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Frailty (Latin: fragilita; brittleness) is an
important but incompletely understood
clinical concept in geriatric medicine.
There is no internationally agreed defini-
tion, but a consensus view is emerging1 in
which the phenotype of frailty is consid-
ered to develop as a consequence of a
decline in several physiological systems
which collectively results in a vulnerability
to sudden health state changes triggered
by relatively minor stressor events.

Pathophysiology of frailty

Age-related changes to multiple physio-
logical systems are fundamental to the
development of frailty, particularly the
neuromuscular, neuroendocrine and
immunological systems.2 These changes
interact cumulatively and detrimentally,
resulting in a decline in physiological
function and reserve. When a cumulative
threshold is reached, the ability of an
individual to resist minor stressors and
maintain physiological homeostasis is
compromised. The loss of functional
homeostatic reserve at the level of indi-
vidual physiological systems can ulti-
mately adversely affect the whole
person.3 On the basis of the resulting
frailty phenotype, it is possible to iden-
tify older people who are frail. Such
people are predisposed to adverse health
consequences, particularly falls and
delirium, following relatively minor
stressor events. The phenotype includes:

• sarcopenia (loss of muscle mass and
strength)

• anorexia

• osteoporosis

• fatigue

• risk of falls

• poor physical health.3

The loss of functional homeostatic
reserve is shown diagrammatically in
Fig 1. This illustrates a person who is
functionally independent but, through
the combined processes of ageing,
chronic diseases and deconditioning, is
so close to a theoretical line of
decompensation that a small additional
deterioration caused by a minor
stressor event (commonly a urinary
infection, new medication prescription
etc) results in a sudden and dispropor-
tionately severe health state change
from one of independence to one of
dependence.

The addition of a minor stressor event
to a frail older person with impairment
of balance or cognition explains concep-
tually the clinical syndromes of falls and
delirium, respectively, as common conse-

quences of frailty. Healthcare systems
struggle to cope adequately with these
common presentations of ill health in
older people who are frail mainly
because their healthcare states change
suddenly and unpredictably. This is the
basis of comprehensive geriatric assess-
ment which has been demonstrated to
optimise outcomes for older people with
frailty.4

The frailty cycle

The key interacting processes that pro-
mote the development of frailty are sum-
marised in Fig 2. These interactions
result in a self-perpetuating frailty ‘cycle’
or ‘spiral’2 whereby increasing frailty
gives rise to increased risk of further
decline towards disability and greater
frailty.

Sarcopenia

Sarcopenia is a key component of
frailty, characterised by progressive loss
of skeletal muscle mass and strength.5

The syndrome of sarcopenia can result
when there is loss of physiological
reserve in the neuromuscular system. A
complex relationship between muscle
fibre loss, muscle fibre atrophy and

The frailty syndrome

Fig 1. Vulnerability to sudden change in
health state due to reduced functional
reserve in frail older people. UTI � urinary
tract infection.

Fig 2. The frailty cycle VO2 � volume of oxygen utilisation. Reproduced with permission from
The McGraw-Hill Companies.2
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multiple contributory factors (including
nutritional, hormonal, metabolic and
immunological) is proposed to con-
tribute to the development of
sarcopenia.6

Observational studies have reported
loss of muscle strength between 1–3%
per annum in older people, with even
greater losses observed in the oldest old.6

The development of sarcopenia can
adversely affect the ability of an older
person to remain functionally indepen-
dent. Muscle strength is required for the
critical basic mobility skills of getting out
of bed, standing up from a chair, walking
a short distance and getting off the
toilet.7 When the ability to perform these
critical skills is impaired, an older person
is at risk of becoming dependent for care
needs.

Detection of frailty

The Fried frailty model

Fried et al operationalised the core com-
ponents of the frailty cycle to describe a
clinically recognisable phenotype.8 When
the identified five key components (and
their operationalised indicators) are pre-
sent in combination they have the poten-
tial to interact and cause a ‘critical mass’
that comprises the frailty syndrome
(Table 1). Although the individual items
of the Fried model of frailty are identifi-
able to clinicians, the precise and objec-
tive measurement of the five domains is
more complex and more appropriate to
research studies than for routine clinical
care.

People with none of the five indicators
are characterised as robust older people.
Those with one or two indicators are
hypothesised to comprise an ‘interme-
diate’ or pre-frail group, while people
with three or more indicators are consid-
ered to be frail. Importantly, older people
who scored less than 18 on the Mini-
Mental State Examination (ie with mod-
erate/severe cognitive impairment) were
excluded from the cohort in which the
Fried model of frailty was developed.
There is therefore some uncertainty
about the relationship between frailty,
cognitive impairment and dementia.

The Edmonton frail scale

The Edmonton frail scale (EFS) is a diag-
nostic tool designed to identify frail older
people in clinical settings.9 It requires less
than five miutes to administer and is
valid and reliable when performed by a
non-specialist. The Reported EFS has
been developed more recently to mea-
sure frailty in an acute hospital inpatient
setting.10

The epidemiology of frailty

A recent UK study investigated the preva-
lence of frailty among 638 community-
dwelling people aged 64–74 years,11

using operationalised criteria based on
the Fried frailty model to define its pres-
ence. The frailty prevalence rates found
were 8.5% for women and 4.1% for men.
Using data from the US Cardiovascular
Health Study, the Fried investigators

recorded a frailty prevalence of 6.9% in a
cohort of 5,201 men and women aged 65
years or above.8 The prevalence of frailty
increased with age, with rates of 3.2%,
9.5% and 25.7% for age groups 65–70,
75–79 and 85–89 years, respectively. The
three-year frailty incidence rate was 7%,
with a further 7% between years 4 and 7.

Frailty is associated with important
adverse health consequences. In a multi-
variate analysis adjusted for 15 covari-
ates including age, gender, cognitive
function, activity restriction, self-
reported health and depression, older
people defined as being frail on the basis
of the Fried criteria were at significantly
increased risk of disability, hospitalisa-
tion and death (Table 2).8

Frailty, disability and comorbidity

The relationship between frailty, disability
and comorbidity (defined as the presence

Frailty is an important and common clinical condition characterised by a vulnerability to
health state change following minor stressor events

Age-related changes to multiple physiological systems are fundamental to the
development of frailty

Identifiable characteristics of the frailty phenotype include sarcopenia (loss of muscle mass
and strength), anorexia, osteoporosis, fatigue, risk of falls and poor physical health

Frailty is associated with important adverse health outcomes, including increase in the risks
of disability in older age and of admission to long-term care and increased mortality

Interventions that limit the progression of frailty have the potential to prevent
disability in older age, and thereby the potential to improve general health and
well-being

Key points

KEY WORDS: disability, frailty, older age, physical activity, sarcopenia

Weight loss Self-reported weight loss �4.5 kg or 
recorded weight loss �5% per annum

Exhaustion Self-reported exhaustion on CES-D scale 
(3–4 days per week or most of the time)

Low energy expenditure Energy expenditure �383 Kcal/week (males) or �270 Kcal/week
(females)

Slowness Standardised cut-off times to walk 15 feet, stratified for sex 
and height

Weakness Grip strength, stratified by sex and BMI

BMI � body mass index; CES-D � Center for Epidemiological Studies Depression.

Table 1. The five Fried model indicators of frailty and their associated measures.

Frailty indicator Measure
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of two or more chronic diseases) is com-
plex. There is emerging agreement that,
while frailty, disability and comorbidity
are closely related and exhibit significant
overlap, they are not synonymous.12

Therefore, as frailty develops with multi-
system physiological decline, it is possible
that an individual may be phenotypically
and measurably frail in the absence of
comorbidity. However, the effects of a
single severe disease, the presence of sub-
clinical disease or the presence of undiag-
nosed disease add further complexity.

Disability in older age can be measured
using standardised instruments that
assess activities of daily living, for
example the Barthel Index.13 Such dis-
ability can develop progressively (eg as a
result of frailty) or catastrophically (eg
as a result of stroke or hip fracture).
Results from a cohort of 6,640 older
people suggest that approximately 50%
of disability in older age develops pro-
gressively and 50% develops catastrophi-
cally.14 The contribution of physiological
frailty to the development of disability in
older age is likely to be significant.

Can frailty be treated?

The association between frailty and
adverse health outcomes carries signifi-
cant health resource implications. Social
care expenditure for older people in the
UK is projected to rise from £5.9 billion
in 2006 to £13.4 billion in 2026.15

Therefore any reduction in the preva-
lence or severity of frailty is likely to have
large benefits for the individual, their
family and society.

Interventions

Sarcopenia and chronic undernutrition
accompany frailty and are natural targets
for treatment.

Physical activity. Interventions, particu-
larly those involving strength and
balance training, have been successful at
improving muscle strength and func-
tional abilities in frail people. A recent
systematic review reported a synthesis of
49 randomised controlled trials
involving physical rehabilitation for
older people in permanent long-term
care (reasonably assumed to be a frail
population).16 The study concluded that
there is good evidence that individual or
group exercise programmes are both
acceptable and effective in improving
mobility and other daily living tasks in
this vulnerable population. Physical
activity interventions targeted at
improving the functional status of frail
older people living in the community
have also been successful.17

Nutrition. Nutritional interventions
appear to be less effective. When com-
bined with physical activity interven-
tions, nutritional supplementation does
not appear to be independently effective
at improving functional abilities of frail
older people compared to the former
alone.18

Pharmacological. Several pharmacological
agents, including anabolic steroids,
statins and angiotensin-converting
enzyme inhibitors, have actions and
effects with the potential to limit the
development and progression of frailty.

However, evidence of a beneficial effect
from these agents has not yet been reli-
ably demonstrated.1

Conclusions

Frailty is an important and common
clinical condition associated with signifi-
cant adverse health outcomes, including
the development of disability in older age
with its attendant personal and societal
costs. Common manifestations of frailty
include falls and delirium. Physical
activity interventions that limit the pro-
gression of frailty have the potential to
prevent disability in older age, and
thereby the potential to improve general
health and well-being.
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Clostridium difficile, an anaerobic spore-
forming organism, is the leading cause of
infective diarrhoea in hospitals1,2 and is
responsible for a spectrum of illnesses
ranging from mild diarrhoea to life-
threatening pseudomembranous colitis and
toxic megacolon (Fig 1). The severity of C.
difficile infection (CDI) has increased since
the emergence of epidemic strain
BI/NAP1/027, initially in North America
and subsequently in many European coun-
tries, including the UK where high-profile
outbreaks have been reported.3 Apart from
the associated mortality, CDI places a sub-
stantial burden on NHS resources, with an
estimated increase in length of hospital stay
of 21 days and an additional cost of £4,000
per case.4 These data were obtained in 1995
and current costs may be significantly higher.

Health Protection Agency figures for
England, Wales and Northern Ireland show
a marked increase in reported cases over the
last decade, peaking at approximately
57,000 cases per year in 2007. The wide-
spread adoption of best practice for the pre-
vention and management of CDI has led to
an impressive reduction of CDI incidence
to 28,000 cases per year for 2009 (Fig 2).5

The most commonly affected patients
remain older people, with the highest rates
observed in those aged over 75 years.5

Transmission and pathogenesis

C. difficile spores are excreted in large num-
bers from patients with diarrhoea and con-

taminate the environment in which they
can survive for months or years. Spore
ingestion can lead to asymptomatic coloni-
sation, where the combined effect of
normal gut microbiota and host immunity
(particularly high antitoxin A antibody
levels) protects against disease develop-
ment. In susceptible people, particularly
elderly individuals colonised with C. diffi-
cile, exposure to antibiotics leads to disrup-
tion of the normal protective intestinal
flora, promoting the elaboration of toxins
A and B1,3 and subsequently diarrhoea.

Prevention

Existing CDI prevention strategies can
successfully prevent both colonisation

Prevention and treatment of Clostridium

difficile infection

Fig 1. Toxic megacolon in a patient with
Clostridium difficile infection: dilated loops
of large bowel seen in  (a)  plain abdominal
X-ray; (b) computed tomography scan.
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