale

Recently, the International Academy of Nutrition, Health,

and Aging (IANA) proposed the FRAIL scale [95]. This

scale combines elements of the frailty phenotype with the

presence of comorbid diseases. It comprises 5 domains:

fatigue (defined as having less energy than in the past),

resistance (defined as the inability to climb stairs), ambu-

lation (defined as the inability to walk one block), number

of illnesses (defined as more than five concurrent illnesses)
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and loss of weight (more than 5 % in 1 year). As with the

frailty phenotype of Fried et al., a person is classified as

frail if at least three criteria are present, while those with

one or two criteria are pre-frail and those with no criteria

robust. To our knowledge, the predictive value for adverse

outcomes of the FRAIL scale has been validated in only

one prospective cohort study, in which frailty was associ-

ated with disability and mortality [72].

The Need for a Consensus Definition of Frailty

Thus, multiple operational definitions to measure frailty

have been proposed, but one consensus definition is still

lacking. There is, however, a need for such a consensus

definition in research and clinical practice, because, even

though the different frailty models have been able to

identify vulnerable individuals to stressors, they do not

identify the same individuals as being frail [96–98].

Moreover, a consensus definition might enhance the

development of risk assessments strategies and new

therapies, as was the case with the consensus definition of

osteoporosis [99]. Rockwood et al. [100] and Gobbens

et al. [101] have proposed several criteria that a consensus

definition of frailty should meet. The first of their criteria

is that the measure should include multiple domains of

functioning, and not only the physical domain, as is the

case in the frailty definition of Fried et al. [54]. Secondly,

the definition should consider frailty as a dynamic process

and should therefore be able to distinguish several degrees

of frailty. This criterion is met by the frailty definition of

Fried et al. [54] by which individuals were classified as

frail, pre-frail, or robust. The third criterion is that a

consensus definition should have strong validity. Because

there is no gold standard against which a consensus def-

inition of frailty can be validated, the definition should

have great predictive validity, which is the ability to

predict adverse outcomes such as institutionalization,

hospitalization and mortality. As discussed, the defini-

tions of Fried et al. [54] and Rockwood et al. [91] were

both predictive of a range of adverse outcomes in several

trials, while the FRAIL scale has only been validated in

one study [72]. Furthermore, Rockwood et al. [100] pro-

pose that there should be a correlation between the frailty

measure and age, comorbidity and disability, which

should, however, according to Gobbens et al. [101], not be

part of the definition. Gobbens et al. argue that, as dis-

cussed before, frailty, comorbidity and disability may

interact, but are three distinct entities. Similarly, ageing is

not synonymous to developing frailty, although the

prevalence of frailty increases with ageing. The frailty

index of Rockwood [91] and the FRAIL scale [95]

incorporate disability and/or comorbidity and thus do not

meet this fourth criterion of a consensus definition.

Finally, a consensus operational definition should include

components on which interventions can be focused

[100, 101].

So far, there is no definition that meets all these criteria.

Developing and validating such a definition that can be

used in research and clinical practice is one of the goals in

future research on frailty.

Epidemiology of Frailty

The prevalence of frailty depends on the population studied

and on the operational definition used. Prevalence esti-

mates vary greatly as study populations are heterogeneous

and several definitions including different component cri-

teria have been used [102]. Regardless of the criteria used,

the prevalence increases with age, such that in the age

group between 50 and 65 years less than 5 % are defined as

frail [85], while this %age can be over 25 % in people

above 90 [54, 64]. In addition, the prevalence of frailty is

higher in women than in men for reasons that are not clear

[54, 85].

Prevention and Treatment of Frailty

The development of frailty is a dynamic process. In a

prospective study investigating the spontaneous evolution

of frailty in persons of 70 years and over, transition

between the consecutive stages of frailty (robust, pre-frail,

frail) was not exceptional and progressed, as expected,

toward higher frailty. A reversed evolution of frail to robust

was uncommon [103]. Nevertheless, frailty is to some

extent preventable. A number of therapeutic approaches

have been used; their aim being to slow down the process

or at least to avoid the adverse clinical consequences of

frailty. In the following sections, these therapeutic

approaches are discussed; including those targeting pri-

marily the musculoskeletal system and those including

other systems. These therapies target the mechanisms that

contribute to the development of (musculoskeletal) frailty,

which have been discussed before.

Therapeutic Approaches to Musculoskeletal Frailty

(Table 2)

A recent meta-analysis showed that exercise therapy in

frail elderly had a positive impact on some physical

determinants (such as body composition and muscle

function) and functional ability (such as mobility and bal-

ance). A combined exercise program of long duration

(C5 months) performed three times a week for 30–45 min

had superior outcomes [104]. This beneficial effect of

physical exercises on frailty may be explained by its effect

on muscle and bone.
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Numerous studies have indeed shown that, even in the

elderly, progressive resistance training is an effective

intervention for sarcopenia [105]. That also elderly may

benefit from resistance training is clear from a randomized

placebo-controlled trial of Fiatarone et al., in which insti-

tutionalized persons with a mean age of 87 years undertook

a 10-week progressive resistance training program. The

training program, that consisted of three times a week three

series of eight repetitions with a resistance of 80 % of one

repetition maximum (RM, the maximum weight that can be

lifted), significantly improved muscle strength, walking

speed and physical activity. Also muscle power increased

significantly more in the exercisers as compared with the

controls, although it increased less than muscle strength

[40]. To improve muscle power, high-velocity progressive

resistance training may be better than the traditional (low-

velocity) progressive resistance training [106]. Change in

muscle mass was not significantly different between the

exercise and control group [40]. An alternative of resis-

tance training is whole-body vibration training, during

which the patient stands on a platform that generates ver-

tical sinusoidal vibrations. These mechanical stimuli acti-

vate the muscle spindles, which activates the alpha motor

neurons and initiates muscle contraction [107]. Similar to

resistance training, vibration training enlarges muscle

strength, but also muscle mass [108].

In addition, physical exercise training may also have an

effect on bone, even in the elderly. A recent Cochrane review

about the effectiveness of exercise in postmenopausal women

showed a relatively small, but statistically significant effect

of physical activity on bone mineral density (BMD). The

most effective interventions were a combined exercise pro-

gram (progressive resistance training and weight bearing

exercises) for lumbar spine BMD and progressive resistance

training for femoral neck BMD [109]. Also in older men,

resistance training increased BMD at the hip, but this increase

was, contrary to women, not greater than in active controls

[110]. Whole-body vibration had positive effects on BMD in

some studies [108], but in a recent meta-analysis, no

important effect was observed [111].

Androgen therapy has also been suggested in the man-

agement of musculoskeletal frailty. Testosterone replace-

ment, which may improve muscle mass and strength in older

men [112], may also have a beneficial effect in frail elderly

[113]. For example, in a randomized clinical trial, men of

65 years and older with a reduced testosterone level and at

least one criterion of frailty according to Fried et al. [54],

were treated with testosterone for 6 months. Testosterone

replacement increased muscle mass and strength, and—in a

subset of men who were older (C75 years) or who met at

least two frailty criteria—physical performance improved

as well [114]. In a study in older men with mobility limi-

tation, testosterone administration was associated with an

improvement in muscle strength and power [115]. However,

in another study in frail men, testosterone replacement for

12–24 months did increase muscle mass, but not muscle

strength or physical performance [116]. It remains to be

established whether, by its effect on muscle, testosterone

may decrease the risk of fractures in frail elderly through a

reduced propensity of falls.

What also needs to be clarified is to what extent tes-

tosterone decreases fracture risk of frail elderly through an

effect on bone. Indeed, whether androgens have an addi-

tional beneficial effect on bone remains a matter of debate

[117]. Although testosterone replacement is indicated for

men with symptomatic hypogonadism at all ages, its ben-

efit is more controversial in elderly men. Testosterone

replacement significantly improved BMD in elderly

patients with the lowest pretreatment testosterone levels

(\200 ng/dL or 6.94 nmol/L), while no to minor effects

were observed in men with low-normal or borderline low

testosterone concentrations [118]. Low testosterone and

symptoms and signs consistent with hypogonadism become

increasingly prevalent with ageing, but are also less spe-

cific [119]. Osteoporosis for example may only be partly

related to the decline in testosterone. Therefore, testoster-

one replacement is not indicated in elderly men with

osteoporosis and borderline low levels of testosterone, but

should be restricted to those men with repeated docu-

mented serum testosterone \200 ng/dL and consistent

signs and symptoms of hypogonadism [117]. What should

be mentioned is that because these trials have been small

and of short duration, no firm conclusion on fracture risk

reduction is possible at this stage.

In conclusion, more studies are required to provide

further evidence for the effect of testosterone on muscle

and bone in frail elderly. The potential adverse conse-

quences of testosterone, including prostate carcinoma and

cardiovascular risks, need also to be considered [120]. In a

meta-analysis about the adverse effects of testosterone

therapy in adult men, there was no significant effect on

prostate and cardiovascular outcomes [121]. However,

because another meta-analysis did find a significantly

higher risk of prostate events [122], the endocrine society

still refers to the possible higher risk of prostate events and

the ‘‘unknown long-term risks of testosterone’’ [123].

Because sarcopenia and frailty have been linked with

vitamin D deficiency [75], supplementation with vitamin D

may be another therapy of musculoskeletal frailty. Although

the association between vitamin D supplementation and an

improvement in physical performance remains controver-

sial [124], there is increasing evidence that a daily dose of

700–1,000 international units (IU) vitamin D significantly

increases muscle strength in elderly persons with vitamin D

deficiency [125]. Also the risk of falls of elderly is reduced

when, with supplementation therapy, a serum vitamin D
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level of [60 nmol/L is achieved [126]. The effect of vita-

min D may be partly related to its effect on muscle tissue via

a vitamin D receptor present in muscle cells [127]. Fur-

thermore, vitamin D receptors are expressed in many other

cell types, through which vitamin D has pleiotropic effects,

including an effect on neural function, which may also

contribute to its effect on muscle function and prevention of

falls [128, 129]. In combination with a daily dose of

1,000–1,200 mg of elementary calcium, vitamin D also

reverses the age-associated secondary hyperparathyroidism.

This does not only counteract the negative effect of PTH on

muscle, but also that on bone, with a resultant beneficial

effect on BMD [130]. The combination of a reduced pro-

pensity to falls and an increased bone mass may decrease

fracture risk in frail elderly treated with calcium and vitamin

D supplements [131].

Growth hormone (GH), which has been used success-

fully in patients suffering from GH deficiency, is another

potential therapy of frailty. There is, however, to our

knowledge only one study looking at the impact of growth

hormone in frail elderly. This study showed an increase in

type II muscle fibers [132]. Studies on the use of growth

hormone during normal ageing showed an increase in fat-

free mass, but this was not associated with functional

improvement [133, 134]. Moreover, elderly people are

susceptible to the adverse effects of growth hormones

[135]. Therefore, their use is not recommended in this

population. An alternative therapy may be treatment with

growth hormone secretagogues (GHS), which regulate the

secretion of GH and usually have fewer adverse effects.

Oral GHS have been developed that significantly increased

muscle mass [136, 137] and in one trial also physical

performance improved [136].

Data looking at the effect of nutritional supplements

(including protein supplementation) in elderly persons

suggest that, while such supplements may increase body

weight, there is no evidence of any effect on muscle mass

and strength or functional deficits [40, 138].

Frail elderly diagnosed with osteoporosis need to embark

on antiresorptive or anabolic therapy, as even in frail older

people with advanced osteoporosis and (hip) fractures,

osteoporosis medication protects against recurrent fractures

and improves survival [130, 139]. The reduction in mortality

is partly due to a reduction in secondary fractures and partly

to less secondary complications such as cardiovascular

events and infections [140]. It is not surprising that frail

elderly people benefit most from osteoporosis treatment.

Antiresorptive or anabolic therapy will, independent of age,

protect against fractures, and this protection increases with

age in absolute terms: a comparable relative risk reduction

(for instance a decrease in the risk of hip fractures by 40 %)

will render a larger absolute risk reduction in elderly people,

because older people have a higher baseline fracture risk

[139]. A recent study with strontium ranelate confirmed that

the number of subjects needed to treat to prevent one frac-

ture (NNT) was lowest among frail older people who have

the highest fracture risk [53]. Similarly, in frail elderly,

osteoporosis medication will have a greater impact on the

secondary complications of fractures such as disability,

institutionalization and mortality. This is because frail per-

sons have a higher baseline risk for adverse consequences

of stressors such as fractures [54, 141–143]. The same holds

true for the obtainable difference in quality of life, which is

much higher in very old people because the loss of quality of

life after a fracture is much larger for them [144]. Thus, for

every avoided fracture, elderly people have a larger gain in

quality of life.

Several new therapeutic interventions to improve mus-

culoskeletal frailty are under development or being tested

in clinical trials. We will briefly discuss the most important

ones and refer to references [145, 146] for an extensive

overview.

Nonsteroidal selective androgen receptor modulators

(SARMs) are thought to have the benefits of testosterone

on muscle and bone, but not the adverse effects on prostate

and cardiovascular outcomes. Studies in frail persons are

still lacking, but in healthy elderly SARMs improved fat-

free mass and muscle power [113].

The therapeutic potential of antagonists of myostatin, an

inhibitor of muscle differentiation and growth, is currently

being tested in phase I and II trials. Antibody-directed

inhibition of myostatin might be an effective treatment of

sarcopenia by inhibiting protein degradation and/or apop-

tosis [146].

There is some preliminary evidence that ursolic acid and

eicosapentaenoic acid (EPA, an omega-3 polyunsaturated

fatty acid with anti-inflammatory properties) might be

effective therapeutic agents for sarcopenia, but more

research is needed to confirm this [146].

In addition to the use in cardiovascular prevention,

angiotensin-converting enzyme (ACE) inhibitors have

recently been suggested to have a beneficial effect on

muscle function in frail elderly [147]. However, it remains

to be established whether this has to be attributed to the

cardiovascular effects of ACE inhibitors, because frail

individuals often have cardiovascular problems [146].

Another promising therapy is IGF-1, of which lower

levels have been linked with prevalent frailty. IGF-1 is

secreted in most tissues, including the liver (circulating

IGF-1, cIGF-1) and the muscles (muscle-specific IGF-I,

mIGF-1) under the influence of growth hormone. mIGF-1

is also synthesized in muscles in response to exercise. In

animal models and muscle cell cultures, mIGF-1 infusion

stimulated muscle hypertrophy [148]. More research is

needed to confirm this result in humans and to determine

the benefit of m-IGF-1 administration in frail elderly.
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Because also the age-associated low-grade inflammatory

profile with elevated levels of cytokines contributes to the

development of frailty, drugs that downregulate the cyto-

kine system are potential therapeutic agents that need to be

investigated further [145].

Finally, also high intake of carotenoids, which act as

antioxidants, may be a strategy to treat frailty, because, as

discussed, the production of ROS might lead to frailty. In the

WHAS trial, subjects in the highest quartile of carotenoid

levels were at lower risk of diminished muscle strength, but

interventional trials in frail elderly are lacking [149].

Global Approach

Because frailty goes beyond the musculoskeletal compo-

nent, the syndrome requires a more global medical

approach that also takes into account the vulnerability of

the nonmusculoskeletal organ systems. The unfavorable

prognosis for older patients with hip fractures has been

discussed as a typical example of an organism-wide, age-

related frailty that, even years after the fracture, predis-

poses for functional deficits, comorbidity and mortality.

Therefore, hip fracture patients would benefit from a broad

approach in which geriatric after-care is offered, in addi-

tion to surgery, revalidation, prevention of fractures and

osteoporosis medication. Hip fracture patients, and more

generally, frail elderly people, are good candidates for a

comprehensive geriatric assessment, by which functional

deficits and comorbidity are mapped accurately, forming

the basis for an individual treatment plan and medical

follow-up. The added value of such treatment has been

proven indisputably [150, 151].

In our ageing population, it will be a major challenge to

offer adapted care to frail elderly, in order to protect their

Table 2 Therapeutic approaches to musculoskeletal frailty

Approach Advantages Disadvantages

Physical exercise

Progressive resistance

training

Increase in muscle strength and power [40]

Increase in physical performance and activity [40]

Increase in BMD [109]

Whole-body vibration

training

Increase in muscle mass [108]

Increase in muscle strength [108]

Increase in BMD in some studies [108]

Testosterone (T) Increase in muscle mass [114, 158] Possible higher risk of prostate events [123]

Increase in muscle strength and performance in

some trials [114, 115]

Possible higher risk of cardiovascular events [120]

Increase in BMD when T \ 200 ng/dL and signs

of hypogonadism [118]

Vitamin D

(700–1,000 IU)

Increase in muscle strength in vitamin D deficient

elderly [125]

Increased risk of falls/fractures with annual high-dose [159]

Increase in physical performance (controversial)

[124]

Decrease in fall risk when achieving vitamin D

level [60 nmol/L [126]

Increase in BMD when combined with

1000–1200 mg calcium [130]

Growth hormone Increase in muscle mass [133, 134] No functional improvement [133, 134]

Adverse effects (soft tissue edema, arthralgias, gynecomastia

carpal tunnel syndrome) [135]

Growth hormone

secretagogue

Increase in muscle mass [136, 137]

Increase in physical performance in some trials

[136]

Generally well tolerated [137]

High-protein diet

(1.2–1.5 g/kg)

Increase in body weight [40, 138] No functional improvement [40, 138]

Antiresorptive or

anabolic therapy

Reduction of the incidence of secondary fractures

[130, 139]

Improved survival after a fracture [130]
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quality of life and independence, and to prevent disease

complications at advanced age. The first step to achieve

this, is to recognize these frail elderly, by focusing on

functional deficits and comorbidity. As a comprehensive

geriatric assessment allows such a systematic screening for

frail old people in general medical practice and hospitals, it

is central in geriatrics.

Prevention of Frailty

Physical exercise therapy may not only be important in the

treatment of frailty, but also in the prevention. Because

frailty results from reaching a threshold of decline across

multiple organ systems, an approach to prevent frailty is

supposed to act on multiple systems. Physical activity has

been linked with an increase in muscle mass and muscle

strength, which was discussed before, and may also

improve insulin sensitivity [152], modulate inflammation

[153] and hormonal function [154, 155], and have cardio-

vascular effects [156]. Whether an increase in physical

activity indeed prevents frailty and disability is currently

being investigated by Fried et al. in the Baltimore Expe-

rience Corps Study [157].

Conclusion

Frail older people typically have reduced reserves in dif-

ferent physiological systems, which makes them suscepti-

ble to functional deficits and vulnerable to comorbidity,

and causes an increased risk of institutionalization, hospi-

talization and death. In order to alleviate these negative

consequences and, if possible, to prevent them, it is

essential to recognize frailty as early as possible in an

ageing population, and to offer the appropriate care. Frailty

requires a global geriatric assessment that incorporates

functional deficits and comorbidity, and offers treatment

and follow-up tailored to the needs of the individual elderly

person.
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