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Frailty in Older People
Key Points
1. Frailty is an important concept for all those
who plan and provide care for older
people. It is closely linked to advanced
age and disease-related processes, yet is
a distinct construct. While some people
remain fit and active as they grow older,
others experience complex problems:
chronic disease, dependency and
disability. Frailty is a term to describe this
latter group, capturing differences in health
status among older people.
2. “Frail” older people are at greatest risk of
adverse outcomes (worsening disability,
institutionalisation and death) and are
more likely to present with a geriatric
syndrome (particularly delirium and falls).
3. There are many validated tools to
measure frailty as a clinical syndrome or
phenotype. The most well-known and
widely used phenotypic tool is the Fried
model which defines someone as frail if
they meet 3 or more of 5 criteria: weight
loss, exhaustion, weak grip strength, slow
walking speed and low physical activity.
The multidimensionality of frailty is
embraced by tools such as the Edmonton
Frailty Scale which derives a maximum
score of 17 from assessments across 10
different domains.
4. Frailty can be conceptualised as the failure
of a complex system. Deficits accumulate
with the passage of time leading to a loss
of redundancy. When redundancy has
reached a critical threshold not in one
homeostatic pathway (seen in single
system medicine) but in multiple domains,
the system becomes vulnerable to failure.
This conceptualisation of frailty facilitates

its measurement by the number rather
than the nature of health problems. The
more things individuals have wrong with
them, the higher the likelihood they will be
frail.
5. On a pathophysiological level, frailty is
strongly associated with a combination
(rather than by a single measure) of
immunological and physiological
impairments. There is also a growing body
of evidence linking inflammation with
frailty, an association which seems
consistent across different frailty
definitions. Further research is needed to
establish whether inflammation is the
driving force towards frailty, a
compensatory response or an
epiphenomenon.
6. Falling is strongly linked to frailty. When
complex systems fail, they fail first with
their higher order functions: processes that
require a coordinated, integrated, and
precise interaction between many
components. Walking can be considered a
higher order function. The frail older
person, on the threshold of failure, can
present with falls in the face of seemingly
minor stressors. Comprehensive and
multifaceted assessment and
management programmes are needed to
reduce falls in frail older people.
7. Frailty is associated with altered
pharmacokinetic responses which affect
the bioavailability of prescribed
medications. Frail older people have
multiple chronic diseases and are
prescribed long lists of medications
increasing their risk of adverse drug

reactions. Since frail older people have a
reduced life expectancy, goals of care
should be carefully considered to optimise
drug prescribing.
8. Therapeutic strategies to prevent or
reverse frailty remain incompletely
explored. Lifestyle behaviours including
smoking and the development of obesity
(particularly the accumulation of
abdominal fat) are associated with higher
frailty levels. Complex interventions such
as optimisation of nutrition, better
education and exercise have the potential
to delay the onset of frailty. Exercise is
feasible even for very frail older adults and
has beneficial effects on multiple domains,
increasing muscle strength, improving
balance and postponing cognitive decline.
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BACKGROUND
The care of older people is becoming a core
remit of acute hospitals in Australia and New
Zealand. In 2005–06, while comprising only
13.2 per cent of Australia’s population, those
aged 65 years or over represented 35 per cent
of all hospital admissions and 47 per cent of all
1
occupied bed days. Older, complex patients
with multidisciplinary needs are not confined to
Geriatric Medicine units but are scattered
2
throughout general medical wards. Though
many do well and are discharged home to live
independently, older people remain a
vulnerable group, at high risk of prolonged
hospital stays, institutionalisation and death.
The term “Frail” is intended to identify those
older people at greatest risk of adverse
outcomes. Frailty has become the focus of
considerable research interest, generating
nearly 4000 publications in the last 10 years
compared to 20 before 1980. Here, we briefly
review different approaches to the definition of
frailty and review its pathophysiology. We
describe the difficulties of recognising and

measuring frailty in clinical practice. By
considering the impact of frailty on falls and
medication prescribing, we explore how an
understanding of frailty could improve clinical
care in the hospital setting.
DEFINITION OF FRAILTY
Although precise and standardised definitions
are always desirable in medical sciences, in
the case of frailty this has been a challenge.
Early definitions of frailty painted bleak
pictures of irreversible age-related decline. A
leading article in the BMJ in 1968 described
“confused, restless, incontinent old patients”
and 20 years later, frailty was still considered
to equate to “elderly people with multiple
3,4
problems”.
The conceptualisation of frailty is now more
refined. The term “frail” is intended to identify
vulnerable older people at high risk of adverse
outcomes including falls, worsening disability,
institutionalisation and death. The prevalence
of frailty increases with chronological age and
there is likely to be an age point, say 95 years,
at which all individuals are vulnerable to
5
adverse outcomes. Similarly, co-morbidities
can incur vulnerability and some chronic
diseases are associated with very high frailty
6
levels. Yet, frailty is not synonymous with
either age or disease. Chronological age alone
is not a sensitive predictor of inpatient
7
mortality, for example. and there is
considerable variation in how older people
tolerate disease, even when disease severity
8
is taken into account.
Gavrilov and Gavrilova’s reliability theory
provides a conceptual framework of ageing
that may help us understand why and how
9
frailty occurs. They propose that ageing is
due to the progressive accumulation of
random damage to a complex system
composed of redundant parts; defects
accumulate with the passage of time (age)
resulting in an increased risk of death (ageing).
As defects accumulate, the organism loses its
redundancy until eventually it becomes
comparable to a system with elements
connected in series. Such a system has no
resilience and is vulnerable to external or
internal stressors. This reduced adaptability

and ability to maintain equilibrium results in
organ systems that are at, or near the
threshold of failure, and therefore an individual
who is at increased risk of adverse outcomes.
This individual is frail.
MEASUREMENT OF FRAILTY IN CLINCIAL
PRACTICE
A variety of tools identify frailty as a clinical
syndrome or phenotype (a set of signs and
symptoms that tend to occur together, thus
characterizing a specific medical condition).
These tend to be summative impairment lists
and algorithms derived from clinical judgment.
Combinations used to define frailty include
physical inactivity and weight loss; gait speed,
peak expiration, hand grip, sitting position,
visual impairment; inability to rise from a chair
5 times without using arms plus reduced
energy level and fatigue, resistance,
ambulation, illness, loss of weight (the FRAIL
10,11, 12,13
scale).
Of note, the FRAIL scale has
recently been validated as predictive of
mortality and disability in community-dwelling
14,15
older Australian men and women.
Slow
gait speed in itself is strongly linked to
functional decline and disability and has been
16
used in isolation as a frailty measure. The
most well-known and widely used phenotype
was defined by Fried et al. in 2001 and
identifies frailty as the presence of ≥ 3 of 5
criteria: unintentional weight loss of ≥ 10lbs in
the preceding year, self-reported exhaustion,
weak grip strength, slow walking speed, low
17
physical activity. This phenotype has been
validated as a predictor of adverse outcomes
in large epidemiological studies and was
recently used to define frailty as the most
common condition leading to death in
18,19
community-dwelling older people.
Fried’s
model has many strengths: it is clinically
coherent, reproducible and identifies frailty as
a wasting disorder with sarcopenia as a key
20
pathophysiological feature. However, many
very “vulnerable” older people on inpatient
wards are unable to attempt performance
based tests and cannot be stratified by
21
phenotypic measures. The omission of
disorders of cognition and mood from these
models is also controversial: frailty in the
clinical setting consists of more than

22

weakness, slowness and wasting.

An alternative to phenotypic approaches is the
measurement of frailty based on the clinician’s
23, 24, 25
subjective opinion.
While such
measures have strong face validity, their
reliance on judgement (which may vary
between clinicians and between health
systems) and dependence on geriatric
expertise (e.g. accurate assessment of
functional status) does limit their
generalisability.
The multidimensionality of frailty has been
embraced by scoring systems that include
assessments across different domains. The
Edmonton Frailty Scale (EFS), for example,
was designed for geriatricians in both inpatient
and outpatient settings and derives a
maximum score of 17 from 10 sampled
domains; cognition, balance and mobility,
mood, functional independence, medication
use, social support, nutrition, health attitudes,
26
continence and quality of life. In older adults,
high pre-operative scores on the EFS have
been shown to be associated with increased
complications and a lower chance of being
27
discharged home after surgery. A Reported
Edmonton Frailty Scale (REFS) has recently
been developed, using the same domains as
the EFS but substituting the observed ‘get up
and go’ with a report of physical function
28
before the current illness. In a sample of 111
acute care older inpatients in Sydney, a REFS
score correlated moderately well (R= 0.61)
with a Geriatrician's Clinical Impression of
Frailty and was associated with factors known
to be linked with frailty: increasing age,
polypharmacy, comorbidities, disability,
24,28
cognitive impairment and malnutrition.
However, the relationship of the REFS score
to adverse outcomes has not yet been
investigated.
The conceptualisation of ageing as the
accumulation of deficits facilitates the
measurement of frailty as a multidimensional
risk state which can be quantified by the
number rather than by the nature of health
29
problems. The Frailty Index (FI) model
employs a well-defined methodology to create
30
an index as a proportion of deficits. In large,

community based studies, they have been well
validated as a means of health status
quantification, correlating highly with
institutionalisation, worsening disability and
31
death. Since Frailty Indices can be
constructed from different numbers and types
of deficits, a measure of frailty status can be
derived from information routinely collected in
32
the assessment of an older person. Studies
are investigating the predictive validity of a
Frailty Index derived from Comprehensive
Geriatric Assessment. The interRAI
instruments in particular have the potential to
address these research questions since they
collect data across multiple domains. This data
could be coded as deficits to derive Frailty
index scores. Integration of frailty
quantification into an existing assessment
system, which serves other clinical and
administrative purposes, could optimise utility
and minimise costs, without losing fidelity.

FRAILTY PATHOPHYSIOLOGY
While the exact pathophysiology of frailty has
not yet been established, there is a growing
body of evidence linking frailty with
33
inflammation. This association seems
34
consistent across different frailty definitions.
In community-dwelling older women, frailty has
been shown to be associated with an elevated
35
total white cell count. in particular high
36
neutrophil and monocyte counts. Alterations
in T-cell subsets have also been implicated,
with significantly higher CD8+CD28lymphocyte counts among women who were
frail compared with pre-frail and non-frail
37
women. Impaired innate immunity, measured
by a low production of pro- and antiinflammatory cytokines after stimulation with
bacterial lipopolysaccharide, was predictive for
38
frailty in the Leiden 85-plus cohort. In this
study, the role of the anti-inflammatory
cytokine interleukin 10 (IL-10) was explored: a
significant genetic association with the IL-10
promoter gene was found, indicating that
people genetically predisposed to produce
lower IL-10 levels were at a higher risk of
frailty development. A pivotal role for IL-10 had
previously been suggested by studies of mice
genetically altered not to express IL-10. With
increasing age, these mice developed

biological and physical manifestations of frailty,
including elevated IL-6 levels and muscle
39
weakness.
However, further studies are needed to
establish the exact nature of this relationship.
Inflammation may be primarily causal (in which
case, anti-inflammatory strategies would be
desirable), a compensatory response to viral
antigens or subclinical disease (for which antiinflammatory strategies would be undesirable)
or an epi-phenomenon, merely a marker of
another key pathophysiological process such
as excessive oxidative stress (where antiinflammatory strategies would be irrelevant.)

Furthermore, it has recently been recognised
that frailty is most strongly associated with a
combination of immunological and
physiological impairments rather than a single
40
biomarker. This supports the
conceptualisation of ageing as the progressive
accumulation of damage to a complex system
resulting in aggregate loss of system
redundancy. A critical mass of abnormalities
across different systems seems to be a more
important determinant of frailty than any
individual pathway.
FRAILTY AND FALLS
Frail older people are more likely to present
with any geriatric syndrome and there is now
increasing evidence linking frailty specifically
41, 42
to falls.
Understanding frailty as the failure
of a complex system provides a framework for
exploring why and how the frail older person is
at risk of falls.
A key characteristic of a complex system
(whether biological, mechanical, political etc.)
is its inherent ability to withstand stresses
because of the presence of multiple
43
defences. As a result of these defences,
failure of a complex system is rarely the result
of a single cause but is the cumulative effect of
many small insults, each of which may appear
to be harmless on its own. When system
failure does occur, each small stressor that
contributes to the breakdown is necessary but
not sufficient to cause the failure on its own.
The first processes to be compromised in the

event of failure are typically higher-order
functions, because they require a coordinated,
integrated, and precise interaction between
many components of the complex system. In
humans, such higher order functions include
bipedal ambulation. Normal ambulation
requires the coordination of many different
muscles acting on multiple joints and is
accomplished by the integration of activity in
spinal neuronal circuitries with sensory
feedback signals and with descending
44
commands from the motor cortex.
Consequently, it should not be surprising that
frail individuals (who are comparable to a
system in which redundancy has been lost)
become unable to integrate multiple inputs in
the face of seemingly minor stressors and
present with falls.
In frail older people, falling should be
recognised as a macrostate indicator of
complex system failure rather than a specific
disorder of particular organs (such as the brain
or heart). This is congruent with existing
clinical guidelines that falls require
multifaceted assessment and holistic
45
management.
Yet valuable time and
resources are still often spent identifying the
cause of a non-syncopal fall in a frail elderly
patient, leading clinicians to embark on a
journey of endless investigations for incidental
findings. If falling in the frail is truly a
manifestation of complex system failure then
searching for the cause of the incident is futile
since this single cause does not exist. After all,
failure of a complex system is the cumulative
effect of multiple faults and it is only the
intricate linking of these detrimental processes
that leads to the overt collapse of the system.
PRESCRIBING IN FRAIL OLDER PEOPLE
The implementation of guidelines for the
management of chronic disease has resulted
in an increase in the cost and number of
prescribed medications. However, older
people (particularly those who are frail) are
46
often excluded from drug trials. Treatment
decisions are therefore often based on
evidence extrapolated from more robust
patient groups with fewer physiological deficits.

Frailty is associated with altered
pharmacokinetic responses which affect the
bioavailability of prescribed medications.
Increases in body fat and reductions in lean
body mass affect the distribution of drugs; low
albumin levels reduce drug binding and the
activity of enzymes of drug metabolism
47,48
becomes impaired.
Older people also have
pharmacodynamic changes, such as
increased sensitivity to benzodiazepines and
warfarin which increase their risk of Adverse
49,50
Drug Reactions.
Indeed, the risk of
Adverse Drug Reactions (ADRs) seems to
increase with increasing patient frailty: the
prevalence of potentially inappropriate
medications (those in which the likelihood of
an ADR outweigh therapeutic benefit) has
been reported as up to 20% of older people
living in the community, one third of patients in
hospital and as many as 50% of older people
51, 52, 53
living in residential aged care facilities.
While frailty is not synonymous with either comorbidity or disability, many frail older people
have multiple chronic diseases and functional
impairment and are prescribed long lists of
medications. Polypharmacy has negative
consequences above and beyond the risks of
individual drugs. Increasing numbers of
medications are associated with a higher
likelihood of non-compliance and a
54, 55
significantly greater risk of ADRs.
Older
people taking 5 or more medications are at
significantly higher risk of delirium and falls,
56,57
independent of medication indications.
When prescribing medications for frail older
people, goals of care should be carefully
58
considered. The improvement in quality of
life through symptom control remains an
important (intended) outcome of therapeutic
intervention. However, the risks of secondary
prevention may outweigh benefits in those with
limited life expectancy. For example, in one
study the median life expectancy for frail older
adults with delirium was 88 days (95% CI: 5171); the loss of physiological reserves and
homeostatic instability of these patients
renders them vulnerable to ADRs and they
may not survive to reap any benefit from
treatment with medications such as statins,
59,60,61,62
ACE inhibitors or bisphosphonates.

PREVENTION OF FRAILTY
While there are no proven strategies to
reverse frailty, epidemiological data exploring
factors associated with frailty development
provide information on potential interventional
strategies.
Frailty is associated with co-morbidities,
particularly cerebrovascular, chronic kidney
63
and cardiovascular disease. and primary
prevention of these conditions could reduce
the prevalence of frailty in old age. The role of
alcohol is unclear. While alcohol use (versus
abstinence) is linked with a lower incidence of
64
frailty , earlier studies found a positive
association between excessive alcohol
65
consumption and frailty status . Smoking, on
the other hand, has been strongly linked to
frailty and smoking cessation could have
benefits above single disease prevention.
Cigarette smoke is a powerful inflammatory
stimulus causing the influx and activation of
inflammatory cells and may therefore have a
66,67
direct causal role in frailty development.
The association between frailty and
inflammation is well established and has been
33
previously discussed. Yet in observational
and epidemiological studies to date, antiinflammatory therapy or nutrients with antiinflammatory proprieties do not seem effective
to prevent or delay the incidence of frailty. For
example, in the Women's Health Initiative
Observational Study (n = 25,378), current
statin use had no association with incident
68
frailty over 3 years.
Obesity, particularly the accumulation of
abdominal fat, is also associated with higher
69
frailty levels. Even among underweight older
people, those with a higher waist
69
circumference are more likely to be frail.
Abdominal obesity among older people with
low BMIs may therefore be an additional target
for intervention. Physical activity decreases
abdominal fat, and endurance exercise training
70, 71
stimulates mitochondrial biosynthesis.
Reduced abdominal adiposity and increased
oxidative activity may underlie physical
activity’s benefit to function independent of its
72
effects on weight reduction.

Exercise, like optimal nutrition and better
education, are of particular interest as
therapeutic strategies for frailty since they are
complex interventions which may modify the
accumulation of deficits across many
73
systems. While the evidence regarding the
impact of such interventions in hospitalised
patients with established frailty is less clear
cut, exercise does seem to be a safe
intervention for all older people, resulting in
functional improvement even for those at the
74, 75
frailer end of the health status spectrum.
Whether frail older inpatients would benefit
from longer periods of rehabilitation in units
designed to offer tailored exercise
programmes and nutritional support should be
the focus of further enquiries.

CONCLUSIONS
Frailty identifies a vulnerable group of, usually
but not invariably, increasingly aged people at
highest risk of adverse clinical outcomes.
Frailty status can be measured by a number of
phenotypic tools or by the accumulation of
deficits but their feasibility and utility in the
clinical setting have yet to be fully investigated.
As with the development of most screening
tools and their transition into everyday clinical
practice, there is the potential for an
undercurrent of scepticism from clinicians
about the necessity for such a tool, seeing it as
an unnecessary addition to expertise and
common sense. However, in a healthcare
system increasingly dependent on evidencebased medical management and standardised
protocols and guidelines, a dependable
screening system that provides accurate
prognostic information can only improve our
overall management of the older patient. The
development of a consistent and practical
system would facilitate communication with
patients and their relatives, and could help to
reduce the subjectivity often associated with
the designation of the label ‘frail’ to older
individuals. A system with robust predictive
abilities for adverse outcomes would lend
much needed evidence-based support to the
frequent use of frailty in making treatment
decisions. It may also allow the dissemination
of important skills to many other health

professionals who do not have a background
in gerontology or geriatric medicine but are
likely to have increasing levels of contact with
older people as the population ages.

10. Chin A Paw MJ, Dekker JM, Feskens EJ,
Schouten EG, Kromhout D. How to select
a frail elderly population? A comparison of
three working definitions. J Clin Epidemiol.
1999; 52(11):1015-21.

REFERENCES
1. Department of Health and Ageing The
state of our public hospitals, June 2007
report
http://www.health.gov.au/internet/main/pub
lishing.nsf/content/9B0602B1EDD7668DC
A25730700209DCE/$File/2007_Part5.pdf
2. Hubbard RE, O'Mahony MS, Cross E,
Morgan A, Hortop H, Morse RE, Topham
L. The ageing of the population:
implications for multidisciplinary care in
hospital. Age Ageing. 2004; 33(5):479-82.
3. Anon. Old and frail. BMJ 1968; i: 723 –
724.
4. Pawlson LG. Hospital length of stay of frail
elderly patients: primary care by general
internists versus geriatricians. J Am
Geriatric Soc 1988; 36:202 – 8.
5. Rockwood K, Song X, Mitnitski A.
Changes in relative fitness and frailty
across the adult lifespan: evidence from
the Canadian National Population Health
Survey. CMAJ. 2011;183(8):E487-94.
6. Shlipak MG, Stehman-Breen C, Fried LF
et al. The presence of frailty in elderly
persons with chronic renal insufficiency.
2004; 43(5):861-7.
7. Torres OH, Francia E, Longobardi V, Gich
I, Benito S, Ruiz D. Short- and long-term
outcomes of older patients in intermediate
care units. Intensive Care Med. 2006;
32(7):1052-9.
8. Nardi R, Scanelli G, Corrao S, Iori I,
Mathieu G, Cataldi Amatrian R. Comorbidity does not reflect complexity in
internal medicine patients. Eur J Intern
Med. 2007; 18(5):359-68.
9. Gavrilov LA, Gavrilova NS. Reliability
theory of aging and longevity. In
Handbook of the Biology of Aging. 6th
Edition: Academic Press 2006.

11. Klein BE, Klein R, Knudtson MD, Lee KE.
Frailty, morbidity and survival. Arch
Gerontol Geriatr. 2005; 41(2):141-9.
12. Rolland Y, Lauwers-Cances V, Cesari M,
Vellas B, Pahor M, Grandjean H. Physical
performance measures as predictors of
mortality in a cohort of community-dwelling
older French women. Eur J Epidemiol.
2006; 21(2):113-22.
13. Abellan van Kan G, Rolland YM, Morley
JE, Vellas B. Frailty: Toward a clinical
definition. J Am Med Dir Assoc. 2008;
9(2):71-2.
14. Hyde Z, Flicker L, Almeida OP et al. Low
free testosterone predicts frailty in older
men: The Health in Men Study. J Clin
Endocrinol Metab 2010; 95:3165–3172.
15. Lopez D, Flicker L, Dobson A. Validation
of the FRAIL Scale in a Cohort of Older
Australian Women. J Am Geriatr Soc.
2012; 60(1):171-3.
16. Gill TM, Allore HG, Gahbauer EA, Murphy
TE. Change in disability after
hospitalization or restricted activity in older
persons. JAMA. 2010; 304:1919-28.
17. Fried LP, Tangen CM, Walston J, et al.
Frailty in older adults: Evidence for a
phenotype. J Gerontol A Biol Sci Med Sci.
2001; 56(3):M146-56.
18. Bandeen-Roche K, Xue QL, Ferrucci L et
al. Phenotype of frailty: characterization in
the women's health and aging studies. J
Gerontol A Biol Sci Med Sci. 2006;
61:262-6.
19. Gill TM, Gahbauer EA, Han L, Allore HG.
Trajectories of disability in the last year of
life. N Engl J Med. 2010; 362:1173-80.
20. Bergman H, Ferrucci L, Guralnik J, Hogan
DB, Hummel S, Karunananthan S,
Wolfson C. Frailty: an emerging research

and clinical paradigm--issues and
controversies. J Gerontol Biol Med Sci.
2007; 62(7):731-7.
21. Hubbard RE, O'Mahony MS, Woodhouse
KW. Characterising frailty in the clinical
setting--a comparison of different
approaches. Age Ageing. 2009; 38:115-9.
22. Bauer JM, Sieber CC. Sarcopenia and
frailty: a clinician's controversial point of
view. Exp Gerontol. 2008; 43:674-8.
23. Rockwood K, Song X, MacKnight C,
Bergman H, Hogan DB, McDowell I,
Mitnitski A. A global clinical measure of
fitness and frailty in elderly people. CMAJ.
2005; 173(5):489-95.
24. Rolfson DB, Majumdar SR, Tahir AS,
Tsuyuki RT. Content validation of a frailty
checklist derived from comprehensive
geriatric assessment. Gerontology 2001;
47: 119.
25. Studenski S, Hayes RP, Leibowitz RQ,
Bode R, Lavery L, Walston J, Duncan P,
Perera S. Clinical Global Impression of
Change in Physical Frailty: development of
a measure based on clinical judgment. J
Am Geriatr Soc. 2004; 52(9):1560-6.
26. Rolfson DB, Majumdar SR, Tsuyuki RT,
Tahir A, Rockwood K. Validity and
reliability of the Edmonton Frail Scale. Age
Ageing. 2006; 35(5):526-9.
27. Dasgupta M, Rolfson DB, Stolee P, Borrie
MJ, Speechley M. Frailty is associated
with postoperative complications in older
adults with medical problems. Arch
Gerontol Geriatr 2009; 48: 78–83.
28. Hilmer SN, Perera V, Mitchell S, Murnion
BP, Dent J, Bajorek B, Matthews S,
Rolfson DB. The assessment of frailty in
older people in acute care. Australas J
Ageing. 2009; 28(4):182-8.

for creating a frailty index. BMC Geriatr.
2008; 8:24.
31. Kulminski AM, Ukraintseva SV,
Kulminskaya IV et al. Cumulative deficits
better characterize susceptibility to death
in elderly people than phenotypic frailty:
lessons from the Cardiovascular Health
Study. J Am Geriatr Soc. 2008; 56:898903.
32. Jones D, Song X, Mitnitski A, Rockwood
K. Evaluation of a frailty index based on a
comprehensive geriatric assessment in a
population based study of elderly
Canadians. Aging Clin Exp Res. 2005; 17:
465-71.
33. Hubbard RE, Woodhouse KW. Frailty,
inflammation and the elderly.
Biogerontology. 2010; 11(5):635-41.
34. Hubbard RE, O'Mahony MS, Savva GM,
Calver BL, Woodhouse KW. Inflammation
and frailty measures in older people. J Cell
Mol Med. 2009; 13(9B):3103-9.
35. Leng SX, Xue Q-L, Tian J, Walston JD,
Fried LP. Inflammation and frailty in older
women. J Am Geriatr Soc 2007; 55: 864871.
36. Leng SX, Xue QL, Tian J, Huang Y, Yeh
SH, Fried LP. Associations of neutrophil
and monocyte counts with frailty in
community-dwelling disabled older
women: results from the Women's Health
and Aging Studies I. Exp Gerontol 2009;
44: 511-6.
37. Semba RD, Margolick JB, Leng S,
Walston J, Ricks MO, Fried LP. T cell
subsets and mortality in older communitydwelling women Exp Gerontol 2005;
40:81-7.

29. Rockwood K, Mitnitski A. Frailty in relation
to the accumulation of deficits. J Gerontol
A Biol Sci Med Sci. 2007; 62:722-7.

38. van den Biggelaar AH, Huizinga TW, de
Craen AJ, Gussekloo J, Heijmans BT,
Frölich M, Westendorp RG. Impaired
innate immunity predicts frailty in old age.
The Leiden 85-plus study Exp Gerontol.
2004; 39:1407-14.

30. Searle SD, Mitnitski A, Gahbauer EA, Gill
TM, Rockwood K. A standard procedure

39. Walston J, Fedarko N, Yang H, Leng S,
Beamer B, Espinoza S, Lipton A, Zheng H,

Becker K. The physical and biological
characterization of a frail mouse model. J
Gerontol A Biol Sci Med Sci 2008;63:3918
40. Fried LP, Xue QL, Cappola AR, Ferrucci L,
Chaves P, Varadhan R, Guralnik JM, Leng
SX, Semba RD, Walston JD, Blaum CS,
Bandeen-Roche K. Nonlinear multisystem
physiological dysregulation associated
with frailty in older women: implications for
etiology and treatment. J Gerontol A Biol
Sci Med Sci 2009; 64:1049-57
41. Jarrett PG, Rockwood K, Carver D, Stolee
P, Cosway S. Illness presentation in
elderly patients. Arch.Intern.Med. 1995;
155:1060-1064.
42. Nowak A, Hubbard RE. Falls and frailty:
lessons from complex systems. J R Soc
Med. 2009; 102(3):98-102.
43. Cook RI. How Complex Systems Fail.
Chicago: University of Chicago Cognitive
Technologies Laboratory; 1998. Available
from: URL:
http://www.ctlab.org/documents
/How%20Complex%20Systems%20Fail.p
df
44. Nielsen JB. How we walk: central control
of muscle activity during human walking.
Neuroscientist 2003; 9:195-204.
45. Australian Commission on Safety and
Quality in Health Care Guidelines. 2008
http://www.safetyandquality.gov.au/interne
t/safety/publishing.nsf/Content/FallsGuideli
nes-2008Downloads Accessed January
2009
46. Van Spall HG, Toren A, Kiss A, et al.
Eligibility criteria of randomised controlled
trials published in high-impact general
medical journals: A systematic sampling
review. JAMA 2007; 297:1233-1240.
47. Hubbard RE, Lang IA, Llewellyn DJ,
Rockwood K. Frailty, body mass index,
and abdominal obesity in older people. J
Gerontol A Biol Sci Med Sci.
2010;65(4):377-81

48. Hubbard RE, O'Mahony MS, Calver BL,
Woodhouse KW. Plasma esterases and
inflammation in ageing and frailty. Eur J
Clin Pharmacol. 2008; 64(9):895-900.
49. Trifiro G, Spina E. Age-related Changes in
Pharmacodynamics: Focus on Drugs
Acting on Central Nervous and
Cardiovascular Systems. Curr Drug
Metab. 2011; 12(7):611-20.
50. Routledge PA, Chapman PH, Davies DM,
Rawlins MD. Factors affecting warfarin
requirements. A prospective population
study. Eur J Clin Pharmacol.
1979;15(5):319-22
51. Willcox SM, Himmelstein DU, Woolhandler
S. Inappropriate drug prescribing for the
community-dwelling elderly. JAMA 1994;
272: 292-296.
52. Gallagher PF, Barry PJ, Ryan C, Hartigan
I, O’Mahony D. Inappropriate prescribing
in an acutely ill population of elderly
patients as determined by Beers’ Criteria.
Age Ageing 2008; 37: 96-101.
53. Somers E, Simmonds D, Whitelaw C,
Calver J, Beer C. Quality use of medicines
in residential aged care. Aust Fam Phys
2010; 39: 413-416.
54. Garner JB. Problems of nonadherence in
cardiology and proposals to improve
outcomes. Am J Cardiol.
2010;105(10):1495-501.
55. Davies, Emma C; Green, Christopher F;
Taylor, Stephen; Williamson, Paula R;
Mottram, David R; Pirmohamed, Munir
Adverse drug reactions in hospital inpatients: a prospective analysis of 3695
patient-episodes PloS one, ISSN 19326203, 2009, Volume 4, Issue 2, p. 4439
56. Inouye SK. Delirium in hospitalized older
patients: recognition and risk factors. J
Geriatr Psychiatry Neurol. 1998;
11(3):118-25.
57. Tinetti ME, Kumar C. The patient who
falls: "It's always a trade-off". JAMA. 2010;
303(3):258-66.

58. Scott IA, Guyatt GH. Cautionary tales in
the interpretation of clinical studies
involving older persons. Arch Intern Med.
2010; 170(7):587-95.
59. Eeles EMP, White SV, O’Mahony MS,
Bayer AJ, Hubbard RE. The Impact of
Frailty and Delirium on Mortality in Older
Inpatients. Age and Ageing. In press
60. Berthold HK, Gouni-Berthold I. Lipidlowering drug therapy in elderly patients.
Curr Pharm Des 2011; 17: 877-93.

implications for steroid resistance. Mol
Pharmacol. 2005; 68:1343-53.
68. LaCroix AZ, Gray SL, Aragaki A,
Cochrane BB, Newman AB, Kooperberg
CL, Black H, Curb JD, Greenland P,
Woods NF; Women's Health Initiative
Statin use and incident frailty in women
aged 65 years or older: prospective
findings from the Women's Health Initiative
Observational Study. J Gerontol A Biol Sci
Med Sci 2008; 63(4):369-75.

61. Hines LE, Murphy JE. Potentially harmful
drug-drug interactions in the elderly: a
review. Am J Geriatr Pharmacother. 2011;
9(6):364-77.

69. Hubbard RE, Lang IA, Llewellyn DJ,
Rockwood K. Frailty, body mass index,
and abdominal obesity in older people. J
Gerontol A Biol Sci Med Sci. 2010;
65(4):377-81.

62. Hollick RJ, Reid DM. Role of
bisphosphonates in the management of
postmenopausal osteoporosis: an update
on recent safety anxieties. Menopause Int.
2011; 17(2):66-72.

70. Lakka TA, Laaksonen DE. Physical activity
in prevention and treatment of the
metabolic syndrome. Appl Physiol Nutr
Metab. 2007; 32 (1): 76 – 88.

63. Chang SS, Weiss CO, Xue QL, Fried LP.
Association between inflammatory-related
disease burden and frailty: results from the
Women's Health and Aging Studies
(WHAS) I and II. Arch Gerontol Geriatr.
2012; 54(1):9-15.
64. Woo J, Goggins W, Sham A, Ho SC.
Social determinants of frailty. Gerontology.
2005 Nov-Dec;51(6):402-8. PubMed
PMID: 16299422.
65. Strawbridge WJ, Shema SJ, Balfour JL,

Higby HR, Kaplan GA. Antecedents of
Frailty over Three Decades in an Older
Cohort Journal of Gerontology: Social
Sciences. 1998;53B(1):S9-S16.
66. Hubbard RE, Searle SD, Mitnitski A,
Rockwood K. effect of smoking on the
accumulation of deficits, frailty and survival
in older adults: a secondary analysis from
the Canadian Study of Health and Aging J
Nutr Health Ageing 2009;13: 468-72.
67. Walters MJ, Paul-Clark MJ, McMaster SK,
Ito K, Adcock IM, Mitchell JA. Cigarette
smoke activates human monocytes by an
oxidant-AP-1 signaling pathway:

71. Short KR, Vittone JL, Bigelow ML, et al.
Impact of aerobic exercise training on agerelated changes in insulin sensitivity and
muscle oxidative capacity. Diabetes. 2003;
52 ( 8 ): 1888 – 1896
72. Lang IA , Guralnik JM , Melzer D .
Physical activity in middle-aged adults
reduces risks of functional impairment
independent of its effect on weight. J Am
Geriatr Soc. 2007; 55 ( 11 ): 1836 – 1841
73. Liu CK, Fielding RA. Exercise as an
intervention for frailty. Clin Geriatr Med.
2011; 27(1):101-10.
74. Fairhall N, Langron C, Sherrington C, et al.
Treating frailty. A practical guide. BMC
Medicine 2011;9:83
75. Weening-Dijksterhuis E, de Greef MH,
Scherder EJ, et al Frail institutionalized
older persons: A comprehensive review on
physical exercise, physical fitness,
activities of daily living, and quality-of-life.
Am J Phys Med Rehabil. 2011; 90(2):15668.

