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   Sarcopenia and frailty are important conditions that 
become increasingly prevalent with age. Sarcopenia is the 
loss of muscle mass and function, and frailty can be defi ned 
as multi-system impairment associated with increased 
vulnerability to stressors. There is overlap between the two 
conditions, especially in terms of the physical aspects of the 
frailty phenotype: low grip strength, gait speed and muscle 
mass. These measures have been associated with a wide 
range of ageing outcomes and can be assessed in the clinical 
setting. In terms of intervention, there is evidence for the 
benefi t of resistance exercise programmes, although these 
may not always be feasible. Considerable research into the 
use of medicines, both existing and new, as well as dietary 
supplements is ongoing. Finally in order to prevent or delay 
the development of these conditions, an additional approach 
is to consider aetiological factors operating across the life 
course.     
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ageing, life course       

  Introduction 

 The term sarcopenia, from the Greek meaning loss of flesh, 
was first suggested in 1989, with more recent definitions 
incorporating the loss of muscle function as well as the loss 
of muscle mass that occurs with ageing.  1   It is a common and 
increasingly important condition as populations grow older 
and it is associated with subsequent disability and morbidity .  
Sarcopenia is also associated with substantial financial cost: 
the healthcare costs of sarcopenia in the USA in 2000 were 
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estimated to be $18.5 billion.  2   However, perhaps the most 
striking indication of the importance of sarcopenia comes from 
the evidence linking poor muscle function, in particular weak 
grip strength, to increased all-cause mortality rates in middle-
aged and older people.  3   Frailty can be defined as multi-system 
impairment associated with increased vulnerability to stressors.  4   
There is considerable overlap between the two conditions, 
especially in terms of the physical aspects of frailty. The aim of 
this review is to summarise how research is being translated to 
the diagnosis and treatment of sarcopenia and frailty.  

  Diagnosis and relevant outcomes 

 Diagnostic criteria are clearly essential for the recognition of 
sarcopenia and frailty in clinical practice. The algorithm for 
sarcopenia published by the European Working Group on 
Sarcopenia in Older People (EWGSOP) in 2010 requires the 
presence of either low gait speed or low grip strength to then 
test for low muscle mass as shown in Fig  1 . There is considerable 
overlap with the classic frailty phenotype definition by Fried 
 et al   5   which also includes low gait speed and low grip strength, 
as well as weight loss (as a proxy for loss of muscle mass), self-
reported low physical activity and exhaustion. The presence of 
three or more of these five features indicates frailty. Another 
approach is to use a frailty index, which is the proportion of 
a number of deficits, such as hearing impairment, that are 
present in a pre-specified list of 30 or more items covering 
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 Fig 1.      The algorithm suggested by the European Working Group on 
Sarcopenia in Older People for diagnosing sarcopenia. Reproduced with 

permission.  1    
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multiple systems.  4   This approach requires more information to 
be collected, although it does allow the degree of frailty to be 
assessed. This section will now focus on the objective measures 
that are common to the EWGSOP definition of sarcopenia and 
Fried frailty, namely gait speed, muscle strength and muscle 
mass. How can these characteristics be measured in a clinical 
setting and what do they tell us about an older person's current 
and future health?  

  Gait speed 

 Older people with slow gait speed have been found to be at an 
increased risk of subsequent disability, falls, cognitive decline, 
institutionalisation and mortality.  6   Gait speed is readily 
assessed in the clinical setting by measuring the time taken to 
walk a set distance, such as 4 m, at usual pace. Although there 
appears to be a continuous relationship between gait speed and 
outcomes such as mortality,  6   for clinical purposes a range of 
cut-points have been proposed, such as 0.8 m/sec, as used in the 
EWGSOP definition for sarcopenia.  

  Grip strength 

 Grip strength has been recommended as the most practical 
method of measuring muscle strength in the clinical setting  1   
and has been found to correlate physical performance measures 
in the lower limbs.  7   The Jamar dynamometer is the most 
commonly described device.  8   In a systematic review, 7 out of 
10 studies of older people found that weak grip predicted either 
incident disability or worsening of existing disability.  9   Weaker 
grip strength has also been associated with increased length of 
hospital stay.  10   There is strong evidence linking grip strength 
with mortality rates, with a meta-analysis of 14 studies showing 
a graded relationship between weaker grip and increased risk 
of death;  3   the hazard ratio comparing the lowest to the highest 
quarters of grip strength was 1.67 (95% confidence interval 
1.45–1.93). Whereas associations between measures of physical 
performance and mortality have been assessed mainly in older 
populations, four of the studies included in the grip strength 
meta-analysis had an average age at baseline of below 60 years, 
and the findings here were similar. Normative data are available 
for grip  11,12   and cut points have been proposed, including those 
from the FNIH Sarcopenia Project which found that cut-points 
of 26 kg in men and 16 kg in women best identified individuals 
with mobility disability (assessed using slow gait speed) at ages 
65 and older.  13    

  Muscle mass 

 Possible techniques for measuring muscle mass in the clinical 
setting include anthropometry, bioelectrical impedance (BIA) 
and dual energy X-ray absorptiometry (DXA). Anthropometric 
measures are prone to error and are not considered to be suitable 
for assessing muscle mass in older people.  1   BIA, which produces 
estimates of total fat mass and lean mass, has the advantage over 
DXA that the equipment used is portable. However it has been 
questioned to what extent BIA provides additional information 
beyond that from anthropometric measurements (weight and 
height) alone. The third technique, DXA, can accurately estimate 
the proportion of lean tissue, fat tissue and bone, although access 
to scanning equipment may be a limiting factor. Baumgartner 

 et al   14   proposed an index of relative skeletal muscle mass, in 
the form of appendicular skeletal muscle mass (kg) from DXA 
divided by height (m) squared. They also suggested cut-offs for 
sarcopenia in the form of two standard deviations below the 
gender-specific young adult mean: 7.26 kg/m 2  for men and 5.45 
kg/m 2  for women. There is evidence that strength may be more 
predictive of the risk of subsequent disability and mortality 
than muscle mass.  15   There is also debate around the feasibility 
of measuring muscle mass in the potentially large numbers of 
older people who may fall below thresholds proposed for physical 
performance and strength.  16    

  Prevalence of sarcopenia and frailty 

 Patel  et al   17   examined the prevalence of sarcopenia using 
the EWGSOP definition in the Hertfordshire Cohort Study: 
at mean age 67 years, 4.6% of men and 7.9% of women 
were found to have sarcopenia. Gale  et al   18   found a similar 
prevalence of Fried frailty in the English Longitudinal Study of 
Ageing: 6.5% of those aged 60–69 years. Sarcopenia and frailty 
both increase markedly with age; for example, Gale  et al  found 
that 65% of those over 90 years old met the Fried criteria for 
frailty.   

  Treatment 

 There are a range of potential treatments for sarcopenia and 
frailty. Most current evidence has used measures such as 
muscle strength and gait speed as outcomes; going forward, the 
optimal measures to use as outcomes in trials on sarcopenia 
and frailty is an important issue. This section describes the 
established role of exercise programmes, along with the 
potential to modify diet and drug treatments. There is also 
observational evidence that factors across the life course may 
affect an individual's likelihood of developing sarcopenia 
and frailty, as shown in Fig  2 ; this exciting potential area for 
intervention is considered at the end of this section.   

  Exercise 

 Resistance exercise is the most studied form of exercise 
intervention. The 2009 Cochrane review of the use of 
progressive resistance training to improve physical function  19   
included studies with an average age of at least 60 years old, the 
majority of which were high-intensity programmes performed 

Age

M
us

cl
e 

m
as

s a
nd

 st
re

ng
th

Early life
Growth and

development
to maximise

peak

Adult life
Maintaining peak

Older life
Minimising loss

Range of mass and
strength between

individuals

 Fig 2.       The life course approach.  Reproduced with permission.  36     
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twice or three times per week in gym or clinic-based settings. 
The outcomes used in different studies varied but there was 
evidence of a moderate-to-large beneficial effect on strength 
in the lower limb, as well as a moderate effect on gait speed. 
There is also evidence that resistance exercise is beneficial for 
lean mass, with a pooled finding across 49 studies of an increase 
in lean mass of 1.1 kg following an average of 20.5 weeks of 
resistance exercise.  20   As with physical function, the benefits 
were seen especially in high-intensity programmes. Other types 
of exercise intervention include aerobic exercise, balance and 
flexibility training and functional training. These have been less 
studied in regard to outcomes related to sarcopenia.  

  Diet 

 Less is known about dietary interventions than the established 
role of resistance training. There is considerable recent 
literature which suggests that several aspects of diet may be 
important in the development of sarcopenia.  21   Food intake 
falls by approximately 25% from 40 to 70 years of age, and 
particularly if combined with a tendency towards a monotonic 
diet, may lead to inadequate nutrient intake. Three key areas 
have been considered with respect to diet in sarcopenia: 
protein, vitamin D and antioxidants. 

 Protein provides the amino acids required for muscle 
synthesis. There is also evidence that the amino acid leucine 
may activate the signalling pathways leading to protein 
synthesis. A trial in relatively young (mean age 71) and healthy 
men failed to show on effect on muscle mass or strength, 
however, perhaps because the group studied tended to have 
diets already replete in leucine.  22   There is also a general 
concern that the muscle synthesis in older people following 
a protein load may be blunted, leading to the suggestion that 
recommended overall protein intakes for older people should 
be increased to 1.2–1.5 g/kg/day.  23   However a Cochrane review 
found no consistent effect of supplements on functional 
measures relevant to sarcopenia.  24   The quantity and 
composition of dietary protein for the prevention and treatment 
of sarcopenia therefore remains unclear. 

 The current widespread interest in diseases potentially 
related to vitamin-D deficiency includes sarcopenia and 
frailty. Evidence supporting a role for vitamin D includes the 
fact that polymorphisms in vitamin D have been linked to 
muscle strength, and frailty has been shown to be associated 
with vitamin-D deficiency. There is consensus that low 
vitamin-D levels require replacement,  23   but as with protein 
supplementation, intervention trials of the effect of vitamin D on 
strength and physical performance have shown mixed results. 

 The accumulation of reactive oxygen species (ROS) in older 
age is recognised to have a role in muscle wasting, although 
the precise forms of ROS responsible and their interactions 
are not fully understood.  25   This in turn makes it difficult to 
know which specific antioxidants are likely to be of benefit as 
supplements and there have been few trials. There is evidence 
from observational studies that those with higher overall 
antioxidant status have better physical function as well as 
attenuated decline in measures such as walking speed.  26   

 In summary, a common finding across the three types of 
dietary intervention is a mismatch between the findings 
from observational and intervention studies. One possible 
explanation for this is the tendency for intake of dietary 

components to be highly correlated with one another; hence the 
association between one marker of a healthy diet and physical 
function may be confounded by other components. Indeed 
there is some evidence linking ‘healthy’ diets, containing 
wholemeal cereals and greater amounts of fruit and vegetables, 
to greater muscle strength in older people.  21   An important area 
for further research is therefore the potential of whole-diet 
interventions, which attempt to change dietary patterns rather 
than focusing on specific nutrients in isolation.  

  Medication 

 As yet there is no recommended drug treatment for sarcopenia 
or frailty. However sarcopenia is now a major focus for drug 
discovery.  27   This follows in part from the fact that although 
resistance training has been shown to be effective, many older 
people may be unable or unwilling to exercise at the required 
intensity. One area which has been explored is hormone 
administration. Growth hormone has been shown to increase 
muscle mass but not clearly alter functional outcomes and is 
therefore of questionable benefit.  28   This highlights the challenge 
of choosing outcome measure(s) for trials in sarcopenia. 
Testosterone supplementation has been found to increase both 
muscle mass and strength in men but has been linked to adverse 
cardiovascular events.  29   A current area of interest is in drugs 
affecting the renin–angiotensin system, and whether these 
might have direct effects on muscle. An observational study 
initially suggested that angiotensin-converting enzyme inhibitors 
might be of benefit for physical function, a finding subsequently 
confirmed in a trial showing improved six minute walk time in 
those given perindopril.  30   Further trials are ongoing. 

  A life course approach to sarcopenia and frailty 

 A complementary approach to the treatments already described 
is to consider the aetiological factors for sarcopenia and frailty 
across the life course. This substantially broadens the window 
for understanding the aetiology of these conditions and for 
developing interventions to prevent or delay their development. 
The life course epidemiology framework views function in 
old age as the combination of two phases: growth to the peak 
obtained in early adult life and subsequent decline thereafter, as 
shown in  Fig 2.  

 The association between birth weight and muscle strength 
was first described in the Hertfordshire Ageing Study.  31   This 
finding has since been replicated, with a systematic review 
describing a positive association between birth weight and 
muscle strength in 17 out of 19 studies.  32   Furthermore, longer 
duration of breastfeeding has been linked to higher grip 
strength in men in the Hertfordshire Cohort Study.  33   Studies 
have also examined the relationship between lifestyle factors, 
including physical activity in childhood and adulthood and 
muscle strength. For example, in the MRC National Survey of 
Health and Development, a cumulative benefit of increased 
leisure time physical activity across ages 36, 43, 53 and 
60–64 has been found for grip strength at age 60–64 years.  34   
Future epidemiological studies will continue to improve our 
understanding of factors across the life course that may prevent 
sarcopenia and frailty, including opportunities to examine 
the cellular and molecular mechanisms that underlie such 
associations.  35     
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  Conclusions 

 In conclusion, this review has covered recent developments 
in the diagnosis and treatment of sarcopenia and frailty. The 
development of consensus definitions for sarcopenia has helped 
to inform clinical assessment of patients as well as recruitment 
into trials. At present, progressive resistance training is the 
most well studied intervention, although access, uptake 
and response are variable. Research into these conditions is 
expanding exponentially and includes how we might be able to 
intervene earlier in the life course to prevent their occurrence. ■  
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