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4Frailty and Sarcopenia

Finbarr C. Martin and Anette Hylen Ranhoff

4.1  Frailty

Frailty is generally understood as a progressive age-related decline in physiological 
systems that results in decreased reserves, which confers extreme vulnerability to 
stressors and increases the risk of a range of adverse health outcomes. There are 
however two distinct concepts that emerge from the clinical and research literature. 
The first is of a syndrome associated with underlying physiological and metabolic 
changes that are responsible for driving progressive physical and cognitive impair-
ments through to loss of functional capacity, often helped on the way by acute or 
chronic disease or injury. This can be encapsulated by the definition proposed some 
two decades ago and still valid [1]. As a result, the frail person is at increased risk 
of disability or death from minor external stresses.

The second concept underpins a pragmatic approach, which treats frailty as a 
collection of risk factors for future adverse events, whilst not necessarily bearing a 
direct pathophysiological relationship to these outcomes. As discussed later these 
positions are not incompatible. Either way, both epidemiologically and 
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conceptually, frailty overlaps with but is distinct from multimorbidity and disability 
[2]. In cross-sectional studies, some frail individuals are neither multimorbid nor 
disabled, but multimorbid individuals are more likely than others to be frail, and 
frail individuals are by definition more likely to develop a new disability. Frailty 
could therefore be looked upon as a risk factor for functional decline, in line with 
more traditional risk factors such as hypertension, hypercholesterolemia, obesity 
and smoking [3].

4.1.1  The Nature of Frailty

There are several diagnostic definitions and measures of frailty, validated in various 
populations in terms of predicting an increased incidence of adverse outcomes such 
as new disability, hospitalisation and death. The two best-established approaches 
are the phenotype model developed by Fried’s group in the United States [4] and the 
deficit accumulation model developed by Rockwood and Mitnitski in Canada [5]. 
Both have been validated subsequently in unrelated cohorts internationally.

The phenotype approach was generated empirically from a larger number of can-
didate features tested in a longitudinal dataset, and analysis resolved them into five 
components—unintentional weight loss, self-reported fatigue, low physical activity 
and impairment of grip strength and gait speed comparative to relevant population 
norms. Three or more abnormalities define frailty, with pre-frailty defined as the 
presence of one or two. The criteria for judging abnormality is illustrated in Fig. 4.1, 
but in practice, subsequent researchers have adapted criterion definitions to the data 
available.

The Fried Phenotype Model of Frailty

Weight loss

Exhaustion

Low energy 
expenditure

Slow gait speed

Weak grip strength

Self-reported weight loss of more than 4·5 kg or recorded
weight loss of "5% per year

Self-reported exhaustion on US Center for Epidemiological
Studies depression scale73
(3–4 days per week or most of the time)

Energy expenditure <383 kcal/week (men) or <270 kcal/week 
(women)

Standardised cut-off times to walk 4·57 m, 
stratified by sex and height

Grip strength, stratified by sex and body-mass index

Fig. 4.1 The frailty phenotype
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This phenotype model, therefore, does not explicitly include cognitive or psy-
chosocial features that are also well known to be predictive of adverse health out-
comes, but these domains may impact any of the five dimensions, for example, a 
low mood may be associated with self-assessed fatigue, and cognitive impairment 
is associated with slower gait. Nevertheless, there is substantial evidence that this 
predominantly physical frailty phenotype has predictive power for adverse health 
outcomes in several cohorts of older people.

The deficit accumulation approach is quite different. It operationalises frailty as 
the sum total of age-related factors that may be regarded as detrimental (“deficits”). 
These could be symptoms, sensory impairments, abnormal clinical findings or labo-
ratory test results, diseases, disabilities or lack of social support. Suitable parame-
ters are those that are increasingly prevalent with advancing age but do not saturate 
and are credibly associated with health. Thus, grey hair is not suitable! Generally, 
each is regarded as present or absent and thus accorded a score of 0 or 1, although 
some variables lend themselves to be divided in three or occasionally more grades, 
so become fractions of one. The total score, termed the frailty index (FI), is calcu-
lated from the sum of all the deficit scores divided by the number of items included. 
The theoretical range of the FI is therefore between 0 (no deficits apparent, good 
health) to 1 (deficits in every item), but in practice, a number of studies have now 
shown that survival is rare with scores above about 0.7. The deficit accumulation 
model is an approach rather than a fixed tool and is therefore highly flexible. A FI 
can be constructed from suitable variables in any comprehensive dataset about an 
individual as long as it covers a broad range of these health-related domains and 
includes upwards of 30 items. Despite these two approaches to diagnosing frailty 
being quite distinct, they perform fairly similarly in identifying frailty when applied 
to a common dataset [6, 7].

4.1.2  Epidemiology of Frailty

Whatever approach is used to define frailty, it becomes more prevalent with increas-
ing age. The prevalence in community versus institutional care settings is 12% 
(95% CI 10–15%) and 45% (95% CI 27–63%), respectively. When using broader 
definitions than the physical phenotype, the prevalence increases to 16% (95% CI 
7–29%) [8]. Frailty prevalence rises to 20–50% by age 85+ [9] and is more common 
in women, but several studies suggest that women are more resilient to frailty than 
men. Geographical differences in frailty prevalence may be related to health 
inequalities, as rates are significantly associated with national economic indicators. 
Differences within countries may also be associated with socioeconomic factors 
including social deprivation [10]. Frailty is a dynamic syndrome and may be 
 reversible—people move in and out of a frailty state [11]. However, there are few 
studies of frailty trajectories.

4 Frailty and Sarcopenia
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4.1.3  How Does Frailty Develop?

Frailty may be best understood from the standpoint of ageing and evolution. A uni-
versal result of living is the gradual and progressive process of acquiring deleterious 
changes to body structure and function, affecting all individuals to variable degrees 
and not associated with a specific external cause. These ageing-related impairments 
result from the lifelong accumulation of unrepaired molecular and cellular damage, 
which take multiple forms and impact cell survival, protein synthesis and the effi-
ciency of damage detection and repair processes. The pathophysiological pathways 
that result from this damage are not fully elucidated, but candidates include cyto-
kines and other components of the inflammatory response [12, 13]. The defence and 
repair mechanisms are generally good enough in earlier life to enable normal 
growth, development and reproduction, but did not evolve to provide indefinite pro-
tection in older age. There was no evolutionary pressure to do so and since all meta-
bolic processes use energy (ultimately from food), it makes biological sense to 
develop enough but not surplus repair capacity. These age-related changes are 
accompanied by an increased chance of certain “degenerative” diseases, but these 
are not universal. Disability results from the critical impairment of specific attri-
butes, such as strength or balance, these impairments arising from ageing or disease 
or more usually both.

4.1.4  Assessment of Frailty in Clinical Practice

The scope and detail of assessment needed and the choice of assessment tool should 
be tailored to the population being assessed and the purpose of the assessment. For 
example, many of the functional tests such as walking speed and the Timed Up and 
Go test are not feasible in patients with acute hip fractures. Neither the phenotype 
model nor the FI is particularly feasible in routine clinical practice, so simpler tools 
are more commonly used such as the Clinical Frailty Scale [14] or the Edmonton 
Frail Scale [15]. The Clinical Frailty Scale uses descriptors covering the domains of 
mobility, energy, physical activity, and function to enable a standard clinical assess-
ment to characterise nine levels from very fit, healthy through very severely frail to 
terminally ill. (Fig. 4.2). This provides a feasible description based on routine clini-
cal assessment but does not conceptually distinguish frailty from multimorbidity or 
disability. Its mortality prediction is comparable to that of the more detailed FI and 
it is useful in settings where a quick impression can help indicate what clinical deci-
sions need to be considered.

The Edmonton scale requires a number of specific but fairly simple clinical mea-
sures to be performed, which would be additional to routine clinical practice. The 
domains included are cognition (the clock drawing test), general health status, func-
tional ability, social support, medication use, nutrition, mood, continence and a 
mobility function test—the Timed Up and Go. Scores range from 0 to 17, scores of 
8 or above usually being considered to be frail, but relevant cut-offs can be estab-
lished empirically depending upon the purpose. For example, the prediction of 
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likely higher rates of postoperative complications may be associated with lower 
scores. In contrast to some other tools, the Edmonton scale identifies potential tar-
gets for intervention across a number of clinically important domains.

In community or primary care settings, the issue may be to identify a target 
group for health-promoting interventions such as optimising nutrition and increas-
ing physical activity levels. Here a more simple screening approach may be needed. 
A recent systematic review assessing available tools suggested that PRISMA-7 may 
be the most accurate [16], a score of 3 or more suggesting the increased likelihood 
of incident disability [17] (Fig. 4.3).

4.1.5  Incorporating Frailty into Treatment Plans 
and Service Design

In general, there is not sufficient evidence for screening programmes for frailty [18]. 
Case finding in clinical settings could be carried out in two phases, using a short 
screening test and then confirming the diagnosis using a comprehensive geriatric 
assessment (CGA) if a geriatric service is available, or at least an assessment of nutri-
tion and muscle function. The need then is to provide intervention or package of inter-
ventions for those deemed to be pre-frail or frail to prevent, slow or reverse frailty 
[19]. Patients with fragility fractures could be assessed for frailty in the acute setting 
by using, for example, the Clinical Frailty Scale based on information from the patient 
and next-of-kin about the pre-fracture status. In a rehabilitation phase, the Edmonton 
scale or á full CGA would enable an individually tailored programme to be applied.

4.2  Sarcopenia

Sarcopenia was the term suggested by Rosenberg for the well-recognised loss of 
muscle with ageing [20]. It is a major component of frailty. The diagnosis, treat-
ment and prevention of sarcopenia is recommended to become part of routine 

Are you more than 85 years?

Male? 

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

Do you need someone to help you on a regular basis?

In general, do you have any health problems that require you to stay at home? 

In case of need, can you count on someone close to you?

Do you regularly use a stick, walker or wheelchair to get about?

Total

Yes = 1 point

Yes = 1 point

Yes = 1 point

Yes = 1 point

Yes = 1 point

No= 1 point

Yes = 1 point

1

2

3

4

5

6

7

Fig. 4.3 The PRISMA score
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clinical practice [21]. Skeletal muscle accounts for a third or more of total body 
mass. As well as movement, muscle plays a key role in temperature regulation and 
metabolism. Low muscle mass is associated with poor outcomes from acute ill-
ness, probably because of the reduced metabolic reserve, as muscle is a reservoir 
for proteins and energy that can be used for the synthesis of antibodies and 
gluconeogenesis.

4.2.1  The Nature of Sarcopenia

Sarcopenia is characterised by motor neurone loss, reduced muscle mass per motor 
unit, relatively more loss of fast-twitch fibres and reduced strength per unit of cross- 
sectional area. Muscle fibres are lost by drop-out of motor neurones. Reinnervation 
of fibres by sprouting from surviving neurones cause less even distribution of fibre 
types cross-sectionally and a relatively greater loss of type II fibres that are associ-
ated with the generation of power (the product of force generation and speed of 
muscle contraction) [22].

Muscle mass and strength are of course related but not linearly [23]. Function 
is more important than mass for physical performance and disability [24] Leg 
power accounts for 40% of the decline in functional status with ageing [25]. Men 
who maintain physical activity into their 80s show compensatory hypertrophy of 
muscle fibres to compensate for the decrease in fibre number. Loss of efficiency 
also results from an accumulation of fat within and between fibres and an increase 
in non- contractile connective tissue material. Muscle strength and function also 
depend on neuromuscular integrity and muscle performance as well as muscle 
characteristics. Indeed, the force produced by external electrical stimulation to 
large muscle groups such as quadriceps exceeds that which can be achieved by 
maximal voluntary contraction, emphasising the importance of non-muscle 
factors.

4.2.2  Epidemiology

A systematic review on the prevalence of sarcopenia by the European Working 
Group on Sarcopenia in Older People (EWGSOP) criteria reported a variable preva-
lence from 1 to 29% in persons living in the community, 14–33% in those living in 
long-term care institutions and 10% for those in acute hospital care [26]. A higher 
prevalence at 30% was reported from a Norwegian population of hospitalised older 
persons [27]. In most of these studies, the prevalence of sarcopenia increased with 
age, but the effect of sex varied. A study from Iceland found an increase in the 
prevalence of sarcopenia from 7 to 17% from age 75 to 80. In older (65+) hip frac-
ture patients sarcopenia is found in 17–74%, the highest prevalence in Chinese male 
patients. In a selected population of previously home-dwelling older hip fracture 
patients, mean age 79 years old, 38% had sarcopenia according to the EWGSOP 
2010 definition [28].

4 Frailty and Sarcopenia
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4.2.3  How Does Sarcopenia Develop?

Muscle fibre development occurs before birth but fibres enlarge during childhood 
reaching a peak in early adulthood. Mass and function then gradually decline into 
older age [29]. Peak mass is affected by intra-uterine, genetic and early life influ-
ences. The decline is affected by physical activity, nutrition and sex. It is more 
pronounced in women from menopause onwards. Adding to the inevitable moderate 
decline of some 15–25% by old age is the impact of acute illness or chronic condi-
tions, which have generally negative effects through the mechanisms of catabolic 
stress, reduced food intake and physical inactivity. The loss of muscle mass is 
thought to be multifactorial with potential factors illustrated in Fig. 4.4.

The factors implicated in sarcopenia overlap with those for frailty. A central fea-
ture of sarcopenia is a decrease in the rate of muscle protein synthesis. This leads to 
reduced protein levels including mitochondrial oxidative enzymes responsible for 
enabling work intensity. The age-related shift of the hormonal balance towards low 
testosterone, growth hormone and IGF-I contributes to the lower muscle protein 
synthesis rates, which also limits the structural recovery from muscle damage or 
apoptosis and possibly reduces the synthetic stimulus of exercise [30]. The role of 
cytokines such as interleukins IL-1β and IL-6 and TNF-α is less certain. They play 

Endocrine factors
Corticosteroids, growth hormone, 
insulin –like growth factor-I, thyroid
function, insulin resistance

Neuro-degenerative
diseases
Motor neurone loss

Cachexia
Disuse
Immobility, physical inactivity,
zero gravity 

Age-related
Sex hormones, apoptosis,
mitochondrial dysfunction

Inadequate
nutrition/malabsorption

Sarcopenia

Fig. 4.4 Aetiological factors and mechanisms of sarcopenia (Adapted from Cruz-Jentoft AJ, 
Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, Martin FC, Michel JP, Rolland Y, Schneider 
SM, Topinková E, Vandewoude M, Zamboni M. Sarcopenia: European consensus on definition and 
diagnosis: Report of the European Working Group on Sarcopenia in Older People. Age Ageing. 
2010 Jul;39(4):412–23)
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a role in the catabolic processes of acute illness and chronic inflammatory condi-
tions, but whether the small differences in circulating levels associated with frailty 
reported from some population studies are relevant to the age-related sarcopenia is 
not established.

4.2.4  Assessing Sarcopenia in Clinical Practice

There are several different diagnostic definitions resulting in the range of prevalence 
rates reported earlier from community-dwelling populations of older people. A con-
sensus definition and approach to screening and classification has been proposed by 
EWGSOP established by the European Geriatric Medicine Society, first in 2010, 
and with a revised version in 2018 [31]. This is shown in Fig. 4.5. Measuring gait 
speed of ambulant people is feasible in almost any community setting and is a useful 
global indicator of health, slower gait being associated with a greater likelihood of 
incident disability, falls, institutionalisation and death [32]. Grip strength was 

FIND CASES

ASSESS

CONFIRM

SEVERITY

SARC-F or clinical
suspicion

Muscle strength

Sarcopenia probable

Assess muscle quality or 
quantity

Sarcopenia confirmed

Assess physical
performance 

No sarcopenia

No sarcopenia

Consider 
investigation of 

causes and 
initiating treatment

Sarcopenia severe

Normal

Negative

Normal

Low

Positive or present

Low

Low

Fig. 4.5 The EWGSOP algorithm for the diagnosis and grading of sarcopenia (Adapted from 
Cruz-Jentoft AJ, Bahat G, Bauer JM, et al. (2019) Sarcopenia: revised European consensus on defi-
nition and diagnosis: Age Ageing; 48(1):16–31). Further details on how to apply this algorithm can 
be found in this paper, with suggestions for feasible and reliable methods to assess muscle strength, 
quality and quantity, and physical performance
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chosen as it is a portable, simple, reliable and valid proxy measure of body strength, 
and has a good correlation with lower limb physical performance. Low grip strength 
of community-dwelling older people is associated with falls, increased incident dis-
ability and earlier mortality. It also predicts slower and less complete functional 
recovery from illness in men [33].

Measurement of muscle mass can be done with CT scan or, less accurately, with 
impedance techniques or anthropometry (measurements of upper mid-arm circum-
ference, estimation of upper mid-arm muscle cross-sectional area, measurement of 
mid-calf circumference) [31]. Ultrasound is a promising emerging technique but not 
yet in routine use. Assessment of sarcopenia with the above-mentioned methods 
may not be feasible in clinical populations such as after lower limb fractures, and 
measurement of muscle function is more important than measurement of muscle 
mass in clinical practice. An indication of pre-fracture severe sarcopenia can be 
obtained, using the Sarc-F tool, which is a brief questionnaire about muscle func-
tion (mobility and ability to carry a certain weight). The Sarc-F tool is available in 
many languages [34].

4.2.5  Incorporating Sarcopenia into Treatment Plans 
and Service Design

Sarcopenia has recently been recognized as a clinical diagnosis with a correspond-
ing code in the ICD system. For the diagnosis of sarcopenia, either the definitions 
from EWGSOP or the Foundation for the National Institutes of Health (FNIH) are 
recommended. But for rapid screening and special patient groups, such as hip frac-
ture patients, rapid screening with the SARC-F is recommended. All health person-
nel working with older patients should be aware of sarcopenia.

4.3  The Implications of Frailty and Sarcopenia on Falls, 
Fractures and the Recovery After Fractures

With the exception of the vertebra, most fractures in older people are related to falls. 
Poor bone health makes a fracture more likely, but from the population perspective, 
risk of falling is more predictive of fractures than bone mineral density [35], leading 
to the suggestion that the focus of primary fracture prevention must rest with iden-
tifying those at risk of falls rather than those with osteoporosis [36]. After a fragility 
fracture, however, it is imperative to consider falls prevention and bone health as 
described in detail in Chapters 14–16 of the IIIrd Pillar.

There are common risk factors and overlap in the biology of frailty, sarcopenia 
and osteoporosis. Frailty predicts lower bone mineral density, an increased likeli-
hood of falls, vertebral and hip fractures [37, 38]. Sarcopenia and osteoporosis often 
co-exist and shared risk factors have given rise to the notion of osteosarcopenioa 
[39]. The typical hip fracture sufferer is a frail woman more than 80 years, so pre-
vention requires a multicomponent approach embracing frailty.

F. C. Martin and A. H. Ranhoff

https://doi.org/10.1007/978-3-030-48126-1_14
https://doi.org/10.1007/978-3-030-48126-1_16


63

For older people with osteoporosis, a consensus panel recommended a multi-
component exercise programme including resistance and balance training [40]. In 
general, physical exercise programmes are shown to be effective for reducing or 
postponing frailty with benefits more likely if conducted in groups. Physical exer-
cise with nutritional supplementation, supplementation alone, cognitive training 
and combined treatment do also show a favourable effect on frailty outcomes [41]. 
Recognition of frailty is also key in the management of those who have fractured. 
For example, frailty, as assessed with the FI, was associated with longer hospital 
length of stay and reduced chance of returning home within 30 days after hip frac-
ture [42].

4.4  Concluding Statement

There are close links epidemiologically, biologically and clinically between frailty, 
sarcopenia, poor bone health and the geriatric syndrome of falls. Older people who 
have had a fall and/or a fracture should be assessed for frailty and sarcopenia to bet-
ter develop a care plan. This calls for an integrated clinical approach to the preven-
tion and treatment of fragility fractures.
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