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SUMMARY
Hip fracture is a major contributor to morbidity and mortality in Australia and
worldwide. In addition, healthcare spending for individuals spikes following a hip
fracture due to increased needs for medical and supportive care. Many patients with
hip fractures are malnourished upon admission to hospital, which impacts upon the
recovery and rehabilitation potential of patients, and is also a significant independent
predictor of increases in healthcare costs. There is increasing scrutiny on healthcare
spending and a need for approaches which demonstrate a return on investment.
Therefore, finding effective strategies to improve recovery following a hip fracture is
important. However rehabilitation following hip fracture is an expensive complex
intervention involving multiple components (e.g. medical, nursing, and allied health
interventions). Health economics has received increasing focus over the past
decades as a way of evaluating not only the benefits from healthcare interventions
but also their ‘value for money’. The focus of this thesis was to apply a range of
methods of economic evaluation to rehabilitation following hip fracture, especially
focusing on nutrition and exercise therapy. The intent was to demonstrate the
strengths and potential weaknesses of various approaches.
Initially, a systematic review of the literature for economic evaluations of nutrition
interventions for treatment or prevention of malnutrition was conducted (Chapter 2).
Malnutrition is known to be common among patients with hip fractures, and
therefore effective treatment strategies are useful in multidisciplinary rehabilitation
6

strategies. Only 20 articles meeting the selection criteria were identified (with an
intervention increasing protein and energy intake via the oral route). Studied
interventions included the provision of fortified diets but most used commercial Oral
Nutritional Supplements (ONS). Seven studies included a multidisciplinary
intervention with malnutrition screening and assessment, physical activity
interventions, or consultations from other health professionals. The systematic
review identified that there were only few high quality cost-utility studies (the
preferred method of economic evaluation for regulatory bodies in Australia and
around the world), but three indicated likely cost-effectiveness of their interventions
in populations of hospitalised and community dwelling adults. While there is
promising initial evidence for the cost-effectiveness of nutritional strategies in
treating and preventing malnutrition, further studies utilizing preferred methods of
economic evaluation are needed to provide more rigorous evidence to inform
decision makers, especially in populations of frail older adults.
To add to the evidence for providing nutrition therapy in frail, older adults at risk of
malnutrition, an economic evaluation was undertaken of a multidisciplinary
rehabilitation strategy including an individualised program of nutrition and exercise
therapy provided for six months following a hip fracture (Chapter 3). The study
followed a cost-utility methodology, and therefore quality adjusted life years
(QALY) were used to assess the benefits of the intervention. The incremental cost
effectiveness ratio (ICER) calculated was $AUD28,350 which although large was
below the implied cost effectiveness ratio of $50,000 for Australia. Therefore, it is
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likely that this intervention of multidisciplinary rehabilitation would be considered
cost-effective in Australia.
In addition to applying economic evaluation methods to healthcare interventions, this
thesis also looked further into methodological issues surrounding cost-utility studies
as they are applied to multidisciplinary rehabilitation strategies in frail older adults,
namely the measurement of quality of life for calculation of QALY gain. A
subsequent study applied two different instruments for measuring quality of life and
QALY to a population of older adults following hip fracture to compare their
performance (Chapter 4). It was found that the ICECAP-O, a relatively new
instrument designed specifically for use in older adults, was highly correlated
(r=0.529, p=0.000) with the EQ-5D-3L, a traditional instrument used worldwide for
the measurement of quality of life. However, there were some systematic differences
between the two instruments with the mean utility score generated from the
ICECAP-O almost 0.01 higher than the score generated from the EQ-5D-3L, and this
reached statistical significance (z=-3.613 p=0.000). Further work is needed to
compare the performance of the new ICECAP-O instrument against more traditional
instruments, especially overtime and in the generation of benefits for use in costutility studies.
In a final study (Chapter 5), patients’ preferences for different configurations of
rehabilitation programs were elicited utilising an economic technique known as a
discrete choice experiment (DCE). In this study, patients were averse to
rehabilitation programs involving very high levels of therapy and severe levels of
pain, but not to lower levels of therapy and moderate levels of pain. The mobility
8

outcome achieved from rehabilitation therapy following a hip fracture was found to
be the most important determinant of rehabilitation program preference, in our
sample of frail older adults. Importantly included in this study were two groups
usually excluded from studies of this nature, those with cognitive impairment and
from a nursing home. The study also highlighted the ability of discrete choice
experiment techniques to be used to elicit preferences of frail older adults for
multidisciplinary rehabilitation interventions.
In summary this thesis has identified that a number of economic methods can be
successfully applied to the evaluation of rehabilitation approaches in older adults,
and it is recommended that methods of economic analysis should be more widely
applied to evaluate nutritional and rehabilitation strategies in the future to improve
the evidence-base for practice in this area.
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1 INTRODUCTION AND RATIONALE FOR THESIS
This chapter contains material from:
Milte, RK, Ratcliffe, J, Miller, MD & Crotty, M 2013, ‘Economic evaluation for
protein and energy supplementation in adults: opportunities to strengthen the
evidence’European Journal of Clinical Nutrition, vol. 67, pp. 1243-1250.

1.1 Impact of hip fracture
1.1.1 Incidence
Hip fracture is a major cause of morbidity and mortality both internationally and in
Australia. Worldwide there were an estimated 5.2 million non-traumatic fractures in
2010, of which 2.8 million were of the hip or spine (Wade et al. 2012).
Internationally there has been an increase in hip fracture rates in western populations
over the last 50 years, fractures traditionally associated with osteoporosis in older
adults(Cooper et al. 2011; Lyritis et al. 2013). However there is evidence of a
stabilising or decline in age-adjusted hip fracture rates in some western populations
more recently, which could be as a result of public health campaigns focusing on
prevention (Alves et al. 2013; Cooper et al. 2011; Omsland et al. 2012; Turkington et
al. 2012). Overall, any reduction in age-adjusted rates appears to be overtaken by the
increasing proportion of the population over 50 years, resulting in an overall increase
in the absolute number of hip fractures recorded (Icks et al. 2013; Omsland et al.
2012; Turkington et al. 2012). Worldwide fracture incidence appears to be
geographically influenced with hip fracture rates highest in Scandinavian countries
(ranging from 15.5 to 16.8 per 10,000 population for women aged 60-69 years) and
Introduction
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lower in southern European, Asian, African and Latin American populations,
although the rate appears to be increasing in some Asian populations (Cheng et al.
2011; Cooper et al. 2011; Kanis et al. 2012; Sakuma et al. 2013; Wade et al. 2012).
The lifetime risk of a hip fracture varies from as low as 1.8% in males in Turkey to
28.5% in Swedish women (Kanis et al. 2002). Lifetime risk in Australia has been
calculated as 6.3% for men and 17.7% in women (Kanis et al. 2002).
Within Australia the incidence of hip fracture appears to follow similar patterns to
those identified in other western populations, with an increase in age-adjusted rates
throughout the last century, and a stabilisation or decline in rates in the past few
decades (Cassell & Clapperton 2012; Crisp et al. 2012; Pasco et al. 2011; Sanders et
al. 1999; Vu et al. 2012). The age-adjusted incidence appears to vary from between
295 to 520 per 100,000 in Australian women and between 200 to 493 per 100,000
population in men over the past 5 years (Cassell & Clapperton 2012; Crisp et al.
2012; Pasco et al. 2011; Vu et al. 2012) while the absolute number of fractures is
increasing (Cassell & Clapperton 2012; Crisp et al. 2012; Sanders et al. 1999). In
2006/2007 the total number of hip fractures increased by 11% compared to
1997/1998, to a total of 16,412 (p<0.001) (Crisp et al. 2012). Therefore, while there
has been commentary on declining age-adjusted rates of hip fractures in western
populations including Australia, it appears likely that the overall number of hip
fractures worldwide is likely to continue increasing due to demographic changes in
populations and due to increasing incidence in countries with previously low
incidence. Therefore, the effective treatment of hip and other osteoporotic fractures is
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likely to remain a key concern of health professionals, and government health
departments for the foreseeable future.

1.1.2 Mortality
The majority of hip fractures require surgical treatment, unless surgery is
contraindicated for palliative or other medical reasons. It has been estimated that
without surgical treatment, 90% of patients die within the first year following
fracture (Parker et al. 1992). Even with surgical treatment, risk of mortality is
increased following a hip fracture. Previous studies have identified rates of mortality
following a hip fracture of between 2.3-13.9% during hospitalization and between
5.9-50% one year following fracture (Abrahamsen et al. 2009; Bliuc et al. 2009;
Haleem et al. 2008). Most of the excess mortality is clustered around the period of
hospitalisation with over half the deaths occurring within the six months following
fracture (Abrahamsen et al. 2009). While men make up less of the hip fracture
population, they are highly represented in the deaths following fracture with studies
indicating a risk of mortality double that for women (Abrahamsen et al. 2009; Bliuc
et al. 2009). Within Australia, mortality following hip fracture shows a similar
pattern. Harris et al. (2012) tracked the mortality rate following common surgical
procedures in NSW from 2000 to 2009, and found a 30-day mortality rate of 8.6%
and 25% within one year following hip fracture surgery, which was higher than for
any of the other procedures listed including emergency cardiac and
gastroenterological surgery and craniotomy. Frost et al. (2013) found that relative
survival was greater in women than in men until five years following the fracture,
after which the rates converge.
Introduction
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1.1.3 Function
In addition to their effects on mortality, hip fractures exhibit a devastating effect on
function which can go on to cause life-long disability. A recent review identified
42% of patients with hip fractures have not regained their pre-fracture mobility levels
at one year following fracture, and almost half report ongoing pain (Bertram et al.
2011). Twenty percent identify they are unable to shop independently, and 29% will
go on to experience a life-long disability (Bertram et al. 2011). All of these
functional limitations impact upon independence and often result in patients entering
a more dependent state of living (Bertram et al. 2011). A hip fracture is recognised
as a risk factor for admission to a residential aged care facility or requiring
supportive services to stay at home (Bertram et al. 2011; Iorio et al. 2004; Leibson et
al. 2002; Pretto et al. 2010). Leibson et al. (2002) compared admission to nursing
home facilities between hip fracture cases and age and sex matched general
population controls and found the risk of admission to a nursing home at five years
following the hip fracture to be double that of the controls. This long term morbidity
and limitations to function has also been shown to have a dramatic effect on quality
of life (Beaupre et al. 2012). Therefore, the morbidity and limitations to function
following a hip fracture have a significant and long term effect.

1.1.4 Risk factors
Identifying risk factors for hip and other osteoporotic fractures can assist in
identifying individuals and population groups highly likely to experience a fracture
and possible target points for interventions to reduce fracture risk. A number of
clinical, lifestyle, and social factors that influence risk of hip fracture have been
Introduction
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identified, some of the main factors are outlined in Table 1.1.
Table 1.1 Factors influencing hip fracture risk (Adapted from Marks 2010)
Age
Gender
Race
Cognitive impairment
Physical factors




Falls
Prior fracture
Bone mass

Health Behaviours







Inactivity
Diet
Smoking
Excess alcohol
Vitamin D deficiency
Hormone Therapy

Socioeconomic factors
Clinical conditions

Risk factors tend to either influence bone metabolism and strength, or risk of falls, or
both. As many as 95% of hip fractures occur as a result of a fall, and therefore
avoiding falls forms the basis of many prevention strategies (Marks 2010; Rolland et
al. 2008). In addition, there are risk-factors for osteoporotic fracture which are nonmodifiable. Age is a well-known modifier of hip fracture risk with BMD reducing
with greater age and hip fracture incidence increasing exponentially (Chen et al.
2009; Curran et al. 2010; Jean et al. 2013; Kanis et al. 2009; Marks 2010; Wade et al.
2012). Gender also influences hip fracture risk with women experiencing roughly
double the risk of a hip fracture compared to men (Cummings-Vaughn & Gammack
2011; Curran et al. 2010; Kanis et al. 2009; Marks 2010). In addition to the nonmodifiable, there are many risk factors which could be a possible point of
intervention to reduce the burden of osteoporotic fractures.
Introduction
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Osteoporosis (defined as a bone mineral density (BMD) at the femoral neck of 2.5
standard deviations (SD) or more below the young adult mean, otherwise known as a
T-score less than or equal to −2.5) is a major risk factor for hip fractures (Kanis et al.
2009; Marks 2010). Studies have shown up to 48% of hip fractures occur in patients
with osteoporosis (Schott et al. 1998). However, the absence of osteoporosis should
not be taken as a guarantee that fractures will not occur. Up to 46% of hip fractures
occur in patients with osteopenia, defined as a T-score between -1 and -2.5, while
6.5% occur in patients with bone mineral density within the normal range (Schott et
al. 1998). Recent estimations of incidence of hip fracture per 1000 women-years
found the highest rate in those with osteoporosis (16.4 95% CI: 16.4-16.5) but a
higher rate in those with osteopenia (5.4 95% CI: 5.3-5.5) than those with normal
BMD (1.1 95% CI; 1.0-1.2) (Curran et al. 2010). In addition, a previous osteoporotic
fracture or a family history of osteoporotic fracture have both been identified as risk
factors for experiencing a hip fracture or other osteoporotic fracture (Chen et al.
2009; Cummings-Vaughn & Gammack 2011; Kanis et al. 2009). In an Australian
study, the relative risk of experiencing a subsequent fracture after an initial lowtrauma fracture was 1.95 (95% CI 1.70-2.25) in women or 3.47 (95% CI 2.68-4.48)
in men (Center et al. 2007). By 10 years after the initial fracture, 40% of surviving
women and 60% of surviving men had experienced a subsequent fracture (Center et
al. 2007). Therefore, an osteoporotic fracture is not an isolated event, but often the
precursor to further fractures and could be a potential point for intervention to
prevent further decline in BMD and increase in falls risk.
In addition, aspects of physical health and function have been shown to impact on the
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risk of osteoporotic fracture. Low body weight (often an indicator of the overall
nutritional status of the patient) is a risk factor, both through its effect on BMD and
muscle strength and mass influencing the number of falls and absorption of the
impact of falls (Chen et al. 2009; Cummings-Vaughn & Gammack 2011; Marks
2010; Nguyen et al. 1998). Risk is associated with both low body weight ratio for
height in general (as measured by BMI) and greater than 10% loss of maximal body
weight, especially in those from a residential care background (Cummings-Vaughn
& Gammack 2011; Marks 2010; Nguyen et al. 1998). Nutritional deficiencies, such
as vitamins D and B, have been shown to affect muscle strength and BMD(Lai et al.
2013; Marks 2010). Other modifiable risk factors for hip fracture include a low
physical activity level, decreased muscle mass and strength, and poor balance leading
to increased falls (Cummings-Vaughn & Gammack 2011; Lai et al. 2013; Marks
2010; Nguyen et al. 1998). Therefore, modifying physical activity and improving
nutritional intake could be a point of intervention to reduce hip fracture risk.
In addition, living in a residential care facility is associated with a higher risk of
experiencing a hip fracture (Kanis et al. 2009; Marks 2010; Rolland et al. 2008).
Interestingly, in those from a low level care or hostel-accommodation type
background a poorer standing balance has been associated with a higher risk of hip
fracture, while in a nursing-home background a better standing balance has been
identified as a risk for hip fracture (Chen et al. 2009). This is likely due to those with
poorer balance in the nursing-home group being immobile and requiring nursing
assistance for all transfers, reducing the risk of hip fracture (Chen et al. 2009).
Dementia or cognitive impairment is another risk factor for falls and subsequent hip
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fractures (Chen et al. 2009; Cummings-Vaughn & Gammack 2011; Guo et al. 1998;
Marks 2010; Scandol et al. 2013; Seitz et al. 2011). Finally, many chronic clinical
conditions and medications can raise the risk of experiencing a hip fracture either
through affecting bone metabolism, or impairing muscular function or both
(Cummings-Vaughn & Gammack 2011; Kanis et al. 2009; Marks 2010).
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1.2 Importance of multidisciplinary rehabilitation following
hip fracture
Given the large risks for poor recovery, rehabilitation has been increasingly
considered an integral part of treatment for osteoporotic fractures, such as hip
fracture. Rehabilitation is defined as healthcare provided with the specific aim to
improve function in the patient e.g. improve mobility or ability to perform daily tasks
(Halbert et al. 2007). Guidelines for the treatment of hip fractures recommend
rehabilitation provided either as part of a hospital stay or within a patient’s home for
the majority of patients (Mak et al. 2010b; National Clinical Guideline Centre 2011;
Scottish Intercollegiate Guidelines Network 2009). In addition, multidisciplinary
rehabilitation care has received increasing focus in healthcare, especially for chronic
conditions affecting function and has shown to improve patient function,
independence, quality of life, length of hospital stay and participation in healthcare
for a wide range of conditions (Momsen et al. 2012).
Multidisciplinary rehabilitation care focuses on creating a team environment where
members communicate regularly about the care of a defined group of patients
(Momsen et al. 2012). It involves members sharing information, and developing
common goals with patients and working towards achieving those common goals. In
2009 an update of a Cochrane review of multidisciplinary rehabilitation for older
people following hip fracture was published (Handoll et al. 2009). This review
focused on the randomised controlled trials evaluating provision of multidisciplinary
rehabilitation either in a stand-alone specialist unit or as an additional programme to
current ward strategies, and involved increased communication and goal setting
between team members and patients, and/or more frequent involvement of a wider
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range of health professionals (such as geriatricians, physiotherapist, occupational
therapists, social worker, and therapy aids). Control could be either usual care
(usually involving some input from the listed professionals, but on an adhoc basis) or
provision of a lower level of multidisciplinary care. The authors combined mortality
data with data on increased dependency in the community or admission to residential
care as ‘poor outcome’, and found a small trend in favour of the intervention at long
term follow up, albeit not statistically significant (RR 0.89, 95% confidence intervals
0.78 to 1.01), and at hospital discharge (RR 0.87, 95% confidence intervals 0.751.00) which reached the borderline for significance. There was also some evidence
of functional gains, and reduced medical complications in the intervention group
compared to the control group, but the effect on length of stay and costs was less
clear. An earlier meta-analysis by Halbert et al. (2007) also found a reduction in
“poor outcome” in the intervention group (RR 0.84, 95% CI 0.73-0.96), as well as
trends towards improved chance of returning home, reduced length of hospital stay,
readmission, and improvements in physical function. In addition, studies have
identified cost saving or only small additional costs to provide multidisciplinary care
compared to usual care (Cameron et al. 1994; Fordham et al. 1986; Galvard &
Samuelsson 1995; Huusko et al. 2002).
Further to recommendations for multidisciplinary rehabilitation has been a growing
focus on coordinating care across the continuum of acute and rehabilitation services,
and the use of orthogeriatric models of care (Australian and New Zealand Hip
Fracture Registry Steering Group 2013). In Australia, the Australian Hip Fracture
Registry has been established, aiming to improve outcomes for frail older people
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with hip fracture by developing comprehensive guidelines, standards and measurable
quality indicators which can be used to evaluate current services being provided, and
to ultimately lead to improved outcomes for patients and health services (Australian
and New Zealand Hip Fracture Registry Steering Group 2013). Recently released
guidelines provide an overview of the care of patients from the pre-operative right
through to the rehabilitation phase, and emphasise the need for coordinated
orthogeriatric models of care (Australian and New Zealand Hip Fracture Registry
Steering Group 2013). Orthogeriatric models involve collaborative specialist care of
older patients with hip fractures, shared between aged care and orthopaedics services
(The Agency for Clinical Innovation Orthogeriatric Model of Care Collaborative
Group 2010). Orthogeriatric care is team based (with medical, nursing and allied
health involvement) to achieve improved outcomes for patients with complex
multidimensional medical problems, and has been shown to reduce mortality,
complications, and readmissions in comparison to patients treated under standard
models of care (usually ad-hoc involvement of geriatric specialists and allied health
providers) (Australian and New Zealand Hip Fracture Registry Steering Group
2013). The rise of orthogeriatric care also indicates the movement away from
segmented and compartmentalised medical care for these frail older adults, and
towards a model overarching the pre-operative, acute, and rehabilitation stages, with
concurrent earlier initiation of mobilisation and rehabilitation strategies.
Traditionally, a large part of rehabilitation following hip fracture is the provision of
exercise or physical therapy. Given the large effects of hip fracture surgery on
mobility, strength, and function, and the slow and often poor recovery of pre-morbid
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status, rehabilitation goals will often focus around these areas (Feehan et al. 2011). In
addition, any previous fragility fracture will increase risk of subsequent fracture,
highlighting the importance of rehabilitation as an opportunity to mitigate risk of
future fracture through reducing frailty, falls, and maintaining muscular strength and
bone density (Center et al. 2007). Physical therapy provided by a physiotherapist
was a key aspect in most of the multidisciplinary programmes evaluated in the
reviews discussed above, indicating its importance to achieving improved functional
outcomes in this group (Halbert et al. 2007). Extended physical therapy provided in
the community following discharge has been shown to improve mobility, function,
strength, balance, and quality of life compared to standard in-patient provided
rehabilitation (Handoll et al. 2011). In addition, it has been shown to encourage
higher levels of physical activity in the intervention group, although physical activity
levels appear to begin to decline towards pre-intervention levels after the intervention
is ceased. While there is evidence to support use of exercise therapy including early
mobilisation, aerobic, balance, and strengthening exercises, there is still much debate
about which prescriptions produce the best outcomes (Feehan et al. 2011). In
addition, very few studies have included an assessment of the economic outcomes
associated with interventions, leading to the identification of economic evaluation of
different exercise prescriptions as a key area for future research (Feehan et al. 2011;
National Clinical Guideline Centre 2011).
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1.3 Importance of nutrition in rehabilitation
Nutritional status has long been considered an important part of human health, but
has received an increasing amount of attention in the past few decades due to
renewed focus on the impact malnutrition can have on patients and the health system
(Gallagher-Allred et al. 1996; Sahyoun et al. 2004). Malnutrition describes a state
where the body’s stores of key nutrients are depleted (DAA Malnutrition Guideline
Steering Committee 2009; Hoffer 2014). This could refer to deficiency in
macronutrient stores (such as fat or protein) or micronutrients (such as vitamins and
minerals) (DAA Malnutrition Guideline Steering Committee 2009). Malnutrition is
commonly brought about by starvation, a state where the intake or absorption of
dietary energy, and macronutrients is less than the body’s own requirements for these
components (Romijn 2000; Truswell 2012). Where this imbalance is prolonged, it
can result in the body using its own stores of nutrients to meet requirements for
metabolic processes, and over time if not replaced stores of these nutrients may run
out (Truswell 2012). Often for cases of malnutrition in western hospitalised
populations, the deficiency is in protein and energy intake, resulting in what is
known as protein-energy malnutrition, although deficiencies in micronutrients are
also likely to occur in these cases (Romijn 2000; Truswell 2012). For the rest of this
thesis, the term malnutrition refers to protein-energy malnutrition as the predominant
form seen in western hospitalised populations.
While there is consensus on the consequences of malnutrition, there remains much
debate on how to identify malnutrition, especially in older adults (Miller & Wolfe
2008). A Body Mass Index (which gives an indication of body fatness and is
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calculated as body weight in kilograms divided by square of height in meters) of less
than 20kg/m2 has been identified as a marker of malnutrition in adults (Miller &
Wolfe 2008; Truswell 2012). However, there is evidence that while percentage of
body fat for a given BMI will be larger for an older adult than a younger one due to
the physiological changes that occur with aging, paradoxically the health risks
associated with that body fatness will be less in older adults and indeed may be
protective (Miller & Wolfe 2008). Therefore, older adults may be at risk of poor
health outcomes at a higher BMI than younger adults, and there is evidence that older
adults experience peak in mortality at a higher BMI than younger adults (Harris
2004; Miller & Wolfe 2008). Therefore, this has led to recommendations of the cut
off for a low BMI to be at a higher value than for younger adults (24 kg/m2 for older
adults compared to 18.5 kg/m2 for younger adults), with BMI below this to be
considered an indicator of malnutrition (Thomas 2001). Studies have indicated
weight loss in older adults, whether planned or unplanned, is predictive of mortality
and an indicator of malnutrition (Harris 2004; Miller & Wolfe 2008). In general, loss
of five percent of body weight or more is an established indicator of malnutrition
(DAA Malnutrition Guideline Steering Committee 2009; Hammond 2004). Other
markers of malnutrition include markers of muscle mass such as Mid-Arm Muscle
Circumference or Calf Circumference, often interpreted through comparison with
general population percentiles, and haematological markers such as albumin or total
protein concentration (DAA Malnutrition Guideline Steering Committee 2009;
Truswell 2012). In addition, some authors support a combination of these factors for
diagnosis of malnutrition or use of validated assessment instruments, such as the
Subjective Global Assessment (SGA) which combines information on
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anthropometrics, gastrointestinal symptoms, dietary intake, and appearance to assess
whether a patient is considered malnourished (DAA Malnutrition Guideline Steering
Committee 2009; Gary & Fleury 2002). There is still much debate on which method
is preferred to diagnose malnutrition, although the method should be validated and
clinically relevant for the particular patient group under consideration (DAA
Malnutrition Guideline Steering Committee 2009). In Australia there is a
standardised definition which is accepted for clinical coding of malnutrition as a
diagnosis in the hospital setting, which in adults is weight loss of greater than five
per cent, with evidence of suboptimal intake resulting in fat loss and/or muscle loss
or BMI less than 18.5 (DAA Malnutrition Guideline Steering Committee 2009).
A number of factors are known to increase the risk of malnutrition, and some
examples of these are listed in Table 1.2.
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Table 1.2 Factors associated with risk of malnutrition in older adults
Meal and Snack Frequency
Inadequate meal and snack frequency
Skipping one or more meals daily
Replacement of meals by snacks that are not nutritious
Exclusion of nutrient-dense foods
Dietary Modifications
Self-imposed
Prescribed
Poor compliance
Impact of intake, appetite
Dependency/Disability
Problems with daily activities
Inactivity/immobility
Lack of manual dexterity
Need for assistive devices
Acute and Chronic Diseases or Conditions
Depression
Dementias
Oral health problems
Pressure ulcers
Sensory impairments
Diseases associated with wasting (e.g. cancer, end-stage renal failure, hyperthyroidism)
Malabsorption (e.g. small bowel syndrome, Inflammatory bowel disease)
Metabolic stress (e.g. post burns, post surgery, head injury)
Other medical conditions
Chronic Medication Use
Prescribed or self-administered
Polypharmacy
Advanced Age
Poverty
Income
Income source and adequacy
Food Expenditures and Resources
Housing expenditure
Medical expenditure
Food expenditure
Social Isolation
Support systems
Living arrangements
Cooking and food storage
Transportation
Adapted from (Hammond 2004; Thomas 2001)
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A number of these aspects could be at work in older adults following a hip fracture.
Older adults in hospital are likely to have experienced a period of fasting prior to
surgery which impacts upon their nutritional state (Thomas 2001). After surgery,
while still in hospital, achieving adequate intake may still be difficult due to loss of
appetite, nausea, and vomiting (Thomas 2001). In addition, patients may have
difficulty moving and accessing food items if not placed within reach or may not
have the dexterity or strength to open packaging (Thomas 2001). Dysphagia or poor
dentition and oral health can make swallowing or chewing food difficult, painful, or
slow, and subsequently reduce intake (Thomas 2001). Older adults with a hip
fracture are likely to be frail prior to admission to hospital, and may be on a number
of medications which can reduce appetite or result in nausea (Thomas 2001). In
addition, in the community difficulty in accessing shops to purchase food, and
difficulty storing or cooking food due to functional limitations can reduce intake and
lead to older adults resorting to eating nutrient poor snacks in place of nutritionallydense meals (Hammond 2004). Many older adults will have experienced health
problems previously, and may have been recommended a diet for treatment while
younger which they are still adhering to that is now inappropriate, or have
implemented their own restrictive dietary regime (Hammond 2004). By comparison,
Baulderstone et al. (2012) showed a liberalised diet with a higher energy, sodium,
total fat, refined sugar, and fibre intake was linked to lower risk of frailty in older
adults and no increase in diabetes, hypertension, hyperlipidaemia, or obesity. In
addition, older adults are at risk of experiencing financial hardship, and low income
coupled with the pressures of increasing medical and pharmaceutical bills could
leave little money for the purchase of food (Hammond 2004). Therefore the causes
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of malnutrition can be multifactorial, often resulting from a number of causes rather
than one single factor. Treatment strategies for malnutrition for maximum impact
need to be designed to take account of this multifactorial nature and may therefore
require input from a number of health practitioners for success (DAA Malnutrition
Guideline Steering Committee 2009; Hammond 2004).

1.3.1 Impact of malnutrition
There has been some debate on the effect of nutrition on the healthcare system. A
long time has passed since the seminal “Skeleton in the Closet” paper published in
the 1970s (Butterworth 1974) highlighted the impact of hospital-acquired
malnutrition on survival. Malnutrition impacts upon the older adult in a number of
ways. Initially, malnutrition depletes the body’s stores of energy and nutrients –
which results in loss of fat mass, muscle mass, and overall weight loss (Truswell
2012). Disorders in homeostasis of extra and intracellular fluid can also occur
(Truswell 2012). Changes in body composition and metabolism can go on to have
more wide-ranging effects, such as lethargy, loss of muscle strength, immunological
changes, depression, and poor wound healing (Harris 2004; Paillaud et al. 2000;
Thomas 2001; Truswell 2012). This can subsequently result in increased length of
stay and increased rate of complications during hospital admissions, reduced
engagement with care, and reduced functional abilities, all of which increase burden
on the health system (Harris 2004; Thomas 2001; Truswell 2012).
There is conflicting evidence on the effect of nutrition on hospital costs. Even
decades ago, Butterworth highlighted the vast costs to society for the hospitalisation
of patients, and called for a focus on nutrition to improve the overall health and
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reduce the length of stay of admitted patients through reducing complications and
unnecessary days in hospital (Butterworth 1974). Recent reports have estimated the
additional cost to the public health system in Victoria alone as $AUD10.7 million per
year, although the authors believe this is likely to be an underestimation (Rowell &
Jackson 2011). Previous reports have already indicated the high cost of malnutrition
to the health system in Europe (Elia et al. 2005). In patients with hip fractures, one
study (Gabriel et al. 2002) failed to show any effect on hospital costs from BMI,
although their sample may have been underpowered and mean BMI of participants
was within the recommended normal range. More recently, malnutrition was found
to increase hospitalisation cost in a sample of patients with hip fractures more than
any other comorbidity studied, and increased length of stay by an average of 2.5 days
(95% CI 2.2 to 2.8 days, p<0.001) (Nikkel et al. 2012). This was a larger increase
than that seen for congestive heart failure (1.1 days 95% CI 1.0 to 1.2) and
pulmonary circulation disorders such as a pulmonary embolism or pulmonary
hypertension (0.9 day 95% CI 0.6 to 1.1 days). Therefore, malnutrition in
hospitalised older adults has a large impact, not only on the patients and their own
quality of life, but also on the resources available within the health system.

1.3.2 Malnutrition in hip fracture
Malnutrition is known to be common among patients with hip fractures and acts as a
risk factor for fracture(Avenell & Handoll 2010). In addition it is likely to develop
and worsen during an acute admission, and increasingly is identified as a continuing
problem after patients are discharged to the community (Miller et al. 2006b). Hip and
lower limb fracture patients have an intake below requirements for much of their
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hospital admission, meeting as little as 50% of their energy intake (Dickerson et al.
1979; Eneroth et al. 2005; Miller et al. 2006a; Nematy et al. 2006). Their nutritional
status declines during hospital admission, and studies have shown this decline is long
lasting and has not reversed by up to four months following surgery; in fact many
have not recovered their nutritional status by 12 months following surgery (Miller et
al. 2006b; Nematy et al. 2006; Paillaud et al. 2000) In addition to poor nutritional
intake, there is evidence of catabolism driven by inflammatory responses to injury
and surgery which also deplete body resources of protein and muscle mass
independent of nutritional intake (Hedström et al. 2006). It has been suggested that
this catabolic state lasts for up to three months post fracture, contributing to the loss
of body mass experienced commonly by patients for several months (Hedström et al.
2006). These factors combine to cause decline in the nutritional status of patients
during the post-operative phase and beyond and make reversal difficult due to the
endogenous as well as nutritional causes.
The incidence of malnutrition in patients with hip fractures has been identified as
between 13% and 78%, dependent on the population studied and how malnutrition
was defined, as illustrated in Table 1.3. While proportions higher than 70% have
been identified in studies using lymphopenia as a criteria (Eneroth et al. 2005; Miller
et al. 2001), studies using BMI have commonly stated values of between 15% and
53% (Bachrach-Lindstrom et al. 2000; Bruce et al. 1999; Eneroth et al. 2005;
Hommel et al. 2007; Lumbers et al. 2001; Maffulli et al. 1999; Nematy et al. 2006).
Bachrach-Lindstrom, Ek, et al. (2000) found an incidence of 25% based on a BMI
less than 20kg/m2 in their sample which included patients from nursing homes and
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those with cognitive impairment, known to be two independent risk factors for
malnutrition. They also found the vast majority of their admitted patients (71%) were
considered at risk of malnutrition with a BMI<24kg/m2. In Australia, studies have
found incidence of malnutrition of between and 31% and 72% similar to findings
from other western countries (Miller et al. 2001). Specifically in an Australian
population of rehabilitation patients (including patients with hip fractures) the MiniNutritional Assessment identified 47% at risk of malnutrition and 6% as already
malnourished (Neumann et al. 2005).
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Table 1.3 Prevalence of malnutrition in patients with hip fractures
Author, Year,
Country

Subjects and
Sample Size

Exclusion Criteria

Prevalence of
Malnutrition

Methods Used to
Determine
Malnutrition

(Li et al. 2013),
Taiwan

n=162 acute
hospitalised

60-67%

MNA and Albumin

(Hommel et al.
2007), Sweden

n=420 acute
hospitalised

<60 years old,
Pathological
fracture,
Chinese Barthel
Index score <70
prior to fracture,
MMSE<10/30,
Nil specified

25-33%
16-19%

BMI<20-22kg/m2
(dependent on age)
Albumin

(Nematy et al.
2006), UK

n=25 acute
hospitalised

<65 years old,
Pathological
fracture

At risk of
malnutrition=56%
36%

Local screening
instrument
BMI<20kg/m2

(Eneroth et al.
2005), Sweden

n=80 acute
hospitalised

MMSE<6
Multiple fractures,
Pathological
fracture,
Malignant disease
Depression
Other diseases
precluding
treatment with
ONS regime

Malnourished=9%
13-28%
44-62%
78%

SGA
Anthropometry
Serum Proteins
Lymphocytes

(Lumbers et al.
2001), UK

n=75 female
acute hospitalised

<60 years old,
Abbreviated Mental
Function Test<7/10

15%

BMI<20kg/m2

(Miller et al. 2001),
Australia

n=183 acute
hospitalised

<60 years old,
Pathological
fracture

31%
72%

Albumin
Lymphocytes

(BachrachLindstrom et al.
2000), Sweden

n=142 acute
hospitalised

<75 years old,
Malignancy,
Prolonged Intensive
Care Unit stay,
Disorder of liver or
kidneys

25%

BMI<20kg/m2

(Paillaud et al.
2000), France

n=40
rehabilitation
inpatients

<70 years old,
Dementia,
Malignancy,
Acute disease

32.5%

MAC and TSF
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(Bruce et al. 1999),
Australia

n=100 acute
hospitalised

Residential care,
Malignancy

35%

BMI<20kg/m2

(Koval et al. 1999),
USA

n=499 acute
hospitalised

<65 years old,
Non-ambulant prior
to fracture,
Cognitive
impairment,
Residential care

18%
57%

Albumin

<65 years old,
Pathological
fracture

31%

(Maffulli et al.
1999), UK

n=119 acute
hospitalised

Lymphocytes

BMI<18kg/m2

Abbreviations: BMI=body mass index, MAC=Mid arm circumference, SGA=Subjective global assessment, TSF=triceps skin
fold (Adapted from Milte 2009)

Malnutrition has also been shown to have a large impact on the outcome for patients
with a hip fracture. Neumann, Miller et al. (2005) found malnutrition and risk of
malnutrition as determined by the Mini-Nutritional Assessment was associated with
a higher risk of admission to HLC in a sample of older adults undergoing
rehabilitation, which included orthopaedic patients as well as those post neurological
injury and infection (RR 2.29, 95% CI 1.09-4.00, p<0.05). They also found a
significant difference in their length of stay between the malnourished and the wellnourished groups of around 4 days (p=0.023), and associations between body
composition measured by BMI and corrected arm muscle area and function at 90
days (p<0.05). Koval et al. (1999) linked nutritional status measured by albumin in
their study of patients with hip fractures to increased hospital LOS (OR 1.9, 95% CI
1.1-3.4, p=0.03), and poorer functional outcome (OR 3.4 95% CI 1.8-6.5, p<0.001).
In addition, they found a link between lymphopenia and increased risk of mortality
(OR 2.5, 95% CI 1.3-4.9, p<0.01), although the authors identified that
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lymphopeniawas less reliable as a measure of malnutrition on its own than some
other methods. Similarly, Hershkovitzet al. (2007) also found albumin status to be
related to LOS. Chevalier et al. (2008) found hand grip strength to be related to a
composite index of nutritional markers including body composition and albumin
levels in a sample of ambulatory rehabilitation patients while gait speed was
associated with mild malnutrition measured using the mini-nutritional assessment.
Koren-Hakim et al. (2012) found a relationship between malnutrition determined by
MNA and prefracture comorbidities (p≤0.001). They also found a relationship with
readmissions over a six month time period, with fewer well-nourished patients
readmitted (36%) than those deemed at risk of malnutrition or malnourished (64%,
p=0.024). They also found a similar pattern for mortality with the well-nourished
participants having lower mortality rate (22.1%) vs. the malnourished (50.5%,
p=0.001) and those at risk of malnutrition (40%, p=0.01) over a period of three years.
Therefore, there is clear evidence of a link between malnutrition and poorer
outcomes for hospitalised older adults, including those following hip fracture.
But while the level of malnutrition in patients with hip fractures and the poor
outcomes associated with it are well defined in the literature, historically in clinical
practice it is under recognised and undertreated (Miller et al. 2001; Nematy et al.
2006), despite evidence that hospital-wide strategies to identify and treat patients can
result in reduced rates of malnutrition in the hospital setting (O'Flynn et al. 2005).
Therefore, promotion of effective treatment of malnutrition in patients with a hip
fracture is important for optimum recovery of function in this group of frail older
adults.
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1.3.3 Treatment strategies for malnutrition
Treatment for malnutrition can involve a number of strategies and is likely to be
dependent upon the cause of malnutrition (DAA Malnutrition Guideline Steering
Committee 2009; Volkert 2013). As discussed previously, the causes of malnutrition
can be multifactorial and need to be addressed as relevant for the particular patient.
For example, providing additional food to a patient without addressing their need for
adaptive equipment or assistance to be able to eat is unlikely to improve the
nutritional status of the patient (Thomas 2001; Volkert 2013). Treatment strategies
for malnutrition usually involve improving nutrient intake to meet requirements
(Thomas 2001).
Strategies to improve nutrient intake include consideration of the timing and
structure of meals, replacing foods with low nutrient densities with more nutrient
dense options, and fortifying foods with additional nutrients (DAA Malnutrition
Guideline Steering Committee 2009; Thomas 2001; Volkert 2013). Commonly
patients with malnutrition are advised to consume smaller portions of food more
often, as they may be overwhelmed by larger portions of food, and to consume
energy and protein dense foods first before ‘filling up’ on other foods e.g. to
consume meat portion of lunch meal first before vegetables (DAA Malnutrition
Guideline Steering Committee 2009; Thomas 2001). Replacing foods with low
nutrient densities with more nutrient dense options forms the basis of the ‘high
energy high protein diet’ commonly prescribed for treatment or prevention of
malnutrition in hospital patients (Thomas 2001). The aim of this diet is to increase
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nutritional density of the diet without increasing the volume. It includes increased
energy from full fat dairy products, a focus on protein sources in the diet such as
meat or dairy products, and fortifying foods with sauces, gravies, cream, cheese,
margarine, butter and ice-cream to add additional energy with minimal volume. In
addition, nutrient dense fluids are also encouraged, as a way of meeting fluid
requirements but also further increasing energy and protein intake (DAA
Malnutrition Guideline Steering Committee 2009). Nutrient dense fluids such as
milk-drinks, creamy soups, juice, soft-drink and cordial should be consumed over
nutrient-poor options such as tea and coffee and water (Thomas 2001). Consuming
nutrient dense fluids and snacks between meals has been shown to improve nutrient
intake for the day overall for patients, despite some concern that if they eat between
meals they will be unable to consume all their meal (DAA Malnutrition Guideline
Steering Committee 2009; Nieuwenhuizen et al. 2010; Thomas 2001).
In addition, many commercial products exist for improving nutrient intake (Thomas
2001). Oral nutritional supplements (ONS) are commercially prepared drinks
fortified to contain additional kilojoules and protein as well as other vitamins and
minerals or bio-actives. Many come in small tetra-packs, designed to be provided to
patients from a mid-meal trolley or with their meal-tray, aiming to bridge the gap
between nutrient requirements and intake in those patients with malnutrition. ONS
typically costs a few dollars per tetra-pack, dependent on the formula and the brand.
There is still much discussion in the literature on whether dietary strategies can
effectively treat malnutrition. There is evidence from a systematic review that protein
and energy supplementation in older adults (predominantly from ONS although other
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dietary methods were also utilised) improves weight status and energy and protein
intake (Milne et al. 2009). In addition there is growing evidence it can reduce
mortality in patients already malnourished (RR 0.79 95%CI 0.64-0.79), although the
effect in patients at risk of malnutrition remains under debate. Benefit for those
patients at risk of malnutrition may lie in preventing them from becoming
malnourished and therefore at risk of the further complications associated with this
(Milne et al. 2009). There is evidence of an effect on reducing risk of complications
(RR 0.86 95% CI 0.75-0.99), although the effect on length of stay and function is
less clear (Beck et al. 2011; Delmi et al. 1990; Gariballa & Forster 2007; Milne et al.
2009).
In patients with hip fractures, nutritional supplementation has been shown to improve
protein and energy intake, indicators of nutrition status, body composition and
attenuate loss of bone mineral density(Avenell & Handoll 2010; Hedström et al.
2006).In addition, there is some evidence it can reduce length of stay and improve
function (Avenell & Handoll 2010; Delmi et al. 1990; Hedström et al. 2006;
Neumann et al. 2004; Tidermark et al. 2004). Meta-analysis showed a reduction in
mortality although this did not reach statistical significance (RR 0.52 95% CI 0.251.07) (Avenell & Handoll 2010). Compliance with dietary interventions remains an
important consideration, as many studies included in the review report poor
compliance rates. However most reported studies test one particular ONS in a
specified dose for a specified period of time (Avenell & Handoll 2010). In practice,
dietitians are more likely to use a variety of methods of increasing protein and energy
intake according to the needs and preferences of the patients, which may be more
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successful in terms of compliance and outcomes. Overall, there is still a need for
good quality trials, and especially a need for trials evaluating the economic
effectiveness of dietary treatment strategies for malnutrition (Avenell & Handoll
2010; Milne et al. 2009).

Introduction

50

1.4 Importance of evaluation of healthcare interventions in
an economic framework
Given the large costs associated with healthcare generally, and especially hip
fracture, providing effective interventions to improve recovery and independence is
increasingly important. Given the finite nature of the resources available to fund the
health sector, the importance of demonstrating not only the clinical impact of
interventions but also their cost effectiveness has received increasing attention
(Drummond et al. 2005). Economic evaluation has been described as a comparative
analysis of alternative courses of action in terms of both their costs and consequences
(Drummond et al. 2005). To achieve this, the analysis must identify, measure, value,
and compare the costs and consequences of alternative healthcare interventions
(Drummond et al. 2005; Milte et al. 2013b).

1.4.1 Methods of economic evaluation
There are five commonly accepted types of economic evaluation, as described in
Table 1.4(Drummond et al. 2005; Gold et al. 1996; Peterson et al. 2009). Briefly they
are cost-minimisation analysis, cost-benefit analysis, cost-consequence analysis,
cost-effectiveness analysis, and cost-utility analysis.
Cost-minimisation analysis should only be conducted where there is sound evidence
for equivalence in both safety and efficacy of both interventions, and has been
overtaken by more advanced methods of analysis which account for differences in
these aspects (Commonwealth Department of Health and Ageing 2002). Cost-benefit
analysis measures and values the costs and benefits of an intervention in monetary
terms only, for example as a reduction in healthcare costs due to a reduction in the
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length of stay. By comparison, cost-consequence, cost-effectiveness, and cost-utility
analysis all work on the assumption that while a new healthcare intervention may
cost more than simply continuing to provide old services, that it is also likely to
provide new benefits or advantages. Therefore, the aim of cost-consequence, costeffectiveness, and cost-utility analysis is to present the costs associated with an
intervention in addition to the proposed new benefits to patients of this intervention.
The implication is that then we determine the ‘worthwhileness’ of funding a new
healthcare intervention by judging whether the benefits provided by the new
intervention outweigh the burden of the intervention in terms of cost.
Cost-effectiveness analysis (CEA) directly compares the costs associated with an
intervention with a measure of clinical or bio-medical measurement of effectiveness.
This allows the calculation of an incremental cost effectiveness ratio (ICER) which
gives the additional costs per unit gain in effectiveness e.g. cost per unit
improvement body mass index by providing dietary advice. Cost-consequence
analysis is a form of economic evaluation where the additional costs and benefits
associated with a new intervention are calculated but they are not combined into a
ratio. Cost-utility analysis is a special type of CEA where the benefits are measured
and valued using ‘utility’ (Torrance 1987). Utility refers to the preference for or
desirability of a particular health state (Torrance 1987). Once measured, the utility
of a particular health state can be combined with the quantity or number of years that
someone spends in a health state to give a standard measure of benefits known as the
Quality Adjusted Life Year (QALY). Cost utility analysis using QALYs is the
preferred method of economic evaluation by regulatory bodies in Australia and
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overseas and is increasingly reported in the academic literature(Commonwealth
Department of Health and Ageing 2002; National Institute for Health and Clinical
Excellence 2008).
There are many ways of measuring utility for determining QALYs, but a commonly
used method is by the application of a multi-attribute utility instrument (MAUI)
(Richardson et al. 2004). MAUIs are validated instruments which provide a
framework with which to describe different health states (or combinations of
response categories), and an off the shelf scoring algorithm for converting individual
responses to utility weights, which indicate the preferences of the general population
for those health states. These values are usually calculated upon a scale where a
value of one is assigned for health states indicating perfect or full health, and zero for
death, with other health states falling on a continuum between these two points
(Drummond et al. 2005). Negative values indicate a health state worse than death and
are possible. It is these utility values that are combined with the length of time that
someone spends in a health state to determine the QALY. For example, one year
lived in perfect health would equal 1 QALY. Half a year lived in perfect health
would equal 0.5 QALY.
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Table 1.4 Accepted forms of economic evaluation
Type of
Evaluation

Abbreviation

Aim

Variables

Outcomes

Cost-utility
analysis

CUA

Resource costs
Measure of
utility (e.g.
Quality
Adjusted Life
Year (QALY))

Ratio of cost per
QALY gained

Costeffectiveness
analysis

CEA

Compares the costs associated
with an intervention with a
measure of utility which
combines the life years gained
by an intervention with a
measure of the quality of those
life years
Compares the costs associated
with an intervention with a
measure of clinical
effectiveness

Cost per unit of
clinical
effectiveness

Costconsequence
analysis

CCA

Compares the costs associated
with an intervention with the
consequences neither without
combining these inputs nor
without indicating the relative
importance of the
consequences.

Resource costs
Measure of
clinical
effectiveness
Resource costs
Consequences

Cost –
benefit
analysis

CBA

Compares the benefits of the
intervention in monetary terms
with the costs of the
intervention

Resource Costs
Benefits of the
intervention in
money

Costminimisation
analysis

CMA

Determine the least costly
intervention where outcomes
for two interventions are
assumed to be equal

Resource costs

List of costs
List of possible
outcomes
Up to the reader
to make
judgements about
the benefits and
drawbacks of the
intervention
Net benefit of the
intervention
expressed in
monetary terms

Difference in
resource costs
between two
interventions

A number of MAUI have been developed but some of the most common include the
EQ-5D, Short Form 6D, Health Utilities Index, and Quality of Well-Being scale
(Brazier et al. 2007; Drummond et al. 2005). In Australia, the Assessment of Quality
of Life (AQoL) has been developed as a MAUI (Hawthorne et al. 1999). The
instruments each have different advantages and disadvantages, having been
developed and validated with different populations, and focusing on different aspects
of health, which need to be appropriately matched to the population being studied
and the expected effect of the intervention (Richardson et al. 2004). Nevertheless, the
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main advantage that all of theMAUIs share is that they cover not only the expected
clinical effects of the intervention, but also any flow on effects to independence, and
other important determinants of quality of life. The MAUI are also able to track the
longitudinal effectiveness of healthcare interventions from a broader perspective than
more traditional clinical outcomes, and also are able to be applied across different
types of healthcare interventions and different populations and still retain their
meaning. It is this flexibility and standardisation which has led to the MAUI used
with the framework of the CUA to be the preferred method of economic evaluation
by many funding bodies in Australia and around the world (Commonwealth
Department of Health and Ageing 2002; National Institute for Health and Clinical
Excellence 2008).

1.4.2 Costs
In addition to tracking the impact of a hip fracture on mortality, morbidity and
function, there has also been increasing consideration of the economic impact of hip
fracture. There have been relatively few studies focusing on the cost of hip fracture
to Australia. Randell et al. (1995) estimated the direct clinical and welfare costs to
Australia for the treatment of all osteoporotic fractures as $AUD779 million per year
for the 1993 population of 17.7 million, with over half of that total cost attributable
to surgical treatment and hospitalised rehabilitation of hip fracture. Given our aging
population and increasing number of hip fractures, total costs to society are also
likely to be increasing (Crisp et al. 2012).
In comparison, Harris et al. (1998) estimated the annual direct medical and nonmedical costs of treating osteoporosis including treatment of recognised osteoporosis
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and fractures as $AUD227 million, a much lower estimate. Harris et al. (1998) found
hospital treatment to account for a larger percentage of the treatment cost, around
three quarters of total cost compared to just under half of the total costs in the
Randell et al. (1995) study. Difference in provision of rehabilitation services could
also be impacting on the cost of treatment with rehabilitation appearing to be a
prevalent aspect of treatment in the Dubbo population of Randell et al. (1995) study,
accounting for 49% of the total costs of fractures in patients admitted. On the other
hand, Harris et al. included a unit cost of $7,454 per rehabilitation stay at a rate of
23% of the hospitalised hip fracture patient sample, making a much smaller
contribution to the total costs of treatment. This is in contrast to current thinking in
treatment, where while some patients may be fit enough to return home directly after
an acute surgical stay, the majority will require some form of institutional or homebased rehabilitation (Handoll et al. 2009). Current guidelines for treatment of hip
fracture encourage practitioners to ensure all patients have access to rehabilitation as
part of orthogeriatric care (Mak et al. 2010a; Mak et al. 2010b). Therefore, to apply a
cost for institutional rehabilitation of 23% is likely to underestimate the total costs of
effective treatment in this frail older group.
In addition, Harris et al. (1998) may have underestimated the cost of community
allied health input following hip fracture. They recognised that all patients
discharged to the community would need input post discharge from a
physiotherapist, however allowed in their estimations of cost for only a single one
hour visit to take place. This is in contrast to Australian guidelines which recommend
most patients with hip fracture are likely to need ongoing physiotherapy treatment
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post discharge from hospital to improve function and for secondary prevention
purposes (Mak et al. 2010a). In addition, many patients may also require support
from other allied health professionals as part of multidisciplinary rehabilitation, such
as occupational therapists, and dietitians. Therefore, again the Harris et al. (1998)
study could be underestimating the true costs required for effective rehabilitation
following hip fracture.
The economic impact of hip fracture can be considered in three main parts: the cost
of the acute medical care such as the initial hospitalisation and surgery or medical
complications directly related to the fracture, the costs of the rehabilitation period,
and the long term costs of providing supportive care for patients with reduced
function such as community care services for patients still residing at home, or costs
of providing residential care for those unable to return to live independently. The
costs of the initial hospital admission for hip fracture can include the costs of any
emergency department admission, pre-operative care, any procedures and prosthesis
and equipment needed, ward care and in some cases stays in intensive or critical care
wards. Studies that have included an estimate of the cost of providing medical care
following a hip fracture are shown in Table 1.5 below. Costs have been converted to
Australian dollars for ease of comparison. The costs post hip fracture for medical
care appear to vary from $1,758 to over $20,000 depending on location and year the
study was conducted, and whether the initial admission only is included or
subsequent readmissions and medical care as well (Clark et al. 2008; Tarride et al.
2012). The majority of measured values are above the average cost of a
hospitalisation in Australia ($4,500) (Australian Institute for Health and Welfare
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2013), while for other complex acute admissions such as heart failure the cost of
admission has been estimated as $19,714 (Titler et al. 2008). Studies have estimated
the medical costs for the year following hip fracture between $8,206 (De Laet et al.
1999) and $27,642 (Ohsfeldt et al. 2006). This is more than other clinical conditions
suffered by older people such as systolic heart failure ($8,436 per year) or
Parkinson’s disease ($13,952 per year excess costs related to the disease) (Kowal et
al. 2013; Mejhert et al. 2013) but less than some other complex health conditions
such as COPD patients hospitalized with pneumonia ($49,547 per year).
Given the large impact of a hip fracture on function, provision of inpatient or
ambulatory community-based rehabilitation also contributes to costs associated with
hip fracture. Five studies listed in Table 1.6 gave a cost for rehabilitation and
medical care following a hip fracture (Bjornelv et al. 2012; Hollingworth et al. 1995;
Shi et al. 2009; Tamulaitiene & Alekna 2012; Woolcott et al. 2012). Costs varied
from $3,740 (Tamulaitiene & Alekna 2012) up to $40,560 for a Canadian study
(Woolcott et al. 2012).
Further beyond the initial period of admission and rehabilitation, there remain
ongoing costs associated with longer-term recovery including general medical and
specialist appointments, and drug therapy to prevent further fractures. In addition
there are large costs associated with providing care to the majority of previously
independent patients who will not regain this status (Drummond et al. 2005). This
can include such costs as providing assistance to the community-dwelling such as
help with personal care tasks, household tasks, and adaptive equipment (Drummond
et al. 2005). Ultimately there are very large costs associated with the admission to
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residential aged care facilities if patients are unable to be supported in the
community. While the hip fracture alone may not be the sole reason for the decision
to admit the patient to the facility, it is likely to be a major contributing factor to the
decision. Therefore, given the large impact of poor recovery from a hip fracture on
healthcare spending, economic evaluation of therapies for improving outcomes
following hip fracture rather than just considering clinical effectiveness alone forms
an important part of evaluating the effectiveness of therapies. Assisting patients to
achieve maximum recovery of function and health following a hip fracture may
require input of services around the time of admission including staff time and
consumables. But if such an intervention is able to promote independence and
recovery of health status of patients it may result in cost savings by preventing or
delaying some of the ongoing increased health and social care costs associated with a
hip fracture (Drummond et al. 2005).
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Table 1.5 Studies estimating the medical costs associated with hip fracture
Reference

Average Cost

$AUD Cost

Method

Timeframe

Included

Sahota et al. 2012

₤9,000

15,930

Cohort study

Hospitalisation

Acute hospitalisation

Tarride et al. 2012

$CAD20,750

21,580

Burden of Illness study. Population level data
used

Hospitalisation

Acute Hospitalisation

Clark et al. 2008

$US1,613 –
13,778

1758 15018

Cohort study

Hospitalisation

Acute hospitalisation

Johansson et al. 2006

€9,740

14,415

RCT

Hospitalisation

Acute hospitalisation, one outpatient visit

Maravic et al. 2005

€8,570

12,684

Cohort study

Hospitalisation

Acute Hospitalisation

Braithwaite et al. 2003

$US8,900

9,701

Model 1

Hospitalisation

Acute hospitalisation

Autier et al. 2000

€8,667

12,827

Case control study

Hospitalisation

Acute Hospitalisation

Viswanathan et al.
2012

$US17,923

19,536

Retrospective cohort study

6 months

Hospitalisations

Gutiérrez et al. 2011

€4,391

6,499

Retrospective Cohort study

1 year

Hospitalisations

60

Ohsfeldt et al. 2006

$US23,266

25,3560

Cohort study

1 year

Hospitalisations

Gabriel et al. 2002

Direct excess cost2
$US3,884

4,233

Case control study

1 year

Hospitalisation and hip-related
readmission

Bessette et al. 2012

$CAD15,000

15,600

Cohort study of health databases

2 years

Hospitalisation

1 Modelled economic data uses likely costs and epidemiologic data gained from academic literature, government reports or agreed estimates and combines these to give an indication of the likely economic outcomes
2Direct excess cost refers to the additional medical cost due to the hip fracture. It is calculated by subtracting the mean pre-fracture medical cost from the mean post-fracture cost
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Table 1.6 Studies estimating the cost of hip fracture including rehabilitation
Reference

Average Cost

$AUD Cost

Method

Timeframe

Included

Woolcott et al. 2012

$CAD39,000

40,560

Prospective cohort
study

Hospitalisation

Acute hospitalisation, inpatient rehabilitation

Hollingworth et al.
1995

₤5,000

8,850

Cohort study

Hospitalisation

Hospitalisation, inpatient rehabilitation costs, hip-related
readmissions, outpatient visits

Tamulaitiene et al.
2012

€2,527

3,740

Retrospective cohort
study

1 year

Hospitalisation, inpatient rehabilitation, hip-related readmission

Shi et al. 2009

$US25,332

27,612

Case Control study

1 year

Hospitalisation, outpatient costs, physical therapy, medications

Bjornelv et al. 2012

€25,00028,000

37,000 –
41,440

RCT

2 years

Hospitalisation, rehabilitation, hip-related readmissions
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Table 1.7 Studies estimating the cost of hip fracture including social and community care costs
Reference

Average
Cost

$AUD Cost

Method

Timeframe

Included

Gutiérrez et
al. 2011

€5,336

7,897

Retrospective
Cohort study

1 year

Hospitalisation, Outpatient visits, prescription medications

Ohsfeldt et
al. 2006

$US26,856

29,273

Cohort study

1 year

Hip-fracture related hospitalisation, readmissions, residential aged care admission,
outpatient visits

Autier et al.
2000

€12,245

18,123

Case control
study

1 year

Hip-fracture related hospitalisation, rehabilitation, community services, outpatient
visits and nursing home costs

De Laet et al.
1999

$US11,172

12,178

Case control
study

1 year

Hospitalisation, outpatient visits, medications and nursing home costs

Dolan et al.
1998

₤12,124

21,460

Case control
study

1 year

Acute hospitalisation, new post-fracture community services, outpatient visit,
pharmaceuticals for treatment of osteoporosis, residential aged care

Randell et al.
1995

$AUD15,984

15,984

Cohort study

1 year

Hospitalisation, rehabilitation admissions, outpatient doctor and allied health visits,
imaging and pathological analyses, pharmaceuticals commenced post fracture,
community services and residential aged care

Braithwaite
et al. 2003

$US81,300

88,617

Markov state
transition model

Life-time
costs

Hip-fracture related hospitalisation, nursing home admission, community services
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1.5 Aims
The overall aim of this thesis is to apply a number of methods of economic
evaluation to multidisciplinary rehabilitation strategies in older adults following a hip
fracture, especially focusing on nutrition and exercise therapy. While both nutrition
and exercise therapy will be discussed throughout the thesis, emphasis will be placed
on the effect of nutrition therapy as this is within the expertise of my discipline.
There are four sub-aims for this thesis:
1. To conduct a systematic review of protein and energy supplementation for
treatment and prevention of malnutrition from an economic viewpoint.
2. To determine the economic effectiveness of combined individualised
nutrition and exercise therapy for rehabilitation following a hip fracture.
3. To empirically compare the performance of two MAUI instruments in
patients following a hip fracture for use in future CUA of healthcare
interventions in this group.
4. To determine patient preferences for rehabilitation following a hip fracture
for consideration when planning future healthcare interventions.
These sub-aims will be met by four main projects forming the bulk of the thesis. The
first project (discussed in chapter two) will outline a systematic review of the
available economic evidence for treatment and prevention of malnutrition. Chapter
three will present the second project, a CUA of an individualised nutrition and
exercise intervention for rehabilitation in older adults following a hip fracture.
Chapter four will compare the performance of two MAUI in a group of patients with
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hip fractures (project three), to provide evidence for their incorporation into
economic evaluations of health care interventions such as multidisciplinary
rehabilitation in older adults in the future. In chapter five, a different method of
economic evaluation known as a Discrete Choice Experiment (DCE) which
quantifies not only the value that patients receive from the outcome of a healthcare
intervention, but also aspects of providing healthcare, will be applied to determine
preferences of patients for rehabilitation following a hip fracture (project four).
Chapter six will provide discussion of the key outcomes of the projects, and provide
a focus for future research in this area.
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2 SYSTEMATIC REVIEW OF THE EVIDENCE FOR
PROTEIN AND ENERGY SUPPLEMENTATION AS A
TREATMENT STRATEGY FOR MALNUTRITION IN
REHABILITATION
This chapter contains material from:
Milte, RK, Ratcliffe, J, Miller, MD & Crotty, M 2013, ‘Economic evaluation for
protein and energy supplementation in adults: opportunities to strengthen the
evidence’ European Journal of Clinical Nutrition, vol. 67, pp. 1243-1250.
This chapter describes a systematic review conducted to determine the quantity and
quality of the economic evidence available for providing protein and energy
supplementation for treatment or prevention of malnutrition. Protein and energy
supplementation was chosen as the intervention of interest due to its widespread use
as a method of preventing and treating malnutrition. As discussed in section 1.3.3,
there is now evidence to support the clinical benefits of dietary methods to prevent
and treat malnutrition, including improvements in markers of nutritional status,
preservation of muscle mass and strength, reduction in complications and mortality
(Avenell & Handoll 2010; Milne et al. 2009). However, the economic benefits of
dietary treatments have so far received little attention. Therefore, the aim of the
review was to identify studies that included an economic evaluation of protein and
energy supplementation in adults for treatment or prevention of malnutrition, to
provide an assessment of the quality of that literature, and an indication of the likely
cost-effectiveness of such strategies based on the available evidence.
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2.1 Methods
2.1.1 Search strategy
A search strategy (see Appendix 1: Search strategy used for Medline database) was
developed largely replicating that published by Milne et al. in their review of protein
and energy supplementation for treatment of malnutrition in older adults, but with
additional search terms to identify studies with economic evaluation (Milne et al.
2009). While the review published by Milne et al. originally dealt with only older
adults (average age 65 years and above), due to the paucity of economic evidence the
search strategy was widened to include all adults (18 years and above) thereby
facilitating a broader analysis of the quantity and quality of the economic literature.
Inclusion criteria were as follows. The review included hospital, residential aged
care and community dwelling populations. The focus was specifically upon
economic evaluation studies reported either as stand-alone papers or as components
of papers which also included a broader focus upon clinical effectiveness.
Interventions of interest were those aiming to increase the energy and protein levels
of individuals via oral administration. Interventions which included a mix of
interventions such as nutrition screening and assessment, dietary advice, and feeding
assistance in addition to protein and energy supplementation were included. Types
of studies included were any comparative study, including randomised controlled
trials, and non-randomised controlled trials. Studies employing economic modelling
methods were also included. Exclusion criteria included trials purely based on
patients in critical care or recovering from cancer treatment as these patients
typically have highly specialised nutritional needs. Relevant comparators included
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‘usual practice’ (i.e. ad hoc dietary care or an alternative nutritional supplement with
a different energy and protein content) or a ‘placebo’ (such as a low energy drink).

Databases searched included Cochrane register of Controlled Trials (from 1898 until
September 2013), Medline (from 1946 until September 2013), Scopus (from 1823
until September 2013), Web of Knowledge (from 1950 until September 2013),
CINAHL (from 1957 until September 2013) and Australasian Medical Index (from
1968 until September 2013).

In addition, any reviews of the topic that were identified through the above methods
were checked for additional studies that had not been previously identified.
Reference lists of identified articles or reviews of protein and energy
supplementation or nutrition therapy were also checked for additional references.

2.1.2 Data collection and analysis
Two reviewers independently identified studies from the search results for further
analysis by scanning the title, abstract, and key words of the studies for evidence that
they compared a protein and energy supplemented diet with no intervention, a
placebo, or an alternative supplement and involved adult participants. If there was
any doubt about the eligibility of the article, it was retrieved for further investigation.

All information was extracted independently by the two reviewers. All differences in
extraction were clarified with a third reviewer by going back to the original article.
Information extracted included: study design, participants, intervention, sample size,
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follow up period, results, and inclusion of sensitivity analysis (which measures the
variability around the base-case results, often through varying imputed data across a
likely range of possible values, or through modelling possible alternative results in a
technique known as bootstrapping), and discounting of future costs and benefits
(where applicable) (Drummond et al. 2005). Discounting refers to the practice of
applying a discounting rate to benefits that are gained by consumers one year or
more in the future, to account for the well described phenomenon of the consumer
valuing benefits they receive earlier higher than those they must wait for (Drummond
et al. 2005). The quality of the economic evaluations in the articles was assessed
using the 35 point checklist developed by Drummond and colleagues for quality
submission of economic evaluations to journals (Drummond et al. 2005). These
criteria (see Table 2.1) assess the quality of the economic evaluation in terms of
study design, data collection, analysis and interpretation of results, and allow
assessment of economic evaluations based on single trial data and combinations of
data into economic models. Similarly to the previous review, studies were not
excluded based on the nutritional status of the participants, but identified studies
were categorised into one of two groups according to whether they had targeted
malnourished patients only (according to the criteria within the paper) or did not
specify the nutritional status of their participants for entry to the study for ease of
interpretation and reporting of results. Costs have been converted to Australian
dollars to allow easy comparison.
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Table 2.1 Drummond criteria for assessing quality of economic literature
Study Design
1. The research question is stated
2. The economic importance of the research is stated
3. The viewpoint(s) of the analysis are clearly stated and justified
4. The rationale for choosing the alternative programmes or interventions compared is stated
5. The alternatives being compared are clearly described
6. The form of economic evaluation is justified in relation to the questions addressed
7. The choice of form of economic evaluation is justified in relation to the questions addressed
Data collection
8. The source(s) of the effectiveness estimates used are stated
9. Details of the design and results of effectiveness study are given (if based on a single study)
10. Details of the method of synthesis or meta-analysis of estimates are given (if based on an
overview of a number of effectiveness studies)
11. The primary outcome measure(s) for the economic evaluation are clearly stated
12. Methods to value health states and other benefits are stated
13. Details of the subjects from who valuation were obtained are given
14. Productivity changes (if included) are reported separately
15. The relevance of productivity changes to the study question is discussed
16. Quantities of resources are reported separately from their unit costs
17. Methods for the estimation of quantities and unit costs are described
18. Currency and price data are recorded
19. Details of currency of price adjustments for inflation or currency conversion are given
20. Details of any model used are given
21. The choice of model used and the key parameters on which it is based are justified
Analysis and interpretation of results
22. Time horizon of costs and benefits is stated
23. The discount rate(s) is stated
24. The choice of rate(s) is justified
25. An explanation is given if costs or benefits are not discounted
26. Details of statistical tests and confidence intervals are given for stochastic data
27. The approach to sensitivity analysis is given
28. The choice of variables for sensitive analysis is justified
29. The ranges over which the variables are varied are stated
30. Relevant alternatives are compared
31. Incremental analysis is reported
32. Major outcomes are presented in a disaggregated as well as aggregated form
33. The answer to the study question is given
34. Conclusions follow from the data reported
35. Conclusions are accompanied by the appropriate cavets
(Taken from Drummond et al. 2005)
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2.2 Findings
2.2.1 Results of the search
3,574 titles were identified through the search (Figure 2.1 Flow diagram showing
study selection process). Of those titles, the vast majority could be excluded via
reading the titles or the abstract (3,451 out of the 3,574), as their focus was not health
care but agricultural practices, animal health or manufacturing of food, or did not
include an intervention to increase dietary energy or protein.

A total of 123 papers had the full text of the title accessed and of those a further 101
were excluded due to lack of an intervention to increase energy and protein intake
via the normal oral route (e.g. included parental nutrition or naso-gastric, nasoenteric, or percutaneous endoscopic gastrostomy (PEG) feeding (n=16), did not
include economic outcomes (n=32), did not include a dietary intervention to increase
energy or protein (n=47) or were testing supplementation of immunomodulatory
components within a protein and energy supplement (n=6). Two papers were
protocols for studies not yet published and were therefore excluded. This left 20
papers including an economic evaluation which were analysed in the review.

Systematic review

71

Records identified through
database searching
n=3574

Excluded on review of the title or
abstract n=3451
Not healthcare focus
Did not includean intervention to
increase dietary energy or protein

Full-Text article retrieved
and assessed foreligibility
n=123

Excluded on review of the full-text article
n=103
Intervention not via normal oral route:
n=16
No economic outcomes: n=32
No dietary intervention to increase energy
or protein: n=47
Test immunomodulatory components within
a protein and energy supplement vs protein
and energy supplement only: n=6

Studies included in qualitative

Protocols for Studies: n=2

analysis n=20

Figure 2.1 Flow diagram showing study selection process
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2.2.2 Results of studies where participants were defined as
malnourished
Six studies targeted malnourished patients using a variety of identification methods
(e.g. Subjective Global Assessment, Mini Nutritional Assessment, BMI, history of
unplanned weight loss), listed in Table 2.2. Of those studies three included a cost
utility analysis (Neelemaat et al. 2012; Norman et al. 2011; Pham et al. 2011), with
the remaining studies including cost benefit analyses (Freijer & Nuijten 2010; Freijer
et al. 2012) and a cost consequence analysis respectively (Edington et al. 2004). Two
of the studies reporting a cost utility analysis (Neelemaat et al. 2012; Norman et al.
2011) and the cost consequence analysis (Edington et al. 2004) were based on the
results of randomised controlled trials both with sample sizes of 100 participants or
more while the cost benefit analyses and one cost utility analysis (Freijer & Nuijten
2010; Freijer et al. 2012; Pham et al. 2011) were based on modelled data. All of the
studies utilized oral nutritional supplements (ONS) as their intervention, although
Norman et al. (2011) also provided dietary counselling to their intervention and
control groups. The participants were from different clinical groups with two studies
focusing on patients with gastrointestinal disease (Freijer & Nuijten 2010; Norman et
al. 2011), two with older adults admitted to hospital (Edington et al. 2004; Neelemaat
et al. 2012), one with older adults in residential care facilities (Pham et al. 2011), and
one in community dwelling older adults (Freijer et al. 2012). The studies also
differed in the costs they included in their analysis. Norman et al. (2011) only
included the incremental cost of the intervention in their analysis, excluding any
wider effect on the health system, while most other studies took a wider view point
including costs of medical treatment and social care in the community (Edington et
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al. 2004; Freijer et al. 2012; Neelemaat et al. 2012). There was a great variety in
outcomes measured as listed in Table 2.2. The cost utility analysis by Norman et
al.(2011) found that providing 3 months of ONS to malnourished patients with
benign gastrointestinal disease was associated with an ICER between $AU14,05617,907 per quality-adjusted life year (QALY) gained. Although in Australia no
explicit guideline for determining the cost effectiveness of new healthcare
technologies has been provided, the Pharmaceutical Advisory Committee appears to
consider interventions with cost per QALY below $50,000 as cost effective, and this
intervention is well within this threshold indicating relatively high cost effectiveness
(Harris et al. 2008). Neelemaat et al.(2012) neared the cost-effectiveness threshold in
their CUA providing ONS to older people admitted to hospital as well as routine
Vitamin D and Calcium supplementation and telephone support from a dietitian upon
discharge after showing a small gain in QALY in the intervention group compared to
their control. However, the study showed fewer declines in function in the
intervention compared to the control group, which equated to a cost of $915 for a one
unit reduction in functional limitations as measured by the Longitudinal Aging Study
Amsterdam questionnaire. Cost benefit studies conducted in the Netherlands
indicated cost savings of over $300 per patient in abdominal surgery patients
receiving 2 cartons of ONS per day during their hospitalisation through a reduced
length of stay (Freijer & Nuijten 2010), and reported total budget savings of over $17
million for the provision of ONS for treatment of malnutrition in community
dwelling older people (Freijer et al. 2012). Pham, Stern, et al. (2011) found provision
of ONS for the treatment of pressure ulcers in malnourished patients of residential
care facilities was not cost effective in isolation, but argued that nutrition may play a
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wider role in supporting other prevention strategies they were unable to model for in
their analysis. The remaining study was conducted in a community dwelling sample
of older people over a six to 12 month follow up period and failed to demonstrate
any cost savings for an eight week intervention in a population of elderly and already
malnourished subjects (Edington et al. 2004). In summary therefore although the
available economic evidence is scant, the studies which have been undertaken to date
do demonstrate the potential for protein and energy supplementation in patients
identified as malnourished to provide cost savings to the health system of millions of
dollars in addition to improved health outcomes for patients.
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Table 2.2 Design and cost outcomes of included studies when participants defined as malnourished
Citation

Design

Intervention

Population

n
Subjects

Follow Up

Method

Sensitivity
Analysis

Discount

Unit

Cost per Additional
Unit

Cost
Intervention

Cost
Comparison

(Neelema
at et al.
2012)

RCT

3 months

CUA

Yes

N/A

QALY

€26,962
$AUD39,904

€9,129 (1227)1,2
$AUD13,511
(1,816)

€8,684
(1,361)1,2
$AUD 12,852
(2,014)

RCT

Hospitalised
older adults
(Malnourish
ed according
to BMI or
weight loss)
Benign GI
disease
(Malnourish
ed according
to SGA)

210

(Norman
et al.
2011)

ONS (2520kJ
and 24g
protein) and
malnutrition
treatment
protocol
ONS 3/12
(2505kJ and
23g protein)

120
I=60
C=54

3 months

CUA

Yes

N/A

QALY

€9,497-12,099
$AUD14,05617,907

€561 (514609)3,4
$AUD830 (761901)

€22 (0-73)3,4
$AUD 33 (0108)

(Pham et
al. 2011)

Model

ONS (1 carton
per day,
8.4kJ/mL
formula )

N/A

3.8 years

CUA

Yes

Yes

QALY

$CAD7,824,747
$AUD8,137,737

-

-

(Freijer et
al. 2012)

Model

ONS (2
cartons per
day, NFS)

Residential
Care
(Malnourish
ed according
to weight
loss)
Community
dwelling
older people

720223

1 year

CBA

Yes

N/A

Total budget
savings

€12,986,000
$AUD19,219,280

€262,657,0005
$AUD
388,732,360

€2756430005
$AUD
407,951,640

(Freijer &
Nuijten
2010)

Model

ONS (2
cartons per
day, NFS)

Abdominal
surgery

N/A

Per
admission

CBA

Yes

N/A

Cost of
hospitalisation

-€252
$AUD 373

-

-

76

(Edington
et al.
2004)

RCT

ONS from
hospital (2500
– 4200kJ)

Recently
100
6 months
CCA
No
N/A
£2,989
hospitalised
(4,418)2,6
I=51
older adults
$AUD5,291
C=49
(Malnourish
(7820)
ed according
to BMI or
weight loss)
Abbreviations: BMI=Body Mass Index, C=Control, GI=Gastrointestinal, I=Intervention, N/A=Not applicable, NFS= Not further specified, ONS=Oral nutritional
supplements, QALY=Quality adjusted life year, RCT=Randomised controlled trial, SGA=Subjective global assessment
1 Standard Error
2 Costs included for providing medical treatment and social services only
3 Costs included for providing intervention only
4 95% CI
5 Costs included for medical treatment and social services related to treatment of DRM
6 Standard Deviations

£2,146
(2,238)2,6
$AUD3,798
(3961)
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2.2.3 Results of studies where nutritional status not specified
Table 2.3presents the results of studies including an intervention to improve
nutritional status in a group of participants where their nutritional status was not
specified (Allen 2013; Dangour et al. 2011; Hoogendoorn et al. 2010; Kruizenga et
al. 2005; Lawson et al. 2003; Lorefält et al. 2011; Philipson et al. 2013; Roulin et al.
2013; Russell 2007; Rypkema et al. 2003; Simmons et al. 2010; Smedley et al. 2004;
Tucker & Miguel 1996; Wyers et al. 2013). Although relatively more studies were
identified in this category, the studies were very diverse in terms of setting,
interventions, and outcomes measured, making any direct comparisons across studies
very difficult. In terms of study design, a range of designs were employed including
randomised controlled trials (Dangour et al. 2011; Hoogendoorn et al. 2010;
Simmons et al. 2010; Smedley et al. 2004; Wyers et al. 2013), a number of non or
quasi-randomised designs (Allen 2013; Kruizenga et al. 2005; Lawson et al. 2003;
Lorefält et al. 2011; Roulin et al. 2013; Rypkema et al. 2003), observational designs
(Philipson et al. 2013), and modelled studies (Russell 2007; Tucker & Miguel 1996).
Although sample size varied from less than 100 to over 2000, half of the studies
included between 100 and 300 participants. Of the identified studies only two
utilized a cost-utility approach (Hoogendoorn et al. 2010; Wyers et al. 2013).
Hoogendoorn et al. (2010) assessed a multidisciplinary intervention including
exercise and smoking cessation counselling in addition to ONS in community
dwelling adults with chronic obstructive pulmonary disease and was found to be near
the cost effectiveness threshold at $39,438 per QALY gained. Wyerset al. (2013)
assessed the cost-utility of dietetic intervention including ONS in patients with hip
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fracture and found the cost-utility ICER outside accepted thresholds ($4,000 above
the implied threshold of $50,000 per QALY in Australia), however they assessed
their intervention as likely to be cost effective based on ICER of $357 per kg weight
gained. Both studies used a set volume of ONS provided to patients for a set
duration, not dependent on individual patient needs. Four of the studies utilized a
cost-effectiveness analysis and reported upon a diverse range of outcome indicators
including cost per one day reduction in length of stay, cost per kilocalorie consumed,
or cost per kg of weight gained (Dangour et al. 2011; Kruizenga et al. 2005;
Rypkema et al. 2003; Simmons et al. 2010). Findings ranged from a cost of $0.01 per
kilocalorie additional consumed to cost of $113 per one day reduction in length of
stay. Although Dangouret al. (2011) found an ICER of $7 per additional metre
walked by their intervention group in a timed walking test, they only included the
costs for the physical activity intervention not the nutrition intervention in their
estimates, which could lead to an underestimation. All of these included ONS,
aiming to provide between 1068kJ and 10g protein to 2500kJ and 28g protein
additional per day. Other interventions utilized included mid meal snacks, or
fortified foods and five studies included a multifaceted intervention (two of which
included an exercise or multidisciplinary intervention, and three which included
routine early screening for nutritional status and issues). The studies also focused on
different clinical groups such as patients from residential care homes (Lorefält et al.
2011; Simmons et al. 2010), patients with COPD discharged to the community
(Hoogendoorn et al. 2010), community dwelling older adults (Dangour et al. 2011),
and a large number focusing on patients from various hospital wards (Kruizenga et
al. 2005; Lawson et al. 2003; Russell 2007; Rypkema et al. 2003; Smedley et al.
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2004; Tucker & Miguel 1996; Wyers et al. 2013). Follow up period was similarly
varied across the studies ranging from the duration of hospital stay to a two year
period, with the greatest proportion of studies (eight out of 14) centred on the period
of hospitalisation. In addition, the costs included in the analysis varied from the
incremental costs of providing the intervention only (Dangour et al. 2011; Kruizenga
et al. 2005; Simmons et al. 2010), compared to wider viewpoints including the costs
of providing the intervention and medical treatment over the follow up time period
(Allen 2013; Hoogendoorn et al. 2010; Lawson et al. 2003; Lorefält et al. 2011;
Philipson et al. 2013; Roulin et al. 2013; Russell 2007; Rypkema et al. 2003;
Smedley et al. 2004; Wyers et al. 2013). One study focused on the changes in
hospitalisation costs only (Tucker & Miguel 1996). Overall, while the heterogeneity
of the studies makes synthesis of the outcomes difficult, they have indicated
beneficial outcomes for the patient or health system, at a relatively low cost.
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Table 2.3Design and cost outcomes of included studies where nutritional status not specified
Citation

Design

Intervention

Population

n Subjects

Follow
Up

Method

Sensitivity
Analysis

Discount

Unit

Cost per
Additional
Unit

Cost
Intervention

Cost
Comparison

(Wyers et al.
2013)

RCT

ONS (2 cartons
per day)

Hip fracture

152
I=73
C=79

6 months

CUA

Yes

N/A

QALY

€36,943
$AUD54,676

(Hoogendoorn
et al. 2010)

RCT

COPD

199
I=102
C=97

2 years

CUA

Yes

No

QALY

€32,425
$AUD47,989

€22,896
(16,834)1,2
$AUD33,886
(24,914)
€10,8143
$AUD16,005

(Dangour et
al. 2011)

Randomised
factorial trial

ONS 4/12
(2351kJ and 28g
protein)
plus multidisciplinary
intervention
ONS (1068kJ
and 10g protein)
and/or physical
activity

€23,353
(16,124)1,2
$AUD34,562
(23,864)
€13,5653
$AUD20,076

Communitydwelling
older adults

1669
ONS = 414,
ONS+PA=452
PA=403
C=400

2 years

CEA

Yes

Yes

Meter walked
in 6 minute
walking test

$US4.844
$AUD5.28

Nutrition
intervention
$US915
$AUD99

-

(Simmons et
al. 2010)

RCT

Snacks or ONS
(NFS)

Residential
Care

63
ONS=18
Snacks=24
C=19

6 weeks

CEA

Yes

N/A

kCal
consumed

$US0.01
$AUD0.01

ONS $US2.13
(0.37)1,5
$AUD2.32
(0.40)

-
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(Kruizenga et
al. 2005)

Historical
controlled
trial

Malnutrition
treatment
protocol
including
high energy and
protein meals
(2500kJ and 12g
protein
additional)

Mixed ward
patients

588
I=297
(HEHP =98)
Cd=291

Per
admission

CEA

Yes

N/A

One day
reduction in
LOS

€35
(-1239-109)6
$AUD52 (2230-161)

€37
(15-58)5,6
$AUD55 (2286)

-

(Rypkema et
al. 2003)

Quasirandomised
controlled
trial

Geriatric
ward
patients

298
I=140
C = 158

Per
admission

CEA

Yes

N/A

Kg gained

-€392
-$AUD580

€75167
$AUD11,124

€79087
$AUD11,704

(Russell
2007)

Model

Malnutrition
protocol
including
treatment with
high energy diet
or ONS (NFS)
ONS (NFS)

Surgical
patients

N/A

Per
admission

CBA

No

N/A

Cost of
hospitalisation

-

-

(Smedley et
al. 2004)

RCT

ONS (6.3kJ and
0.05g protein per
ml drink ad
libitum) before
and after surgery
(SSgroup) vs
ONS before (SC
group) vs ONS
after (CS group)
vs control (CC
group)

Surgical
patients

152
CC=44
SS=32
CS=35
SC=41

Up to 96
days

CBA

Yes

N/A

Cost of
hospitalisation

-₤849
-$AUD1503
-₤300
-$AUD531

SS ₤2,289
(2034-2717)1,7
$AUD4,051
(3,600-4,809)

₤2,618
(2,2723,181)1,7
$AUD4,634
(4,021-5,630)

82

(Lawson et al.
2003)

Prospective
controlled
trial

ONS (2500kJ
and 20g protein)

(Philipson et
al. 2013)

Case-control
study

ONS (NFS)

(Lorefält et al.
2011)

Nonrandomised
controlled
trial

(Tucker &
Miguel 1996)

Model

Malnutrition
protocol
including high
energy high
protein meal
options (NFS)
for 3 months
ONS (NFS)

Emergency
and elective
orthopaedic
surgery
Hospital
patients

181
I=84
C=97

Per
admission

CBA

No

N/A

Cost of
hospitalisation

-₤16
-$AUD28

₤2,0697
$AUD3,662

₤2,1997
$AUD3,892

1160088

Per
admission

CCA

No

N/A

Cost of
hospitalisation

-

-

Residential
Care

109
I=42
C=37

1 year

CCA

No

N/A

-

-$US4,734
-$AUD5,160
-

€1,0057
$AUD1,487

€9217
$AUD1,363

Hospital
patients

2485

Per
admission

CCA

No

N/A

Cost of
hospitalisation
per year
Cost of
hospitalisation

-$US8,294
-$AUD9,041

-

-

Colorectal
100
Per
CMA
Yes
N/A
-€1,651
€25,3197
Post surgery
€26,9707
surgery
admission
protocol
I=50
-$AUD2,444 $AUD37,472
$AUD39,916
including ONS
patients
C=50
(2 x cartons per
day)
Per
Simple No
N/A
_
_
$US727,2458
(Allen 2013)
Pre/post
Multidisciplinary Older adults 100
$US702,0658
hospitalised I=50
admission cost
quasitreatment
$AUD792,697 $AUD765,251
analysis
experimental protocol
with
C=50
design
including ONS
pressure
ulcer
(405kJ and 18g
protein upto
894kJ and 44g
protein per day)
Abbreviations: C=Control, COPD=Chronic obstructive pulmonary disease, GI=Gastrointestinal, HEHP=High energy high protein diet, I=Intervention, LOS=Length of stay,
N/A=Not applicable, NFS=Not further specified, ONS=Oral nutritional supplements, PA=Physical activity, QALY=Quality adjusted life year,

(Roulin et al.
2013)

Nonrandomised
controlled
trial

83

1 Standard deviations
2 Costs included for providing intervention plus medical treatment and social services only
3 Costs included for providing intervention plus medical treatment and loss of income for participant
4 Costs included for providing physical activity intervention only
5 Costs included for providing intervention only
6 95% Confidence intervals
7 Costs included for providing intervention and medical treatment
8 Total group costs included providing intervention and medical treatment
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2.2.4 Quality assessment of published studies
Overall when assessing the quality of the published studies according to the widely
recognised Drummond criteria the quality ranges greatly between studies, (see Figure
2.2, Figure 2.3, and Figure 2.4). Bars indicate the number of studies for which the
quality criteria was met (black bar), not met (white bar), or not applicable for this
study (grey bar). Studies were of varying quality, with the number of ‘yes’ responses
to the criteria ranging from a minimum of three to 28 out of a possible 35.

20

Number of studies meeting criteria

18
16
14
12
10

No

8

Yes

6
4
2
0
Q1

Q2

Q3

Q4
Q5
Quality criteria

Q6

Q7

Figure 2.2 Number of studies meeting the Drummond criteria for the design of the
studies
Criteria questions are as follows: Q1, the research question is stated; Q2, the economic importance of
the research is stated; Q3, the viewpoint(s) of the analysis are clearly stated and justified; Q4, the
rationale for choosing the alternative programmes or interventions compared is stated; Q5, the
alternatives being compared are clearly described; Q6, the form of economic evaluation used is
stated; Q7, the choice of form of economic evaluation is justified in relation to the questions
addressed

Systematic review

85

Number of studies meeting criteria

20
18
16
14
12
N/A

10

No
8

Yes

6
4
2
0
Q8

Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21
Quality criteria

Figure 2.3 Number of studies meeting the Drummond criteria for data collection
Q8, the source(s) of effectiveness estimates used are stated; Q9, details of the design and results of the
effectiveness study are given (if based on a single study); Q10, details of the method of synthesis or
meta-analysis of estimates are given (if based on an overview of a number of effectiveness studies);
Q11, the primary outcome measure(s) for the economic evaluation are clearly stated; Q12, methods
to value health states and other benefits are stated; Q13, details of the subjects from whom valuations
were obtained are given; Q14, productivity changes (if included) are reported separately; Q15, the
relevance of productivity changes to the study question is discussed; Q16, quantities of resources are
reported separately from their unit costs; Q17, methods for the estimation of quantities and unit costs
are described; Q18, currency and price data are recorded; Q19, details of currency of price
adjustments for inflation or currency conversion are given; Q20, details of any model used are
given;Q21, the choice of model used and the key parameters on which it is based are justified.
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Number of studies meeting criteria

20
18
16
14
12
10

N/A

8

No
Yes

6
4
2
0
Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32 Q33 Q34 Q35
Quality criteria

Figure 2.4 Number of studies meeting the Drummond criteria for analysis and
interpretation of data
Q22, time horizon of costs and benefits is stated; Q23, the discount rate(s) is stated; Q24, the discount
rate(s) is justified; Q25, an explanation is given if costs or benefits are not discounted; Q26, details of
statistical tests and confidence intervals are given for stochastic data; Q27, the approach to sensitivity
analysis is given; Q28, the choice of variables for sensitivity analysis is justified; Q29, the ranges
over which the variables are varied are stated; Q30, relevant alternatives are compared; Q31
incremental analysis is reported; Q32, major outcomes are presented in a disaggregated as well as
aggregated form; Q33, the answer to the study question is given; Q34, conclusions follow form the
data reported; Q35, conclusions are accompanied by the appropriate caveats.

Generally, the studies scored well on question 1 (“the research question is stated”), 5
(“the alternatives being compared are clearly described”), 22 (“time horizon of costs
and benefits is stated”), and 32 (“conclusions follow from the data reported”).
Questions completed less well included 14 (“productivity changes if included are
reported separately”), 15 (“the relevance of productivity changes to the study
question is discussed”), 23 (“the discount rate is stated”), and 24 (“the choice of rate
is specified”).

The paper which had the highest number of ‘yes’ responses to the criteria (n=28) was
Phamet al. (2011), a recently published CUA of ONS in Residential Care patients
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closely followed by Normanet al. (2011) (n=27) a cost utility study of ONS in
malnourished patients with benign GI disease. This study found that ONS was cost
effective. In general, it was found that the more recently published Cost Utility
(Hoogendoorn et al. 2010; Neelemaat et al. 2012; Norman et al. 2011) and Cost
Effectiveness studies (Dangour et al. 2011; Kruizenga et al. 2005; Rypkema et al.
2003; Simmons et al. 2010) were of a higher quality than older published studies in
terms of their adherence to the Drummond criteria. Figure 2.5 shows the number of
criteria met by studies according to the year of publication. There did not appear to
be a relationship between the adherence of the studies to the Drummond criteria and
their likelihood of showing economic benefits.
A few studies included only a partial report of healthcare costs such as general
practitioner or health service visits (Edington et al. 2004; Lorefält et al. 2011; Tucker
& Miguel 1996). However, these studies fail to provide a direct comparison between
the costs and benefits provided by the interventions, and they therefore fail to take
into consideration the value for money of the interventions from an economic
perspective (Brown 2005).
30

Number of criteria met
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20
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Figure 2.5 Comparison of the number of Drummond criteria met and year of study
publication
Systematic review

88

2.3 Discussion
In a comprehensive review of the published literature, twenty papers were identified
which included analysis of providing protein and energy supplementation for
prevention or treatment of malnutrition from an economic view point. Of these, only
five studies(Hoogendoorn et al. 2010; Neelemaat et al. 2012; Norman et al. 2011;
Pham et al. 2011; Wyers et al. 2013) utilised cost-utility analysis, which is currently
recommended as the preferred method of economic evaluation for new health care
interventions by the Pharmaceutical Benefits Advisory Committee and Medical
Services Advisory Committee in Australia, and the National Institute for Health and
Clinical Excellence in the UK as well as many other regulatory bodies around the
world (Commonwealth Department of Health and Ageing 2002; National Institute
for Health and Clinical Excellence 2008).

Wyerset al. (2013) found that the use of ONS and nutritional counselling in patients
with hip fractures was just above accepted cost effectiveness thresholds based on
QALY (approx. $AUD 54,000 just above the $50,000 published threshold for
determining cost effectiveness of healthcare interventions in Australia (Harris et al.
2008)) but that it was likely to be considered cost effective based on a cost per kg of
weight gained of $357. This study represents the first cost-utility analysis of
nutrition support in the nutritionally vulnerable hip fracture population.

Two of the cost-utility studies identified by the review concluded that the
interventions under consideration (ONS for 3 months in patients with benign
gastrointestinal disease who were also malnourished and ONS for 2 years in adults
with Chronic obstructive pulmonary disease) were cost effective (Hoogendoorn et al.
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2010; Norman et al. 2011). In both studies, the incremental cost per QALY ratios
were below threshold values for determining cost effectiveness (Harris et al. 2008).In
another CUA, Neelemaat et al. (2012) neared the cost-effectiveness threshold for
their intervention of ONS in malnourished hospitalised older adults, while Pham et
al. (2011) did not show cost effectiveness in prevention of pressure ulcers in
malnourished older people living in residential care facilities.

Studies identified in this review indicate an incremental cost of between -$AUD580
to $52 for health outcomes such as a reduction in one day length of stay, additional
metre walked, additional calories ingested, or per kg of weight gained (Dangour et al.
2011; Kruizenga et al. 2005; Lawson et al. 2003; Lorefält et al. 2011; Russell 2007;
Rypkema et al. 2003; Simmons et al. 2010; Smedley et al. 2004; Tucker & Miguel
1996).However, while these indicators appear broadly favourable, it is difficult to
synthesise these outcomes due to their heterogeneous nature (Darmon et al. 2008).
The utilization of the QALY, a generic measure of health outcome, for application
within cost-utility analysis can be helpful in this regard in demonstrating the ‘value
for money’ of nutrition therapy in a world of competition for scarce health budget
resources (Darmon et al. 2008). The paucity of economic evidence has also been
proposed as the main reason for the failure for uptake of national and international
evidence based guidelines in the clinical setting (Darmon et al. 2008). Within this
context, the lack of economic evaluations of protein and energy supplementation for
malnutrition treatment coupled with the lack of utility-based outcomes for facilitating
comparison across interventions and disease areas for decision-making is therefore a
serious concern.
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In addition, there were a small number of published studies evaluating the economic
benefits of protein and energy supplementation in older adults. However, this target
group has received more attention recently, with three cost utility studies published
within the last two years (Freijer et al. 2012; Neelemaat et al. 2012; Pham et al. 2011;
Wyers et al. 2013). Of three cost effectiveness studies identified that targeted older
participants, one failed to include the cost of the nutrition therapy itself in their
estimation of cost effectiveness (which involved a physical function measure)
(Dangour et al. 2011).

Many identified studies have a short follow up time of one year or less. This
presents a challenge for clinicians aiming to demonstrate the benefits of nutrition
support, as the short follow up time may not be long enough to allow the benefits to
become apparent. When one study in community living elderly over a six to 12
month follow up period did not show cost savings in the intervention group
compared to the control group, the authors hypothesised that their eight week
intervention was not sufficient to show improvement in their elderly and already
malnourished population (Edington et al. 2004). In addition, previous studies in frail
older adults with lower limb fractures (including hip fracture) have also listed short
term provision of intervention as a reason for their intervention being limited in
effect (Miller et al. 2006b).

The potential economic benefits of protein and energy supplementation for the
prevention and treatment of malnutrition could be generated via a number of effects
on the individual and at a wider societal level. In the acute setting, providing
adequate protein and energy could help reduce the risk of malnutrition or treat
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existing malnutrition. Through preventing and treating malnutrition, protein and
energy supplementation could reduce the risk of developing complications following
surgery, and improve recovery time, reducing expenditure of hospital resources in
treating infections and complications and providing costly medical care releasing
hospital resources to be used by another patient (Milne et al. 2009). The economic
benefits seen in Freijer&Nuijten (2010), Russell (2007), Smedley et al. (2004) and
Lawson et al. (2003) were based on reductions in complications or length of stay
during hospital admission with the provision of protein and energy supplementation.
On the other hand, the improvement could be broader, in assisting the optimum
health of older adults in the community, protecting against the development of frailty
and associated loss in physical and functional abilities (Avenell&Handoll 2010;
Delmi et al. 1990, Hedström et al. 2006; Neumann et al. 2004; Tidermark et al.
2004). If this allowed the individual to remain independent for longer, or delayed
their admission to residential care, this could be associated with a cost savings at a
societal level. As yet, this potential benefit has not been illustrated in the economic
evaluations of protein and energy supplementation published currently. The
economic benefit of protein and energy supplementation for treatment or prevention
of malnutrition could also been through providing improvement in quality of life for
individuals in the community, or slowing decline or preventing the loss of quality of
life associated with malnutrition (Thomas 2001) for a relatively small additional
investment. This was illustrated through the studies Neelemaat et al. (2012), and
Norman et al. (2011). Therefore, currently there is evidence to suggest that
economic benefits from protein and energy supplementation can be seen in the acute
setting through reductions in complications and length of hospital stay, and in a
community setting through improvement in quality of life. However, there is
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currently a lack of evidence to show that protein and energy supplementation can be
economically effective through assisting older adults to maintain function and remain
independent.

The results of economic evaluations should be reported as an incremental cost
effectiveness ratio (ICER) wherever possible. An ICER is important as it provides
the decision-maker with the opportunity to determine the potential additional cost of
a new health care intervention in order to achieve a given outcome. The use of a
generic measure of health outcome such as the QALY in this context has the added
advantage of facilitating comparisons of value for money across the health care
system for example comparing investment in nutrition interventions for malnutrition
in older people versus pharmacological treatments for dementia. Comparing the
benefits from different interventions in standard units is especially important in the
current era of finite health budgets and competition for resources, to contribute to
equitable and ‘best value for money’ spend of the healthcare dollar.

In conclusion, to date only twenty economic evaluations of protein and energy
supplementation for treatment or prevention of malnutrition have been published and
the quality of published studies is highly variable. However, the available economic
evidence suggests that providing ONS of between 1068kJ and 10g protein up to
4200kJ and 23g protein is associated with positive economic benefits in both patients
with malnutrition and in studies where nutritional status was not specified, and over
short follow up times. While this evidence is promising, only few of these studies
utilize the current preferred method of economic evaluation, cost utility analysis. In
the absence of comprehensive cost utility evidence, nutrition therapy is in danger of
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falling by the wayside in this era of competitive health care funding. In addition,
evidence for the cost effectiveness of nutritional interventions in frail older adults has
been slow to appear in the published literature, and few studies are currently
available to provide evidence of economic benefits to this group. Only two studies
were identified that evaluated the cost effectiveness of nutritional therapy in the
traditionally frail and nutritionally vulnerable group of older adults with hip fracture.
One, a cost benefit analysis identified savings due to reduced complications during
hospitalisations while a cost utility analysis identified a ICER just above accepted
thresholds for cost effectiveness in Australia. Therefore, the economic evaluation of
strategies to reduce nutritional vulnerability and frailty in older adults with a hip
fracture is an area in need of further research. Future research should focus on the
inclusion of high quality comprehensive economic evaluations alongside studies of
clinical effectiveness to demonstrate the cost effectiveness of nutrition interventions
for the treatment of malnutrition.
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3 ECONOMIC EVALUATION OF A
MULTIDISCIPLINARY INDIVIDUALISED NUTRITION
THERAPY AND EXERCISE PROGRAM FOR HIP
FRACTURE RECOVERY
3.1 Introduction
There are now a number of studies published evaluating the effectiveness of nutrition
therapy to prevent or treat malnutrition in frail older patients, in particular a recent
meta-analysis showed improvements in weight status, reduced risk of complications
and reduced risk of mortality in malnourished older adults (Milne et al. 2009).
However, few economic evaluations of nutrition support have been identified in
previous reviews, and no cost effectiveness studies evaluating the use of combined
nutrition and exercise therapy for rehabilitation following hip fracture (Avenell &
Handoll 2010). A recently published cost utility study evaluated the use of dietetic
therapy (ONS and dietetic counselling) in patients following a hip fracture found the
intervention improved weight in the intervention group, and that the intervention was
likely to be considered cost effective on this basis although analysis based on
improvement in quality of life did not indicate cost effectiveness (Wyers et al. 2013).
However, given the associations between nutritional status, muscle mass, strength,
physical activity, frailty, and mobility, it is likely that increased benefits could be
gained through providing a combination of nutritional and exercise therapy (Thomas
et al. 2008).
This chapter discusses the methods and results of a cost utility analysis of the
Individual Nutrition Therapy and Exercise Regime: A Controlled Trial of Injured,
Vulnerable Elderly (INTERACTIVE) trial. Briefly, the aim of this trial was to
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implement a six month multidisciplinary program of nutrition and exercise therapy in
patients following surgery for a hip fracture and compare this with usual care for this
patient group. Section 3.3 presents the findings of the trial in relation to resource
use, health care costs incurred, and changes in quality of life experienced by the
intervention and control groups. These findings are discussed in section 3.4.
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3.2 Methods
3.2.1 Trial participants and intervention
The protocol for the randomised controlled trial has been published previously
(Thomas et al. 2008). In brief, the trial recruited patients admitted to one of four
Australian Hospitals (Flinders Medical Centre, Flinders Private Hospital and
Griffiths Rehabilitation Hospital, all of Adelaide, South Australia, and Hornsby KuRing-Gai Hospital, Sydney, New South Wales). Patients admitted to each centre
with a fall-related hip fracture were approached and assessed for eligibility to take
part in a National Health and Medical Research Council (NHMRC) funded treatment
study of Individual Nutrition Therapy and Exercise Regime: A Controlled Trial of
Injured, Vulnerable Elderly (INTERACTIVE), (Australian Clinical Trials Registry:
ACTRN12607000017426) aiming to determine the effectiveness of a 6 month
individualised nutrition support and resistance training program in rehabilitation
following surgery for treatment of a hip fracture. Patients were randomly allocated
to either the intervention group (received alternate weekly additional nutrition
support and resistance training from a trained physiotherapist and dietitian, n=86) or
the control group (received weekly social visits, n=89). All patients gave informed
consent to participate in the trial, with additional third party consent gained for those
patients with an impaired cognitive state as defined by Mini Mental Examination
Score of between 18 and 23(Folstein et al. 1975). Ethics approval was gained for the
trial at the respective ethics committees for each participating hospital (Flinders
Clinical Research Ethics Committee Research Application 110/067 and Hawkesbury
Northern Sydney Central Coast Area Health HREC Protocol 0710-197m).
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Patients were excluded if they continued to have a MMSE score of less than 18 out
of 30 up to day 14 following surgery or if they had a body mass index (BMI) score
less than 18.5kg/m2 (underweight) or greater than 35kg/m2 (morbidly obese). Other
exclusion criteria included the presence of a pathological fracture or malignancy,
currently residing in a residential care facility, unable to communicate with staff in
English, non-ambulatory pre fracture or limited to stand transfers only post-surgery,
unable to give informed consent or not deemed to be medically stable within 14 days
post-surgery.

3.2.2 Health outcomes and resource use
Effectiveness was measured in terms of quality adjusted life years (QALYs) gained.
The preference based scoring algorithm developed by Hawthorne and colleagues
(Hawthorne et al. 2000) for the AQOL instrument was used to calculate individual
scores from patient responses to the AQoL at baseline and six months follow up.
The algorithm creates a value for health status on a scale where zero represents death
and one represents perfect health. The valuations are based on the preference
weights of 350 members of the Australian general population obtained for a series of
health states from the AQoL (Hawthorne et al. 2000).
Details of healthcare utilization were collected from questionnaires provided to the
participant at weekly visits by trial staff for the duration of the six month
intervention. This included details on number and frequency of healthcare services
visits, or visits to any health care providers, and hospital admissions. Length of stay
and reason for hospital admissions was collected via self-report from the patient, and
this was cross checked with routine administrative databases from each hospital by
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trial staff. Utilization of Medical and Pharmaceutical Benefits Scheme items was
requested from the Health Insurance Commission, which included costs claimed for
medications, medical or other health care worker consults, laboratory tests and
radiological procedures, and any other medical procedures for the six months of the
study period.

3.2.3 Unit costs
There are four main ways of describing methods of estimating costs, as described by
Drummond et al. (2005) and outlined in the figure 3.1 below.

MOST PRECISE

Micro‐costing
Each component of resource use (e.g.
laboratory tests, days of stay by ward, drugs) is
estimated and a unit cost derived for each
Case‐mix group
Gives the cost for each category of case or
hospital patient. Takes account of length of
stay. Precision depends on the level of detail in
specifying the types of cases.
Disease‐specific per diem
Gives the average daily cost for treatments in
each disease category. These may still be quite
broad (e.g. orthopaedic surgery).

LEAST PRECISE

Average per diem (or daily cost)
Averages the per diem over all categories of
patient. Available in most health care systems.

Figure 3.1 Levels of precision in hospital costing
(Reproduced from Drummond et al. 2005).

The figure highlights that the most precise and accurate estimates are likely to be
those based on micro-costing studies, for example recording each type of drug a
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patient took and the dose and frequency, and multiplying this by a unit cost for that
particular drug. On the other hand, a less accurate method is to apply a per diem cost
dependent on the disease category of the patient (disease-specific per diem) or to
apply an average cost for all patients admitted to the health care system, regardless of
their disease state (average per diem). These methods may also be known as macro
or gross-costing. Although these methods may still allow for differences in the
length of stay between patients to be accounted for, they may miss differences in
rates of complications, or other important determinants of use in their analysis.
Overall macro or gross-costing methods will give an overall impression of the costs
associated with healthcare, but micro-costing provides the detail needed for
comparison of alternatives (Brown 2005). This study utilized a combination of
micro- and case-mix group based costing, known to be more precise methods of
measuring costs (Drummond et al. 2005).
An overview of the unit costs for the healthcare resources included in the analysis is
included inTable 3.1. Sources for unit costs were based on the recommendations of
the Pharmaceutical Guidelines Committee for preparation of submissions of
economic evaluations for new healthcare technologies (Commonwealth Department
of Health and Ageing 2002). Unit costs for hospital admissions and ambulatory and
day rehabilitation services were based on national Australian data from the National
Hospital Cost Data Collection (NHCDC) (Commonwealth Department of Health and
Ageing 2009, 2010, 2012). We calculated a ‘cost per day’ which included hotel,
supply, pharmacy, allied health, imaging, pathology, ward nursing salaries, medical
salaries, non-clinical salaries, and depreciation, and a ‘once off cost’ which included
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emergency department, operating room, critical care, specialist procedure suites, and
prostheses costs to account for the well documented phenomenon of hospital stays
having a peak of costs near the date of admission, with the cost trailing off towards
the end of the stay (Drummond et al. 2005 p. 66). Unit costs per day pertaining for
the DRG for each hospital episode were then multiplied by the actual lengths of stay
for each individual patient as documented in the individual case report forms. Costs
were measured in Australian dollar prices for 2007-2011.
The cost of a day in residential transition care was estimated at $236 per day at 2006
to 2007 financial year rates in the evaluation report (Giles et al. 2008). This was then
updated to 2010 using the Consumer Price Index for 2010 giving a unit cost of
$262.88 per day.
For Dietetic and Physiotherapy visits, costs were taken from the rebates specified by
Department of Veterans Affairs for November 2009 available freely on the Dental
and Allied Health Fee Schedules section of the website (Australian Government
Department of Veterans Affairs 2012). For visits by trial staff, the consultation cost
was adjusted for the time spent with the participants. For providers not associated
with the trial team, the appropriate consultation cost was applied in full. Cost for
staff travel was taken as $2.00 per minute for driving time. Cost for use of a car was
taken from the general Flinders University reimbursement rate for the 2010 to 2011
financial year at $0.63 per km. Cost for the supplements, and weights was taken
from current retail prices through local suppliers, and updated to 2010 prices.
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Mean costs per annum of residential aged care for HLC and LLC and Respite for
2006-2007 period were extracted from Federal Government estimates included in the
policy document: Ageing and Aged Care in Australia (Australian Government
Department of Health and Ageing 2008). These annual estimates were updated to
reflect 2010 prices using the Consumer Price Index for 2010 (as specified by the
National Aged Care Alliance (Australian Institute for Primay Care La Trobe
University 2001)) to give a per day cost of residential aged care (HLC = $193.81 per
day, LLC= $107.85 per day). Respite data was not collected with level of care
attached, and so the average cost of a day in Residential care for LLC and HLC was
taken ($66.36 per day, updated to 2010 prices $72.52).
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Table 3.1 Unit costs for healthcare resources utilized
Healthcare Resource

Unit

Community Dietetics Visits
Community Physiotherapist
visits
Other Allied Health visits

1 Visit
1 Visit

Trial dietetic visit
Trial physio visit
Trial travel time
Car Maintenance
Oral nutritional supplements

1 Visit

Cost per Unit Updated to
2010 ($AUD)
$58.85
$58.85

Source

Range between 26.25 –
122.50 dependant on
service provided
2.00
2.00
2.00
0.63
2.60

DVA

DVA
DVA
DVA
Flinders University
Retail price

7.10

Retail price
Retail price

DVA
DVA

Ankle/Wrist weights

Per Minute
Per Minute
Per Minute
Per Km
1 Tetra
Pack
1 Week
Supply
1 weight

Hospitalizations

1 Day

Drugs claimed on Medicare
Medical Tests claimed on
Medicare
Doctors consults at home or
hospital claimed on Medicare
Doctors consults in consulting
rooms claimed on Medicare
Residential care facilities
consults claimed on Medicare
Procedures claimed on Medicare
Other claims on Medicare
Residential Transitional Care
Program
Day Rehabilitation Program
Ambulatory Rehabilitation
Program
High Level Care Residential
Care Facility
Low Level Care Residential
Care Facility
Respite at a Residential Care
Facility

1 Item
1 Item

22.00-57.40 size
dependant
DRG codes 642 +
212/day up to 23353 +
733/day
Item numbers
Item numbers

1 Item

Item numbers

Medicare

1 Item

Item numbers

Medicare

1 Item

Item numbers

Medicare

1Item
1 Item
1 day

Item numbers
Item numbers
262.88

Medicare
Medicare
Literature

1 day
1 day

3700 + 283.13/day
3700 + 283.13/day

NHCDC
NHCDC

1 day

193.81

DOHA Report

1 day

107.85

DOHA Report

1 day

72.52

Literature

Protein powder supplement

NHCDC

Medicare
Medicare

Abbreviations: DOHA = Department of Health and Ageing, DVA = Department of Veterans Affairs, NHCDC = National
Hospital Cost Data Collection.
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3.2.4 Health related quality of life
The health related quality of life of the participants was measured using the
Assessment of Quality of Life (AQoL) instrument (Hawthorne et al. 1999). This
instrument is a generic preference based measure of health related quality of life
across five domains; illness, independent living, social relationships, physical senses,
and psychological well-being. Within each domain, there are three items describing
different aspects of that domain that show an important relationship to health-related
quality of life. For example, within the independent living domain there are
questions measuring a person’s ability to carry out self-care tasks, ability to carry out
household tasks, and level of mobility. Each of these items has four possible
responses, moving from a state that would be considered worst for health-related
quality of life, to a state that would be considered best.
Participants were provided with the 15 item questionnaire, which was then
completed via an interview with a trial staff member. AQoL was measured
retrospectively for the six months prior to fracture at baseline, and then at six months
following date of randomisation, to determine return to pre-fracture level of healthrelated quality of life, similarly to a number of trials measuring quality of life in
older adults with fractures (Ekstrom et al. 2009; Enocson et al. 2009; Gjertsen et al.
2011; Hagino et al. 2009; Hedbeck et al. 2011; Miedel et al. 2012; Orwig et al. 2011;
Papaioannou et al. 2009; Rohde et al. 2012).

3.2.5 Cost utility analysis
The economic analysis was carried out on an intention to treat basis. The cost utility
analysis included only those participants who completed the AQOL at six months
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and therefore, excluded the small number of participants who refused to complete
AQOL assessment or who chose to withdraw from the study (n=10). A utility value
of zero was imputed at the six month time point for those participants who died
(n=8) within the first six months. Discounting of costs and outcomes was not
undertaken as the time horizon of the trial did not extend beyond twelve months from
baseline. We calculated the QALY gain over six months for each individual using
area under the curve methods (Drummond et al. 2005). The difference in healthcare
costs between the intervention and the control group was divided by the difference in
QALY gain to give an incremental cost effectiveness ratio (ICER) of cost per QALY
gained (i.e. ICER = Ca-Cb/Ea-Eb, where Ca is the cost of the intervention, Cb is the
cost of the control, Ea is the effectiveness of the intervention, Eb is the effectiveness
of the control). For calculating QALY gain between the two groups, an assessment
of utility at the baseline of the intervention period was required. However, AQOL
taken at baseline for the INTERACTIVE trial reflected the quality of life in the six
months prior to fracture. Therefore, to enable calculation of QALY gain, baseline
AQOL utility scores were imputed based upon the scores derived in a similar
population of older people immediately post hip fracture participating in an
intervention study (see Miller et al. 2010 for the study protocol).While this allows the
calculation of the QALY gain for each group, it does not allow us to account for any
differences in utility at baseline which may have been present in the two groups.
Therefore, it is important to acknowledge that a difference in utility between the
groups at baseline many have existed which could influence differences in utility at
the six month time point. However, as participants were randomly allocated to
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groups it is likely that any differences between the two groups would have been
minimized.
Statistical analysis was undertaken using IBM SPSS Statistics Version 19. Although
the likely skewness of cost data has been documented, the arithmetic mean and
standard t test were considered the best method of comparing the differences in costs
between the groups, in line with previous recommendations in the area (Thompson &
Barber 2000). Differences between the groups for categorical variables were tested
using Fisher’s Exact Test. Findings are presented as mean values with standard
deviations, and differences in costs between the groups as mean difference with 95%
confidence intervals. Statistical significance was set at p-value equal to 0.05.
Probabilistic sensitivity analysis (PSA) was undertaken using bootstrapping to
provide an estimate of the uncertainty surrounding the ICER (Glick et al. 2001). This
was achieved by re-sampling the original data to replicate the results of the ICER
1000 times, giving an empirical estimate of the sampling distribution.
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3.3 Findings
This section presents the findings of the cost utility analysis of the Individual
Nutrition Therapy and Exercise Regime: A Controlled Trial of Injured, Vulnerable
Elderly (INTERACTIVE) trial. The findings presented consist of information on the
movement of participants through the trial, utilizations of health services by the
participants, and cost of those health services.

3.3.1 Trial participants
All patients admitted with a hip fracture were screened at the four eligible hospitals
over the recruitment period which lasted from June 2007 to April 2010. A total
of 1514 patients were admitted across the four sites, and of those 319 were eligible.
175 (55%) of eligible patients consented to take part in the study. Of those, 86 were
recruited during their acute admission at Flinders Medical Centre, 60 from Flinders
Private Hospital, 21 from Griffiths Rehabilitation Hospital, and eight from Hornsby
Ku-Ring-Gai Hospital. Some demographics of the population are shown in Table
3.2.
Table 3.2 Characteristics of participants included in INTERACTIVE
Characteristic
Mean (SD) age in years
Female n (%)
Mean (SD) MMSE score
Surgical Procedure
Internal Fixation n (%)
Replacement n (%)
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Intervention (n=86)
82.4 (5.7)
58 (67.4)
26 (4)

Control (n=89)
83.0 (6.2)
77 (86.5)
26 (4)

p value
0.506
0.002
1

53 (61.6)
33 (38.4)

44 (49.4)
45 (50.6)

0.105
0.143
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3.3.2 Health outcomes and resource use
A comparison of the mean utilizations of healthcare resources for the intervention
and control groups is shown in the following Table 3.3, and Table 3.4. The
utilizations are either presented as number of visits, number of minutes, number of
units, or number of days as specified. The results for the independent t-test for
comparisons between groups are also shown. The results are for the total use across
the six month time period.
It can be seen that the number of utilizations for some components (for example days
spent in residential care, visits to allied health providers outside the intervention)
appear very low as small numbers of the participants were using these services. The
number of participants that were using selected services across 6 months is shown
below.
From Table 3.4, although not all of the participants attended a community day
rehabilitation service (n=25 out of the 175 total participants) there was a slightly
larger number of participants (n=14 vs. 11) from the control group compared to the
intervention group that were using the service. Similarly, few participants visited a
community dietitian in the six months following surgery, there were slightly more
visits recorded in the control group (n=3) compared to the intervention group (n=1).
When combined with the additional use of community based physiotherapy and other
allied health providers in the community, this adds up to an overall greater use of
community based allied health providers in the control group compared to the
intervention group.
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Table 3.3 Mean utilizations of healthcare resources for the intervention and control
groups over six months
Resource

Mean (SD) utilizations
for the intervention

Mean (SD) utilizations
for the control

Difference in Mean (95%
CI) Utilizations

Community Dietetics
Visit
Community
Physiotherapist visit
Other Allied Health
Visit
Trial Dietetics visit
(minutes)
Trial Physio visit
(minutes)
Trial staff travel time
(minutes)
Oral nutritional
supplements
Protein powder
supplement
Ankle and wrist
weights recommended
Number of days in
hospital
Drugs claimed on
Medicare
Medical tests claimed
on Medicare
Doctors consults at
home or hospital
claimed on Medicare
Doctors consults in
consulting rooms
claimed on Medicare
Residential care facility
consults claimed on
Medicare
Procedures claimed on
Medicare

0.0 (0.1)

0.0 (0.3)

0.0 (-0.1 to 0.0) p=0.263

1.1 (2.2)

1.2 (2.1)

-0.1 (-0.8 to 0.5) p=0.657

0.3 (0.9)

0.5 (1.3)

-0.2 (-0.6 to 0.1) p=0.205

420.9 (126.0)

273.4 (101.0)

371.0 (98.0)

221.5 (96.8)

396.4 (417.2)

318.4 (318.4)

108.9 (91.4)

0.0 (0.0)

0.4 (1.1)

0.0 (0.0)

147.5 (113.5 to 181.5)
p≤0.001
149.4 (120.4 to 178.5)
p≤0.001
77.9 (-39.1 to 195.0)
p≤0.001
108.9 (89.3 to 128.5)
p≤0.001
0.4 (0.1 to 0.6) p=0.004

1.3 (1.2)

0.0 (0.0)

1.3 (1.1 to 1.6) p≤0.001

32.7 (19.9)

32.5 (20.3)

0.3 (-5.7 to 6.3) p=0.932

27.6 (23.9)

22.6 (17.7)

5.0 (-1.4 to 11.3) p=0.124

21.4 (34.1)

22.6 (29.8)

2.5 (4.5)

3.6 (6.5)

-1.1 (-10.7 to 8.5)
p=0.817
-1.1 (-2.8 to 0.6) p=0.198

13.8 (14.2)

15.6 (17.7)

-1.8 (-6.7 to 3.0) p=0.456

0.7 (2.9)

0.6 (2.7)

0.1 (-0.7 to 1.0) p=0.780

4.2 (6.9)

4.4 (6.9)

-0.2 (-2.3 to 1.8) p=0.821

0.8 (2.1)

1.0 (3.0)

-0.2 (-1.0 to 0.6) p=0.577

4.2 (15.7)

4.2 (17.2)

-0.1 (-5.0 to 4.9) p=0.984

2.6 (10.2)

2.9 (12.9)

-0.3 (-3.8 to 3.2) p=0.863

Other claims on
Medicare
Number of days in
Residential
Transitional Care
Program
Number of days in the
Day Rehabilitation
Program
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Number of days in the
Ambulatory
Rehabilitation Program
Number of days in
HLC Residential Care
Number of days in
LLC Residential Care
Number of days in
Respite in Residential
Aged Care Facility

2.6 (7.8)

3.7 (9.0)

-1.1 (-3.6 to 1.4) p=0.379

4.0 (23.3)

3.7 (20.5)

0.2 (-6.3 to 6.8) p=0.944

3.3 (21.5)

4.9 (27.1)

-1.6 (-9.0 to 5.7) p=0.659

0.4 (2.6)

1.1 (5.8)

-0.7 (-2.0 to 0.7) p=0.334

Table 3.4 Number of participants in the intervention and the control groups who
used healthcare services during the six months
Program
Ambulatory Rehabilitation
Day Rehabilitation
Community Dietetics
Community Physio
Other Allied Health
ONS Use
Protein powder use
Ankle/Wrist Weights
HLC
LLC
TCP
Respite

Number utilizing service (n)
Intervention group
11
6
1
32
12
72
13
61
3
2
6
2

Control
14
5
3
38
18
Nil
Nil
Nil
3
3
6
4

p-value
0.668
0.764
0.621
0.440
0.319
≤0.001
≤0.001
≤0.001
1
1
1
0.682

3.3.3 Costs
An overview of the mean costs for the control group and the intervention group at six
months are shown in Table 3.5 and the results of the Independent t-Test for
differences between the groups.
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Table 3.5 Overview of the mean costs for control and intervention group over six
months ($AUD)
Resource

Mean (SD) cost for
the intervention
(n=86)
44840 (22757)

Mean (SD) cost for
the Control (n=89)

Difference in Mean (95% CI)
Costs

44265 (20448)

575 (-5876 to 7025) p=0.861

42626 (19341)

41906 (18364)

719 (-4906 to 6346) p=0.801

34037 (18114)
1747 (4575)

33942 (16566)
2175 (4874)

95 (-5081 to 5271) p=0.971
-427 (-1839 to 984) p=0.551

Total health care plus
residential care costs
Total health care only
excluding residential
care costs
Hospitalizations
Community, Allied
Health and
Rehabilitation Services
Residential and
Transition Care
Services
MBS and PBS
Drugs
Tests

2242 (6675)

2435 (7042)

-193 (-2242 to 1856) p=0.853

993 (1505)
583 (810)

691 (930)
681 (960)

302 (-76 to 681) p=0.116
-98 (-366 to 169) p=0.470

Consultations
Procedures
Other

1179 (1435)
1097 (2058)
54 (176)

1405 (1737)
1128 (2013)
69 (234)

-226 (-706 to 254) p=0.354
-32 (-644 to 581) p=0.919
-16 (-78 to 47) p=0.621

Intervention

1125 (1222)

-

1125 (760 to 1490) p=0.000

It can be seen from Table 3.5 that by far the greatest proportion of total costs for both
intervention and control groups is attributable to hospitalisations, accounting for a
mean of over $30,000. Overall, the additional cost of providing the intervention to
the participants was approximately $1000 including providing the dietetic and
physiotherapy staff to travel and visit the patients at either their rehabilitation centre
or to their home or residential aged care facility upon discharge, maintaining a car for
this purpose, and providing the supplies of oral nutritional supplements and weights
recommended by staff to assist in achieving their nutrition and exercise related goals.
However the intervention group consumed less in the areas of community
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rehabilitation, allied health services, residential and transitional care services,
although none of these differences reached statistical significance. The total mean
healthcare costs (including any residential care costs) were therefore very similar in
both groups, with a mean difference between the intervention and control groups of
$575, which did not reach statistical significance (p=0.861).

3.3.4 Health related quality of life
The utility of the participant’s self-reported quality of life as measured using the
AQoL instrument is shown in Table 3.6. One participant out of the 175 (0.6%)
refused to complete an AQoL assessment at baseline. Ten participants out of the 175
(5.7%) had withdrawn from the study at the six month time point. The six month
utility scores include an imputed value of zero for eight participants (4.6%) who died
within the first six months. For the calculation of QALY gain, baseline AQOL scores
were imputed based upon the scores derived in a similar population of older people
immediately post hip fracture participating in an intervention study (see Miller et al.
2010 for the study protocol). Overall both groups saw a decrease in utility score for
health related quality of life at 6 months compared to recollections of quality of life
prior to fracture. The mean difference in utility score recollected prior to surgery
between the groups was extremely small (0.003), indicating that both groups
recollect their health states prior to the fracture as similar. At six months, there is a
small difference in utility score between the groups in favour of the intervention
group, indicating the intervention group reported a higher mean quality of life than
the control group, although this did not reach statistical significance. In addition, the
6 month utility scores in the intervention group were closer to the utility score
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recalled for the prefracture time point compared to the control group, although this
did not reach statistical significance.
Table 3.6 Utility of the intervention and control groups using AQoL over six
months
Time Point
Six months prior to
baseline (n=174)
Imputed Baseline1
6 months (n=165)2
Difference between
utility pre fracture and
at 6 months (n=164)2

Mean (SD) for
intervention
0.595 (0.245)

Mean (SD) for
control
0.592 (0.244)

0.188 (0.192)
0.498 (0.264)
0.096 (0.267)

0.188 (0.192)
0.466 (0.297)
0.129 (0.275)

Difference (95% CI) in mean
0.003 (-0.070 to 0.076) p=0.931
0.032 (-0.055 to 0.118) p=0.470
-0.033(-0.117 to 0.051)
p=0.437

1 Imputed based upon baseline AQOL scores within 7 days following hip fracture from a similar population (n=99)
2 Including imputed value of 0 for participants who were deceased at six month time point.

3.3.5 Cost utility analysis
The Incremental Cost Effectiveness Ratio (ICER) for the intervention can be
calculated at six months as shown in Table 3.7. The health resource cost displays the
mean value for the total healthcare costs for the 165 participants with valid AQoL
data at six months. The QALY gain gives the mean gain in quality adjusted-life years
over the six month time period, based on the utility scores derived from the AQoL.
Table 3.7 Cost effectiveness of intervention group over the control group for
rehabilitation following hip fracture over six months
Variable
Health resource cost
($AUD) (n=165)
QALY-gain (AQoL)
(n=165)
ICER ($AUD)
imputation

Mean (SD) intervention
45331 (23012)

Mean (SD) control
44764 (20712)

0.155 (0.132)

0.139 (0.149)

-

-

Difference in means
567 (-6166 to 7300)
p=0.868
0.02 (-0.027 to
0.059) p=0.470
28,350 (intervention
dominates to 51,768)

Table 3.7 indicates that at six months an individualised nutrition and exercise
intervention is associated with a small additional cost and gain in QALY relative to
usual care. The incremental cost effectiveness ratio for the intervention is positive
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with a mean of $28,350 at six months. This ICER is well below the threshold of
$50,000 estimated as likely to be considered cost effective by the Pharmaceutical
Benefits Advisory Committee (PBAC) (Harris et al. 2008). As a result, it can be
concluded that the evidence presented suggests that the intervention can be
considered cost effective (Black 1990; Drummond et al. 2005).

Figure 3.2 Cost effectiveness plane for the difference in quality adjusted life years

The validity of the base case results was confirmed by a probabilistic sensitivity
analysis (PSA) using bootstrapping where the original data were used to provide an
empirical estimate of the sampling distribution through repeated re-sampling from
the observed data (Glick et al. 2001). A total of 1000 replications were utilized and
the 95% confidence interval results indicate that there is a relatively large amount of
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variability in the data, particularly in relation to total cost estimates. In addition the
results of the probabilistic sensitivity analysis are represented graphically through a
cost effectiveness plane (Figure 3.2) and cost effectiveness acceptability curve
(Figure 3.3). The relatively flat cost effectiveness acceptability curve indicates a
high level of uncertainty in the cost effectiveness result base on this data. In
interpreting the results of the cost effectiveness plane, observations falling in the
north-west quadrant indicates the existing treatment is less costly and more effective
than the new treatment, and in the south-east quadrant indicates the new treatment is
less costly and more effective than the existing treatment. Therefore the decision to
recommend an existing treatment as cost-effective (or not) is straight forward.
Observations falling in the north-east quadrant indicate the new intervention is more
effective but also more costly than the existing treatment, and therefore the decision
of cost-effectiveness is dependent on whether society considers the health gain a
worthwhile for the additional cost? Conversely, if observations fall in the south-west
quadrant the new treatment is considered less effective but also less costly than the
existing treatment, and the decision is whether society considers the reduction in
health outcomes acceptable given the saving in cost. For the current study, the cost
effectiveness acceptability plane indicates the majority of the observations are in the
north and south east quadrants of the plane. Therefore, the majority of the
observations generated through the sensitivity analysis indicate either that the
intervention provides more health outcomes at a lower cost than the existing
treatment or provides more health outcomes but at a higher cost than the existing
treatment. In addition, the spread of the data point cloud indicates the uncertainty in
this data also. This is partly reflective of the relatively small sample size for the
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RCT coupled with the population under consideration. In our population of frail
older people the mean estimates mask a wide variation mainly in relation to the
frequency of hospital admissions and associated lengths of stay. The results range
from a lower limit whereby the intervention dominates (i.e. it is associated
simultaneously with lower costs and a higher health gain) relative to a higher limit of
$51,768 which is just above the threshold implied Australian societal willingness to
pay value for a QALY of $50,000 (Harris et al. 2008).

Figure 3.3 Cost effectiveness acceptability curve for difference in quality adjusted
life years
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3.4 Discussion
This is the first study to conduct a detailed economic evaluation of individualised
nutrition and exercise therapy to patients following hip fracture. While previous
studies have evaluated the costs and benefits of providing multidisciplinary
geriatrician-led care of patients with hip fractures(Cameron et al. 1994; Fordham et
al. 1986; Galvard & Samuelsson 1995; Huusko et al. 2002), our study is the first to
evaluate the specific combination of nutrition and exercise therapy with a six month
follow up period.
In comparison to the available published evidence the current study makes a unique
contribution. Few evaluations of the economic effectiveness of exercise therapy for
rehabilitation following a hip fracture have been undertaken. Ruchlin et al. (2001)
undertook a cost benefit analysis of a high intensity strength training intervention
with an in-hospital education and peer support program in 114 patients following a
hip fracture. They found cost savings of $AUD138,508 in the intervention group
compared to the control through reduced health and social care costs. Robertson et
al. (2001) measured the cost effectiveness of the Otago home-based exercise
program for falls prevention and showed a reduction in the number of falls in the
intervention group compared to the control group, with an incremental cost of
$AUD1670 for every fall prevented, although these participants were community
dwelling older adults and therefore may not have been as frail as our group.
Whilst a previous Cochrane review (Avenell & Handoll 2010) has identified positive
effects of oral nutrition therapy following hip fracture on mortality (RR 0.76, 95% CI
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0.42 to 1.37) and complications (RR 0.81 95% CI 0.58 to 1.13), these effects failed
to reach statistical significance. Length of stay, as a key driver of hospital costs,
varied greatly between the studies, with no significant effect able to be determined.
No studies in the review were identified in patients following hip fracture with
economic outcomes. Only one cost utility study of nutrition therapy (oral nutritional
supplementation and dietetics counselling) post hip fracture has been previously
published, which found an ICER Cost/QALY of $AUD54,676 (Wyers et al. 2013).
In this randomised controlled trial conducted in a smaller sample (n=152),
intervention costs were less than our study (€613), which the authors argued was
small compared to the other health-related expenses of the intervention group, but
little change in the QALY gain was found between the two groups with a difference
in means of -0.02 (95% CI -0.12 to 0.08, p>0.05). The study used the EQ5D as their
measurement of QOL in the population which the authors hypothesised may not be
sensitive enough to identify changes in elderly patients. The EQ5D utilized in the
study contains three response levels to indicate the level of difficulty with that aspect
of health: no problems, some problem, or extreme problems (Rabin et al. 2011). For
our study we have utilized the AQOL instrument, which contains four response
levels, which may have resulted in a more sensitive measurement of QOL.
Other previous economic evaluations of nutritional therapy included Hoogendoorn et
al. (2010) who conducted a CUA in of a multidisciplinary management program in a
community dwelling population of COPD patients and demonstrated an ICER of
€32,425 per additional QALY gained which the authors hypothesize would be
considered moderately cost effective in the Netherlands health system. However,
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less than a quarter of the participants received nutritional treatment, while our aim
was to provide nutritional therapy to all participants. In addition, the costs for the
intervention group were highly sensitive to the hospitalisation of four participants
who the authors claim should never have been included in the study as their
condition at baseline was so poor it was unlikely a community intervention would be
sufficient to produce an improvement. Thus the benefits of nutrition intervention in
this population could have been underestimated.
A study in elective and emergency orthopaedic admissions (Lawson et al. 2003)
found a small reduction in costs associated with length of stay and complicated
hospital care, but included a predetermined routine administration of ONS to all
participants, equal to 2500kJ and 20g of protein. Studies of patients with hip
fractures have routinely shown deficits of requirements greater than this (Delmi et al.
1990; Dickerson et al. 1979; Eneroth et al. 2005; Miller et al. 2006b; Nematy et al.
2006). In addition, as the admitted ward was the unit of randomisation the effect of
ward procedures cannot be eliminated from this result. In comparison our current
study utilised the individual as the unit of randomisation, and personalised nutrition
therapy aiming to bridge the shortfall between current intake and estimated
requirements.
The majority of previously identified economic evaluations of nutrition therapy
utilize a cost-effectiveness or cost-benefit methodology for their analysis (Edington
et al. 2004; Endevelt et al. 2011; Lawson et al. 2003; Rypkema et al. 2003)
comparing cost data with a wide variety of monetary or clinical outcomes such as
changes to body composition, length of stay, and medical complications. These all
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form important outcomes in a rehabilitation or nutritional sense, but reported
individually give a picture of only a portion of the benefits to be gained in improving
the health and wellbeing of patients. On the other hand, the benefit of conducting a
cost utility study is that it provides a standardised measure of benefits in the QALY
(Drummond et al. 2005). Using multi-attribute utility instruments (such as the
AQOL) as a basis to calculate QALY also ensures that not only the expected effects
of the intervention (on mobility or pain for example) are measured, but also the flow
on effects to independence, and ability to carry out a usual role within society
(Richardson et al. 2004). This allows costs and benefits of providing therapy
targeting different clinical outcomes, diseases, and body systems to be calculated in a
standard measure and compared to assist decision making on the allocation of
healthcare resources. The cost utility study is currently the preferred method of
economic evaluation of regulatory bodies in Australia and around the world
(Commonwealth Department of Health and Ageing 2002; National Institute for
Health and Clinical Excellence 2008). Analysis of previous decisions by the
Australian Pharmaceutical Benefits Advisory Committee (PBAC) indicate that it
considers interventions evaluated to give a cost per QALY of under $50,000 as
highly likely to be cost effective and more likely to be recommended for funding
(Harris et al. 2008). Therefore, the INTERACTIVE individualised nutrition therapy
and resistance exercise intervention, by providing improved utility for the
intervention group compared to the control group at a ICER of $28,000, is likely to
be considered cost effective. However, this threshold is not explicitly defined by
PBAC and an intervention having an ICER below the $50,000 threshold does not
automatically guarantee funding. A number of other characteristics including
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clinical effectiveness, safety, and public health are also considered by the committee.
But the current result provides support for further work to evaluate the clinical and
economic effectiveness of multidisciplinary rehabilitation models following hip
fracture.
There remain some limitations of this study, which require consideration. Our study
contained a relatively small sample size of 175 participants. Studies with small
sample sizes, can be more likely to exhibit sampling variation, and may not be large
enough to determine statistical differences between the two groups being tested
(Drummond et al. 2005; Higgins & Altman 2008). A sample size of fewer than 200
participants could be considered small, especially in economic evaluations where
samples of a few hundred are considered the norm, and can reach into the thousands
for large scale trials (Corrieri et al. 2011; Dahlberg et al. 2009; Davis et al. 2010;
Dziedzic et al. 2011; Eisenstein et al. 2006; Johannesson et al. 1993; Pimouguet et al.
2010), and this may have led to the small difference between the group in QALY
gain not reaching statistical significance. However studies with similar size samples
have been published previously in the literature, especially regarding interventions in
older adults (Coe et al. 2012; Pimouguet et al. 2010; Pinto et al. 2012; Theocharis et
al. 2012; Tripuraneni et al. 2012).
It is also evident that there is wide variability in the cost data in our sample, with the
PSA indicating that the true value for the ICER for QALY likely lies somewhere
between the intervention dominating (i.e. provides both an improvement in quality of
life and reduction in costs) ranging up to a cost of $51,000 per QALY gained, which
is just above the accepted upper threshold of cost effectiveness in Australia. This
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likely eventuates from the wide range in the total costs for the participants, linked to
the wide variation in number of hospital admissions, length of stay, and
complications experienced. However, this situation is not unusual for economic
analyses of treatment studies where the majority of participants will experience a
moderate cost, but a few participants may experience more severe and rare health
problems which can have an exponential effect on healthcare costs(Drummond et al.
2005). This could be especially so in our sample of frail older adults, a population
where healthcare costs post fracture have been shown to range anywhere between a
few thousand to hundreds of thousands of dollars (Autier et al. 2000; Sahota et al.
2012). However, although the variability in the cost outcomes for the sample is
reflected in the wide confidence intervals for the ICER, it is important to note that
the majority of the data points estimated through the PSA bootstrapping remain
under the upper threshold of cost effectiveness accepted in Australia.
Another limitation of the study is the use of an imputed value for quality of life
utility at baseline. The quality of life of the participants at baseline was measured as
the quality of life in the six months prior to the intervention, similarly to a number of
trials measuring quality of life in older adults with fractures (Ekstrom et al. 2009;
Enocson et al. 2009; Gjertsen et al. 2011; Hagino et al. 2009; Hedbeck et al. 2011;
Miedel et al. 2012; Orwig et al. 2011; Papaioannou et al. 2009; Rohde et al. 2012).
However, for calculating QALY gain between the two groups, an assessment of
utility at the commencement of the intervention was required (Drummond et al.
2005). Therefore, the mean utility score taken from a similar population of patients
in the first week following surgery for hip fracture was imputed for all participants in
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the QALY calculation. While this allows us to calculate the QALY gain for each
group, it does not allow us to account for any differences in utility at baseline which
may have been present in the two groups. Therefore, it is important to acknowledge
that a difference in utility between the groups at baseline many have existed which
could influence differences in utility at the six month time point. However, as
participants were randomly allocated to groups it is likely that any differences
between the two groups would have been minimized. In addition, when asked about
their utility in the six months prior to fracture, there was virtually no difference
between the two groups and socio-demographic factors shown to influence quality of
life, such as age and cognitive status, were very similar between the two groups
(Grbic et al. 2011; Kanauchi et al. 2008; Molzahn et al. 2010). Hence it may be
reasonable to conclude that utility in the groups at baseline was also similar.
The average total cost for medical care in the six months following hip fracture in
both the intervention and control groups was over $40,000. This includes the cost
for the initial acute admission, surgery, rehabilitation either as an inpatient or in a
community based setting, and all subsequent hospital admissions for that six months,
whether hip-related or not. This leads to distinction between the current figure and
other figures published which generally quote lower estimates focusing only on acute
care costs (Bessette et al. 2012; Clark et al. 2008; Maravic et al. 2005; Sahota et al.
2012; Tarride et al. 2012), excluding any readmissions (Carinci et al. 2007; Dolan &
Togerson 1998; Randell et al. 1995; Woolcott et al. 2012), or non-hip related
readmissions (Autier et al. 2000; Bjornelv et al. 2012; Braithwaite et al. 2003;
Gabriel et al. 2002; Gutiérrez et al. 2011; Harris et al. 1998; Johansson et al. 2006;
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Ohsfeldt et al. 2006; Piscitelli et al. 2007; Shi et al. 2009; Tamulaitiene & Alekna
2012; Viswanathan et al. 2012).
In addition, the estimate in this study includes costs associated with admission to
residential care facilities for long term or respite care, which has typically been
excluded from previous costing studies. Only 11 of the 175 (6%) participants were
admitted to a residential aged care facility for long term care over the first six months
of the intervention, which is below previously published estimates of up to 33%
(Marks 2010). This could be due to a number of factors. For the current study,
selection of participants excluded those already residing in care facilities that may
have been returned to that facility with additional care needs. In addition, those with
severe cognitive impairment as indicated by a score of less than 18 for the Mini
Mental State Examination were excluded from the study, as were those who were not
mobilising prior to fracture. Therefore, it is likely that due to the selection criteria,
the rate of admission to residential aged care facilities was low. Despite this,
residential care forms a large part of the long term follow up costs overall,
comprising a mean value of approximately $4000. This illustrates the large costs
associated with providing residential aged care and the impact that even a small
number of admissions can have on societal healthcare costs.
The median value in the current study is higher than previously published estimates
of the cost of hip fracture in Australia (Harris et al. 1998; Randell et al. 1995). This
could be for a number of reasons. Both studies were published over 10 years ago and
costs for healthcare increase over time not only due to inflation, but also as new
technology and treatment methods are developed. For example, in 1994 the cost per
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admission for a hip fracture ranged from $3,000 to $10,000, depending on the type of
treatment required (Harris et al. 1998). In current national hospital cost data, the cost
of admission ranges from $8,000 to 37,000 (Commonwealth Department of Health
and Ageing 2012). Therefore, it is important to consider when estimations of cost
were conducted, as cost data can quickly become inaccurate. In addition, both
studies excluded costs which were included in the current analysis. Harris et al.
(1998) focused on estimating the direct costs of osteoporosis in Australia, and used a
combination of published estimates, health system data, and expert opinion to
estimate service utilization and combine these with unit costs. While Randell et al.
(1995) followed a population of patients with osteoporotic fractures and were able to
record actual utilizations in more detail, they included only medications prescribed
post fracture and acute and rehabilitation admissions related to the fracture in their
estimates. In the current study all health service utilizations following the fracture
were included, providing the level of detail needed to perform a cost-utility analysis
(Drummond et al. 2005). Therefore, rather than an estimation focusing on the costs
associated with the treatment of osteoporosis, the current study provides a broader
estimate of the costs to the health system for a group of frail older adults following a
hip fracture.
Overall, the aim of this study was to conduct a cost utility study of a
multidisciplinary nutrition and exercise therapy rehabilitation program in patients
following surgery for hip fractures. By providing an improvement in QALY relative
to usual care at a small additional cost, the intervention can be considered cost
effective, and provides the first detailed cost-analysis of the combination of nutrition
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and exercise therapy in this patient group. However, the difference in QALY did not
reach statistical significance within this study, which may have been due to the small
sample size. Evidence of a statistically significant difference in QALY gain between
the two groups would add weight to claims of the economic effectiveness of this
intervention. Therefore, future research should focus on larger samples of
participants to provide more precision to the economic estimates and to provide more
evidence for the combination of nutrition and exercise therapy rehabilitation
programs. Longer time frames of follow up are also important, as the benefits of
providing this therapy may lie not only with the effects on the current admission to
healthcare services, but also in preventing subsequent admissions, or in reducing
complicated care needs during those admissions. The potential effect of nutrition
and exercise therapy in this age group as a moderator of hospital length of stay and
complications experienced, also provides a strong basis to measure resource use in
micro-level approaches such as using DRG –based costing in future studies. In
addition, given the large impact that residential care admission made to total costs
despite the relatively few patients who were admitted to care, resource use in this
sector should be included in future economic evaluations to provide a more
comprehensive assessment of the cost impacts for this population.
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4 THE MEASUREMENT AND VALUATION OF
QUALITY OF LIFE IN OLDER PEOPLE
UNDERGOING REHABILITATION
4.1 Introduction
The measurement and valuation of quality of life is an important component of the
economic evaluation of health and aged care services, allowing the quantification of
not only the volume of life years gained through an intervention, but also
improvements in the quality of those years. However, there remain many questions
regarding the measurement and valuation of quality of life in evaluating healthcare
programs, including which of the plethora of quality of life instruments available
should be used to evaluate success. The aim of this study was to compare the
performance of two generic preference based quality of life instruments, EQ5D and
ICECAP-O, in a population of older Australians, following surgery for hip fracture.
The findings of this study are presented in section 4.4, followed by a discussion of
the findings in the context of the current literature.

4.2 Background
Outcomes in health research can be described in many ways (Bowling 2005). Often
outcomes are measured in terms of clinical indicators represented by physical, visible
effects or measurements for example weight, volumes of markers in blood, or the
presence or absence of specific symptoms. These types of classifications subscribe
to a clinical or disease-focused model of health, whereby disease is described as a
state of pathological abnormality as indicated by signs and symptoms. However,
current definitions of health are often much broader, for example the World Health
Organisation (Grad 2002) describes health as “a state of complete physical, mental,
and social well-being and not merely the absence of disease or infirmity”. This is a
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much wider perspective of the concept of health, taking the focus away from the
pathological and biochemical abnormalities and giving a more patient-orientated
focus to the concept of health. A number of studies have demonstrated that the
aspects of disease or treatment that health professionals consider as important
determinants of quality of life are not necessarily the aspects that patients themselves
consider important (Hallan et al. 1999; Stephens et al. 1997; Wells et al. 2004). In
addition, it has been shown that the impact of health upon functioning and ability to
lead a fulfilling life is an important determinant of whether patients will seek medical
care (Cornally & McCarthy 2011; Tiira et al. 2012). Therefore, if it is the broader
aspects of health and well-being that are motivating patients to seek medical
treatment, then it is important to consider those in determining whether a treatment is
successful or not.

4.2.1 Measurement of quality of life
Quality of life (or more specifically health related quality of life) has been defined in
a number of ways (Carr et al. 2001). This can range from a description of overall
physical, psychological, and emotional wellbeing to a consideration of the effect of
disease and its treatment on ability to lead a satisfying life (Carr et al. 2001; Greer
1984). The measurement of quality of life has developed over time from early
descriptions of health status (Fanshel & Bush 1970), to more complex
multidimensional instruments which ask questions about the person’s functional
ability, ability to carry out their role, and to do things which are important to them
(Brazier & Ratcliffe 2008).
A common instrument for measuring quality of life within health economics and
economic evaluation is the EQ-5D or Euroqol, now known as the EQ-5D-3L (Dolan
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1997). The EQ-5D-3L includes five dimensions: mobility, self-care, usual activities,
pain and discomfort, and anxiety and depression. For these five dimensions there are
three levels, describing having no problems with that dimension, some problems, or
severe problems. These are described in the figure below.

Figure 4.1 The EuroQol descriptive dimensions

One of the levels for each of the dimensions can then be chosen to describe a health
state. While the dimensions do not describe quality of life in itself (which is a rather
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abstract and complex concept and has different meanings to different people), they
form components which are likely to impact on a person’s quality of life (Beckie &
Hayduk 1997). Also, whilst the dimensions provide a way of describing health, they
do not provide information about which health states are more preferred by patients
and the general population, or the extent to which individual dimensions influence
overall quality of life. To provide information about the quality of the health state
described, we need to provide a value or weight for each of the levels of the
dimensions. Furthermore, to calculate quality adjusted life years (QALYs) gained
as a consequence of a medical treatment or intervention, we need to be able to
compare health states on a uniform scale in which full health is given a value of one
and death a value of zero such that one year of life lived at full health equates to one
QALY (Brazier & Ratcliffe 2008). Several generic preference-based measures of
health related quality of life now exist for calculating QALYs within the framework
of economic evaluation (including the EQ-5D, the SF-6D, and the AQoL), and such
instruments have now become the most widely utilised mechanism within Australia
and internationally for calculating QALYs for the purposes of economic evaluation.
A generic preference-based measure provides a general description of health that can
be applied across different patient groups and different diseases. Typically, these
instruments also have unique scoring algorithms attached to them. The scoring
algorithms represent pre-calculated tariffs or weights for each of the health states that
can be described by the instrument, generally based on general population valuations
of the different health states described by the instrument (Brazier & Ratcliffe 2008).
These values are usually based on a scale defined by the QALY (i.e. where one
represents a health state equal to full health, zero represents a health state equal to
death, and negative values are possible where a health state is perceived as worse
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than death). The advantages of the QALY as an outcome measure for health have
been discussed previously (see Chapter 3). In summary QALYs provide a generic
measure of outcome which allows the benefits of health programmes to be measured
across different population groups, diseases, and treatment methods (Drummond et
al. 2005). Many health and reimbursement authorities across the world now
recommend the use of QALY generated from generic preference-based measures of
quality of life as the preferred method for evaluating the economic effectiveness of
healthcare programs (National Institute for Health and Clinical Excellence 2008).
Nevertheless, important questions remain in the measurement and valuation of
quality of life and the QALY concept which are magnified by the importance of the
QALY to economic evaluations. Although generic preference-based measures are
the preferred method of capturing the benefits gained from healthcare, there are
many different measures available for use which have been developed in different
countries, with different populations, and different diseases and disabilities as their
primary focus. This raises the vexed question of which of these measures is the
preferred option for use in older people? In addition, as new instruments are
developed and used to evaluate healthcare interventions aiming to improve the
quality of life of patients, it raises the question of what a normal quality of life is and
what do we consider good quality of life? And how much does a particular health
event (such as surgery for a falls-related hip fracture) impact upon quality of life both
in the immediate and longer term? The following section discusses the current
evidence for some of the key questions listed above, including issues particular to the
measurement of quality of life in older people, an example of an established and
commonly used generic preference based instrument for measuring quality of life
(EQ-5D-3L) and a comparison with a new instrument(ICECAP-O) designed
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specifically for older people, as well as some examples of values for quality of life
for the general population and a review of current estimates of quality of life
following a hip fracture.

4.2.2 Measurement of quality of life in older people
The concept of measuring quality of life has been considered in healthcare research
for several decades (Cantril 1965; Karnofsky et al. 1948; Walker & Mollenkopf
2007), and has received renewed focus recently since the World Health Organisation
redirected the definition of health to include aspects of well-being (Walker &
Mollenkopf 2007). A body of research has been conducted within Australia and
internationally to map the determinants of good quality of life and aspects of health
and function that contribute to it. However, much of the early research was
conducted almost exclusively in younger populations and the opinions of older
people on determinants of quality of life have not been extensively researched
(Walker & Mollenkopf 2007). Many commonly used generic preference based
measure of quality of life (such as the SF-36 and the EQ-5D-3L) were constructed
based on expert opinion rather than what the average person considers important to
their quality of life (Ware 2000). The exclusion of older people from the discussion
of quality of life has been further compounded by the use of third parties as a proxymeasure of quality of life in frail or cognitively impaired older adults which may or
may not provide an accurate measure (Addington-Hall & Kalra 2001; Walker &
Mollenkopf 2007). Researching the determinants of quality of life in older people is
especially important, given that previous research has indicated some clear
differences between what older people and younger people value in life (Gabriel &
Bowling 2004; Walker & Mollenkopf 2007). For example, it has been found that
health status and functional ability rate much higher as determinants of quality of life
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for older people than for younger people. Secondly, it is known that older people
tend to rate a quality of life which would be considered poor by a survey of the
general population more positively – a phenomenon known as “satisfaction paradox”
(Walker & Mollenkopf 2007). Therefore, measurement of quality of life in older
populations requires consideration of the accuracy of the measurement (for example,
are we measuring determinants which are actually important to older people in their
quality of life?) and the precision (are we measuring quality of life in a way that
allows meaningful changes in older people to be determined?).

4.2.3 Use of the EQ-5D-3L in measuring quality of life
The EQ-5D-3L was developed in Europe in 1990 (Rabin et al. 2011). The EQ-5D3L descriptive system describes a total of 243 discrete health statues based upon
varying levels of five key dimensions; mobility, performing self-care, usual
activities, and any pain or anxiety or depression experienced currently, but does not
consider role or social function specifically. The 243 unique health states described
by the instrument have been valued to create a preference based scoring algorithm to
calculate values for a number of countries. However, the most commonly used
algorithm emanates from the original valuation study based on 3000 members of the
general UK population using the time trade off method (Brazier et al. 2007; Rabin et
al. 2011). More recently an Australian general population specific scoring algorithm
for the EQ-5D-3L have been created based upon the preferences of 414 members of
the Australian general population also using a time trade off method (Viney et al.
2011).
Since its inception, the EQ-5D-3L has been used widely in the health and medical
research literature as a measure of health status (Brazier & Ratcliffe 2008). Table
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4.1 below illustrates the population norms for utility values that have previously been
generated from the EQ-5D-3L in European, UK, and US populations.
Table 4.1 Population norms for EQ-5D-3L utility values
Study

Population

(Golicki et al.
2010)
(Perneger et
al. 2010)

Polish

Age
group
(years)
18-86

Mean 1

Mean according to age
group above 65 years

317

0.91 (0.11)2

≥65 years 0.80

1952

0.83 (0.15)2

60-79 years 0.80 (0.15)2
≥80 years 0.75 (0.19)2

0.89
(0.154)2
0.833

Not reported

Sample

Frenchspeaking Swiss
Noninstitutionalised
Danish

≥18

20-79

15,700

US Noninstitutionalised

35-89

3,844

(Hanmer et al.
2006)

US Noninstitutionalised

≥18

54,995

(Luo et al.
2005)
(Burstrom et
al. 2001b)
(Burstrom et
al. 2001a)

US Noninstitutionalised
Swedish

≥18

4048

0.87 (0.01)4

20-88

3069

Swedish

16-84

11,698

0.84
(0.005)4
0.83

(Sorensen et
al. 2009)
(Fryback et al.
2007)

Not reported

65-74 years 0.87 (0.01)4
75-89 years 0.85 (0.01)4
60-69 years 0.84 (0.830.85)5
70-79 years 0.81
(0.788-0.816)
80-89 years 0.782
(0.76-0.81)
≥65 years 0.84 (0.01)4
Not reported
60-69 years 0.76
(0.008)4
70-79 years 0.71
(0.010)4
80-84 years 0.61
(0.017)4

1 Includes value for mean unless otherwise stated
2 Standard deviation
3 Median value
4 Standard error
5 95% Confidence intervals

It can be seen from Table 4.1 that in the general population norm values for the EQ5D-3L range from 0.83 to 0.91, and when grouped according to age bracket appear to
decline with age with a range of 0.61 to 0.85 for those above 80 years old.
However, population norm values often exclude the very old (often those above 80
or 90 years of age) or those residing in residential care due to the high rate of
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dementia in these populations, leading to a lack of data in those populations which
are likely to be most at risk of poor health-related quality of life (Fryback et al.
2007). A recent study in the UK reported EQ-5D-3L utility values for 393 older
people identified as likely to be socially isolated by health professionals or social
services and included a small number of participants from residential care homes
(Hawton et al. 2011). This study found that EQ-5D-3L values declined with
increasing risk of social isolation, with a mean (SD) value of 0.65 (0.30) for those
identified as at risk of social isolation, 0.69 (0.27) for those identified as socially
isolated, and 0.50 (0.32) for those identified as severely socially isolated. Therefore,
the health related quality of life of the oldest old and those in residential care is likely
to be different to that of the general population. This issue is important to investigate
as the percentage of the population in these age groups is likely to increase markedly
in the future.
Studies focused specifically in older people and using the EQ-5D-3L demonstrate
similar trends to the general population norm data with decreasing utility scores with
increasing age, and further lower utility scores in those residing in residential care
accommodation than in general population norms, as illustrated in Table 4.2.
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Table 4.2 EQ-5D-3L utility values in studies targeting older people and nursing
home residents
Study

Population

(Peters et al.
2012)

Dutch
community
dwelling,
residential
supported
accommodation,
or nursing home
residents
Spanish
community
dwelling plus a
convenience
sample of
nursing home
residents

(Rodriguez
Blazquez et
al. 2012)

Age group
(years)
≥65

Sample

≥60

468
234 nursing
home
residents

359
124 nursing
home
residents

Exclusion
criteria
Severe
cognitive
dysfunction
Very ill

Mean (SD)

Cognitive
impairment
according to
Short Portable
Mental State
Questionnaire

Community
dwelling 0.81
(0.26)
Institutionalized
0.57 (0.36)

0.70 (0.4)

In summary the EQ-5D-3L appears to produce population norms within the range of
0.8 to 0.9 for general population values, with utility decreasing for general
community dwelling populations of people over 65 years to 0.6 to 0.7 for those over
65 years. The health state utility of the oldest old and those residing in nursing
homes has previously been excluded from the literature, but interest in the quality of
life of these growing sectors of the population has increased in the last few years
with two studies published recently targeting older adults and including samples
from residential care, finding that the average utility in the institutionalized
population is relatively low in comparison with community based samples (mean
value of 0.57).

4.2.4 Use of the ICECAP-O in measuring quality of life
The ICECAP-O (Coast et al. 2008a) is a generic preference based instrument
developed for the measurement and valuation of quality of life in older people (aged
65 years and above) using health and social care services in the UK. A version for
adults has also recently been created, named the ICECAP-A (Al-Janabi et al. 2012).
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The ICECAP-O focuses on quality of life in a broader sense, and capability (in terms
of what the individual respondent considers they are able to achieve) rather than
health or function or more specific influences on quality of life. The ICECAP-O
therefore takes a different focus to the EQ-5D-3L and other instruments previously
developed that tend to measure function and health status. This broader quality of
life focus is potentially important for evaluating social and health care programmes
in older people, where significant improvements in health may be unlikely given the
physical aging process occurring, but improvements in wellbeing and broader aspects
of quality of life are possible (Coast et al. 2008a). The ICECAP-O measures
participants’ capability in 5 domains: attachment, security, role, enjoyment, and
control, with four levels of capability for each domain ranging from the worst or no
capability, to the best or full capability (see Figure 4.2). Valuations have been
performed in a population of 255 UK older persons (over 65 years) (Coast et al.
2008a) and more recently in 2456 Australian adults both using the Best-Worst
Scaling technique for valuation (Flynn et al. 2010).
Whilst the ICECAP-O is a relatively new instrument, a number of studies have been
published which have utilised the instrument with older people based in the UK,
Australia, and the Netherlands. Table 4.3provides an overview of these studies and
the values calculated from the ICECAP-O presented in these studies.
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Attachment
1.
2.
3.
4.

I can have all of the love and friendship that I want
I can have a lot of the love and friendship that I want
I can have a little of the love and friendship that I want
I cannot have any of the love and friendship that I want

Security
1.
2.
3.
4.

I can think about the future without any concern
I can think about the future with only a little concern
I can only think about the future with some concern
I can only think about the future with a lot of concern

Role
1.
2.
3.
4.

I am able to do all of the things that make me feel valued
I am able to do many of the things that make me feel valued
I am able to do a few of the things that make me feel valued
I am unable to do any of the things that make me feel valued

Enjoyment
1. I can have all of the enjoyment and pleasure that I want
2. I can have a lot of the enjoyment and pleasure that I want
3. I can have a little of the enjoyment and pleasure that I want
4. I cannot have any of the enjoyment and pleasure that I want
Control
1. I am able to be completely independent
2. I am able to be independent in many things
3. I am able to be independent in a few things
4. I am unable to be at all independent

Figure 4.2 The ICECAP-O attributes
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Table 4.3 Population norm values for the ICECAP-O
Study

Population

(Comans et al.
2013)

Australian
Participants in
TCP

(Makai et al.
2013)

(Couzner et al.
2012b)

(Couzner et al.
2012a)

(Davis et al.
2012)

(Flynn et al.
2011)
(Coast et al.
2008a)

Sample

Dutch
community
dwelling
population
recently
admitted to
hospital
Australian
general
population

>65

296

MMSE<12/30,
Life
expectancy <3
months

>15

2937

Nil

Australian
participants in
Outpatient
rehabilitation
and TCP
Canadian
Referred to
Falls Clinic and
assessed as
increase risk of
falls
UK General
population
UK General
Population

≥65

82

>70

215

Admitted to
hospital more
than 3 months
ago,
MMSE<24/30
MMSE<24/30,
Unable to
walk 3m, Life
expectancy
<12 months

>65

809

Nil

0.832 (0.123)

>65

313

Nil

0.814 (0.152)

351

Exclusion
criteria
Nil

Mean (SD)1

Age group
(years)
Average
age 79
years

On admission to
TCP 0.75 (0.16)
Upon discharge
from TCP 0.83
(0.16)
0.80 (0.17)

<65 years old
0.841 (0.003)2
>65 years old
0.831 (0.006)
0.81 (0.15)
Outpatient 0.82
(0.15)
TCP 0.79 (0.16)
0.815 (0.177)

1 Mean and Standard deviation values given unless otherwise specified
2 Standard Error
Abbreviations: TCP=Transitional Care Program, MMSE=Mini Mental Examination Score

Generally values for ICECAP-O published in the literature are based upon
community dwelling older adult populations, those within a few months of hospital
admission or undergoing a treatment program such as rehabilitation or a transitional
care program. All of these groups report utility values of between 0.75 and 0.83.
However, no studies to date have applied the ICECAP-O in frail older people
immediately following a sentinel health event, such after a hip fracture.
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4.2.5 Quality of life following a hip fracture
The devastating effect of a fall-related hip fracture in older adults upon mortality,
morbidity, and clinical outcomes are well described (Bentler et al. 2009; Haleem et
al. 2008; O'Neill & Roy 2005; Roth et al. 2010), and the impact on psychosocial
functioning and quality of life have also received increasing attention (Bryant et al.
2009; Crotty et al. 2010; Hiligsmann et al. 2008; Hutchings et al. 2011). It is now
well established that hip fractures have among the largest impacts on quality of life
of common chronic conditions experienced by older people (Adachi et al. 2010;
Roux et al. 2012). A number of studies have determined the effect on the hip
fracture on quality of life at one or two years following fracture, with the aim for
these results to be incorporated into economic models of the effectiveness of
treatment modalities (Hiligsmann et al. 2008; Papaioannou et al. 2009). However,
the immediate impact of the hip fracture on quality of life is also an important
consideration in modelling the trajectory of quality adjusted life years gained as a
result of an intervention.
Several studies have measured quality of life immediately following a hip fracture
(Borgstrom et al. 2013; Borgström et al. 2006; Cranney et al. 2001; Cranney et al.
2005; Hagino et al. 2009; Tidermark et al. 2002; Zethraeus et al. 2002). Table 4.4
presents the characteristics of the studies listed. The mean utility values for patients
immediately following hip fracture (within 4 weeks of fracture) varies markedly
from 0.01 in a Lithuanian population to 0.67 in a population of Canadian women.
The majority of published studies have utilized the EQ-5D-3L to measure quality of
life. In addition, most studies were single-centre trials leading to questions about
whether the results are generalisable to other populations. One multicentre study
(Borgstrom et al. 2013) included patients from multiple countries, and found great
Quality of life in older people undergoing rehabilitation

140

variation in the utility values in the acute period following a hip fracture (ranging
from 0.01 for Lithuania to 0.19 in Austria). However, this study did not include any
patients with hip fractures from Australia.
Table 4.4 Studies measuring quality of life in patients after surgery for hip fracture
Study
Borgstrom et al.
2013

Sample
1273 patients with
fractured hip from
11 countries

Instrument
EQ-5D-3L

Timing
1-2 weeks
following fracture

Utility Score
Mean (95% CI)
Austria 0.19
(0.16-0.22)
Lithuania 0.01
(0-0.010)

Hagino et al. 2009

37 women with
hip fractures in
Japan
278 patients with
fractured hip in
Sweden
40 women in
Canada with hip
fractures

EQ-5D-3L

2 weeks following
fracture

Mean (SD) 0.37
(0.27)

EQ-5D-3L

Within 4 weeks
following fracture

Mean (95% CI)
0.18 (0.15-0.20)

HUI Mark 2
SF-6D

Within 4 weeks
following fracture

71 patients in
Sweden with hip
fractures
86 patients in
Sweden with hip
fractures
10 women with
fracture hip in
Canada

EQ-5D-3L

1 week following
fracture

Mean (SD)
HUI 0.51 (0.18)
SF-6D 0.50
(0.08)
Mean (SD) 0.44
(0.33)

EQ-5D-3L

2 weeks following
fracture

Mean (SD) 0.42
(0.32)

HUI Mark 2

Within 2 weeks
following fracture

Mean (SD) 0.67
(0.12)

Borgstrom et al.
2006
Cranney et al.
2005

Tidermark et al.
2002
Zethraeus et al.
2002
Cranney et al.
2001

Abbreviations: CI = Confidence Intervals, HUI = Health Utilities Index, SD = Standard Deviations

The majority of published studies to date have excluded patients with dementia or
those deemed as unable to reliably respond (Borgstrom et al. 2013; Borgström et al.
2006; Hagino et al. 2009), and/or those that were institutionalised prior to fracture
(Borgstrom et al. 2013; Tidermark et al. 2002). However, it is known that impaired
cognition and residence in a nursing home are both high risk factors for experiencing
a hip fracture (Chen et al. 2009; Guo et al. 1998; Leavy et al. 2013; Marks 2010).
Previous studies have also tended to exclude men as women are more likely to
experience a hip fracture (Cranney et al. 2001; Cranney et al. 2005; Hagino et al.
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2009), however there is conflicting evidence on whether men experience poorer
function following a hip fracture compared to women which could also impact on
their quality of life (Di Monaco et al. 2012).
In summary, with the growing aging population the measurement of quality of life
for this age group is increasing in importance – both from an equity perspective as
well as a practical perspective to ensure health and aged care interventions provide
outcomes which are of value to older people. Whilst generic preference based
measures have been used widely for the measurement and valuation of quality of life
within the context of economic evaluation, there remain questions about whether
these instruments measure aspects of quality of life that are of most importance to
older people and whether they are sensitive enough to measure changes in quality of
life especially where aspects of function and independence may have increasing
importance. Empirical comparisons of the performance of quality of life instruments
can provide important information on these questions. Additionally there is currently
a lack of information about the utility values for frail older patients in the acute
period following a hip fracture in Australia.
Therefore, the aims of this study were to investigate the quality of life of older
people in the period immediately following a hip fracture, and to empirically
compare the performance of the EQ-5D-3L and the ICECAP-O as measures of
quality of life in this context.
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4.3 Methods
4.3.1 Study participants
The procedures for the study have been described previously (Milte et al. 2013a).
Participants were recruited from the Flinders Medical Centre and Repatriation
General Hospital in Adelaide, South Australia. The study was reviewed by the
Flinders Clinical Research Ethics Committee, and approval granted February 2009
(approval number 4609). Participants were approached sequentially between May
2009 and November 2010. Inclusion criteria were aged over 60 years, and diagnosed
with a fall related hip fracture and not currently receiving palliative care or consented
to another research study.
In cases of significant cognitive impairment where the participant was unable to give
consent or respond to the questions (defined as a score on the Mini Mental State
Examination (MMSE) as less than 19 out of a possible 30), consenting family
members were recruited as a proxy respondent.

4.3.2 Administration of questionnaire
The EQ-5D-3L and the ICECAP-O were administered to participants as part of a
larger questionnaire (including the DCE reported in Chapter Five) to determine
rehabilitation preferences in a group of patients following surgery to repair a fall
related hip fracture. The questions were presented to the participants during an
interview with a trained research assistant, with instructions to choose one answer to
each question, indicating which statement best describes their own health and quality
of life today. Interviews were conducted at between one and three weeks following
surgery, to capture the initial recovery period, either at the patient bedside or at their
home.
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4.3.3 Comparison with a general population dataset
To determine the magnitude of the difference in values generated from the patients
following a hip fracture relative to those of community dwelling older people, utility
values from a comparison general population dataset were sought. For the ICECAPO, data from the South Australian Health Omnibus Survey for 2009 were utilized
(Harrison Research 2010). This survey uses a random stratified sampling technique
to collect cross-sectional data on a number of health indicators for members of the
community 15 years and over. For the year 2009 5,200 households were randomly
selected to participate in the survey with 3,007 consenting in total. The dataset also
comes with a weighting variable to adjust the data to the age, gender, and geographic
location distribution of the total South Australian population. The dataset weighing
was used when generating frequency distribution in response to the ICECAP-O, but
not when applying statistical tests of difference to the dataset (e.g. Mann-Whitney U
Test). For the EQ-5D-3L the data were drawn from an online bank of survey
respondents from across Australia (n=2,492 participants aged 18 years and above).
Respondents were able to access the survey through a web link, and therefore were
able to complete the survey in their own time. Data were collected as part of a larger
study investigating preferences for EQ-5D-3L responses in Australia, where
participants were first asked to describe their own current health state using the
instrument (Couzner et al. 2013).

4.3.4 Calculating utility values
Individual responses to the EQ-5D-3L and the ICECAP-O were converted into utility
values using generic-preference based algorithms. For the EQ-5D-3L the recently
developed general population scoring algorithm was utilised based upon the EQ-5D3L health state preferences from Australians (n=417) using a time-trade off
Quality of life in older people undergoing rehabilitation

144

methodology (Viney et al. 2011). For the ICECAP-O the valuations were from an
Australian general population sample (n = 2456) using the best-worst scaling
technique (Flynn et al. 2010).

4.3.5 Data analysis
Responses to the EQ-5D-3L and ICECAP-O were summarised in simple frequencies
and percentages for the whole sample, and for specific subgroups. Statistical
analysis was conducted using IBM SPSS Statistics Version 19.0. Mann-Whitney U
Test was used to determine differences in utility scores for the two instruments for
different subgroups. Pearson and Spearman Rho were used to determine correlations
between the utility scores for the two instruments and continuous and dichotomous
variables, dependant of the violation of the requirement for normal distribution.
Kruskal Wallis test was used to determine association between ICECAP tariff and
categorical variables. Intra-class correlation was also applied to determine
correlations between the two instruments, and a Bland Altman Plot generated to test
for the level of agreement (Bland & Altman 1999; Bland 2000).
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4.4 Findings
4.4.1 Study participants
A total of 149 patients with a recent hip fracture were approached to participate, of
which 87 (58%) consented to the study. The key demographic characteristics of the
participants are shown below. The vast majority of participants living in the
community resided in their own home (n=70, 80.5%).
Table 4.5 Demographic characteristics of the sample (n=87)
Characteristics
Number of females (%)
Mean age (SD)
Residential status
Number living in HLC (%)
Number living in LLC (%)
Number living in the community (%)
Mean MMSE score (SD)
Number of proxy respondents (%)

Descriptive statistics
61 (70.1)
80.3 (8.2)
10 (11.5)
6 (6.9)
71 (81.6)
23.3 (6.9)
10 (11.5)

Abbreviations: HLC = High Level Care, LLC = Low Level Care, MMSE = Mini Mental State Examination

4.4.2 Responses to the EQ-5D-3L and ICECAP
The distribution of the responses to the EQ-5D-3L results for all participants in
shown below in Table 4.6, as well as the distribution of responses for participants
according to several key sub-groups based on: [1] gender, [2] proxy vs. non-proxy
respondents, [3] cognitive status, [4] living status (community vs. residential care),
and [5] age group (youngest old vs. oldest old).

Quality of life in older people undergoing rehabilitation

146

Table 4.6 Distribution of responses to EQ-5D-3L items by all participants (n=87) and selected subgroups
EQ-5D-3L Item

All
(n=87)

Males
(n=26)

Females
(n=61)

Non-Proxy
(n=77)

Proxy
(n=10)

MMSE <
24 (n=31)

MMSE ≥
24 (n=53)

Living in
Residential
Care
(n=16)

Living in
the
Community
(n=71)

Age
<80
years
(n=39)

Age
≥80
years
(n=48)

4 (15.4)

14 (23.0)

14 (18.2)

4 (40.0)

10 (32.3)

8 (15.1)

4 (25.0)

14 (19.7)

9 (23.1)

9 (18.8)

18 (69.2)

44 (72.1)

59 (76.6)

3 (30.0)

17 (54.8)

43 (81.1)

11 (68.8)

51 (71.8)

26
(66.7)

36
(75.0)

4 (15.4)

3 (4.9)

4 (5.2)

3 (30.0)

4 (12.9)

2 (3.8)

1 (6.3)

6 (8.5)

4 (10.3)

3 (6.3)

9 (34.6)

22 (36.1)

29 (37.7)

2 (20.0)

11 (35.5)

20 (37.7)

3 (18.8)

28 (39.4)

11
(28.2)

20
(41.7)

14 (53.8)

34 (55.7)

45 (58.4)

3 (30.0)

15 (48.4)

31 (58.5)

10 (62.5)

38 (53.5)

24
(61.5)

24
(50.0)

3 (11.5)

5 (8.2)

3 (3.9)

5 (50.0)

5 (16.1)

2 (3.8)

3 (18.8)

5 (7.0)

4 (10.3)

4 (8.3)

8 (30.8)

18 (29.5)

26 (33.8)

0 (0.0)

6 (19.4)

20 (37.7)

0 (0.0)

26 (36.6)

11
(28.2)

15
(31.3)

Number (%)
MOBILITY
I have no problems 18 (20.7)
in walking about
I have some
62 (71.3)
problems in
walking about
I am confined to
7 (8.0)
bed
SELF-CARE
I have no
31 (35.6)
problems with
self-care
I have some
48 (55.2)
problems with
self-care
8 (9.2)
I have many
problems with
self-care
USUAL ACTIVITIES
I have no problems 26 (29.9)
with performing
my usual activities
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(Continued)

All
(n=87)

Males
(n=26)

Females
(n=61)

I have some
36 (41.4) 10 (38.5)
26 (42.6)
problems with
performing my
usual activities
I am unable to
25 (28.7) 8 (30.8)
17 (27.9)
perform my usual
activities
PAIN OR DISCOMFORT (n=85,2 participants refused to
answer)
I have no pain or
18 (21.2) 5 (19.2)
13 (22.0)
discomfort
I have moderate
62 (72.9) 20 (76.9)
42 (71.2)
pain or discomfort
I have extreme
5 (5.9)
1 (3.8)
4 (6.8)
pain or discomfort
ANXIETY OR DEPRESSION
I am not anxious or 47 (54.0) 12 (46.2)
35 (57.4)
depressed
I am moderately
32 (36.8) 11 (42.3)
21 (34.4)
anxious or
depressed
I am extremely
8 (9.2)
3 (11.5)
5 (8.2)
anxious or
depressed

Non-Proxy
(n=77)

Proxy
(n=10)

MMSE <
24 (n=31)

MMSE ≥
24 (n=53)

Living in
Residential
Care
(n=16)

Living in the
Community
(n=71)

Age
<80
years
(n=39)

33 (42.9)

3 (30.0)

12 (38.7)

23 (43.4)

9 (56.3)

27 (38.0)

13
(33.3)

Age
≥80
years
(n=48)
23
(47.9)

18 (23.4)

7 (70.0)

13 (41.9)

10 (18.9)

7 (43.8)

18 (25.4)

15
(38.5)

10
(20.8)

14 (18.7)

4 (40.0)

10 (33.3)

8 (15.4)

7 (43.8)

11 (15.9)

4 (10.8)

56 (74.7)

6 (60.0)

18 (60.0)

42 (80.8)

8 (50.0)

54 (78.3)

5 (6.7)

0 (0.0)

2 (6.7)

2 (3.8)

1 (6.3)

4 (5.8)

29
(78.4)
4 (10.8)

14
(29.2)
33
(68.8)
1 (2.1)

43 (55.8)

4 (40.0)

13 (41.9)

32 (60.4)

7 (43.8)

40 (56.3)

26 (33.8)

6 (60.0)

16 (51.6)

15 (28.3)

8 (50.0)

24 (33.8)

21
(53.8)
13
(33.3)

26
(54.2)
19
(39.6)

8 (10.4)

0 (0.0)

2 (6.5)

6 (11.3)

1 (6.3)

7 (9.9)

5 (12.8)

3 (6.3)
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The responses to the EQ-5D-3L indicated that the majority of participants
experienced moderate or severe impairments (response levels 2 or 3) for some or all
dimensions. 79.3% of participants had either some problems in walking about or
were confined to bed. 64.4% of participants also had some problems or many
problems with self-care. For their usual activities, 70.1% of participants had either
moderate or severe problems with performing their usual activities. In addition, a
high percentage of participants (78.8%) indicated they had moderate or extreme pain
or discomfort, while just under half (46.0%) were either moderately or extremely
anxious or depressed.
The distribution for the results for the EQ-5D-3L differ between the subgroups
slightly. For example more males indicated that they were confined to bed than
females (15.4% vs. 4.9%), and that they experienced either some problem or a severe
problem with anxiety or depression (53.8% vs. 42.6%).
For proxy respondents, more indicated that their family member was confined to bed
than non-proxy respondents (30.0% vs. 5.2%), that they were having some or severe
problems with self-care (80.0% vs. 62.3%), their usual activities (100% vs. 66.2%),
and anxiety or depression (60.0% vs. 44.2%), although no proxy respondents
indicated that their family member was extremely anxious or depressed.
Interestingly, a lower number of proxies indicated that their family member was
experiencing pain or discomfort than non-proxies (60.0% vs. 81.3%), perhaps due to
proxies not wanting to consider their family members as beinginpain.
When split according to the cognitive status of the participant, the response patterns
to the EQ-5D-3L were fairly similar. However, slightly more of those with MMSE
score lower than 24 indicated they had no problem with any pain or discomfort
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compared to those with a MMSE score of 24 or above (33.3% vs. 15.4%). As might
be expected, more participants with a lower MMSE score indicated that they
experienced a moderate or severe problem with anxiety or depression compared to
the participants with the higher MMSE score (58.1% vs. 39.6%).
When the participants living in residential aged care homes were compared to those
living in the community, more reported either moderate or severe problems with selfcare (81.3% vs. 60.6%) and moderate or severe problems with their usual activities
(100% vs. 63.4%) and anxiety or depression (56.3% vs. 43.7%). But similarly to the
proxy responders, fewer participants from residential aged care homes indicated that
they had either moderate or severe problems with pain or discomfort (56.3% vs.
84.1%).
Participants with an age of 80 years and above were also compared to participants
with an age of less than 80 years. Compared to participants of an older age group,
younger participants were slightly less likely to experience some or severe problems
with mobility (77.0% vs. 81.3%) and with pain or discomfort (89.2% vs. 70.9%) but
more likely to indicate they had problems with self-care (71.8% vs. 58.3%).
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Table 4.7 Distribution of responses to ICECAP-O items by all participants and selected subgroups

ICECAP Item

All
participants
(n=87)

Males
(n=26)

Females
(n=61)

Nonproxy
(n=77)

Proxy
(n=10)

MMSE<24
(n=31)

MMSE≥24
(n=53)

Living in
Residential
Care
(n=16)

Living in the
Community
(n=71)

Age <80 years
(n=39)

Age
≥80
years
(n=48)

Number (%) of participants
ATTACHMENT (n=86, 1 participant refused to answer)
I cannot have any of the
love and friendship that I
want
I can have a little of the
love and friendship that I
want
I can have a lot of the
love and friendship that I
want
I can have all of the love
and friendship that I
want

2 (2.3)

0 (0.0)

2 (3.3)

2 (2.6)

0 (0.0)

1 (3.2)

1 (1.9)

1 (6.3)

1 (1.4)

1 (2.6)

1 (2.1)

17 (19.8)

9 (34.6)

8 (13.3)

14 (18.4)

3
(30.0)

4 (12.9)

11 (21.2)

3 (18.8)

14 (20.0)

7 (17.9)

10
(21.3)

19 (22.1)

5 (19.2)

14
(23.3)

16 (21.1)

3
(30.0)

8 (25.8)

11 (21.2)

6 (37.5)

13 (18.6)

5 (12.8)

14
(29.8)

48 (55.8)

12
(46.2)

36
(60.0)

44 (57.9)

4
(40.0)

18 (58.1)

29 (55.8)

6 (37.5)

42 (60.0)

26 (66.7)

22
(46.8)
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All
participants

Males

Females

Nonproxy

Proxy

MMSE<24

MMSE≥24

Living in
Residential
Care

Living in the
Community

Age <80
years

Age ≥80
years

I can only think about the
future with a lot of concern

11 (12.6)

3
(11.5)

8 (13.1)

10
(13.0)

1
(10.0)

5 (16.1)

4 (7.5)

1 (6.3)

10 (14.1)

8 (20.5)

3 (6.3)

I can think about the future
with some concern

21 (24.1)

9
(34.6)

12
(19.7)

19
(24.7)

2
(20.0)

7 (22.6)

14 (26.4)

6 (37.5)

15 (21.1)

5 (12.8)

16
(33.3)

I can think about the future
with only a little concern

28 (32.2)

8
(30.8)

20
(32.8)

24
(31.2)

4
(40.0)

10 (32.3)

17 (32.1)

6 (37.5)

22 (31.0)

13
(33.3)

15
(31.3)

I can think about the future
without any concern

27 (31.1)

6
(23.1)

21
(34.4)

24
(31.2)

3
(30.0)

9 (29.0)

18 (34.0)

3 (18.8)

24 (33.8)

13
(33.3)

14
(29.2)

17 (20.0)

6
(24.0)

11
(18.3)

13
(17.3)

4
(40.0)

8 (25.8)

8 (15.7)

5 (33.3)

12 (17.1)

7 (17.9)

10
(21.7)

33 (38.8)

10
(40.0)

23
(38.3)

30
(40.0)

3
(30.0)

13 (41.9)

19 (37.3)

7 (46.7)

26 (37.1)

12
(30.8)

21
(45.7)

21 (24.7)

5
(20.0)

16
(26.7)

19
(25.3)

2
(20.0)

5 (16.1)

15 (29.4)

2 (13.3)

19 (27.1)

14
(35.9)

7 (15.2)

14 (16.5)

4
(16.0)

10
(16.7)

13
(17.3)

1
(10.0)

5 (16.1)

9 (17.6)

1 (6.7)

13 (18.6)

6 (15.4)

8 (17.4)

(Continued)
SECURITY

ROLE (n=85, 2 participants refused to answer)
I am unable to do any of the
things that make me feel
valued
I am able to do a few of the
things that make me feel
valued
I am able to do many of the
things that make me valued
I am able to do all of the
things that make me feel
valued
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Females

Nonproxy

Proxy

MMSE<24

MMSE≥24

Living in
Residential
Care

Living in the
Community

Age <80
years

Age ≥80
years

I cannot have any of the
10 (11.6)
3
enjoyment and pleasure that
(11.5)
I want
I can have a little of the
51 (59.3)
19
enjoyment and pleasure that
(73.1)
I want
I can have a lot of the
15 (17.4)
3
enjoyment and pleasure that
(11.5)
I want
10 (11.6)
1 (3.8)
I can have all of the
enjoyment and please that I
want
CONTROL (n=84, 3 participants refused to answer)
I am unable to be at all
9 (10.7)
4
independent
(16.0)

7 (11.7)

8
(10.5)

2
(20.0)

3 (9.7)

5 (9.6)

1 (6.7)

9 (12.7)

6 (15.4)

4 (8.5)

32
(53.3)

48
(63.2)

3
(30.0)

18 (58.1)

33 (63.5)

8 (53.3)

43 (60.6)

23
(59.0)

28
(59.6)

12
(20.0)

10
(13.2)

5
(50.0)

7 (22.6)

7 (13.5)

5 (33.3)

10 (14.1)

5 (12.8)

10
(21.3)

9 (15.0)

10
(13.2)

0 (0.0)

3 (9.7)

7 (13.2)

1 (6.7)

9 (12.7)

5 (12.8)

5 (10.6)

5 (8.5)

6 (8.1)

3
(30.0)

7 (23.3)

0 (0.0)

4 (26.7)

5 (7.2)

4 (10.8)

5 (10.6)

I am able to be independent
in few things

35 (41.7)

11
(44.0)

24
(40.7)

31
(41.9)

4
(40.0)

11 (36.7)

24 (47.1)

6 (40.0)

29 (42.0)

17
(45.9)

18
(38.3)

I am able to be independent
in many things

30 (35.7)

8
(32.0)

22
(37.3)

27
(36.5)

3
(30.0)

8 (26.7)

21 (41.2)

4 (26.7)

26 (37.7)

13
(35.1)

17
(36.2)

I am able to be completely
independent

10 (11.9)

2 (8.0)

8 (13.6)

10
(13.5)

0 (0.0)

4 (13.3)

6 (11.8)

1 (6.7)

9 (13.0)

3 (8.1)

7 (14.9)

(Continued)

All
participants

Males

ENJOYMENT (n=86, 1 participant refused to answer)
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The responses to the ICECAP-O also demonstrated impairments in quality of life.
While 77.9% of the participants indicated they were able to have all or a lot of the
love and friendship they wanted, and 63.3% that they could think about the future
without any or only a little concern, the responses for the other attributes indicated
the majority of participants were experiencing problems in these areas. 58.8% were
unable to do anything or only a few things that made them feel valued. 70.9% stated
that they could not have any or only a little of the enjoyment and pleasure they
wanted. 52.4% were unable to be independent at all or only in a few things.
Sub-group analysis by gender revealed that more men compared to women indicated
they either could not have any or only a little of the love and friendship they wanted
(34.6% vs. 16.7%). For security, more men indicated they could only think about the
future with a lot or some concern (46.2% vs. 32.8%) and were unable to do any or
only few of the things that made them feel valued (64%% vs. 56.7%), and that they
couldn’t have any or can only have a little of the enjoyment and pleasure that they
wanted (84.6% vs. 65.0%). Men were also more likely to indicate that they were
unable to be independent at all or only in a few things (60.0% vs. 49.2%).
For those participants who had a family member proxy respondent, more of the
proxy respondents indicated that their family member had a problem with fulfilling
their role (70.0% vs. 57.3%). Proxies also indicated more often that their family
member could not have any or only a little of the enjoyment and pleasure they
wanted (73.7% vs. 50.0%), and that they were unable to be independent at all or only
in a few things (70.0% vs. 50.0%).
When participants were grouped according to their cognitive status, more of the
participants with a lower cognitive status as indicated by a MMSE score of less than
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24 indicated they were unable to do any or only few of the things that make them feel
valued (67.7%) compared to those with a MMSE score of 24 and above (52.9%).
Similarly, more of the participants with a low MMSE score indicated they were
unable to be independent at all or only in a few things (60.0%) compared to the
participants with a higher MMSE score (47.1%).
When the responses from participants who were living in residential care facilities
were compared to those living in the community, those coming from residential care
were more likely to report that they could only think about the future with a lot or
some concern (43.8% vs. 35.2%) and they were unable to do any or only few of the
things that made them feel valued (80.0% vs. 54.3%). They were also more likely to
report that they were unable to be independent at all or only in a few things (66.7%
vs. 50.7%). However, the community dwelling participants were more likely to
report they were unable to have any or only a little of the enjoyment and pleasure
they wanted (73.2% vs. 60.0%).
Responses from participants from the youngest old (under 80 years of age) were
compared to responses from the oldest old (aged 80 years and above). The response
patterns indicated that participants from an older age group were slightly more likely
to have problems with thinking about the future with a lot or some concern (39.6%
vs. 33.3%), and were more likely to be unable to do any of the things or few of the
things that made them feel valued (67.4% vs. 48.7%) but less likely to indicate they
are unable to be independent at all or able to be independent in few things (48.9% vs.
56.7%).
Table 4.8 shows the utility values for the ICECAP-O and the EQ-5D-3L for all
participants, and for subgroups according to gender, age group, proxy and non-proxy
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respondents, impaired and non-impaired cognitive status as measured by the MMSE,
and whether the participant resided in residential care or not prior to fracture.
Differences between the groups were tested for using the Mann-Whitney U Test. In
this sample, the mean value for the ICECAP for the total sample of respondents was
higher than that of the EQ-5D-3L and this reached statistical significance according
to the Wilcoxon signed rank test (p=0.000). This pattern followed for all of the
subgroups. In addition the mean value for both instruments was higher for females
than males, for the non-proxy respondents than the proxy respondents, and for those
living in the community compared to those living in residential care, although these
differences did not reach statistical significance. Mean utility score for the EQ-5D3L was higher in the older age group compared to the younger age group, although
this difference did not reach statistical significance.
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Table 4.8 Utility values calculated from EQ-5D-3L and ICECAP for all patients
with hip fractures, and selected subgroups
Characteristics

N

Total

82

Gender
Female

58

Male
Age group
60-79 years
80-100 years
Proxy Status
Proxy
Respondent
Non-proxy
Respondent
Cognitive status
MMSE
Score <24
MMSE
Score ≥24
Residential care
status
Residential
care
Community
dwelling

24

37
45

10
72

30
52

15
67

ICECAPO: Mean
(SD)
0.639
(0.206)

Median
(IQR)

P Value*

Median
(IQR)

0.661
(0.280)

EQ-5D3L: Mean
(SD)
0.545
(0.251)

0.665
(0.207)
0.575
(0.193)

0.677
(0.268)
0.548
(0.364)

0.566
(0.236)
0.494
(0.281)

0.619
(0.17)
0.588
(0.89)

0.639
(0.223)
0.639
(0.193)

0.620
(0.314)
0.667
(0.266)

0.499
(0.274)
0.582
(0.227)

0.601
(0.24)
0.641
(0.24)

0.580
(0.221)
0.647
(0.204)

0.601
(0.444)
0.663
(0.281)

0.375
(0.353)
0.567
(0.229)

0.362
(0.68)
0.619
(0.18)

0.616
(0.229)
0.669
(0.179)

0.620
(0.381)
0.680
(0.261)

0.510
(0.298)
0.578
(0.200)

0.591
(0.44)
0.643
(0.18)

0.587
(0.212)
0.651
(0.204)

0.578
(0.375)
0.670
(0.284)

0.487
(0.222)
0.558
(0.257)

0.522
(0.41)
0.619
(0.18)

0.054

0.959

0.353

0.332

0.291

P Value*

0.619
(0.18)

0.457

0.130

0.122

0.343

0.104

*According to Mann Whitney-U Test
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Figure 4.3 shows a scatterplot comparison of the ICECAP-O and EQ-5D-3L utilities.
From the scatterplot, at higher values of EQ-5D-3L utility, the plots cluster around
the regression line. However, at lower values of EQ-5D-3L utility, the plots are
clustered above the regression line, indicating the tendency for participants with
lower values of EQ-5D-3L utility to have higher values for ICECAP-O utility.

Figure 4.3 Scatter plot comparison of the ICECAP-O and EQ-5D-3L utilities

The results of the correlation tests, show a small negative correlation between
ICECAP scores and age, a small positive correlation between ICECAP scores and
MMSE, gender, and living independently (i.e. community dwelling as compared to
living in Residential Care) although none of these results reached statistical
significance (see Table 4.9). A small positive correlation was also found between
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EQ-5D-3L score and living independently, which did not reach statistical
significance. There was a statistically significant large positive correlation between
the ICECAP score and the EQ5D score for the total sample.
Table 4.9 Correlations between participant characteristics and ICECAP and EQ-5D3L score measured by Pearson correlation or Spearman Rho
Characteristic
Age
ICECAP
MMSE Score
Gender
Living independently

ICECAP
-0.164
0.132
0.214
0.117

EQ5D
0.049
0.529 (p=0.000)**
0.093
0.080
0.175

Abbreviations: MMSE = Mini Mental State Examination
** Significant at the p≤0.001 level

However, the above coefficients only take account of the pure correlations between
the two scores, not any agreement between the two scores. The intraclass correlation
coefficient gives a measure of the agreement as well as the correlation between the
EQ-5D-3L and the ICECAP-O and was also calculated and is presented in Table
4.10. This gives a much smaller correlation coefficient of 0.487, indicating only a
moderate degree of correlation between the two instruments when the agreement
between the two scores is taken into account.
Table 4.10 Paired comparison of the ICECAP-O and EQ-5D-3L utilities
ICECAP-O
Mean Score (SD)
Median Score
(IQR)
0.639 (0.206)
0.661 (0.280)

EQ-5D-3L
Mean Score (SD)
Median Score
(IQR)
0.545 (0.251)
0.619 (0.18)

Wilcoxon signed rank test

Intra-class
correlation (ICC)

z=-3.613 p=0.000**

0.487

**indicates the differences in the mean rank scores are statistically significant at the p≤0.001 level

The differences in utility score calculated by the EQ-5D-3L and the ICECAP-O for
each participant were tested using the Wilcoxon signed rank test (see Table 4.10),
which found the score calculated from the ICECAP-O was higher than that
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calculated by the EQ-5D-3L and this difference reached statistical significance (z=3.613 p=0.000, r=0.399).
Table 4.11 Association between ICECAP-O score and sample characteristics as
measured by Kruskal Wallis or Mann-Whitney U Test
Characteristic
EQ-5D-3L Mobility
EQ-5D-3L Self Care
EQ-5D-3L Usual Activities
EQ-5D-3L Pain/discomfort
EQ-5D-3L
Anxiety/depression
Education Level
Born in Australia
Length of time since
fracture

P value
0.002*
0.001**
0.004*
0.324
0.004*
0.474
0.750
0.339

* Significant at the p<0.05 level
** Significant at the p≤0.001 level

The level of association between the ICECAP-O score and responses to EQ-5D-3L
items and characteristics of the sample are shown in Table 4.11. These results
suggest that there is a statistically significant association between ICECAP scores
and scores on the EQ-5D-3L items for mobility, self-care, usual activities and
anxiety/depression.
A Bland-Altman plot was also generated showing the difference between the
ICECAP-O and the EQ-5D-3L utility against the mean utility for the participant.
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Figure 4.4 Bland-Altman plot of differences in ICECAP-O and EQ-5D-3L utilities.
Mean + 1.96*SD=0.529; Mean – 1.96*SD=-0.349;

Mean=0.09

As seen in Figure 4.4, the 95% limits of agreement calculated for the mean
difference between the ICECAP-O and EQ-5D-3L range from 0.529 (95% CI 0.446
to 0.615) to -0.349 (95% CI -0.433 to -0.264). This indicates for some individuals
there is a large difference in utilities generated by the two instruments, and overall
agreement is poor (Bland & Altman 1999; Kottner et al. 2011). Whilst the majority
of within participant differences between the two instruments range between -0.2 to
0.2, for one participant these differences increased up to 0.61 between the two
instruments. The plot also shows indication of systematic effect bias which is
supported by the results of the Wilcoxon Signed Ranks Test indicating that the
ICECAP-O utilities are significantly above the results of the EQ-5D-3L value
(p≤0.001). There is also evidence of proportional bias within the plot, such that as
the average utility value increases there is a tendency for the differences between the
two scores to become smaller.
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4.4.3 Comparison with a general population dataset
Utility values using the Australian algorithm for the ICECAP-O and the EQ-5D-3L
were calculated for the general population samples. The mean values for the general
population and the hip fracture population are compared below, as well as
comparisons within the general population according to gender and age subgroups,
with differences between groups tested for using the Mann-Whitney U Test.

0.9
***

0.8

***

ICECAP‐O utility value

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Hip fracture

General
population

Population

Female

Male
Gender

60‐79 years

80‐100 years
Age

Figure 4.5 Comparison of the utility values for the ICECAP-O for the general
population (n=1052) and hip fracture (n=82) samples
*** indicates statistically significant difference between hip fracture and general population utility values at the p≤0.001 level
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0.9
0.8

***

EQ‐5D‐3L utility value

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Hip fracture

General
population

Population

Female

Male

Gender

60‐79 years

80‐100 years

Age

Figure 4.6 Comparison of the utility values for the EQ-5D-3L for the general
population (n=632) and hip fracture (n=82) samples
*** indicates statistically significant difference between hip fracture and general population utility values at the p≤0.001 level

There was a statistically significant difference in the ICECAP-O score for the hip
fracture population and the general population samples (p≤0.001). In addition, there
were differences in utility score between men and women within the general
population data, with men having a higher ICECAP-O utility score than women,
although this did not reach statistical significance. In contrast, the differences in
utility score between those aged between 60 and 79 years and those aged 80 years
and above reached statistical significance (p=0.001).
For the EQ-5D-3L utilities, there was a statistically significant difference between
the hip fracture and the general population samples (p≤0.001), with the general
population sample exhibiting greater utility than the hip fracture population. For
differences within the general population sample, men had slightly higher mean
utility than women, although this difference did not reach statistical significance, and
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those of age between 60 and 79 years had slightly higher mean utility than those aged
80 and above, although this did not reach statistical significance.
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4.5 Discussion
We aimed to apply a new instrument for the measurement of quality of life
(ICECAP-O) and compare its use to a more established instrument (EQ-5D-3L) in a
population of older adults following a hip fracture. We identified a reduced quality
of life in our sample compared to values published previously for the general
population and the general population of a similar age, for both instruments. This
finding is supported by the statistically significant difference in the utility score for
both instruments between the hip fracture population and general population samples
drawn from the South Australian Health Omnibus Study and an online bank of
Australian survey respondents. The majority of our sample of patients with a hip
fracture indicated they had problems with the EQ-5D-3L dimensions of mobility,
self-care, usual activities, and pain or discomfort, and just under half of our sample
indicated they were moderately or extremely anxious or depressed. Large
proportions of our sample also indicated they had problems with the ICECAP-O
attributes of role, enjoyment, and control. However, in the attributes of attachment
and security, the majority of our sample indicated that they had no or only a slight
impairment with these attributes.
This study represents a new application of an instrument measuring broad aspects of
quality of life in a sample of older people following hip fracture. The ICECAP-O is
a relatively new addition to the battery of instruments available for the measurement
of quality of life of older people. Most current published studies using the ICECAPO focus on general community dwelling populations (Coast et al. 2008b; Couzner et
al. 2012b; Flynn et al. 2011) or those recently discharged from hospital or receiving
Transition Care (Comans et al. 2013; Couzner et al. 2012a; Davis et al. 2012; Makai
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et al. 2013), whereas our study measured quality of life in older people within one
month of surgery to repair a hip fracture, which is often regarded as a sentinel event
in the health status of older people (Bertram et al. 2011). Therefore, our study was
an opportunity to apply the ICECAP-O in a population of older people who are
beginning to recover following a period of poor health but are still experiencing the
reduced function and increased needs for support associated with this.
Our study also represents a unique contribution in the comparison of the ICECAP-O
with more established generic preference based measures of quality of life such as
the EQ-5D-3L. The EQ-5D-3L has been used comprehensively to measure health
status and health-related quality of life globally, and there are five studies published
comparing the use of the EQ-5D-3L with ICECAP-O in populations of older adults.
Coastet al. (2008b) compared the EQ-5D-3L with the ICECAP-O in their
investigation of the construct validity of the new instrument. They applied the two
instruments in a sample of older adults from the UK general population (n=351).
Their distribution of responses to the ICECAP-O were similar to the hip fracture
population for the attachment and security attributes, but a much lower proportion of
the sample exhibited the worst level of capability in the role attribute (3.5% vs.
20.0% in the hip fracture sample), the enjoyment attribute (4.1% vs. 11.6%) and the
control attribute (2.2% vs. 10.7%). The EQ-5D-3L utility score showed a significant
relationship with the ICECAP-O attributes of enjoyment, control, role, and security,
but no relationship with the attachment attribute.
Makai et al. (2013) compared the use of the ICECAP-O with the EQ-5D-3L in a
population of older adults recently admitted to hospital, three months after their
admission. They collected data on a range of aspects of health and quality of life
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including level of independence with daily activities using the I-ADL scale,
depression using the Geriatric Depression Scale, social functioning measured using
the social activity limitation item from the SF-20, life satisfaction with Cantrils
Ladder Life Satisfaction Scale, history of chronic diseases, wellbeing as measured by
the Social Production Function Instrument for Level (SPF-IL) of Well-being, as well
as the ICECAP-O and EQ-5D-3L instruments to measure quality of life. This study
found that ICECAP-O scores were strongly and significantly correlated to Cantrils
Ladder, SPF-IL, Geriatric Depression Scale and the I-ADL and moderately and
significantly correlated with the EQ-5D-3L utilities. Interestingly, in bivariate
analysis the ICECAP-O score was able to significantly discriminate between groups
according to age, presence of chronic conditions, dependence in their I-ADL, and
presence of depression. But the ICECAP-O was not able to significantly
differentiate according to gender, education level or living status. Similarly in the
sample of patients with hip fractures, there was no statistically significant difference
in utility score according to age, gender, education level, and admission to a
residential care facility. They also compared those with the highest vs. those with the
lowest ICECAP-O scores. They found that those with the lower scores were more
likely to be older, living in a nursing home, have multiple chronic conditions, have
lower scores for wellbeing and EQ-5D-3L measures, be depressed, and be more
dependent in their daily activities. In terms of their responses to the ICECAP-O
attributes, slightly less of the sample had full capability in the attachment item (36%
vs. 56% in hip fracture sample). In comparison, for the other attributes the post
hospital discharge population had more capability than the hip fracture population.
For example, more indicated they had full capability in the security attribute (52%
vs. 31% in hip fracture sample), the role attribute (21% vs. 16.5%), the enjoyment
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attribute (29% vs. 12%) and a much higher proportion had full capability in the
control item (41% vs. 12% in hip fracture population). Overall, this study illustrated
higher capability in this population of older adults three months following admission
to hospital, showing the recovery in capability over time. There was also correlation
illustrated between the ICECAP-O and the EQ-5D-3L, including in utilities
calculated from both instruments (r=0.4, p<0.01) of a similar magnitude to the
correlation found in our estimates. Correlations were also found between the
ICECAP-O utility score and all of the EQ-5D-3L attributes (p<0.01).
Comans et al. (2013) compared the EQ-5D-3L and the ICECAP-O instruments in a
population of Australian older adults (n=351) taking part in the transition care
program. The EQ-5D-3L and ICECAP-O were administered at admission to the
program, discharge, and at 3 and 6 months following admission to the program. The
study showed that most participants had problems with the attributes mobility, selfcare, and carrying out usual activities at baseline, and these attributes showed the
most improvement at discharge and three and six months follow up. At the initial
time point, fewer of the participants reported the lowest capability for the role
attribute (10% vs. 20% in the hip fracture sample), for the enjoyment attribute (4%
vs. 12% in the hip fracture sample), and the control attribute (5% vs. 11% in the hip
fracture sample) and responses to all attributes improved at the follow up
assessments, except for the attachment domain which did not show improvement.
Initial mean utility scores on admission to the TCP program were similar to the hip
fracture sample for the EQ-5D-3L instrument (0.55 SD 0.20), but higher for the
ICECAP-O score (0.75 SD 0.16) perhaps illustrating the sensitivity of the ICECAPO instrument in measuring change in quality of life in older people post hospital
admission. However, both instruments showed an improvement in utility score at the
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discharge from TCP time point (EQ-5D-3L: 0.70 SD 0.20, ICECAP-O: 0.83 SD
0.16).
Couzner, Ratcliffe, and Crotty (2012a) conducted a study applying the EQ-5D-3L
and the ICECAP-O in a population of older adults (n=82) undertaking residential
transition care or outpatient day rehabilitation. These participants were again at a
later stage of recovery following admission to hospital than the current sample of
patients with hip fractures, and similarly to Comans et al. (2013) exhibited a higher
mean utility score calculated from the ICECAP-O (0.81 SD 0.15) but a similar score
calculated from the EQ-5D-3L (0.52 SD 0.27). In terms of comparison of
frequencies of distribution for responses to the ICECAP-O instrument, again the
responses to attachment were broadly similar, but fewer participants chose the lowest
level of the security attribute (7.3% vs. 12.6% in the hip fracture sample), the role
attribute (12.2% vs. 20.0% in the hip fracture sample), the enjoyment attribute (3.7%
vs. 11.6% in the hip fracture sample) and the control attribute (4.9% vs. 10.7% in the
hip fracture sample). Moderate correlation between the EQ-5D-3L and ICECAP-O
utilities was also demonstrated (r=0.437, P<0.01).
Davis et al. (2012) applied both the EQ-5D-3L and the ICECAP-O in a population of
Canadian older adults (n=215) referred to a falls prevention clinic. They showed a
mean utility score for both instruments (EQ-5D-3L: 0.701 SD 0.291, ICECAP-O:
0.815 SD 0.177) which was higher than the values calculated for the hip fracture
populations, and again a moderate correlation between the instruments (r=0.474,
p<0.01). They also found that the EQ-5D-3L and the ICECAP-O were associated
with reliable markers of general balance, falls risk, and mobility but ICECAP-O
showed more relationship to specific indicators of impaired mobility as well as
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independence in daily activities. This led the authors to conclude that the ICECAPO may be more appropriate a measurement of utility in older adults with mobility
impairments than traditional instruments such as the EQ-5D-3L.
The results of the correlation and agreement tests show large correlations between
the newly developed ICECAP-O and the more established EQ-5D-3L, however the
ICECAP-O utility score was found to be significantly higher than the EQ-5D-3L
score. In addition, the Bland-Altman plot measuring agreement of the two
instruments showed large differences in the utilities measured by the two instruments
of up to 0.6. This is considered a large difference for the measurement of utilities
where a value of zero is equal to death and one is equal to perfect health or
capabilities. But therein lies the difference – while both instruments are measuring
quality of life, they are measuring different aspects quality of life. Both instruments
appear to be sensitive to the reduced quality of life following a hip fracture, but
further work is needed to assess whether one instrument captures the recovery
following a hip fracture better than another, and would therefore more fully represent
the benefits of treatment options from the perspective of older people for application
within the framework of economic evaluations.
In addition, the Bland-Altman plot is a relatively new method for analysis of
agreement, and there is still discussion on the best method for undertaking this
analysis (Ludbrook 2010; Watson & Petrie 2010). Where data points exhibit a
“funnel effect” (i.e. where magnitude of differences between the two measures
changes as the mean value increases) there is concern the traditional method of
estimating limits of agreement could result in overestimation, due to the assumption
of univariate differences between the data points being violated (Ludbrook 2010).
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This is considered a common occurrence in medical research, and noticeable also in
this dataset. This can be accounted for one of two ways, either transforming the data
to achieve normally distributed differences or adjusting the limits of agreement to
account for the heteroscedasticity of the data (Ludbrook 2010; Watson & Petrie
2010). Such adjustments are outside the scope of this exploratory pilot study, but
they are important to consider for future research.
In this study due to significant cognitive impairment we were not able to elicit
responses from those individuals with MMSE scores lower than nineteen. Other
studies have also excluded participants with cognitive impairment (Bilotta et al.
2010; Hall et al. 2000; Rohde et al. 2008). However, there is currently no universally
agreed threshold level of cognitive impairment beyond which proxy responses
should be sought (Hounsome et al. 2011; Ratcliffe et al. 2010). There is also some
evidence of proxy responders tending to overestimate limitations in unobservable
items (e.g. pain, anxiety) for measuring health-related quality of life (Coucill et al.
2001; Hounsome et al. 2011; Sitoh et al. 2003), although we noted pain was reported
less commonly by our proxy respondents than self-reporting respondents. Therefore,
the best method of eliciting quality of life data from patients with cognitive
impairment is still open to debate and requires further research.
This chapter has provided pilot data to assess the performance of a new generic
preference based instrument for measuring quality of life (ICECAP-O) specifically
designed for use in older people in a post hip fracture population. The question of
how to measure quality of life is an important one to economic evaluation as it forms
a standardised measure of benefits of health interventions for the costs to be
compared against. The ICECAP-O, which has been developed to measure quality of
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life in older people, appears to behave similarly to more established instruments (EQ5D-3L) in a population of older people post hip fracture. However there is evidence
of differences in agreement between the two instruments, which highlights the
importance of determining which instrument is preferred for measuring quality of life
in this population. Ultimately, the question of which instrument to use in particular
contexts is dependent upon the performance of each instrument in adequately
capturing the most important changes in quality of life over time as a result of
providing social and health interventions. Therefore, future studies should focus on
the important determinants of quality of life for older people recovering from hip
fracture and the sensitivity of instruments to change over time, a key indicator for
assessing the benefits of social and health interventions within economic evaluation
(Milte et al. 2014).
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5 PREFERENCES FOR REHABILITATION AFTER HIP
FRACTURE
This chapter contains material from:
Milte R, Ratcliffe J, Miller M, Whitehead C, Cameron ID & Crotty M 2013, ‘What
are frail older people prepared to endure to achieve improved mobility following hip
fracture? a discrete choice experiment’, Journal of Rehabilitation Medicine, vol. 45,
no. 1, pp. 81-6.

5.1 Introduction
Hip fractures are amongst the most devastating consequences of osteoporosis and
injurious accidental falls with around 25% of patients dying in the first year after
fracture (Braithwaite et al. 2003; Koval et al. 1999), with only 40% returning to prefracture levels of mobility (Koval et al. 1999), and annual expenditures exceeding
$AUD700 million (Randell et al. 1995). Rehabilitation strategies for frail older
people following hip fractures are still evolving. However there is evidence to
suggest that a multidisciplinary rehabilitation programme and physical therapy is
associated with improvements in mobility relative to usual orthopaedic care (Handoll
et al. 2009; Handoll et al. 2011).A previous study by Salkeld and colleagues to assess
the preferences for health of older women at risk of hip fracture living in the
community indicated that even a small improvement in mobility was very highly
valued and could have a large positive impact on quality of life(Salkeld et al. 2000).
Whilst arehabilitation programme has the ability to achieve large improvements in
mobility (Halbert et al. 2007), typically this also involves a period of substantial
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effort and endurance by the individual participant, as well as the endurance of
significant levels of pain. In addition, paradoxically this type of intervention may
also increase the risk of further falls and injuries principally because the individual
achieves greater mobility as a consequence. Presently, scant evidence is available
concerning the preferences of older people for an individualised multidisciplinary
rehabilitation programme to promote recovery from a hip fracture.
Discrete Choice Experiments (DCE) are a stated preference technique originating in
mathematical psychology designed to establish the relative importance and impact of
individual attributes, or characteristics, upon the overall utility of a good or
service(Street & Burgess 2007). Within health economics there has been an
exponential increase in the number of DCE studies undertaken within the last decade,
with the majority focused upon the assessment of patient preferences within a wide
variety of health care programs and services(De Bekker-Grob et al. 2012; Ratcliffe et
al. 2010). However, DCE studies specifically designed for and conducted with older
people (aged 65 years and over) remain rare in comparison with those conducted
with general adult samples(De Bekker-Grob et al. 2012; Ratcliffe et al. 2010). A
recent commentary highlighted the potential for the application of discrete choice
experiments in promoting patient choice for older people(Ratcliffe et al. 2010).
DCEs are typically administered through a questionnaire in which the respondent is
presented with a series of choices between alternative health or rehabilitation
programs and asked to choose the program that they would prefer. The alternative
programs are described in terms of their attributes and associated levels (for example
waiting time, location of treatment, type of treatment and staff providing the
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treatment). DCEs therefore provide information about the acceptability of different
characteristics of programs, the trade-offs that patients are willing to make between
these characteristics, and the relative importance of each of these characteristics in
determining overall utility or value(Ryan & Gerard 2003). This study sought to apply
discrete choice experiment methodology to investigate the preferences of older
people for rehabilitation to promote recovery from a hip fracture. Specifically, the
DCE sought to investigate what older people would be prepared to endure in terms of
levels of pain, physical effort and the risk of further falls and injury to recover the
ability to mobilise independently following hip fracture through participation in an
individualised multidisciplinary rehabilitation programme.
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5.2 Methods
5.2.1 Questionnaire design
A DCE questionnaire was developed for completion via a face to face interview
between the consenting participant and a trained interviewer. The questionnaire
contained two main sections. Section A comprised a series of attitudinal statements
relating to recovery following hip fracture, mobility, and quality of life. Respondents
were asked to indicate the degree to which they agreed or disagreed with each
statement on a 5 point Likert scale ranging from completely agree to completely
disagree. Section B of the questionnaire contained the DCE questions. The scenarios
presented for consideration in the DCE were based upon four salient attributes
identified by the research team in consultation with rehabilitation clinicians based
upon increasing levels of pain, effort, risk of further falls and mobility. The full
factorial options resulted in 81 possible scenarios for presentation (=34). A fractional
factorial design was employed to reduce this to a more practical total of 36 scenarios,
generating 18 binary choice sets, which were 100% efficient for the estimation of
main effects(Street & Burgess 2007). This design was divided into three versions and
six binary choice sets were presented within each version. Within each binary choice
set, participants were asked to indicate their preferred choice between a pair of
hypothetical scenarios reflecting the characteristics of an individualised
multidisciplinary rehabilitation programme they would receive at two alternative
locations. Given that patients were already currently participating in a rehabilitation
program, a “forced choice” experiment was considered appropriate and no opt out
option was provided.
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5.2.2 Study participants
Participants were recruited as part of a larger project to also investigate quality of life
in patients following hip fracture, as described in Chapter 4. Details of the
recruitment of participants has been described in detail in Chapter 4 and in Milteet al.
(2013a). Briefly, participants were recruited from Flinders Medical Centre, and the
Repatriation General Hospital in Adelaide, South Australia. The study was approved
by the Flinders Clinical Research Ethics Committee (Approval No. 4609, Approval
Granted February 2009). Patients were approached sequentially between May 2009
and November 2010 following referral to the research team by a key contact staff
member at each hospital. Inclusion criteria were admission with a fall related
proximal femur fracture, 60 years old and above, and not currently receiving
palliative care. Both those participants who were to receive rehabilitation and those
currently ineligible for rehabilitation were eligible for participation in the study.
There is evidence that the preferences of proxies often do not correspond well with
the preferences of the patients themselves(Shalowitz et al. 2006). In cases where
significant cognitive impairment (defined in terms of a score less than 19/30 on the
MMSE) prevented an individual from giving informed consent and responding
directly to the questionnaire, consenting family carer preferences were elicited by
proxies directed to answer from the patient’s perspective. Whilst previous DCE
studies in health care have tended to include participants with a reasonably high level
of cognitive function (defined in terms of a MMSE score of 24 or above) for this
study we attempted to be more inclusive in order to reflect more fully the views and
preferences of older people themselves (including those from a residential care

Preferences for rehabilitation after hip fracture

177

background), as opposed to obtaining proxy responses from a family member. The
DCE was initially piloted with a small sample of patients (n=10) with a range of
levels of cognitive function to check respondents level of understanding of the
questions and to indicate that they were providing meaningful responses.

5.2.3 Administration of questionnaire
The findings from the pilot study indicated that patients with mild cognitive
impairment (MMSE 19-23) were able to complete the questionnaire and were also
able to provide meaningful responses. Minor changes to question layout and
phraseology were made as a consequence of the findings of the pilot study to
improve participant understanding. All patients who gave informed consent to
participate took part in a face to face interview with one of two study researchers.
The interviews were completed approximately seven days following their surgery,
either at the patient bedside or at their home.

5.2.4 Data analysis
The data from the DCE were analysed within a random utility theory framework
using a conditional logit regression model(Ryan & Gerard 2003). The function to be
estimated was of the following form:
V= β75%risk_fall + β50%risk_fall + β25% risk_fall + βmild_pain + βmoderate_pain
+ βsevere_pain+ β30_mins + βone_hour + βtwo_hours + βmobility-Independant +
βmobility_frame + βmobility-wheelchair + e + u
V is the utility or satisfaction associated with the different rehabilitation programs.
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βx are the estimated parameters of the model. eis the error term for the difference in
observations. u is the error term for the differences between responses.
The estimated coefficients and their statistical significance (or otherwise) indicate
the relative importance of the different attributes on individual preferences. A
positive sign on a coefficient indicates that as the level of the attribute increases so
does the utility derived and the converse applies for a negative sign on a coefficient.
The base levels of the coefficients could then be calculated using the formula that
they were equal to the negative 1 multiplied by the sum of the coefficients for the
two other levels. For every respondent, tests were also carried out to determine if
any of the attributes were dominant (Lancsar & Louviere 2006). A dominant
response implies that the scenario with the preferred direction of preference for one
particular attribute is always chosen, irrespective of the levels of the remaining
attributes presented. For example, a participant who always chooses the best level for
mobility in every choice situation (irrespective of falls risk and the levels of pain or
effort presented) has a dominant response pattern for mobility. Sub group analyses
were undertaken by estimating two separate DCE models for [1] residential status:
living in residential care versus living in the community, [2] education level:
completed high school versus no qualifications, [3] age: 79 years and below versus
80 years and above, and the results were compared.
In order to estimate marginal rates of substitution (MRS), a conditional logit model
was estimated including the risk of falling and the duration of effort required in the
rehabilitation session as continuous variables. The MRS were then calculated by
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dividing the estimated coefficient for the attribute by the estimated coefficient for the
selected value attribute (risk of falling or duration of effort).
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5.3 Findings
As the same sample was used for the study described in chapter 4, characteristics of
the sample have been described in detail previously. Briefly, a total of 149 patients
with a recent proximal femoral fracture were approached of whom 87 (58%)
consented to participate in the study. The majority n=61 (70%) of the participants
were women and were between 71 and 80 years of age, n=64 (74%). A small
proportion were living in residential care prior to fracture (n= 16 (18%)), the
majority were living independently in the community prior to admission, n= 71
(82%). A total of 34 (39%) participants had a MMSE of 23 or below, of whom 10
(11%) had an MMSE of 19 or lower and therefore the questionnaire was completed
on their behalf by a proxy family carer.
The number of respondents who were dominant for each attribute and the total
number of participants who were dominant for any attribute is presented in Figure
5.1, along with the breakdown of dominant respondents for each attribute by sub
group: living in residential care vs. community prior to fracture in Figure 5.2. Figure
5.1 shows that 42 out of 81 (52%) participants who completed this section of the
questionnaire were dominant for the mobility attribute, this being much more
common than dominance for any other attribute. Sub-group analysis revealed that the
proportion of dominant respondents was largely similar for those living in residential
care vs. the community prior to fracture.
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Figure 5.2 Proportion of dominant responses in participants from residential care
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Table 5.1 Responses to attitudinal questions for total sample and by subgroup: living in residential care vs the community prior to fracture
Subgroup Response n(%)

A. *

B.

C.

D.

E.

F.

G.

H.

Total

51 (58.6)
31 (35.6)
3 (3.4)
1 (1.1)
1 (1.1)
0 (0)
6 (37.5)
7 (43.8)
1 (6.3)
1 (6.3)
1 (6.3)
45 (63.4)
24 (33.8)
2 (2.8)
0 (0)
0 (0)

32 (36.8)
44 (50.6)
7 (8.0)
4 (4.6)
0 (0)
0 (0)
3 (18.8)
10 (62.5)
2 (12.5)
1 (6.3)
0 (0)
29 (40.8)
34 (47.9)
5 (7.0)
3 (4.2)
0 (0)

40 (46.0)
38 (43.7)
6 (6.9)
3 (3.4)
0 (0)
0 (0)
3 (18.8)
8 (50.0)
3 (18.8)
2 (12.5)
0 (0)
37 (52.1)
30 (42.3)
3 (4.2)
1 (1.4)
0 (0)

0 (0)
0 (0)
0 (0)
23 (26.4)
64 (73.6)
0 (0)
0 (0)
0 (0)
0 (0)
7 (43.7)
9 (56.3)
0 (0)
0 (0)
0 (0)
16 (22.5)
554 (77.5)

27 (31.0)
55 (63.2)
2 (2.3)
2 (2.3)
0 (0)
1 (1.1)
3 (18.8)
11 (68.8)
1 (6.3)
1 (6.3)
0 (0)
24 (33.8)
44 (62.0)
1 (1.4)
1 (1.4)
0 (0)
1 (1.4)

3 (3.4)
11 (12.6)
5 (5.7)
37 (42.5)
31 (35.6)
0 (0)
0 (0)
2 (12.5)
2 (12.5)
5 (31.3)
7 (43.8)
3 (4.2)
9 (12.7)
3 (4.2)
32 (45.1)
24 (33.8)

0 (0)
5 (5.7)
1 (1.1)
24 (27.6)
57 (65.5)
0 (0)
0 (0)
0 (0)
0 (0)
6 (37.5)
10 (62.5)
5 (7.0)
0 (0)
1 (1.4)
18 (25.4)
47 (66.2)

9 (10.3)
39 (44.8)
20 (23.0)
11 (12.6)
4 (4.6)
4 (4.6)
3 (18.8)
10 (62.5)
1 (6.3)
2 (12.5)
0 (0)
6 (8.5)
29 (40.8)
19 (26.8)
9 (12.7)
4 (5.6)
4 (5.6)

Residential Care

Community based

Strongly Agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Did not answer
Strongly Agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Strongly Agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Missing

*A. I am confident that I will be able to walk again eventually, B. I want to be able to walk again even if there is a high risk that I could fall again and break another bone in the future, C. I am prepared to make a large
physical effort over a period of several weeks to enable me to walk again, D. I would prefer to go into a wheelchair now and forget about walking again, E. I am prepared to accept pain for a number of weeks whilst
following an exercise programme if it will enable me to walk again, F. I am very tired and I don’t want to have physiotherapy to help me with walking, G. I would be happy to use a mechanical lifter to move me from
the bed to a chair for the rest of my life, H. I would be prepared to pay a fee to receive an 8 week rehabilitation programme in the nursing home to help me walk again
.
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Table 5.2 Conditional logit model results (total sample). Data shown as
Coefficients with 95% confidence intervals
Attributes

Attribute Level

Coefficient (95% CI)

P

FALLS: Your risk of
falling and breaking
another bone at some
time point following
rehabilitation

50% or a 1 in 2 chance

0.0354 (-0.1670 to 0.2378)

0.732

25% or a 1 in 4 chance

0.5450 (0.3316 to 0.7583)

0.000

PAIN: The level of pain
you would need to accept
during rehabilitation with
the aim of recovering
your ability to walk short
distances

Moderate pain for 6 to 8 weeks

0.2097 (-0.0004 to 0.4199)

0.051

Severe pain for 6 to 8 weeks

-0.4036 (-0.6111 to -0.1962)

0.000

EFFORT: The level of
effort you would need to
make during
rehabilitation by working
hard and exercising with
a physiotherapist

One hour per day for 2 months

0.0088 (-0.1985 to 0.2162)

0.933

Two hours per day for 2 months

-0.4916 (-0.7020 to -0.2812)

0.000

MOBILITY: Your ability
to recover walking
following participation in
the programme

Walking with a frame with one
person close by

0.4032 (0.2063 to 0.6001)

0.000

Walking with a stick
independently without help

1.3807 (1.1697 to 1.5916)

0.000

Abbreviations: CI= Confidence intervals
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Table 5.1 Responses to attitudinal questions for total sample and by subgroup: living in residential care vs the community prior to fracture
Subgroup Response n(%)

A. *

B.

C.

D.

E.

F.

G.

H.

Total

51 (58.6)
31 (35.6)
3 (3.4)
1 (1.1)
1 (1.1)
0 (0)
6 (37.5)
7 (43.8)
1 (6.3)
1 (6.3)
1 (6.3)
45 (63.4)
24 (33.8)
2 (2.8)
0 (0)
0 (0)

32 (36.8)
44 (50.6)
7 (8.0)
4 (4.6)
0 (0)
0 (0)
3 (18.8)
10 (62.5)
2 (12.5)
1 (6.3)
0 (0)
29 (40.8)
34 (47.9)
5 (7.0)
3 (4.2)
0 (0)

40 (46.0)
38 (43.7)
6 (6.9)
3 (3.4)
0 (0)
0 (0)
3 (18.8)
8 (50.0)
3 (18.8)
2 (12.5)
0 (0)
37 (52.1)
30 (42.3)
3 (4.2)
1 (1.4)
0 (0)

0 (0)
0 (0)
0 (0)
23 (26.4)
64 (73.6)
0 (0)
0 (0)
0 (0)
0 (0)
7 (43.7)
9 (56.3)
0 (0)
0 (0)
0 (0)
16 (22.5)
554 (77.5)

27 (31.0)
55 (63.2)
2 (2.3)
2 (2.3)
0 (0)
1 (1.1)
3 (18.8)
11 (68.8)
1 (6.3)
1 (6.3)
0 (0)
24 (33.8)
44 (62.0)
1 (1.4)
1 (1.4)
0 (0)
1 (1.4)

3 (3.4)
11 (12.6)
5 (5.7)
37 (42.5)
31 (35.6)
0 (0)
0 (0)
2 (12.5)
2 (12.5)
5 (31.3)
7 (43.8)
3 (4.2)
9 (12.7)
3 (4.2)
32 (45.1)
24 (33.8)

0 (0)
5 (5.7)
1 (1.1)
24 (27.6)
57 (65.5)
0 (0)
0 (0)
0 (0)
0 (0)
6 (37.5)
10 (62.5)
5 (7.0)
0 (0)
1 (1.4)
18 (25.4)
47 (66.2)

9 (10.3)
39 (44.8)
20 (23.0)
11 (12.6)
4 (4.6)
4 (4.6)
3 (18.8)
10 (62.5)
1 (6.3)
2 (12.5)
0 (0)
6 (8.5)
29 (40.8)
19 (26.8)
9 (12.7)
4 (5.6)
4 (5.6)

Residential Care

Community based

Strongly Agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Did not answer
Strongly Agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Strongly Agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Missing

*A. I am confident that I will be able to walk again eventually, B. I want to be able to walk again even if there is a high risk that I could fall again and break another bone in the future, C. I am prepared to make a large
physical effort over a period of several weeks to enable me to walk again, D. I would prefer to go into a wheelchair now and forget about walking again, E. I am prepared to accept pain for a number of weeks whilst
following an exercise programme if it will enable me to walk again, F. I am very tired and I don’t want to have physiotherapy to help me with walking, G. I would be happy to use a mechanical lifter to move me from
the bed to a chair for the rest of my life, H. I would be prepared to pay a fee to receive an 8 week rehabilitation programme in the nursing home to help me walk again
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Table 5.2 presents the results from the conditional logit model for the total sample.
Both of the higher attribute levels relating to mobility (walking with a stick
independently and walking with a frame) and the attribute level relating to the lowest
risk of further falls (25%) were found to be highly important in determining positive
preferences for an individualised multidisciplinary rehabilitation programme and
were highly statistically significant (P<0.001). Participants also exhibited negative
preferences for the attribute levels relating to severely painful interventions and
levels of effort involving rehabilitation intervention durations of two hours or more
per day and both of these attribute levels were statistically significant.
Table 5.3 presents the results from the conditional logit model for the subgroups
according to place of residence prior to the hip fracture. It can be seen that both
groups exhibited strong positive preferences for higher levels of the mobility
attribute. However in contrast to those participants living in the community those
living in residential care prior to hip fracture were less averse to severely painful
interventions and levels of effort involving rehabilitation intervention durations of
two hours or more per day. Both of these attribute levels were statistically significant
in influencing the preferences of the community group but were not significant for
the residential care group.
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Table 5.3 Results of conditional logit model for subgroups based on living in the
community or in residential care
Attributes

FALLS: Your risk of
falling and breaking
another bone at some time
point following
rehabilitation
PAIN: The level of pain
you would need to accept
during rehabilitation with
the aim of recovering your
ability to walk short
distances
EFFORT: The level of
effort you would need to
make during rehabilitation
by working hard and
exercising with a
physiotherapist
MOBILITY: Your ability
to recover walking
following participation in
the programme

Attribute Levels

Residential Care
(N=16)
P

Community
(N=71)
Coefficient
(95% CI)
0.0583 (-0.1672,
0.2837)

50% or a 1 in 2
chance

Coefficient (95%
CI)
-0.0684 (-0.5481,
0.4113)

25% or a 1 in 4
chance
Moderate pain for
6 to 8 weeks

0.7499 (0.2344,
1.2653)
0.2129 (-0.2808,
0.7066)

Severe pain for 6
to 8 weeks

-0.1673 (-0.6592,
0.3247)

0.505

-0.4675 (0.6991, -0.2359)

0.000

One hour per day
for 2 months

-0.4692 (-0.9482,
0.0096)

0.055

0.1287 (-0.1036,
0.3609)

0.277

Two hours per day
for 2 months

-0.1620 (-0.6513,
0.3273)

0.516

-0.5774 (0.8138, -0.3411)

0.000

Walking with a
frame with one
person close by
Walking with a
stick
independently
without help

0.8300 (0.3556,
1.3045)

0.001

0.3062 (0.0871,
0.5253)

0.006

1.2330 (0.7463,
1.7197)

0.000

1.4322 (1.1949
1.6695)

0.000

0.780

0.004
0.398

0.4999 (0.2629,
0.7369)
0.2175 (-0.0168,
0.4519)

P
0.613

0.000
0.069

Abbreviations: CI= Confidence intervals

The responses to the attitudinal questions for the total sample, and also for each
subgroup can be found in Table 5.1. The responses to the attitudinal statements
broadly reinforce the findings from the DCE, indicating a strong preference to
undertaking rehabilitation programmes with an aim to increase mobility, in both the
residential and community care subgroups and the total sample.
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Table 5.4 Marginal rates of substitution using risk of falls and duration of effort as
value attributes
Attribute

Level

Coefficient (SE)

MRS risk (%)

FALLS

Risk

-

PAIN

Mild
Moderate
Severe
Duration

-0.0160***
(0.0057)
0.138
0.209** (0.104)
-0.347*** (0.010)
-0.0078***
(0.0020)
-1.361
0.304*** (0.091)

MRS duration of
effort (minutes)
2.000

-8.625
-13.063
21.688
0.500

-0.005
-26.125
43.375
-

85.063
-19.000

170.125
-38.000

1.057*** (0.105)

-66.063

-132.125

EFFORT
MOBILITY

Wheelchair bound
Walking with a
frame
Walking with a
stick

*** p<0.01, **p<0.05, *p<0.1

Table 5.4 presents the results of the conditional logit model for the sample with risk
of falling and duration of effort for rehabilitation included as linear, continuous
variables and the results of the marginal rates of substitution using risk of falling
(risk) and duration of effort (duration) as value attributes. Plotting of the coefficient
values attached to alternative levels of these two value attributes indicated that the
assumption of a linear relationship was appropriate. The results indicate that, in
general, participants would be prepared to accept a 22% increase in the risk of falling
and breaking another bone to avoid enduring severe pain from participating in a
rehabilitation programme. In general participants would also be prepared to accept
an increase in the duration of the rehabilitation programme of over 2 hours in a 2
month period (132 minutes) in order to achieve the highest mobility outcome of
walking with a stick unaided.
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5.4 Discussion
This is the first time DCE methodology has been applied to ascertain patient
preferences for an individualised multidisciplinary rehabilitation programme
following hip fracture. The findings from this DCE study indicate that mobility
outcomes and the achievement of independent mobility have significant and positive
impacts for frail older people recovering from hip fracture. A previous study of
preferences for service configuration in rehabilitation inpatients also found that
recovery was the dominant factor in determining preferences (Laver et al. 2013). In
addition, while patients were averse to very high doses of therapy (6 hours per day)
they were not averse to moderate does of therapy (3 hours per day) (Laver et al.
2013). Another study in frail older adults, in this case participants in a Transitional
Care program designed to increase independence following a hospital admission,
found participants were averse to very high doses of therapy (greater than 15 visits
per week from therapists) but not averse to lower doses of therapy (ranging from
contact a few times per week to daily therapy) (Dixon et al. 2013). The preferred
model of care based on this study was in-home care provided seven times per week
principally organised by the therapist. In addition to contributing knowledge of older
adult preferences for rehabilitation, the current study also provides important
preliminary evidence for the feasibility and future potential for DCE methodology to
be applied to elicit the treatment preferences of frail older people, a sub-group of the
population traditionally excluded from studies of this nature (De Bekker-Grob et al.
2012).
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Although our sub-sample of participants from residential care was small (n=16), we
found that the preferences of participants from a residential care background were
broadly similar to those from a community background. Participants from both
residential care and the community exhibited strong positive preferences for
improved mobility following hip fracture and these differences were found to be
statistically significant. This finding is reinforced by the responses to the attitudinal
questions whereby all participants from both residential care and the community
(100%) expressed they disagreed or strongly disagreed with the statement ‘I would
prefer to go into a wheelchair now and forget about walking’. Presently in Australia,
patients from high care residential aged care facilities (nursing homes) are denied the
same opportunities in relation to rehabilitation care as compared to people from
community or low care residential aged care settings, an approach which is
increasingly being questioned (Crotty & Ratcliffe 2011). Recently updated hip
fracture guidelines from the National Institute of Health and Clinical Excellence
(NICE) in the UK have recommended that priority research be undertaken into the
provision of rehabilitation strategies for rehabilitating older people from residential
care following a hip fracture (National Clinical Guideline Centre 2011). A recent
systematic review has also highlighted the likely clinical benefit to this group
(Forster et al. 2010). The findings from this study suggest residents and their family
members have similar levels of interest in recovery and rehabilitation as those from
the community.
The DCE study represents a snapshot study of patient preferences at one time point
only, following surgery for hip fracture. It may be the case that patients could

Preferences for rehabilitation

191

change their preferences for rehabilitation over time, for example, if optimal
rehabilitation is not achieved, or if their health declines further. We elected to survey
patients about their preferences for rehabilitation early after their surgery when they
were first commencing rehabilitation as it has been demonstrated that it is at this
time-point that their engagement with a rehabilitation program is most important as
rehabilitation must commence early following surgery to achieve the best outcomes
(National Clinical Guideline Centre 2011). The chosen attributes and levels were
developed with health professionals engaged in the provision of rehabilitation
programmes and piloted with patients receiving rehabilitation for relevance,
language and coverage. However it is important that future research includes a
comprehensive and client-focused method of defining attributes and levels for DCEs.
The selection criteria recently presented by Coast et al. (2012) recommending more
rigorous methods of attribute selection based on qualitative techniques would be
useful in this regard.
This study provides important preliminary evidence relating to the preferences of
frail older people for improved mobility as a consequence of an individualised
multidisciplinary rehabilitation intervention following hip fracture. The findings
indicate that, in general, the desire to recover mobility through a rehabilitation
intervention is tempered by an aversion to high levels of risk of further falls and pain.
This finding is important to note, given the current NICE recommendations to
investigate the effectiveness of higher intensity rehabilitation programs, which may
result in increased pain and fatigue for patients (National Clinical Guideline Centre
2011). If these guidelines were implemented in Australia, our study provides
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evidence that frail older adults are willing to participate in programmes of requiring
increasing effort and resulting in increasing pain during rehabilitation. However, a
significant proportion are averse to programmes of severe pain and very long
duration. Therefore, while higher intensity rehabilitation programmes are likely to
be acceptable to this group, especially if they provide the chance of improved
mobility outcomes for participants, it would be important for those designing such
programmes to consider process outcomes such as the level of effort involved. It
will be important in the future for both researchers and clinicians to determine novel
strategies to design rehabilitation programmes which provide the intensity required
to gain the mobility outcomes that older people so highly value but within levels of
effort and pain which are acceptable. Physical exercise programmes are not only of
interest for hip fracture rehabilitation, but are also of interest in older adults as a way
of reducing the functional decline associated with hospitalisation (De Morton et al.
2007) and in older community dwelling adults to reduce functional decline to
maintain health and independence (Liu & Latham 2009). In particular, in their
Cochrane review of the effects of resistance strength training on physical function in
older adults, Liu and Latham (2009) found effects on strength and vitality with
higher intensity interventions, although the number of published studies was small.
It would be interesting to consider whether the findings we have reported in patients
with hip fractures would also apply to other groups of older adults. While this may
be the case, the preferences of older adults in other groups receiving rehabilitation
programs needs further examination.
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The study also adds to the bourgeoning literature highlighting the potential for the
wider application of DCE methodology as a valuable instrument for engaging with,
and eliciting the views and preferences of, frail older people in relation to their health
and health care (Darbà et al. 2011; De Bekker-Grob et al. 2013; Dixon et al. 2013;
Laver et al. 2011a; Laver et al. 2013; Laver et al. 2011b; McNamara et al. 2013;
Ratcliffe et al. 2010), a group traditionally excluded from studies of this nature (De
Bekker-Grob et al. 2012; Ratcliffe et al. 2010). We attempted to be inclusive with
the DCE by not excluding older adults with mild cognitive impairment. The
preferences of those with mild cognitive impairment are particularly important given
the increasing awareness that those which cognitive difficulties should not be
excluded from rehabilitation programmes (National Clinical Guideline Centre 2011).
The preliminary finding from our study are generally positive and indicate the
potential for DCE’s to be conducted in samples of older people with mild cognitive
impairment. However it is important that further work is conducted to assess the
practicality and feasibility of this approach in older people with cognitive
impairment. The application of qualitative research methods, including think aloud
approaches (Van Someren et al. 1994), may be particularly helpful in this regard to
investigate the process of DCE decision making in this group. Further research
should also be directed towards achieving greater equity in access to rehabilitation
services for the wide spectrum of patients attending hospital with hip fractures.
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6 GENERAL DISCUSSION
6.1 Introduction
This chapter providesa discussion of the overall findings of the thesis. In addition,
recommendations will be provided for future research directions based upon the key
findings from the body of work presented in this thesis.

6.2 Cost effectiveness of nutrition interventions for frail
older adults: Adding to the evidence
The systematic review of the published literature demonstrated that whilst there are
some published economic evaluations of nutrition strategies for the treatment or
prevention of protein and energy malnutrition in adults, there are very few high
quality cost-effectiveness studies in this area (Milte et al. 2013b). This is concerning
for researchers, clinicians and decision makers, as without good quality economic
evidence for the effectiveness of nutrition strategies, nutrition programs may be
undervalued and overlooked for funding priorities within future health care
programs. The cost-effectiveness studies that have been conducted to date show
varying results dependent on the characteristics of the population under analysis, but
there are a number indicating likely cost-effectiveness of the interventions under
consideration in malnourished patients with benign gastrointestinal disease (Norman
et al. 2011), in patients less than 75 years old following a hip fracture (Wyers et al.
2013), and in patients with COPD as part of a wider multidisciplinary care program
(Hoogendoorn et al. 2010). In addition, there is evidence for cost-effectiveness of
protein and energy supplementation based upon the amount of weight gain
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(Rypkema et al. 2003; Wyers et al. 2013), additional calories consumed (Simmons et
al. 2010), and per one day reduction in length of stay (Kruizenga et al. 2005). These
are all promising results which show the potential for the cost effectiveness of
nutrition interventions in a number of clinical groups. However, there remains a need
to determine the cost-effectiveness of nutrition as part of a multidisciplinary
rehabilitation strategy following hip fracture, given the current movement towards
multidisciplinary strategies for rehabilitation in practice.
Chapter 3 described a cost-utility analysis of an individualised multidisciplinary
nutrition and exercise regime for rehabilitation following a hip fracture. The baseline
ICER calculated was $AUD28,350, which is not insignificant but remains well
below the implied cost-effectiveness threshold for Australia of $50,000 (Harris et al.
2008).
The study findings highlighted that whilst the additional utility gained by the
intervention group compared to the control group was small, the additional costs to
provide a comprehensive program of nutrition and exercise therapy to these
participants, in their own home, and by trained staff for six months, was also small in
comparison to the other healthcare costs these participants accrued over a six month
time period. Therefore, even a small gain in utility as a result of nutrition and
exercise therapy is likely to be considered cost effective. This is similar to previous
cost-utility studies of nutrition therapy that have found only a moderate improvement
in utility in the intervention group, but have assessed the cost-effectiveness of the
intervention as favourable due to the small relative costs of providing nutrition
support (Hoogendoorn et al. 2010; Norman et al. 2011).
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Overall, this study shows that whilst the methods of economic evaluation are
currently predominantly used to evaluate drug or surgical therapies, trial based
economic evaluation of combined nutrition and exercise interventions for
rehabilitation of frail older adults are possible. This type of evidence is increasingly
important in facilitating funding priorities in healthcare and it is therefore
recommended that economic evaluation forms an integral part of randomised
controlled trials and future evaluations of nutrition and exercise therapy for this age
group in order to maintain the relevance of these therapies into the future.

6.3 Calculating utilities via Multi Attribute Utility Instruments:
applying a new instrument
Appropriate measurement of utility is an important concept for future economic
evaluations as multi attribute utility instruments used need to be sensitive enough to
pick up meaningful changes in populations of older adults as a result of receiving an
intervention. This is an important consideration as a number of the most widely
utilised instruments were developed in populations of younger adults and focus
primarily on changes in health status (i.e. use of medications, function, or presence of
disease) rather than broader considerations of quality of life. In older adults a focus
on health status alone may fail to incorporate improvements in utility that may be
generated by other broader determinants of quality of life for example the value of
social interactions, safety in the home and the community (Milte et al. 2014).
Therefore, utility measurements that take a different focus, for example related to
capability (i.e. ability to do the activities that make life meaningful) rather than
health status may be more relevant in this group and may be more likely to pick up
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the improvements to utility as a result of social and supportive interventions for older
adults, such as multidisciplinary rehabilitation interventions. We found that a new
instrument, the ICECAP-O was practical and feasible for administration in a group
of frail older adults following a hip fracture in addition to the widely utilised EQ-5D3L. The two instruments correlated well with each other; however in our sample we
found that there were some systematic differences between the two instruments. The
mean utility score generated from the ICECAP-O was higher than that generated
from the EQ-5D-3L by almost 0.01, and for some individuals there were marked
differences in scores for the two instruments. These differences may be due to the
fact that the instruments are measuring slightly different aspects of quality of life.
For example, the ICECAP-O focuses on issues of attachment, security, role,
enjoyment, and control as determinants of quality of life in older adults. By
comparison, the EQ-5D-3L focuses on more standard determinants of health status
including mobility, self-care ability, usual activities, pain or discomfort, and anxiety
or depression. Therefore, as the two instruments are measuring different
determinants of quality of life the end utilities they are generating are different. This
is especially of interest in measuring benefits of providing health services, including
nutrition and exercise interventions, in frail older adults where large changes in
overall health status may not be possible, given the natural progression of the aging
process, but where changes in other determinants affecting quality of life such as
independence and ability to perform valued activities may be possible and of value to
older people. Therefore, this body of work indicates that the ICECAP-O can be
successfully used to measure utilities in older adults, and may be a relevant
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instrument to apply to measure the benefits of nutrition and exercise interventions in
this population in the future.

6.4 Preferences for rehabilitation strategies: value of
outcome
Whilst the costs and outcomes are the main focus of traditional economic
evaluations, it is also well known that consumers may derive value from aspects of
the process of providing healthcare as well (De Bekker-Grob et al. 2012). An
important component of this thesis was therefore to capture patient preferences for
the process characteristics compared to the outcomes achieved from a rehabilitation
program following a hip fracture using a discrete choice experiment methodology.
Several key process characteristics of the rehabilitation program delivery were found
to be important to patients, including the subsequent risk of falls, and the amount of
pain and effort the program would involve. However, by far the largest determinant
of patient preferences was the achieved improvement in mobility, indicating the high
value older adults place upon this outcome. Similarly, previous studies have found
that maintaining independence and avoiding nursing home admission is highly
important to older women identified as at risk of a hip fracture (Salkeld et al. 2000).
In addition, while participants were averse to interventions involving severe pain and
of high levels of effort (two hours per day of therapy) they were not averse to
interventions involving moderate pain and moderate levels of effort (one hour per
day of therapy). This is also similar to previous discrete choice experiments in
rehabilitation following stroke, that have shown patients to be averse to very high
levels of therapy, but not averse to moderate levels of therapy, and recovery of
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function to be highly valued by patients (Laver et al. 2011a; Laver et al. 2013).
However, in contrast to previous studies in this area, the current study included
participants usually excluded from studies of this nature including those with mild
cognitive impairment and those admitted to residential aged care facilities.
Therefore, this study is important for its inclusivity and it demonstrated that even for
frail older adults living in residential care facilities achieving and maintaining
functional outcomes is of great importance, further strengthening the importance of
conducting economic evaluations of nutrition and exercise interventions targeting
older adults in the future. In addition, the study demonstrated that older adults with
cognitive impairment could complete the discrete choice experiment and that their
preferences should be included in future studies.

6.5 Limitations of the study design
There are some limitations to the design of the studies presented in this thesis that are
important to highlight. Some of these limitations have been discussed alongside the
presentation of the results in chapters three, four, and five, but will be summarised
here to give a clear picture of the overall impact of these on the findings of this
thesis.
The cost-utility analysis of the INTERACTIVE nutrition and exercise program
forms a major part in the results of this thesis, and was able to add to the findings of
the systematic review which indicated that protein and energy supplementation in
adults for the treatment or prevention of malnutrition shows evidence of economic
benefits. This study makes a unique contribution to the field as it represents the first
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published study to conduct an economic evaluation of nutrition and exercise therapy
in combination for rehabilitation in older adults following a hip fracture. However it
is important to note the study limitations. The relatively small sample size of 175
participants, may have partially accounted for the large range of possible true ICER
generated through the probabilistic sensitivity analysis. However, even with this
variability, the range of possible ICER identified by the analysis ranged from the
intervention dominating (i.e. producing both an improvement in QALY and cost
savings) up to a cost per QALY gained of $51,000, which is just above the implied
threshold of cost effectiveness identified in Australia (Harris et al. 2008). In
addition, economic evaluations of a similar small size have been published in the
literature (Coe et al. 2012; Pimouguet et al. 2010; Pinto et al. 2012; Theocharis et al.
2012; Tripuraneni et al. 2012). The measurement of utility at the baseline time point
of the study was a retrospective collection of the quality of life in the six months
prior to fracture. While this technique has been used commonly in measurement of
quality of life in patients following a hip fracture, it necessitated the imputation of a
utility value at baseline for the two groups for the calculation of QALY gain.
Therefore, the calculation of the QALY gain in the two groups assumes that the
utility at baseline was the same for both intervention and control groups. The
validity of this assumption cannot be determined in the current study, however there
were no significant differences in utility values for the two groups in the six months
prior to fracture, and the two groups were also similar in other demographic
considerations, so it is reasonable to conclude that utility score at the baseline time
point was also similar.
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The question remains whether ultimately the benefits found in this study can be
attributed to the nutrition or exercise intervention or both or neither. The
combination of nutrition and exercise therapy was chosen as the relevant intervention
for this particular study, as previous work had indicated that the combination of both
was associated with a reduced loss of weight compared to providing just exercise
training or nutrition alone (Miller et al. 2006b). Therefore, it could be possible that
the benefits from providing both therapies together were greater than those that
would have been gained from providing one therapy only, although similarly the
costs of providing both interventions are also likely to be greater than providing a
single intervention only. Determining the role of the nutrition and exercise
interventions individually in generating improved utility was outside the scope of the
current thesis, but remains a pertinent issue in the design of multidisciplinary
rehabilitation interventions and is an important issue to consider for future research.
The second study of the thesis administered MAUIs and a DCE to patients following
a recent hip fracture. The study recruited patients within a few weeks of their hip
fracture to capture their preferences for rehabilitation early in their recovery, when
their engagement with therapy is most important for maximum recovery, and also to
provide data on limitations to quality of life in this early phase following hip fracture,
which has been missing from many previous studies. However, it follows that by
targeting patients early in their recovery, we are only able to report a snapshot of
their preferences and quality of life at that time point, and are unable to provide data
on how these may change over time. For example, would experiences with
rehabilitation therapy and whether they achieve their expected outcomes or not
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influence patient preferences? Previous studies have shown changes in patient
preferences overtime in rehabilitation following stroke (Laver et al. 2011a), and
therefore changes may also occur over time in populations of older adults following a
hip fracture. Similarly, the comparison of the two utility instruments can only
provide data on their performance at one time point. At the initial recovery phase the
mean utility score calculated from the ICECAP-O was higher than that calculated by
the EQ-5D-3L by almost 0.1, although there was much variation in the direction and
volume of the difference for individuals. Couzner, et al. (2013) similarly found
higher mean utility value calculated using the ICECAP-O instrument than the EQ5D-3L instrument in their sample of Australian older adults. However, for
application in cost-utility studies as a measure of benefits, how these instruments
perform in older adults over time and after administration of healthcare interventions
and therefore whether they are able to pick up changes in quality of life that are
important to older adults and to society will be an important consideration.
Assessment of preferences and utility at multiple time points was outside the scope
of the current study, but should be considered in future studies in this area.

6.6 Conclusions
As the first study of a combination of exercise and nutrition therapy for rehabilitation
following a hip fracture, this study is unique and indicates it is worthwhile to
consider cost-effectiveness research for future nutrition and rehabilitation
interventions. While older adults derive value from the process characteristics of the
provision of healthcare programmes, the work of this thesis indicated that the end
outcome, in this case maintaining mobility, is one of the most important. The results
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of the DCE study of preferences showed that patients most highly valued being able
to walk independently above all other program characteristics. Patients were averse
to high levels of effort (two hours of physical therapy per day) and severe levels of
pain. However, patients were not averse to programmes involving moderate effort
(one hour of physical therapy per day) and moderate pain. Therefore this shows the
value that even frail older adults place on regaining mobility, and that they are
willing to undertake physical therapy of a reasonable amount of pain and effort to
gain the mobility outcomes that they desire. Therefore, the overall picture from this
thesis is that frail older adults are motivated to achieve good mobility outcomes from
rehabilitation programs, and that long-term nutrition and exercise therapy can be
applied to this group in a cost-effective manner. Therefore, it will be increasingly
important for future healthcare planners to develop and evaluate programs to
improve and maintain functional and mobility outcomes in older adults as aging
occurs in populations in Australia and across the world, as maintaining these aspects
of health are of great value to older people.
In addition, it will be important for the future to ensure standard measures of benefits
are identified that can evaluate programs that make a difference to aspects of quality
of life which are both modifiable and important to older adults. To ensure this,
consideration needs to be applied to choice of multi-attribute utility instrument used
in cost-utility studies. This thesis has demonstrated the application of a new
instrument for measuring utilities (ICECAP-O) and shows its correlation with the
much used EQ-5D-3L instrument. However, more studies are needed to determine
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how the ICECAP-O performs in measurement of utility in frail older adults over time
and after application of healthcare interventions.
Cost-effectiveness of nutrition therapy as a treatment and for prevention of
malnutrition in older adults was also a focus of this thesis. This thesis identified
there is evidence currently available indicating cost savings, and benefits from
nutrition therapy for small additional costs. In addition, we were able to demonstrate
a comprehensive program of nutrition and exercise therapy could be applied in frail
older adults following a hip fracture, and that is likely to be considered costeffective.

6.7 Future research directions
Given demand for healthcare is likely to continue to grow, as adults continue to live
longer and survival from previously fatal conditions continues to improve, it is likely
that providing the best ‘value for money’ healthcare interventions for the community
will receive increasing focus. Therefore, economic methods of evaluating healthcare
programs are likely to be increasingly important as part of the process for
determining effectiveness of healthcare interventions. Part of this thesis represents
the first cost-utility study of the combination of nutrition and exercise therapy for
rehabilitation following hip fracture, as well as one of only a few cost utility studies
of nutrition therapy for malnutrition. The further investigation of the costeffectiveness of combinations of therapy for modifying the nutrition risk in older
adults undergoing rehabilitation following a hip fracture is needed, and consideration
should be given to the design of such studies. A multi-arm randomised controlled
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trial, where combinations of interventions are compared including nutrition therapy,
exercise therapy, and a combination of nutrition and exercise therapy would allow
investigation of how the benefits and costs compare from these interventions. While
single-therapy arms of the trial may be associated with lower costs, the nutrition and
exercise combination-arm may provide additional benefits which may affect ICER.
A cost-effectiveness study of a multi-arm randomised trial of a nutrition and exercise
therapy has already been conducted (Dangour et al. 2011), but didn’t give
consideration to the cost of providing the nutritional intervention in generating the
ICER for walking speed. Utility values for the groups were not reported, although
quality of life was measured through the SF-36 physical and mental component
scores, with little difference seen between the groups. However, there is reason to
believe that frail older adults post hip fracture may achieve additional benefits for
combination nutrition and exercise therapy than the healthy community dwelling
sample of this previous study. In addition future studies should utilize the preferred
method of economic evaluation, i.e. the cost utility approach. This measures benefits
in a standardised way that would allow for synthesis of the outcomes of studies in the
future, as well as comparison with the cost-effectiveness of alternative therapies.
In future use of cost utility analysis, measurement of benefits will form an important
component. There are many validated MAUI available, so their use to generate
QALYs as the measurement of benefits in economic evaluation would be logical in
many cases. However, there is a need to determine which MAUIs are most suitable
for use in older adults and following rehabilitation interventions. Most MAUIs are
developed in general adult populations and focus on aspects of function and health
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status. In this thesis we applied a new instrument (ICECAP-O) specifically
developed for the measurement of quality of life in older people and focusing on
capability or the ability of a person to do the things which are important to them.
However, we were only able to illustrate how the instrument performed at a single
time point, for application within economic evaluations it will be important to
determine how the instrument performs over time and as a consequence of
theprovision of health and aged care interventions. Therefore, studies comparing the
use of the ICECAP-O and more traditional instruments administered at multiple time
points would create a more detailed picture of performance and whether they are
sensitive to changes in quality of life over time in this population for future
application in economic evaluation.
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APPENDICIES
Appendix 1: Search strategy used for Medline database
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

nutrition [MeSH, all subheadings included]
nutri* (textword)
maln* (textword)
undernutr* (textword)
under-nutr* (textword)
undernourish* (textword)
under-nourish* (textword)
protein-energy malnutrition [MeSH, all subheadings included]
protein-energy malnutrition (textwod)
nutritional status [MeSH, all subheadings included]
nutrition disorders [MeSH, all subheadings included]
food,fortified [MeSH, all subheadings included]
food,formulated [MeSH, all subheadings included]
diet {MeSH, all subheadings included]
diet therap* (textword)
dietary supplements [MeSH, all subheadings included]
(diet* or nutri*) near supplement* (textword)
enteral nutrition [MeSH, all subheadings included]
dietary proteins [MeSH, all subheadings included]
energy intake [MeSH, all subheadings included]
randomized controlled trial. pt.
controlled clinical trial.pt.
randomized controlled trials.sh.
random allocation.sh.
double-blind method.sh.
single-blind method.sh.
or/21-26
limit 27 to animal
limit 27 to human
28 not 29
27 not 30
clinical trial.pt.
exp clinical trial
(clinic$ adj25 trial$).tw.
((singl$ or doub$ or treb$ or trip$) adj (mask$ or blind$)).tw.
placebo$.sh.
placebo$.tw.
random$.tw.
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

research design.sh.
(latinadj square).tw.
or/32-40
limit 41 to animal
limit 41 to human
42 not 43
41 not 44
comparative study.sh.
exp evaluation studies/
follow-up studies.sh.
prospective studies.sh.
(control$ or prospective$ or volunteer$).tw.
cross-over studies.sh.
or/46-51
limit 52 to animal
limit 41 to human
53 not 54
52 not 55
31 or 45 or 56
obesity [MeSH, all subheadings included]
critical care [MeSH, all subheadings included]
58 or 59
or/1-20
61 not 60
62 and 57
limit 63 to (newborn infant or infant <1 to 23 months> or preschool child <2 to 5 years> or
child <6 to 12 years> or adolescence<13 to 18 years>
63 not 64
cancer.tw.
65 not 66
insulin.tw.
67 not 68
cardiovascular.tw.
69 not 70
"Costs and Cost Analysis"/ or Cost-Benefit Analysis/ or Economics/ or Models, Economic/
or Models, Econometric/ or Economics, Medical/
Quality-Adjusted Life Years/ or Health Care Costs/ or "Quality of Life"/ or "Value of
Life"/
economic*.tw.
cost*.tw.
cost-benefit*.tw.
cost benefit*.tw.
cost –effective*.tw.
cost effective*.tw.
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80
81
82
83
84
85

cost-utilit*.tw.
cost utility*.tw.
economic model*.tw.
model*.tw.
72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83
71 and 84
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Appendix 2: Patient information sheet and consent form for
INTERACTIVE trial
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ABSTRACT

Malnutrition is a costly problem for health care systems internationally. Malnourished individuals
require longer hospital stays and more intensive nursing care than adequately nourished individuals
and have been estimated to cost an additional £7.3 billion in health care expenditures in the United
Kingdom alone. However, treatments for malnutrition have rarely been considered from an
economic perspective. The aim of this systematic review was to identify the cost effectiveness of
using protein and energy supplementation, as a widely used intervention to treat adults with and at
risk of malnutrition. Papers were identified that included economic evaluations of protein or energy
supplementation for the treatment or prevention of malnutrition in adults. While the variety of
outcome measures reported for cost effectiveness studies made synthesis of results challenging,
cost benefit studies indicated that the savings for the health system could be substantial due to
reduced lengths of hospital stay and less intensive use of health services after discharge. In
summary the available economic evidence indicates that protein and energy supplementation in

treatment or prevention of malnutrition provides an opportunity to improve patient wellbeing and
lower health system costs.

Keywords
Review, Costs and Cost Analysis, Enteral Nutrition, Malnutrition, Oral nutritional supplementation

1

INTRODUCTION

2

Malnutrition is a costly problem for health care systems internationally.1 In Australia, the

3

additional cost of malnutrition to the Victorian public health system has been recently

4

estimated as $10.7 million per year with the authors noting that this is likely to greatly

5

underestimate the true costs.2 In the UK the annual cost to the health system has been

6

estimated at more than £7.3 billion, mostly due to increased costs of hospital and long-term

7

care.1 It has been identified that up to 55% of hospital patients at any one point in time are

8

malnourished.3-5 In addition, up to 50% of residential care and 30% of community living

9

elderly have been found to be malnourished.3,6-8 The consequences of malnutrition upon an

10

individual’s health are severe and impact negatively upon health care expenditure through

11

increases in the frequency and duration of hospital episodes, and increased intensity of

12

health and community service utilization following discharge from hospital.9-13

13

Containment of increasing health care expenditures is a global phenomenon and

14

increasingly economic evaluation is being utilised as a tool for demonstrating the efficiency

15

or value for money of health care expenditures. In a world of increasing resource constraints

16

for health care expenditures, demonstrating not only the clinical effectiveness but also the

17

cost effectiveness of nutrition interventions for the treatment of malnutrition in adult

3
18

populations in hospital, residential and community settings is becoming a key evidential

19

requirement for health care decision-makers. Whilst previous reviews9 have highlighted the

20

clinical effectiveness of interventions for the treatment of malnutrition, no review to date

21

has systematically sought to identify and report upon the quality of, the economic

22

evaluation methods used in published studies of treatments for malnutrition.

23

Previous studies have identified the most common treatments for malnutrition are

24

strategies to increase energy and protein intake via the normal oral route, such as enriched

25

diets, high energy and protein snacks and oral nutrition supplements.14 Therefore, our

26

primary aim was to undertake a systematic review to identify economic evaluation studies of

27

protein and energy supplementation for the treatment of people with or at risk of

28

malnutrition. A secondary aim was to provide an overview of the quality of the economic

29

evidence available on this topic.

30

METHODS

31

Defining and categorising economic evaluation

32

Economic evaluation may be defined as the comparative analysis of alternative courses of

33

action in terms of both their costs and consequences.15 Therefore the fundamental

34

requirements of any economic evaluation are to identify, measure, value and compare the

35

costs and consequences of the alternatives being considered. There are five generally

36

accepted forms of economic evaluation for health care interventions which are described in

37

Table 1.16,17 Briefly they are cost-minimisation analysis, cost-benefit analysis, cost-

38

consequence analysis, cost-effectiveness analysis, and cost-utility analysis. It is appropriate

39

to conduct a cost minimisation analysis of a health care intervention only where there is

4
40

sound evidence (e.g. through the findings of a well conducted randomised controlled trial) to

41

indicate that there is no difference in outcomes for both effectiveness and safety between

42

the intervention under consideration and the most appropriate alternative intervention.18

43

Within cost benefit analysis both costs and benefits are measured and valued in monetary

44

terms to determine the net benefit of the new intervention e.g. as a consequence of

45

reductions in future health care costs due to decreases in morbidity and/or mortality. On

46

the other hand cost-consequence, cost-effectiveness, and cost-utility analysis all compare

47

the benefits of interventions through a focus upon changes in clinical and/or patient focused

48

outcomes. A cost-effectiveness analysis (CEA) involves a direct comparison of the costs

49

associated with an intervention with a single measure of effectiveness which is usually

50

clinically or bi-medically focused. This allows the calculation of an incremental cost

51

effectiveness ratio (ICER) where the additional costs of the treatment are divided by

52

additional benefits of providing the treatment e.g. cost per one unit improvement in blood

53

cholesterol levels. Cost consequence analysis is a form of economic evaluation where the

54

incremental costs associated with the new intervention are calculated and a series of

55

outcomes or consequences are presented but the costs and outcomes are not presented

56

together in the form of a ratio. Cost-utility analysis (CUA) is a particular form of CEA which

57

warrants special consideration as it is explicitly the preferred method of economic

58

evaluation for many health regulatory bodies in Australia (Pharmaceutical Benefits Advisory

59

Committee (PBAC)), United Kingdom (National Institute for Health and Clinical Excellence)

60

and many other bodies around the world.18-19 Within CUA benefits are measured and valued

61

using ‘utility’, where this reflects preference for a particular health state.20 Once measured,

62

the utility of a particular health state or series of health states can be combined with the

63

quantity or number of life years a person spends in the health state to give an indicator of

64

the Quality Adjusted Life Years (QALY) attributable to an intervention and ultimately a ICER

65

of cost per QALY gained. There are many ways of measuring utility, but a commonly utilised
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method is through the use of a multi-attribute utility instrument (MAUI).21 A MAUI is a

67

validated instrument that provides both a framework to describe health states for valuation,

68

and can have a developed algorithm to convert those health states into utility weights or

69

values which indicate the preference of the population for those health states. Generally a

70

value of one is assigned for a health state representing perfect health, zero for death, with

71

other health states falling on a continuum between these two points. Negative values

72

indicating a health state perceived as worse than death can be possible. It is these utility

73

values which can be combined with the length of time a person spends in a health state to

74

determine QALY. There are a number of MAUI which have been developed in different

75

populations, but some of the most common include EQ-5D, Short Form 6D, Health Utilities

76

Indexes, and Quality of Well-Being.15 The scales have different advantages and

77

disadvantages depending on the attributes of health included in the scale, and the number

78

of levels of ability or impairment for each of the attributes which need to be appropriately

79

matched to the population being studied and the expected impact of the intervention.21

80

However, the advantage the MAUI share in measuring utility is they cover not only the

81

expected effects of the intervention on mobility or pain for example, but also the flow on

82

effects to independence, and ability to carry out your usual role within society. MAUI

83

therefore have the opportunity to track the effects of interventions more broadly than

84

through traditional clinical outcomes, and allow comparisons of interventions targeting

85

different outcomes, for example providing medications for asthma compared to controlling

86

hyperlipidaemia. This flexibility in application and interpretation has led to CUA using MAUIs

87

being the most preferred method of economic evaluation. Many regulatory bodies for

88

health have a threshold (either explicit or not) for the cost per QALY ICER below which

89

interventions are likely to be considered cost effective, such as the National Institute for

90

Health and Clinical Excellence which recommends cost per QALY ICER’s below £20,000.19

6
91

Search Strategy

92

A search strategy was developed largely replicating that published by Milne et al.9 in their

93

review of protein and energy supplementation for treatment of malnutrition in older adults,

94

but with additional search terms to identify studies including economic evaluation (see

95

Appendix 1 in supplementary information). While the review published by Milne et al.9

96

originally dealt with only older adults (average age 65 years and above), due to the paucity

97

of economic evidence we widened our search strategy to include all adults (18 years and

98

above) thereby facilitating a broader analysis of the quality of the economic literature.

99

Inclusion criteria are as follows. We included hospitalised, residential aged care and

100

community dwelling populations. We focused specifically upon economic evaluation studies

101

reported either as stand-alone papers or as components of papers which also included a

102

broader focus upon clinical effectiveness. Interventions of interest were those aiming to

103

increase the energy and protein levels of individuals via oral administration. Interventions

104

which included a mix of interventions such as nutrition screening and assessment, dietary

105

advice, and feeding assistance in addition to protein and energy supplementation were

106

included. Types of studies included were any comparative study, including randomised

107

controlled trials, and non-randomised controlled trials. Studies employing economic

108

modelling methods were also included. Exclusion criteria included trials purely based on

109

patients in critical care or recovering from cancer treatment as these patients typically have

110

highly specialised nutritional needs. In addition trials of specialised nutrition components

111

such as specific amino acids or immunomodulatory components were excluded due to

112

differences in the effect and cost data for these products. Relevant comparators included

113

‘usual practice’ (i.e. ad hoc dietary care or a different nutritional supplement with different

114

energy and protein content) or a ‘placebo’ (such as a low energy drink).

7
115

Databases searched included Cochrane register of Controlled Trials (until December 2012),

116

Medline (from 1946 until December 2012), Scopus (until December 2012), Web of

117

Knowledge (until December 2012), CINAHL (until December 2012) and Australasian Medical

118

Index (until December 2012).

119

In addition, any reviews of the topic that were identified through the above methods were

120

checked for additional studies that had not been previously identified. Reference lists of

121

identified articles or reviews of protein and energy supplementation or evaluation of

122

nutrition therapy were also checked for additional references.

123

Data Collection and Analysis

124

Two reviewers independently identified studies from the search results for further analysis

125

by scanning the title, abstract, and key words of the studies for evidence that they compared

126

a protein and energy supplemented diet with no intervention, a placebo, or an alternative

127

supplement and involved adult participants. If there was any doubt about the eligibility of

128

the article, it was also retrieved for further investigation.

129

All information was extracted independently by the two reviewers. All differences in

130

extraction were clarified with a third reviewer by going back to the original article.

131

Information extracted included: study design, participants, intervention, sample size, follow

132

up period, results, sensitivity analysis (which measures the variability around the base-case

133

results), and discounting of future costs and benefits (where applicable).15 The quality of the

134

economic evaluations in the articles was assessed using the 35 point checklist developed by

135

Drummond and colleagues for quality submission of economic evaluations to journals.15

136

These criteria assess the quality of the economic evaluation in terms of study design, data

8
137

collection, analysis and interpretation of results, and allow assessment of economic

138

evaluations based on single trial data and combinations of data into economic models.

139

Similarly to the previous review, we did not exclude studies based on the nutritional status

140

of the participants, but identified studies were categorised into one of two groups according

141

to whether they had targeted malnourished patients only (according to the criteria within

142

the paper) or did not specify the nutritional status of their participants for entry to the study

143

for ease of interpretation and reporting of results.

144

RESULTS

145

Description of Studies

146

2,750 titles were identified through the search (Figure 1). Of those titles, the vast majority

147

could be excluded via reading the titles or the abstract (2,632 out of the 2,750), as their

148

focus was not health care but agricultural practices or animal health or manufacturing of

149

food, or did not include an intervention to increase dietary energy or protein. A total of 118

150

papers had the full text of the title accessed and of those a further 100 were excluded due to

151

lack of an intervention to increase energy and protein intake via the normal oral route (e.g.

152

included parental nutrition or naso-gastric, naso-enteric, or percutaneous endoscopic

153

gastrostomy (PEG) feeding (n=15), did not include economic outcomes (n=32), did not

154

include a dietary intervention to increase energy or protein (n=47) or were testing

155

supplementation of immunomodulatory components within a protein and energy

156

supplement (n=6). Two papers were protocols for studies not yet published and were

157

therefore excluded. This left 16 papers focused upon economic evaluation which were

158

included in the review.
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Results of studies where participants were defined as malnourished

160

Six studies targeted malnourished patients using a variety of identification methods (e.g.

161

Subjective Global Assessment, Mini Nutritional Assessment, BMI, history of unplanned

162

weight loss), listed in Table 2. Of those studies three were cost utility studies,22,23,24 with the

163

remaining studies being cost benefit analyses25,26 and a cost consequence analysis

164

respectively.27 The cost utility studies22,23,24 and the cost consequence analysis27 were based

165

on the results of randomised controlled trials both with sample sizes of 100 participants or

166

more while the cost benefit analyses25,26 were based on modelled data. All of the studies

167

utilized oral nutritional supplements (ONS) as their intervention, although Norman et al.23

168

also provided dietary counselling to their intervention and control groups. The participants

169

were from different clinical groups with two studies focusing on patients with

170

gastrointestinal disease,23,26 two with older adults admitted to hospital,22,27 one with older

171

adults in residential care facilities,24 and one in community dwelling older adults.25 The

172

studies also differed in the costs they included in their analysis. Norman et al.23 only

173

included the incremental cost of the intervention in their analysis, excluding any wider effect

174

on the health system, while most other studies took a wider view point including costs of

175

medical treatment and social care in the community.22,25,27 There was a great variety in

176

outcomes measured as listed in Table 2. The cost utility analysis by Norman et al.23 found

177

that providing 3 months of ONS to malnourished patients with benign gastrointestinal

178

disease was associated with between €9497-12099 per quality-adjusted life year (QALY)

179

gained. Although in Australia no explicit guideline for determining the cost effectiveness of

180

new healthcare technologies has been provided, the Pharmaceutical Advisory Committee

181

appears to consider interventions with cost per QALY below $50,000 as cost effective, and

182

this intervention is well within this threshold indicating relatively high cost effectiveness.28

183

Neelemat et al.22 neared the cost-effectiveness threshold in their CUA providing ONS to

184

older people admitted to hospital as well as routine Vitamin D and Calcium supplementation
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and telephone support from a Dietitian upon discharge. The results indicated a cost per

186

QALY gain of €26962 for the intervention group compared to the controls. Cost benefit

187

studies conducted by Freijer et al. in the Netherlands indicated cost savings of over €200 per

188

patient in abdominal surgery patients receiving 2 cartons of ONS per day during their

189

hospitalisation through a reduced length of stay,26 and reported total budget savings of over

190

€12 million for the provision of ONS for treatment of malnutrition in community dwelling

191

older people.25 Pham et al.24 found provision of ONS for the treatment of pressure ulcers in

192

malnourished patients of residential care facilities was not cost effective in isolation, but

193

argued that nutrition may play a wider role in supporting other prevention strategies beyond

194

the scope of the economic model developed for their analysis. The remaining study was

195

conducted in a community dwelling sample of older people over a 6 to 12 month follow up

196

period and failed to demonstrate any cost savings for an 8 week intervention in a population

197

of elderly and already malnourished subjects.27 In summary therefore although the available

198

economic evidence is scant, the studies which have been undertaken to date do

199

demonstrate the potential for protein and energy supplementation in patients identified as

200

malnourished to provide cost savings to the health system in addition to improved health

201

outcomes for patients.

202

Results of studies where nutritional status not specified

203

Table 3 presents the results of studies including an intervention to improve nutritional status

204

in a group of participants where their nutritional status was not specified.29-38 Although

205

relatively more studies were identified in this category, the studies were very diverse in

206

terms of setting, interventions, and outcomes measured, making any direct comparisons

207

across studies very difficult. In terms of study design, a range of designs were employed

208

including randomised designs,29-31,35 a number of non or quasi-randomised

209

designs32,33,36,37and modelled studies.34,38 Although sample size varied from less than 100 to

11
210

over 2000, half of the studies included between 100 and 300 participants. Of the identified

211

studies only one utilized a cost-utility approach.29 This study assessed a multidisciplinary

212

intervention including exercise and smoking cessation counselling in addition to ONS in

213

community dwelling adults with chronic obstructive pulmonary disease and was found to be

214

near the cost effectiveness threshold at AUD$39,438 per QALY gained (Table 3). Four of the

215

studies utilized a cost-effectiveness analysis and reported upon a diverse range of outcome

216

indicators including cost per one day reduction in length of stay, cost per kilocalorie

217

consumed, or cost per kg of weight gained.30-33 Findings ranged from cost of US$0.01 per

218

kilocalorie additional consumed to cost of €76.10 per one day reduction in length of stay.

219

Although Dangour et al.30 found an ICER of US$4.84 per additional meter walked by their

220

intervention group in a timed walking test, they only included the costs for the physical

221

activity intervention not the nutrition intervention in their estimates, which could lead to an

222

underestimate. All of these included ONS, aiming to provide between 1068kJ and 10g

223

protein and to 2500kJ and 28g protein additional per day. Other interventions utilized

224

included mid meal snacks, or fortified foods and five studies included a multifaceted

225

intervention (two of which included an exercise or multidisciplinary intervention, and three

226

which included routine early screening for nutritional status and issues). The studies also

227

focused on different clinical groups such as patients from residential care homes,31,37

228

patients with COPD discharged to the community,29 community dwelling older adults,30 and

229

a large number focusing on patients from various hospital wards.32-36,38 Follow up period was

230

similarly varied across the studies ranging from the duration of hospital stay to a two year

231

period, with the greatest proportion of studies (five out of nine) centred on the period of

232

hospitalisation. In addition, the costs included in the analysis varied from the incremental

233

costs of providing the intervention only,30-32 compared to wider viewpoints including the

234

costs of providing the intervention and medical treatment over the follow up time

235

period.29,33-37 One study focused on the changes in hospitalisation costs only. 38 Overall,

12
236

while the heterogeneity of the studies makes synthesis of the outcomes difficult, they have

237

generally indicated beneficial outcomes for the patient or health system, at a relatively low

238

cost.

239
240

Quality of Studies

241

Overall when assessing the quality of the published studies, according to the widely

242

recognised Drummond criteria the quality ranges greatly between studies, (Figure 2).

243

Studies were of varying quality, with the number of ‘yes’ responses to the criteria ranging

244

from a minimum of three to maximum of 27. Generally, the studies scored well on question

245

1 (“the research question is stated”), 5 (“the alternatives being compared are clearly

246

described”), 22 (“time horizon of costs and benefits is stated”), and 32 (“conclusions follow

247

from the data reported”). Questions completed less well included 14 (“productivity changes

248

if included are reported separately”), 15 (“the relevance of productivity changes to the study

249

question is discussed”), 23 (“the discount rate is stated”), and 24 (“the choice of rate is

250

specified”).

251

The paper which had the highest number of ‘yes’ responses to the criteria (n=28) was Pham

252

et al.,24 a recently published CUA of ONS in Residential Care patients closely followed by

253

Norman et al.23 (n=27) a cost utility study of ONS in malnourished patients with benign

254

disease. This study found that ONS was cost effective. In general, it was found that the

255

more recently published Cost Utility22,23,29 and Cost Effectiveness studies30-33 were of a higher

256

quality than older published studies in terms of their adherence to the Drummond criteria. A

257

few studies included only a partial report of healthcare costs such as general practitioner or

258

health service visits.27,37,38 However, these studies fail to provide a direct comparison

13
259

between the costs and benefits provided by the interventions, and they therefore fail to take

260

into consideration the value for money of the interventions from an economic perspective.39

261

262

263

DISCUSSION

264

In a comprehensive review of the published literature, sixteen papers were identified which

265

included analysis of providing protein and energy supplementation for prevention or

266

treatment of malnutrition from an economic view point. Of these, only four studies22,23,24,29

267

utilised cost-utility analysis, which is currently recommended as the preferred method of

268

economic evaluation for new health care interventions by the Pharmaceutical Benefits

269

Advisory Committee and Medical Services Advisory Committee in Australia, and the National

270

Institute for Health and Clinical Excellence in the UK as well as many other regulatory bodies

271

around the world.18-19

272

Two of the cost-utility studies identified by the review concluded that the interventions

273

under consideration (ONS for 3 months in patients with benign gastrointestinal disease who

274

were also malnourished and ONS for 2 years in adults with Chronic obstructive pulmonary

275

disease) were cost effective.23,29 In both studies, the incremental cost per QALY ratios were

276

below threshold values for determining cost effectiveness.28 In another CUA, Neelemaat et

277

al. 201222 neared the cost-effectiveness threshold for their intervention of ONS in

278

malnourished hospitalised older adults, while Pham et al.24 did not show cost effectiveness

279

in prevention of pressure ulcers for in malnourished older people living in residential care

280

facilities.
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The studies identified in this review indicated an incremental cost of between -€392.00 to

282

478.20 (AUD$488.67- $596.12) for health outcomes such as a reduction in one day length of

283

stay, additional metre walked, additional calories ingested, or per kg of weight gained.30-38.

284

However, while these indicators appear broadly favourable, it is difficult to synthesise these

285

outcomes due to their heterogeneous nature.40 The utilization of the QALY, a generic

286

measure of health outcome, for application within cost-utility analysis can be helpful in this

287

regard in demonstrating the ‘value for money’ of nutrition therapy in a world of competition

288

for scarce health budget resources.40 The paucity of economic evidence has also been

289

proposed as the main reason for the failure for uptake of national and international

290

evidence based guidelines in the clinical setting.40 Within this context, the lack of economic

291

evaluations of protein and energy supplementation for malnutrition treatment coupled with

292

the lack of utility-based outcomes for facilitating comparison across interventions and

293

disease areas for decision-making is therefore a serious concern.

294

In addition, there were a small number of published studies targeted at the economic

295

benefits of protein and energy supplementation to treat malnutrition in the older adult.

296

However, this target group has received more attention recently, with three cost utility

297

studies have been published recently within the last two years targeting the effectiveness of

298

providing ONS to malnourished older people.22,24,25 Of three cost effectiveness studies

299

identified that targeted older participants, one failed to include the cost of the nutrition

300

therapy itself in their estimation of cost effectiveness (which involved a physical function

301

measure).30 However, it is encouraging to see that there have been two randomised

302

controlled trial protocols published since 2008 which include economic evaluation in their

303

proposed evaluation of research into energy and protein supplementation as a treatment for

304

or to prevent malnutrition.41-42 These two studies are all focused on older adults and the

305

study protocols all include consideration of costs of the intervention and associated health

306

care utilisation (including costs of the nutrition intervention, specialist staff, hospital costs,

15
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community services, and medications) as well as non-medical costs (such as absenteeism

308

and unpaid help) and health outcomes as such as QALYs, and functional status.

309

Many identified studies have a short follow up time of one year or less. This presents a

310

challenge for clinicians aiming to demonstrate the benefits of nutrition support, as the short

311

follow up time may not be long enough to allow the benefits to become apparent. When

312

one study in community living elderly over a 6 to 12 month follow up period did not show

313

cost savings in the intervention group compared to the control group, the authors

314

hypothesised that their 8 week intervention was not sufficient to show improvement in their

315

elderly and already malnourished population.27 Also, the results of economic evaluations

316

should be reported as an incremental cost effectiveness ratio (ICER) wherever possible. An

317

ICER is important as it provides the decision-maker with the opportunity to determine the

318

potential additional cost of a new health care intervention in order to achieve a given

319

outcome. The use of a generic measure of health outcome such as the QALY in this context

320

has the added advantage of facilitating comparisons of value for money across the health

321

care system for example comparing investment in nutrition interventions for malnutrition in

322

older people versus pharmacological treatments for dementia

323

In conclusion, to date few economic evaluations of protein and energy supplementation for

324

treatment or prevention of malnutrition have been published and the quality of published

325

studies is highly variable. However, the available economic evidence suggests that providing

326

ONS of between 1068kJ and 10g protein up to 4200kJ and 23g protein is associated with

327

positive economic benefits in both patients with malnutrition and in studies where

328

nutritional status was not specified, and over short follow up times. Use of protein and

329

energy supplementation in those with or at risk of malnutrition presents an opportunity for

330

health services to reduce hospitalisation costs for a relatively small additional investment. In

16
331

the absence of comprehensive economic evidence relating to its cost effectiveness, nutrition

332

therapy is in danger of falling by the wayside in this new era of competitive health care

333

funding. Future research should focus on the inclusion of high quality comprehensive

334

economic evaluations alongside studies of clinical effectiveness to demonstrate the cost

335

effectiveness of nutrition interventions for the treatment of malnutrition.

336
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Table 1. Types of Economic Evaluation
Type of
Evaluation

Abbreviation

Aim

Variables

Outcomes

Example

Cost-utility
analysis

CUA

Compares the costs associated with an
intervention with a measure of utility which
combines the life years gained by an
intervention with a measure of the quality
of those life years

Resource costs

Ratio of cost per QALY
gained

Cost per QALY for a fish oil
intervention which reduces joint pain
in patients with arthritis.

Costeffectiveness
analysis

CEA

Compares the costs associated with an
intervention with a measure of clinical
effectiveness

Resource costs

Cost per unit of clinical
effectiveness

Cost of a unit reduction in blood
cholesterol levels for a nutrition
education intervention

Costconsequence
analysis

CCA

Compares the costs associated with an
intervention with the consequences neither
without combining these inputs nor without
indicating the relative importance of the
consequences.

Resource costs

List of costs

Consequences

List of possible outcomes

Cost of providing a nutrition education
intervention, and a reported reduction
in blood cholesterol levels in an
intervention group, but without
combining these outcomes into a ratio.

Compares the benefits of the intervention in
monetary terms with the costs of the
intervention

Resource Costs

Cost –benefit
analysis

CBA

Measure of utility (e.g.
Quality Adjusted Life
Year (QALY))

Measure of clinical
effectiveness

Up to the reader to make
judgements about the
benefits and drawbacks
of the intervention

Benefits of the
intervention in money

Net benefit of the
intervention expressed in
monetary terms

Commonly used for when a new
treatment might involve an initial
expenditure for treatment, but overall
results in savings over time through
reduce healthcare utilization.

24

Costminimisation
analysis

CMA

Determine the least costly intervention
where outcomes for two interventions are
assumed to be equal

Resource costs

Difference in resource
costs between two
interventions

Measure the costs of providing
hospital in the home program when
the outcomes in morbidity, function,
quality of life have been shown to be
the same for as for inpatient care.

25

Table 2: Design and cost outcomes of included studies when participants defined as malnourished
Citation

Design Intervention

Population

n

Follow Up

Method Sensitivity
Analysis

Discounting Unit

3 months

CUA

N/A

Subjects
Neelemaat
et al.
201222

RCT

Norman et
al. 201123

RCT

Pham et
al. 201124

Model

ONS
(2520kJ and
24g protein)
and
malnutrition
treatment
protocol

Hospitalised
older adults
(Malnourished
according to
BMI or weight
loss)

210

ONS 3/12
Benign GI
(2505kJ and disease
23g protein) (Malnourished
according to
SGA)

120

ONS (1
carton per
day,
8.4kJ/mL
formula )

N/A

Residential
Care
(Malnourished
according to
weight loss)

3 months

CUA

Yes

Yes

N/A

I=60

Cost per unit

Cost
Intervention

Cost
Comparison

Additional
QALY

€26962

€9129 (1227)1,2

€8684 (1361)1,2

$US33703

$US11411
(1534)

$US10855
(1701)

Additional
QALY

€9497-12099

€561 (514609)3,4

€22 (0-73)3,4

C=54
3.8 years

CUA

Yes

Yes

Additional
QALY

$US1190415164

$CAN7824747
$US74306502

$US28 (0-92)

$US703 (644763)
-

-

26

Freijer et
al. 201225

Model

Freijer et
al. 201026

Model

Edington
et al.
200427

RCT

ONS (2
cartons per
day, NFS)

Community
dwelling older
people

720223

ONS (2
cartons per
day, NFS)

Abdominal
surgery

N/A

ONS from
hospital
(2500 –
4200kJ)

Recently
hospitalised
older adults
(Malnourished
according to
BMI or weight
loss)

100

1 year

CBA

Yes

Per
CBA
admission

Yes

6 months

No

CCA

I=51
C=49

N/A

N/A

N/A

Total budget
savings

€12986000

€2626570005

$US16232500

$US328321250 $US344553750

Mean cost of
hospitalisation

-€252

-

-

-

-

£2989 (4418)2,6

£2146 (2238)2,6

$US4752
(7024)

$US3412
(3558)

€2756430005

$US316

Abbreviations: BMI=Body Mass Index, C=Control, GI=Gastrointestinal, I=Intervention, N/A=Not applicable, NFS= Not further specified, ONS=Oral nutritional supplements,
QALY=Quality adjusted life year, RCT=Randomised controlled trial, SGA=Subjective global assessment, 95%CI=95% Confidence intervals
1a Standard Error
2 Costs included for providing medical treatment and social services only
3 Costs included for providing intervention only
4 95% CI
5 Costs included for medical treatment and social services related to treatment of DRM
6 Standard Deviations
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Table 3: Design and cost outcomes of included studies where nutritional status not specified
Citation

Design

Intervention

Population

n Subjects

Follow Up

Method

Sensitivity
Analysis

Discount

Unit

Cost per
Unit

Cost
Intervention

Cost
Comparison

Hoogendoorn
et al. 201029

RCT

ONS 4/12
(2351kJ and
28g protein)

COPD

199

2 years

CUA

Yes

No

Additional
QALY

€32425

€135651

€108141

$US40400

$US16901

$US13474

I=102
C=97

plus multidisciplinary
intervention
Dangour et
al. 201130

Randomised
factorial trial

ONS (1068kJ
and 10g
protein) and/or
physical
activity

Communitydwelling
older adults

1669

Simmons et
al.
201031

RCT

Snacks or
ONS (NFS)

Residential
Care

63

2 years

CEA

Yes

Yes

Additional
meter walked
in 6 minute
walking test

$US4.842

Nutrition
intervention
$US913

-

6 weeks

CEA

Yes

N/A

Additional
kCal
consumed

$US0.01

ONS $US2.13

-

ONS = 414,
ONS+PA=45
2 PA=403
Cd=400

ONS=18
Snacks=24
C=19

(0.37)3,4

28

Kruizenga et
al. 200532

Historical
controlled trial

Malnutrition
treatment
protocol
including

Mixed ward
patients

Russell
200734

Quasirandomised
controlled trial

Model

I=297

Per
admission

CEA

Yes

N/A

(HEHP =98)

high energy
and protein
meals (2500kJ
and 12g
protein
additional)

Rypkema et
al. 2003 33

588

Mean cost per €35
1 days
(-1239reduction in
LOS (96%CI) 109)
$US44

Cd=291

€37

-

(15-58)3,5
$US46
(19-73)

(-1544136)

Malnutrition
protocol
including
treatment with
high energy
diet or ONS
(NFS)

Geriatric
ward
patients

ONS (NFS)

Surgical
patients

298
I=140

Per
admission

CEA

Per
admission

CBA

Yes

N/A

Kg gained

-€392

€75166

€79086

-$US489

$US9366

$US9854

-

-

C = 158

N/A

N/A

N/A

Mean
-₤849
difference in
-$US1340
cost of
hospitalisation
intervention
vs control

29

Smedley et
al. 200435

Lawson et al.
200336

Lorefält et al.
201137

RCT

Prospective
controlled trial

Nonrandomised
controlled trial

ONS (6.3kJ
Surgical
and 0.05g
patients
protein per ml
drink ad
libitum) before
and after
surgery (SS
group) vs ONS
before (SC
group) vs ONS
after (CS
group) vs
control (CC
group)

152

ONS (2500kJ
and 20g
protein)

Emergency
and elective
orthopaedic
surgery

181

Residential
Care

109

Malnutrition
protocol
including high
energy high
protein meal

CC=44

Up to 96
days

CBA

Yes

N/A

SS=32
CS=35

Mean
-₤300
difference in
-$US473
cost of
hospitalisation
intervention
vs control

SS ₤2289
(2034-2717)4,6

(3209-4287)

$US4131
(3585-5019)

Mean
-₤16
difference in
-$US25
cost of
hospitalisation
intervention
vs control

₤20696

₤21996

$US3264

$US3470

-

€10056

€9216

$US1253

$US1148

$US3612

₤2618
(22723181)4,6

SC=41

I=84

Per
admission

CBA

1 year

CCA

No

N/A

C=97

I=42
C=37

No

N/A

-

30

options (NFS)
for 3 months
Tucker and
Miguel
199638

Model

ONS (NFS)

Hospital
patients

2485

Per
admission

CCA

N/A

N/A

Mean
-$US8294
difference in
cost of
hospitalisation
per year
intervention
vs control

-

Abbreviations: C=Control, COPD=Chronic obstructive pulmonary disease, GI=Gastrointestinal, HEHP=High energy high protein diet, I=Intervention, LOS=Length of stay,
N/A=Not applicable, NFS=Not further specified, ONS=Oral nutritional supplements, PA=Physical activity, QALY=Quality adjusted life year,
1 Costs included for providing intervention plus medical treatment and loss of income for participant
2 Costs included for providing physical activity intervention only
3 Costs included for providing intervention only
4 Standard deviations
5 95% Confidence intervals
6 Costs included for providing intervention and medical treatment

-

31
Legend for Figure 1. Flow diagram of study selection process
Legend for Figure 2. Results of the quality analysis of the study designs.
Bars indicate the number of studies for which the quality criteria was met (black bar), not met (white bar), or not
applicable for this study (grey bar). Quality criteria taken from the 35 item checklist by Drummond et al.14 Quality
criteria divided into items referring to study design (A), data collection (B), and analysis and interpretation of the
results (C). Criteria questions are as follows: Q1, the research question is stated; Q2, the economic importance
of the research is stated; Q3, the viewpoint(s) of the analysis are clearly stated and justified; Q4, the rationale for
choosing the alternative programmes or interventions compared is stated; Q5, the alternatives being compared
are clearly described; Q6, the form of economic evaluation used is stated; Q7, the choice of form of economic
evaluation is justified in relation to the questions addressed; Q8, the source(s) of effectiveness estimates used
are stated; Q9, details of the design and results of the effectiveness study are given (if based on a single study);
Q10, details of the method of synthesis or meta-analysis of estimates are given (if based on an overview of a
number of effectiveness studies); Q11, the primary outcome measure(s) for the economic evaluation are clearly
stated; Q12, methods to value health states and other benefits are stated; Q13, details of the subjects from
whom valuations were obtained are given; Q14, productivity changes (if included) are reported separately; Q15,
the relevance of productivity changes to the study question is discussed; Q16, quantities of resources are
reported separately from their unit costs; Q17, methods for the estimation of quantities and unit costs are
described; Q18, currency and price data are recorded; Q19, details of currency of price adjustments for inflation
or currency conversion are given; Q20, details of any model used are given; Q21, the choice of model used and
the key parameters on which it is based are justified; Q22, time horizon of costs and benefits is stated; Q23, the
discount rate(s) is stated; Q24, the discount rate(s) is justified; Q25, an explanation is given if costs or benefits
are not discounted; Q26, details of statistical tests and confidence intervals are given for stochastic data; Q27,
the approach to sensitivity analysis is given; Q28, the choice of variables for sensitivity analysis is justified; Q29,
the ranges over which the variables are varied are stated; Q30, relevant alternatives are compared; Q31
incremental analysis is reported; Q32, major outcomes are presented in a disaggregated as well as aggregated
form; Q33, the answer to the study question is given; Q34, conclusions follow form the data reported; Q35,
conclusions are accompanied by the appropriate caveats.
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Objective: To investigate the preferences of frail older people
for individualised multidisciplinary rehabilitation to promote recovery from a hip fracture.
Design: Discrete Choice Experiment.
Setting: Acute and Rehabilitation Hospitals in Adelaide,
South Australia.
Subjects: Eighty-seven patients with recent hip fracture (16
living in residential care facilities prior to fracture).
Methods: Patients providing informed consent (or consenting family carer proxies in cases where patients were unable
to provide informed consent (n = 10)) participated in a face
to face interview following surgery to repair a fractured hip
to assess their preferences for different configurations of rehabilitation programs.
Results: Overall, participants expressed a strong preference for improvements in mobility and a willingness to participate in rehabilitation programs involving moderate pain
and effort. However, negative preferences were observed for
extremely painful interventions involving high levels of effort (2 h per day for 2 months). Subgroup analysis revealed
consistently similar preferences according to place of residence (residential care vs community).
Conclusions: Improvements in mobility are highly valued
by frail older people recovering from hip fracture, including
those living in residential care. Further research should be
directed towards achieving greater equity in access to rehabilitation services for the wide spectrum of patients attending hospital with hip fractures.
Key words: discrete choice experiment; hip fracture; older people; residential care; rehabilitation.
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Guarantor’s address: Professor Julie Ratcliffe, Flinders
Clinical Effectiveness, Flinders University, GPO Box 2100,
Adelaide 5001, South Australia. E-mail: Julie.ratcliffe@
flinders.edu.au
Submitted December 2, 2011; accepted July 11, 2012
Introduction
Hip fractures are amongst the most devastating consequences
of osteoporosis and injurious accidental falls with around 25%

of patients dying in the first year after fracture (1, 2), with
only 40% returning to pre-fracture levels of mobility (2), and
annual expenditures exceeding 400M AUD (3). Rehabilitation
strategies for frail older people following hip fractures are
still evolving. However, there is evidence to suggest that an
individualised multidisciplinary rehabilitation programme is
associated with improvements in mobility relative to usual orthopaedic care (4). A previous study by Salkeld and colleagues
(5) to assess the preferences for health of older women at risk
of hip fracture living in the community indicated that even a
small improvement in mobility was very highly valued and
could have a large positive impact on quality of life. Whilst
a rehabilitation programme has the ability to achieve large
improvements in mobility (6), typically this also involves a
period of substantial effort and endurance by the individual
participant, as well as the endurance of significant levels of
pain. In addition, paradoxically this type of intervention may
also increase the risk of further falls and injuries principally
because the individual achieves greater mobility as a consequence. Presently, scant evidence is available concerning the
preferences of older people for an individualised multidisciplinary rehabilitation programme to promote recovery from
a hip fracture.
Discrete Choice Experiment (DCE) is a stated preference
technique originating in mathematical psychology which is
designed to establish the relative importance and impact of
individual attributes, or characteristics, upon the overall utility
of a good or service (7). Within health economics there has
been an exponential increase in the number of DCE studies
undertaken within the last decade, with the majority focused
upon the assessment of patient preferences within a wide variety of health care programmes and services (8, 9). However,
DCE studies specifically designed for and conducted with older
people (aged 65 years and over) remain rare in comparison with
those conducted with general adult samples (8, 9). A recent
commentary highlighted the potential for the application of
discrete choice experiments in promoting patient choice for
older people (8) and a recently published study in this jorurnal
has demonstrated the potential for DCEs to engage older people
in eliciting their views and preferences about alternative stroke
specific rehabilitation services (10).

© 2013 The Authors. doi: 10.2340/16501977-1054
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DCEs are typically administered through a questionnaire
in which the respondent is presented with a series of choices
between alternative health or rehabilitation programs and
asked to choose the program that they would prefer. The alternative programs are described in terms of their attributes
and associated levels (for example waiting time, location of
treatment, type of treatment and staff providing the treatment).
DCEs therefore provide information about the acceptability
of different characteristics of programs, the trade-offs that
patients are willing to make between these characteristics,
and the relative importance of each of these characteristics in
determining overall utility or value (11). This study sought to
apply discrete choice experiment methodology to investigate
the preferences of older people for rehabilitation to promote
recovery from a hip fracture. Specifically, the DCE sought to
investigate what older people would be prepared to endure in
terms of levels of pain, physical effort and the risk of further
falls and injury to recover the ability to mobilise independently
following hip fracture through participation in an individualised multidisciplinary rehabilitation programme.
Methods
Questionnaire design
A DCE questionnaire was developed for completion via a face to face
interview between the consenting participant and a trained interviewer.
The questionnaire contained two main sections. Section A comprised a
series of attitudinal statements relating to recovery following hip fracture, mobility, and quality of life. Respondents were asked to indicate
the degree to which they agreed or disagreed with each statement on
a 5 point Likert scale ranging from completely agree to completely
disagree. Section B of the questionnaire contained the DCE questions.
The scenarios presented for consideration in the DCE were based upon
4 salient attributes identified by the research team in consultation with
rehabilitation clinicians based upon increasing levels of pain, effort,
risk of further falls and mobility. The full factorial options resulted
in 81 possible scenarios for presentation (=34). A fractional factorial
design was employed to reduce this to a more practical total of 36
scenarios, generating 18 binary choice sets, which were 100% efficient
for the estimation of main effects (7). This design was divided into 3
versions and 6 binary choice sets were presented within each version.
Within each binary choice set, participants were asked to indicate their
preferred choice between a pair of hypothetical scenarios reflecting
the characteristics of an individualised multidisciplinary rehabilitation
programme they would receive at two alternative locations. Given
that patients were already currently participating in a rehabilitation
program, a “forced choice” experiment was considered appropriate
and no opt out option was provided.
Administration of questionnaire
Participants were recruited from Flinders Medical Centre, and the Repatriation General Hospital in Adelaide, South Australia. The study was
approved by the Flinders Clinical Research Ethics Committee (approval
no. 4609, approval granted february 2009). Patients were approached
sequentially between May 2009 and November 2010 following referral
to the research team by a key contact staff member at each hospital.
Inclusion criteria were admission with a falls related proximal femur
fracture, 60 years old and above, and not currently receiving palliative
care. All patients who gave informed consent to participate took part in a
face to face interview with one of two study researchers. The interviews
were completed approximately 7 days following their surgery, either at
the patient bedside or at their home.
J Rehabil Med 45

Consenting family carer preferences were elicited by proxies directed
to answer from the patient’s perspective in cases where significant cognitive impairment (defined in terms of a score less than 19/30 on the MiniMental State Examination (MMSE)) prevented an individual from giving
informed consent and responding directly to the questionnaire. Whilst
previous DCE studies in health care have tended to include participants
with a reasonably high level of cognitive function (defined in terms of
a MMSE score of 24 or above) for this study we attempted to be more
inclusive in order to reflect more fully the views and preferences of older
people themselves (including those from a residential care background),
as opposed to obtaining proxy responses from a family member. There
is evidence that the preferences of proxies often do not correspond well
with the preferences of the patients themselves (12). The DCE was
initially piloted with a small sample of patients (n = 10) with a range of
levels of cognitive function to check respondents level of understanding
of the questions and to indicate that they were providing meaningful
responses. The findings from the pilot study indicated that patients with
mild cognitive impairment (MMSE 19–23) were able to complete the
questionnaire and were also able to provide meaningful responses. Minor
changes to question layout and phraseology were made as a consequence
of the findings of the pilot study to improve participant understanding.
Data analysis
The data from the DCE were analysed within a random utility theory
framework using a conditional logit regression model (13). The function to be estimated was of the following form:
V = β75%risk_fall + β50%risk_fall + β25% risk_fall + βmild_
pain + βmoderate_pain + βsevere_pain + β30_mins + βone_hour + βtwo_
hours + βmobility-Independant + βmobility_frame + βmobilitywheelchair + e + u
V is the utility or satisfaction associated with the different rehabilitation programs.
βx are the estimated parameters of the model. e is the error term for
the difference in observations. u is the error term for the differences
between responses.
The estimated coefficients and their statistical significance (or
otherwise) indicate the relevant importance of the different attributes
on individual preferences. A positive sign on a coefficient indicates
that as the level of the attribute increases so does the utility derived
and the converse applies for a negative sign on a coefficient. The base
levels of the coefficients could then be calculated using the formula
that they were equal to the negative one multiplied by the sum of the
coefficients for the two other levels. For every respondent, tests were
also carried out to determine if any of the attributes were dominant
(14). A dominant response implies that the scenario with the preferred
direction of preference for one particular attribute is always chosen,
irrespective of the levels of the remaining attributes presented. For
example, a participant who always chooses the best level for mobility
in every choice situation (irrespective of falls risk and the levels of
pain or effort presented) has a dominant response pattern for mobility. Sub group analyses were undertaken by estimating two separate
DCE models for [1] residential status: living in residential care versus
living in the community, [2] education level: completed high school
versus no qualifications, [3] age: 79 years and below versus 80 years
and above, and the results were compared.
In order to estimate marginal rates of substitution (MRS), a conditional logit model was estimated including the risk of falling and the
duration of effort required in the rehabilitation session as continuous
variables. The MRS were then calculated by dividing the estimated
coefficient for the attribute by the estimated coefficient for the selected
value attribute (risk of falling or duration of effort).

Results
A total of 149 patients with a recently proximal femoral fracture
were approached of whom 87 (58%) consented to participate
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Fig. 1. The proportion of participants exhibiting dominant choice patterns
from the total sample.

in the study. The majority n = 61 (70%) of the participants
were women and were between 71 and 80 years of age, n = 64
(74%). A small proportion were living in residential care prior
to fracture [n =16 (18%)], the majority were living independently in the community prior to admission, n = 71 (82%). A
total of 34 (39%) participants had a MMSE of 23 or below, of
whom 10 (11%) had an MMSE of 19 or lower and therefore
the questionnaire was completed on their behalf by a proxy
family carer. For those participants with a MMSE of 23 and
below, the results were found to be similar to those with a
MMSE of 24 and above (results not shown), and therefore
the results of these two groups were combined in a pooled
analysis. Six (60%) of those participants whose questionnaire
was completed by a proxy family carer were from residential
!
care, the remainder were from the community.
The number of respondents who were dominant for each
attribute and the total number of participants who were dominant for any attribute is presented in Fig. 1, along with the
breakdown of dominant respondents for each attribute by sub
group: living in residential care vs. the community prior to
fracture in Fig. 2. Fig. 1 shows that 42 out of 81 (52%) participants who completed the this section of the questionnaire
were dominant for the mobility attribute, this being much more
common than dominance for any other attribute. Sub-group
analysis revealed that the proportion of dominant respondents
was largely similar for those living in residential care vs. the
community prior to fracture.
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Fig. 2. The proportion of participants exhibiting dominant choice patterns
within the residential care and community subgroups. Black columns
represent the community subgroup and white columns represent the
residential care subgroup.

Table I presents the results from the conditional logit model
for the total sample. Both of the higher attribute levels relating
to mobility (walking with a stick independently and walking
with a frame) and the attribute level relating to the lowest
risk of further falls (25%) were found to be highly important
in determining positive preferences for an individualised
multidisciplinary rehabilitation programme and were highly
statistically significant (p < 0.001). Participants also exhibited
negative preferences for the attribute levels relating to severely
painful interventions and levels of effort involving rehabilitation intervention durations of two hours or more per day and
both of these attribute levels were statistically significant.
Table II presents the results from the conditional logit
model for the subgroups according to place of residence prior
to the hip fracture. It can be seen that both groups exhibited
strong positive preferences for higher levels of the mobility
attribute. However in contrast to those participants living in
the community those living in residential care prior to hip
fracture were less averse to severely painful interventions and
levels of effort involving rehabilitation intervention durations
of two hours or more per day. Both of these attribute levels
were statistically significant in influencing the preferences of
the community group but were uninfluential for the residential care group. The responses to the attitudinal questions for
the total sample, and also for each subgroup can be found in

Table I. Conditional logit model results (total sample). Data shown as coefficients with 95% confidence intervals (CI)
Attributes

Attribute level

Coefficient (95% CI)

p

FALLS: Your risk of falling and breaking another
bone at some time point following rehabilitation
PAIN: The level of pain you would need to accept
during rehabilitation with the aim of recovering
your ability to walk short distances
EFFORT: The level of effort you would need to
make during rehabilitation by working hard and
exercising with a physiotherapist
MOBILITY: Your ability to recover walking
following participation in the programme

50% or a 1 in 2 chance
25% or a 1 in 4 chance
Moderate pain for 6 to 8 weeks
Severe pain for 6 to 8 weeks

0.0354 (–0.1670 to 0.2378)
0.5450 (0.3316 to 0.7583)
0.2097 (–0.0004 to 0.4199)
–0.4036 (–0.6111 to –0.1962)

0.732
0.000
0.051
0.000

1 h per day for 2 months
2 h per day for 2 months

0.0088 (–0.1985 to 0.2162)
–0.4916 (–0.7020 to –0.2812)

0.933
0.000

0.4032 (0.2063 to 0.6001)
1.3807 (1.1697 to 1.5916)

0.000
0.000

Walking with a frame with 1 person close by
Walking with a stick independently without help
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Table II. Results of conditional logit model for subgroups based on living in the community or in residential care
Community
(n = 71)
Coefficient (95% CI)

Attributes

Attribute levels

Residential care (n = 16)
Coefficient (95% CI)

FALLS: Your risk of falling and breaking
another bone at some time point following
rehabilitation
PAIN: The level of pain you would need to
accept during rehabilitation with the aim
of recovering your ability to walk short
distances
EFFORT: The level of effort you would
need to make during rehabilitation by
working hard and exercising with a
physiotherapist
MOBILITY: Your ability to recover
walking following participation in the
programme

50% or a 1 in 2 chance
25% or a 1 in 4 chance

–0.0684 (–0.5481 to 0.4113) 0.780
0.7499 (0.2344 to 1.2653) 0.004

0.0583 (–0.1672 to 0.2837)
0.4999 (0.2629 to 0.7369)

0.613
0.000

0.2129 (–0.2808 to 0.7066) 0.398

0.2175 (–0.0168 to 0.4519)

0.069

Moderate pain for 6 to
8 weeks
Severe pain for 6 to 8
weeks
1 h per day for 2 months
2 h per day for 2 months

p

p

–0.1673 (–0.6592 to 0.3247) 0.505

–0.4675 (–0.6991 to –0.2359) 0.000

–0.4692 (–0.9482 to 0.0096) 0.055
–0.1620 (–0.6513 to 0.3273) 0.516

0.1287 (–0.1036 to 0.3609) 0.277
–0.5774 (–0.8138 to –0.3411) 0.000

Walking with a frame
with 1 person close by
Walking with a stick
independently without
help

0.8300 (0.3556 to 1.3045)

0.001

0.3062 (0.0871 to 0.5253)

0.006

1.2330 (0.7463 to 1.7197)

0.000

1.4322 (1.1949 to 1.6695)

0.000

CI: confidence interval.

Table III. The responses to the attitudinal statements broadly
reinforce the findings from the DCE, indicating a strong preference to undertaking rehabilitation programmes with a view
to increasing mobility, in both the residential and community
care subgroups and the total sample.
Table IV presents the results of the conditional logit model
for the sample with risk of falling and duration of effort for
rehabilitation included as linear, continuous variables and the
results of the marginal rates of substitution using risk of falling (risk) and duration of effort (duration) as value attributes.
Plotting of the coefficient values attached to alternative levels

of these two value attributes indicated that the assumption of a
linear relationship was appropriate. The results indicate that, in
general, participants would be prepared to accept a 22% increase
in the risk of falling and breaking another bone to avoid enduring
severe pain from participating in a rehabilitation programme. In
general participants would also be prepared to accept an increase
in the duration of the rehabilitation programme of over 2 h in a
2 month period (132 min) in order to achieve the highest mobility
outcome of walking with a stick unaided.
The results of the conditional logit model were also analysed
split for subgroups based on education level (no qualification

Table III. Responses to attitudinal questions for total sample and by subgroup: living in residential care vs the community prior to fracture
A
n (%)
Total

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Did not answer
Residential Strongly agree
Agree
care
Neither agree nor disagree
Disagree
Strongly disagree
Community Strongly agree
Agree
based
Neither agree nor disagree
Disagree
Strongly disagree
Missing

51 (58.6)
31 (35.6)
3 (3.4)
1 (1.1)
1 (1.1)
0 (0)
6 (37.5)
7 (43.8)
1 (6.3)
1 (6.3)
1 (6.3)
45 (63.4)
24 (33.8)
2 (2.8)
0 (0)
0 (0)

B
n (%)
32 (36.8)
44 (50.6)
7 (8.0)
4 (4.6)
0 (0)
0 (0)
3 (18.8)
10 (62.5)
2 (12.5)
1 (6.3)
0 (0)
29 (40.8)
34 (47.9)
5 (7.0)
3 (4.2)
0 (0)

C
n (%)
40 (46.0)
38 (43.7)
6 (6.9)
3 (3.4)
0 (0)
0 (0)
3 (18.8)
8 (50.0)
3 (18.8)
2 (12.5)
0 (0)
37 (52.1)
30 (42.3)
3 (4.2)
1 (1.4)
0 (0)

D
n (%)

E
n (%)

F
n (%)

G
n (%)

H
n (%)

0 (0)
0 (0)
0 (0)
23 (26.4)
64 (73.6)
0 (0)
0 (0)
0 (0)
0 (0)
7 (43.7)
9 (56.3)
0 (0)
0 (0)
0 (0)
16 (22.5)
554 (77.5)

27 (31.0)
55 (63.2)
2 (2.3)
2 (2.3)
0 (0)
1 (1.1)
3 (18.8)
11 (68.8)
1 (6.3)
1 (6.3)
0 (0)
24 (33.8)
44 (62.0)
1 (1.4)
1 (1.4)
0 (0)
1 (1.4)

3 (3.4)
11 (12.6)
5 (5.7)
37 (42.5)
31 (35.6)
0 (0)
0 (0)
2 (12.5)
2 (12.5)
5 (31.3)
7 (43.8)
3 (4.2)
9 (12.7)
3 (4.2)
32 (45.1)
24 (33.8)

0 (0)
5 (5.7)
1 (1.1)
24 (27.6)
57 (65.5)
0 (0)
0 (0)
0 (0)
0 (0)
6 (37.5)
10 (62.5)
5 (7.0)
0 (0)
1 (1.4)
18 (25.4)
47 (66.2)

9 (10.3)
39 (44.8)
20 (23.0)
11 (12.6)
4 (4.6)
4 (4.6)
3 (18.8)
10 (62.5)
1 (6.3)
2 (12.5)
0 (0)
6 (8.5)
29 (40.8)
19 (26.8)
9 (12.7)
4 (5.6)
4 (5.6)

A: I am confident that I will be able to walk again eventually; B: I want to be able to walk again even if there is a high risk that I could fall again and
break another bone in the future; C: I am prepared to make a large physical effort over a period of several weeks to enable me to walk again; D: I
would prefer to go into a wheelchair now and forget about walking again; E: I am prepared to accept pain for a number of weeks whilst following an
exercise programme if it will enable me to walk again; F: I am very tired and I don’t want to have physiotherapy to help me with walking; G: I would
be happy to use a mechanical lifter to move me from the bed to a chair for the rest of my life; H: I would be prepared to pay a fee to receive an 8-week
rehabilitation programme in the nursing home to help me walk again.
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Table IV. Marginal rates of substitution using risk of falls and duration of effort as value attributes
Attribute

Level

Coefficient (SE)

MRS risk, %

MRS duration of effort,
min

FALLS
PAIN

Risk
Mild
Moderate
Severe
Duration
Wheelchair bound
Walking with a frame
Walking with a stick

–0.0160*** (0.0057)
0.138
0.209** (0.104)
–0.347*** (0.010)
–0.0078*** (0.0020)
–1.361
0.304*** (0.091)
1.057*** (0.105)

–
–8.625
–13.063
21.688
0.500
85.063
–19.000
–66.063

2.000
–0.005
–26.125
43.375
–
170.125
–38.000
–132.125

EFFORT
MOBILITY

*p < 0.1, **p < 0.05, ***p < 0.01.
SE: standard error; MRS: marginal rates of substitution.

vs high school completion and above) and age (79 years and
below vs 80 years and above). There were no significant differences between the results split according to subgroup and
the main results (data not shown).
Discussion
To our knowledge this is the first time DCE methodology has
been applied to ascertain patient preferences for an individualised multidisciplinary rehabilitation programme following
hip fracture. The findings from this DCE study indicate that
mobility outcomes and the achievement of independent mobility have significant and positive impacts for frail older people
recovering from hip fracture. This study also provides important preliminary evidence for the feasibility and future potential
for DCE methodology to be applied to elicit the treatment
preferences of frail older people, a sub-group of the population
traditionally excluded from studies of this nature (9).
Although our sub-sample of participants from residential
care was small (n =16), we found that the preferences of participants from a residential care background were broadly similar
to those from a community background. Participants from both
residential care and the community exhibited strongly positive
preferences for improved mobility following hip fracture and
these differences were found to be statistically significant.
This finding is reinforced by the responses to the attitudinal
questions whereby all participants from both residential
care and the community (100%) expressed they disagreed or
strongly disagreed with the statement ‘I would prefer to go
into a wheelchair now and forget about walking’. Presently
in Australia, patients from high care residential aged care
facilities (nursing homes) are denied the same opportunities
in relation to rehabilitation care as compared to people from
community or low care residential aged care settings, an approach which is increasingly being questioned (15). Recently
updated hip fracture guidelines from the National Institute of
Health and Clinical Excellence (NICE) in the UK have recommended that priority research be undertaken into the provision
of rehabilitation strategies for rehabilitating residential care
patients following a hip fracture through their care facilities
(16). A recent systematic review and an editorial have also
highlighted the likely clinical benefit to this group (17). The
findings from this study concur with these recommendations.

The DCE study represents a snapshot study of patient
preferences at one time point only, following surgery for hip
fracture. It may be the case that patients could change their
preferences for rehabilitation over time, for example, if optimal rehabilitation is not achieved, or if their health declines
further. We elected to survey patients about their preferences
for rehabilitation early after their surgery when they were first
commencing rehabilitation as it has been demonstrated that it
is at this time-point that their engagement with a rehabilitation
program is most important as rehabilitation must commence
early following surgery to achieve the best outcomes (16). The
chosen attributes and levels were developed with health professionals engaged in the provision of rehabilitation programmes
and piloted with patients receiving rehabilitation for relevance,
language and coverage. However, it is important that future
research includes a comprehensive and client-focused method
of defining attributes and levels for DCEs. The selection criteria
recently presented by Coast et al. (18) recommending more
methodologically rigorous methods of attribute selection based
on qualitative methods would be useful in this regard.
This study provides important preliminary evidence relating
to the preferences of frail older people for improved mobility as a consequence of an individualised multidisciplinary
rehabilitation intervention following hip fracture. The findings
indicate that, in general, the desire to recover mobility through
a rehabilitation intervention is tempered by an aversion to
high levels of risk of further falls and pain. This finding is
important to note, given the current NICE recommendations
to investigate the effectiveness of higher intensity rehabilitation programs, which may result in increased pain and fatigue
for patients (16). If these guidelines were implemented in
Australia, our study provides evidence that frail older adults
are willing to participate in programmes requiring increasing
effort and resulting in increasing pain during rehabilitation.
However, a significant proportion is averse to programmes of
severe pain and very long duration. Therefore, while higher
intensity rehabilitation programmes are likely to be acceptable
to this group, especially if they provide the chance of improved
mobility outcomes for participants, it would be important for
those designing such programmes to consider process outcomes
such as the level of effort involved. It will be important in the
future for both researchers and clinicians to determine novel
strategies to design rehabilitation programmes which provide
J Rehabil Med 45
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the intensity required to gain the mobility outcomes that older
people so highly value but within levels of effort and pain
which are acceptable. Physical exercise programmes are not
only of interest for hip fracture rehabilitation, but are also of
interest in older adults as a way of reducing the functional
decline associated with hospitalisation (19) and in older community dwelling adults to reduce functional decline to maintain
health and independence (20). Particularly Liu & Latham (20)
in their Cochrane review of the effects of resistance strength
training on physical function in older adults found effects
on strength and vitality with higher intensity interventions,
although the number of published studies was small. It would
be interesting to consider whether the findings we have reported
in hip fracture patients would also apply to other groups of
older adults. While this may be the case, the preferences of
older adults in other groups receiving rehabilitation programs
needs further examination.
The study also adds to the bourgeoning literature highlighting the potential for the wider application of DCE methodology
as a valuable tool for engaging with, and eliciting the views
and preferences of, frail older people in relation to their health
and health care (8, 10, 21), a group traditionally excluded from
studies of this nature (8, 9). We attempted to be inclusive with
the DCE by not excluding older adults with mild cognitive
impairment. The preferences of those with mild cognitive
impairment are particularly important given the increasing
awareness that those with cognitive difficulties should not be
excluded from rehabilitation programmes (16). The preliminary finding from our study are generally positive and indicate
the potential for DCE’s to be conducted in samples of older
people with mild cognitive impairment. However it is important that further work is conducted to assess the practicality
and feasibility of this approach in older people with cognitive
impairment. The application of qualitative research methods,
including think aloud approaches (22), may be particularly
helpful in this regard to investigate the process of DCE decision
making in this group. Further research should also be directed
towards achieving greater equity in access to rehabilitation
services for the wide spectrum of patients attending hospital
with hip fractures.
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Cognitive overload? An Exploration of the Potential Impact of Cognitive Functioning in
Discrete Choice Experiments with Older People in Health Care.

ABSTRACT
Objectives: This study sought to investigate the impact of cognitive functioning on the
consistency of individual responses to a DCE study conducted exclusively with older people.
Methods: A DCE to investigate preferences for multidisciplinary rehabilitation was
administered to a consenting sample of older patients following surgery to repair a fractured
hip (N=84). Conditional logit, mixed logit, heteroscedastic conditional logit and generalised
multinomial logit regression models were utilised to analyse the DCE data and to explore the
relationship between the level of cognitive functioning (specifically the absence or presence
of mild cognitive impairment as assessed by the mini-mental state, MMSE) and age with
preference and scale heterogeneity.
Results: Both the heteroscedastic conditional logit and generalised multinomial logit models
indicated that the level of cognitive functioning did not impact significantly upon the
consistency of the responses to the DCE. However age was found to have an impact, with
the oldest old (aged 86 years and above) generally making less consistent choices relative to
their younger counterparts.
Conclusions: This study provides important preliminary evidence relating to the impact of
cognitive functioning upon DCE responses for older people. It is important that further
research is conducted in larger samples and more diverse populations to further substantiate
the findings from this exploratory study and to assess the practicality and validity of the DCE
approach with older populations.
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Introduction
There has been an exponential increase in the number of DCE studies undertaken within
health economics during the last two decades since the first seminal paper by Propper and
colleagues to assess the disutility of time spent on NHS waiting lists [1]. Despite the increase
in their proliferation, DCE studies specifically designed for and conducted with older people
remain relatively rare in comparison with those conducted and reported upon with general
adult samples. Examples of published DCE studies focused exclusively in populations of
older people (aged 65 years and over) include the valuation of the newly developed ICECAPO capability instrument developed using best worst attribute scaling, a particular type of DCE
[2] and DCE studies to assess older people’s preferences for transition care and
rehabilitation services [3,4]. The findings indicate that these studies were generally well
received by their respective participants and point towards the practicality and validity of the
application of DCE methodology in older populations. However, to date, older people with
mild cognitive impairment have typically been excluded from DCE studies conducted in
health and aged care.
Whilst it is well documented within health economic and health services research that
individual choice behaviour often exhibits substantial heterogeneity, until recently the central
premise of the investigation of heterogeneity has focused almost exclusively on the existence
of preference or taste heterogeneity. A number of published DCE studies in health
economics have accounted for preference or taste heterogeneity [5-8]. However, Louviere
and colleagues [9,10] have argued that much of the heterogeneity in DCEs may actually be
better described as scale heterogeneity (where scale is the inverse of the variance of the
error term) reflecting the observation that for some individuals their choice behaviour is
simply more random than others. Such scale heterogeneity can be explored using
heteroscedastic error variance models [11] as recently performed in the health care sector by
Lancsar et al. [12] who modelled scale as a function of education level. This observation has
also generated the desire to simultaneously model both preference and scale heterogeneity
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in estimation of choice models and led to the development of specialised model structures,
most notably the generalised multinomial logit regression (G-MNL) model [13,14].
Studies have been conducted with adults within health economics to assess the impact of
the complexity of the DCE task, including the number of choice sets presented and the
degree of overlap in the attribute levels chosen for comparison within choice sets [15,16].
These studies have included a proportion of older people within their study samples but have
not been based exclusively in populations of older people. The findings have generally been
inconclusive in identifying a definitive relationship between cognitive burden and task
complexity. Intuitively, however it is reasonable to expect that such a relationship exists and
this hypothesis is supported by evidence from behavioural decision research indicating that
people tend to trade accuracy against effort in formulating decisions [17]. It has also been
noted that what is commonly referred to as the ‘capacity-difficulty gap’ may actually matter
more than the complexity of the DCE task [18,19]. The emphasis in this case is not on the
impact of the task environment per se but on the innate cognitive capacity of the participant
and his/her level of engagement with the DCE task. Scale heterogeneity could therefore be
the result of some participants not understanding the task at hand, not being able to relate to
the choice scenarios presented or not taking the experiment seriously. Hence differences in
DCE study engagement and the resulting scale heterogeneity may be related (at least in
part) to measurable characteristics of the participant e.g. the level of cognitive functioning or
ability, or age (e.g. youngest old versus oldest old).
Given future patterns of socio-demographic change and the aging of the population it is
reasonable to expect that the development of DCE studies designed specifically for
application with older people across health and aged care sectors are likely to increase
markedly during the coming decades. The reliability of DCE responses from older people
with varying levels of cognition and the threshold level of cognitive ability required for an
older person to reliably complete a DCE are therefore highly important but currently underresearched areas of investigation. This exploratory study sought to investigate this issue
empirically by assessing the potential impact of cognitive functioning upon DCE generated
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responses from a sample of older people recovering from hip fracture. Specifically we
employed mixed logit, heteroskedastic conditional logit and generalised multinomial logit
regression models to more formally investigate the potential for preference and scale
heterogeneity in responses for the total sample and by sub-groups classified according to the
absence or existence of mild cognitive impairment.

Methods
Questionnaire design and administration
A DCE questionnaire was developed for administration with a population of older people
recovering from surgery to repair a fractured hip. The design and administration of the DCE
questionnaire is discussed in detail in a separate paper [20]. The DCE comprised four salient
attributes relating to rehabilitation therapy following hip fracture including levels of pain and
effort endured, the risk of further falls and injury from participating in rehabilitation therapy
and the level of mobility achieved. The attributes and levels included in the DCE are
presented in Table 1. The 81 possible scenarios resulting from the full factorial options were
reduced to 18 binary choice sets each containing two options using a fractional factorial
design which was 100% efficient for the estimation of the main effects [21]. To reduce
participant burden, this design was blocked into three versions each with six binary choice
questions presented. An additional binary choice set contained a clearly dominant choice
through comparison of the best and worst levels of each attribute was included as a seventh
choice set to provide a test of internal consistency. For each choice question participants
were asked to indicate their preferred programme from two hypothetical multidisciplinary
rehabilitation programmes with different levels of the attributes presented within each
programme.

[Insert Table 1 about here]
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Following approval granted from the relevant research ethics committee, participants were
recruited from two hospitals in Adelaide, South Australia, sequentially over an 18 month
period between May 2009 and November 2010. Patients were approached for participation if
they had been admitted to hospital with a falls related proximal femur fracture, were 60 years
old or above, and were not currently receiving palliative care.
Cognitive functioning was assessed by the Mini-Mental State Examination (MMSE). The
MMSE was developed in 1975 as a brief tool to measure global cognitive function [22]. The
MMSE has since proven to be valid and reliable across a variety of clinical, epidemiological,
and community survey studies [23]. The MMSE is now widely applied and recognized in
many countries as an effective test for detecting and quantitatively estimating the severity of
cognitive impairment and for documenting cognitive changes over time in individuals residing
in health, aged care and community settings. It contains 19 items relating to orientation,
registration, attention and calculation, recall, language and praxis, and is scored from 0 to 30
where 0 indicates the most severe level of cognitive impairment and 30 indicates the highest
level of cognitive functioning. MMSE scores were categorized according to the three group
categorization criteria adopted by Tombaugh and McIntyre’s seminal review whereby a score
of 17 or below indicates severe cognitive impairment, a score of 18 to 23 indicates mild
cognitive impairment and a score of 24 or above indicates no cognitive impairment [23]. For
patients classified with severe cognitive impairment informed consent was sought from a
proxy family member who was also asked to complete the DCE questionnaire on behalf of
the patient and from the patient’s perspective.
The DCE questionnaire was administered using an interviewer mode of administration,
post-operatively at approximately one to two weeks following surgery to repair the fractured
hip. Previous DCE studies conducted exclusively in older populations and a recent study in
patients exhibiting cognitive impairments due to a diagnosis of schizophrenia have indicated
that an interview mode of administration is preferable to self-completion postal or on-line
surveys as this helps to aid respondent understanding and promotes completion rates. In
advance of the main study, the DCE questionnaire was piloted with a small sample of
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patients (N=10) with a range of levels of cognitive function to check respondents
understanding of the questions and to indicate that they were providing meaningful
responses. The findings from the pilot study indicated that patients with mild cognitive
impairment (MMSE 19-23) were able to fully complete the questionnaire and were also able
to provide meaningful responses. Minor changes to question layout and phraseology were
made as a consequence of the findings of the pilot study to improve participant
understanding.

Data analysis
The data from the DCE were analysed within the framework of random utility theory which
assumes that respondents choose the alternative that maximizes their utility. Let Uitj be the
utility individual i derives from choosing alternative j in choice scenario t. Utility is given by:

U itj = xitj′ β i + ε itj

,

where xitj is a vector of observed attributes of alternative j, βi is a vector of individual specific
coefficients reflecting the desirability of the attributes, and εitj is a stochastic term. For a

′ β i ), the probability of respondent i choosing alternative j
traditional linear-index model (i.e. xitj
in choice situation t can be specified as:

Pr(choiceit = j | β i ) =

exp(σ i xitj′ β i )
J

∑ exp(σ x′ β )
k =1

i itk

i

,

where σi is an individual specific scale of the idiosyncratic error, which is inversely
proportional to the error variance.
The data were analysed using four key econometric model specifications suitable for the
analysis of DCE data ranging in their respective levels of model sophistication including (1)
the simple conditional logit (which is unable to take account of either preference of scale
heterogenity), (2) the heteroskedastic conditional logit (which can take account of scale
heterogeneity), (3) the mixed logit (accounting for taste or preference heterogeneity) and (4)
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the advanced generalised multinomial logit (which takes account of both preference and
scale heterogeneity simultaneously).
Firstly, assuming εitj is independent and identically distributed (IID) with Gumbel (type 1
extreme value) distribution, a conditional logit model is adopted under the assumptions that
βi=β and σi=σ=1 [24]. Although conditional logit models have been widely utilised in the
analysis of DCE data, such models contain a strong assumption relating to homoscedasticity
or constant error variance, amongst others [25]. Within this data-set it is reasonable to
hypothesize that the existence of the ‘capacity-difficulty gap’ may mean that participants in
the lower cognitive functioning sub-group tend to make choices that are considerably less
consistent (or with a larger error variance) than those in the higher cognitive functioning subgroup. A heteroscedastic conditional logit model was then employed to test whether error
variances differed according to lower or higher cognitive functioning [26-28]. According to the
heteroscedastic conditional logit model framework, the scale parameter can be parametrised
as σi =exp(θzi), where zi is a vector of individual characteristics (e.g. level of cognitive
functioning, age) and θ is a vector of parameters capturing the influence of those
characteristics on the error variance).
The traditional conditional logit model also assumes that each individual specific
coefficient β, reflecting the desirability of a particular attribute, is a fixed parameter
representing homogeneous preferences. To relax this assumption, a mixed logit model was
employed, by specifying βi to follow a distribution of which the mean and standard deviation
are estimated (i.e. βi =β +ηi, where ηi is a vector of individual i-specific deviations from the
mean) [29].
Finally, the recently operationalized G-MNL model which can accommodate both
preference and scale heterogeneity in a single model was employed [14]. Following Fiebig et
al. [14] and Gu et al. [30] βi is defined generally as: β i = σ i β + [γ + σ i (1 − γ )]ηi , where γ
governs how the variance of preference heterogeneity varies according to the level of scale
heterogeneity, σi is distributed log-normal with standard deviation τ and mean σ + θzi , i.e.
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σ i = exp(σ + θzi + τε 0 ) . Fiebig et al. [14] show that γ lies between 0 and 1. In one extreme
case where γ=1, βi can be written as β i = σ i β + ηi . This is referred to as the G-MNL-I model.
It can be clearly demonstrated that: firstly this setting incorporates both scale and preference
heterogeneity, and secondly ηi is independent of σi. In another extreme case where γ=0, βi
can be written as β i = σ i β + σ iηi . This is referred to as the G-MNL-II model. In this case,
preference heterogeneity is impacted by both ηi and σi.
Information criterion are commonly utilised to choose the overall fit of DCE models with the
Bayesian Information Criterion (BIC) being increasingly utilised as the preferred measure
[31]. All econometric analyses were conducted in Stata version 12.1 (StataCorp LP, College
Station, Texas, USA) using clogit, clogithet [32], mixlogit [33], and gmnl [30] commands.
Comparisons between choice models that have been generated from two groups of
respondents, for example, a sample of patients with higher levels of cognitive functioning and
a sample of patients with lower levels of cognitive functioning, need to take account of
differences in unobserved variability, or scale, between the data sources [34]. The Swait and
Louviere test was used to formally test for such differences across the two sub-samples [35].

Results
A total of 149 patients who had recently undergone surgery to repair a hip fracture were
approached of whom 87 (58%) consented to participate in the study. A total of 84 individuals
(56%) fully completed the DCE questionnaire of whom 74 were patients and 10 were proxy
family members. Table 2 presents a summary of the characteristics of the participants. For
the self-completing participants, the majority N=52 (70%) were women and the mean age
was 80 years of age. Whilst a small proportion, N=10 (14%) were living in residential care
prior to fracture, the vast majority were living independently in the community prior to
admission, N=64 (86%). The majority of self-completing participants (68%) were classified
with normal cognitive function and were born in Australia (73%). In addition the vast majority
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(84%) indicated that they found the DCE task either ‘not’ or ‘slightly’ difficult to complete and
all 84 participants (100%) passed the test of internal consistency.

[Insert Table 2 about here]

The results from the conditional logit regression model based upon the total self-reporting
sample and for sub-samples partitioned according to cognitive functioning (higher cognitive
functioning and, lower cognitive functioning) and age (85 years and below or 86 years and
above) are presented in Table 3. Column (1), comprising the total sample, indicates that
participants exhibited statistically significant positive preferences for the lowest risk of future
falls (25%) and for improvements in mobility (walking with a frame with one person close by
and walking with a stick independently without help) and statistically significant negative
preferences for the highest level of pain during rehabilitation (severe pain) and the longest
duration of rehabilitation intervention (two hours per day for two months).
Columns (2) and (3) in Table 3 present the results from the sub-samples partitioned
according to cognitive functioning. For respondents without cognitive impairment (i.e.
MMSE≥24), the conditional logit estimates are broadly consistent with the total sample.
However, for individuals with minor cognitive impairment (i.e. MMSE ranged between 19 and
23), the pain attribute became insignificant. When partitioned according to age (see Columns
(4) and (5)) a notable difference is that whilst the younger old exhibited statistically significant
positive preferences for the lowest level of risk of falls (25%) the falls attribute was
insignificant for the oldest old age group. These results are supported by application of the
Swait and Louviere test which confirmed that splitting the sample based on cognitive
functioning, the null hypothesis of equal preferences could not be rejected at the 10% level
while splitting the sample on age, lead to reject of the null hypothesis of equal parameters.

[Insert Table 3 about here]
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The results from the heteroscedastic conditional logit model to investigate whether
respondents’ characteristics impacted on the error variance are presented in Table 4. The
MMSE score was included as a dummy variable reflecting higher or lower cognitive
functioning (Column (1)). The coefficient relating to cognitive functioning was positive
indicating that respondents with higher level of cognitive functioning tended to exhibit higher
scale and thus lower error variance, however this was not found to be statistically significant.
In contrast, a stronger relationship was found for age; the coefficient relating to age indicated
that the oldest old exhibited lower scale and higher error variance and this relationship was
found to be highly statistically significant (P<0.01) (Column (2)). Although not reported here,
when including both MMSE and age dummies simultaneously, the results were found to be
similar in that only the age dummy was found to be statistically significant (P<0.05). In
addition, the impact of education level was also tested and found

to be statistically

insignificant (P>0.10).

[Insert Table 4 about here]

Preference heterogeneity was investigated through application of a mixed logit regression
model by specifying the coefficients attached to each attribute level (βi) to follow a normal
distribution with associated mean and standard deviation. The results are reported in Table
5, firstly assuming random coefficients are independent and secondly assuming random
coefficients are correlated. Comparing the mixed logit estimates for the standard deviations
reported in Columns (1) and (2), it can be seen that in both cases only the attribute levels
relating to mobility were found to be statistically significant. The BIC values support the
conclusion that the model in Column (2) is preferred compared to the one in Column (1).
Based on the same information criterion, the model in Column (4) is preferred when
assuming random coefficients are correlated. Regarding whether random coefficients should
be assumed to be independent or not, the likelihood ratio test can be adopted. To this end,
comparing Columns (2) and (4), the likelihood ratio statistic under the null of uncorrelated
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coefficients is -2×[-161.172-(-160.303)]=1.738. Since the 95% critical value from the chisquared distribution with 1 degree of freedom is 3.84, the null hypothesis cannot be rejected.
We therefore conclude that the mixed logit estimates reported in Column (2) represent the
preferred model. Since coefficients of attribute levels are assumed to be normally distributed,
the mixed logit estimates relating to the mean coefficient and standard deviation for the
mobility attribute (Column (2), Table 5) can be utilised to calculate the distribution of
preference heterogeneity. For example, the proportion of respondents exhibiting a
preference for the ability to recover walking with a frame with one person close by following
rehabilitation (relative to being wheelchair bound) is calculated as 100×Φ(0.644/1.106)=72%,
where Φ is the cumulative standard normal distribution. Similarly, 88% of respondents
(100×Φ(2.907/2.454)=88%) would prefer walking with a stick independently without help
relative to being wheelchair bound.

[Insert Table 5 about here]

Table 6 reports results from application of the G-MNL model which accounts for both scale
and preference heterogeneity simultaneously. Following the conclusions from the data
analysis using the mixed logit model, the coefficients attached to the attribute levels relating
to mobility were assumed to be random and independent. The parameter γ (which governs
how the variance of residual preference heterogeneity varies with scale) was estimated both
without any boundary restriction and also on two special cases (i.e. γ=0 and γ=1). For the
sake of simplicity, only the preferred G-MNL estimates (selected based on the BIC values)
are reported. In all non-reported results, the estimates of γ were consistently insignificant.
Furthermore, comparing the BIC values in the corresponding columns in Table 4 and Table
6, it can be clearly seen that in all cases, all G-MNL models were preferred. In comparison
with the heteroscedastic conditional logit model results, the G-MNL model also indicates that
the dummy variable attached to cognitive functioning is statistically insignificant (Column (1),
Table 6) whilst the oldest old dummy variable (in Column (2), Table 6) remains statistically
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significant but the relationship is weaker (p<0.10). All other conclusions remain the same
across both heteroscedastic conditional logit and G-MNL models principally that: MMSE
score is statistically insignificant and only the mobility attribute exhibits robust statistically
significant standard deviations. Conditional on including the personal characteristics that may
influence scale, the estimated τ in all columns were insignificant and close to 0, implying that
scale heterogeneity is mainly related to age.

[Insert Table 6 about here]

Discussion
This paper investigated the potential role of cognitive functioning in DCE using a sample of
older patients following surgery to repair a fractured hip. Preference heterogeneity was found
to be significant only for the mobility attribute. Whilst no evidence of a relationship between
scale heterogeneity and the level of cognitive functioning was found, the results indicate that
there may be a relationship between scale heterogeneity and age, with the oldest old (86
years and above) tending to exhibit larger error variance/lower scale.
There are several possible explanations for our findings. Although it is presently the most
widely applied instrument internationally for assessing cognitive impairment, the MMSE may
not be the most appropriate test of cognitive functioning for application with DCE studies. In a
comprehensive review of screening tests for cognitive impairment Cullen et al. [36] noted that
although a total of 39 screening tests were identified which had been designed for this
purpose clinician surveys indicate that the MMSE is “overwhelmingly ubiquitous in practice”.
The review described the content of all tests according to a comprehensive checklist of six
key abilities or domains including attention/working memory, verbal recall, expressive
language, verbal fluency, visual construction and reasoning/judgement. The MMSE was
found to lack coverage of both the verbal fluency and reasoning/judgement domains.
However, the ability to apply logical reasoning and judgement is clearly an important
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requirement for a participant to provide meaningful responses to a discrete choice
experiment. Therefore although the MMSE appears reasonable at categorising individuals
with higher and lower cognitive functioning, it may not provide a good measure of a person’s
ability to carry out logical reasoning [37]. This may provide at least a partial explanation as to
why we failed to observe a consistent relationship between cognitive impairment and scale
heterogeneity. The review identified two tests, 3MS (Modified Mini-Mental State Examination)
[38] and the CASI (Cognitive Abilities Screening Instrument) [39] which covered all six
abilities or domains. Future research is needed to further assess the discriminative abilities of
the MMSE in relation to other more comprehensive screening tests in categorising
individuals with higher and lower cognitive functioning for the purposes of participation and
data analysis for DCE studies.
The finding that the oldest age group (aged 86 years and above) tended to exhibit larger
error variance/lower scale relative to the young old may also be related to the lack of
discriminative ability of the MMSE in relation to reasoning and judgement. Evidence indicates
that the prevalence of cognitive impairment and dementia rises markedly in the oldest old
age group [40,41]. Hence, it may be the case that the oldest old group were more adversely
impaired in the reasoning/judgement domain of cognitive functioning but the utilisation of the
MMSE as the screening test for this study failed to identify this. As a consequence the oldest
age group may have been less engaged with the DCE task than their younger counterparts
leading to an increase in the error variance and therefore lower scale for this group. Further
research including qualitative ‘think aloud’ approaches would be helpful in this regard in
determining a detailed examination of older participants understanding and level of
engagement with the DCE task.
In practice the impact of the task environment, the complexity of the DCE task and the
cognitive capacity of the participant are likely to be highly inter-dependent. Within this study
we deliberately sought to simplify the DCE design and minimise the complexity of the DCE
task in two main ways. Firstly, by focusing upon four salient attributes with three levels
attached to each attribute and secondly, by blocking the design into three versions to reduce
Page 14

the number of choice sets required for presentation. The simplification of the task may
therefore have contributed to the main finding of the insignificance of the level of cognitive
functioning on scale heterogeneity and it is possible that scale heterogeneity may be more
evident where more complex DCE tasks are conducted. Previous studies conducted
exclusively in populations of older people have tested the impact of the complexity of the
DCE task, in terms of the mode of administration and the number of choice sets presented
[3,4,42]. These studies found that participant understanding and completion rates were
significantly elevated using an interviewer mode of administration with visual props (in the
form of choice sets handed one at a time to the participant for consideration) as opposed to a
traditional self-completion format with all choice sets presented simultaneously in a single
questionnaire. Additionally participant fatigue precluded the presentation of more than 6 or 7
binary choice sets within a single interview.
This exploratory study involved face to face interviews which are more expensive than
other forms of data collection and hence the sample size was relatively small when
compared to samples achieved from online panels, for example. However, it is important to
note that other modes of administration (such as online completion) would not be appropriate
for this cohort of respondents. However, our sample size is larger than many DCE studies
reported in the literature that have also incorporated more advanced modelling approaches
[4,6,43,44]. Further research is needed in larger samples and more diverse populations to
substantiate these preliminary findings and to investigate the reliability and validity of the
DCE approach in populations of older people, including those with mild cognitive impairment.
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Table 1 - Attributes and Attribute Levels
Attributes

Description

Attribute levels

Variable name

Risk

Your risk of falling and

75% or a 3 in 4 chance

Seventy

breaking another bone at

50% or a 1 in 2 chance

Fifty

some time point following

25% or a 1 in 4 chance

Twentyfive

The level of pain you would

Mild pain for 6 to 8 weeks

Mild

need to accept during

Moderate pain for 6 to 8 weeks

Moder

rehabilitation with the aim of

Severe pain for 6 to 8 weeks

Severe

The level of effort you would

30 minutes per day for 2 months

Thirtymins

need to make during

1 hour per day for 2 months

Onehour

rehabilitation by working

2 hours per day for 2 months

Twohours

Your ability to recover

Wheelchair bound

Wheelchair

walking following

Walking with a frame with one

Frame

rehabilitation

person close by

rehabilitation

Pain

recovering your ability to
walk short distances

Effort

hard and exercising with a
physiotherapist

Mobility

Walking with a stick

Stick

independently without help
Note: Effects coding is used.
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Table 2 - Participant Characteristics
Self-reported
N=74

Proxya
N=10

N (%)b

N (%)b

80 (8.5)

82 (6.9)

52 (70%)

7 (70%)

Normal (24-30)

48 (68%)

0

Mild (18-23)

23 (32%)

0

No qualifications

32 (44%)

5 (50%)

High school

35 (48%)

5 (50%)

6 (8%)

0

Live in community

64 (86%)

4 (40%)

Live in residential care

10 (14%)

6 (60%)

Born in Australiac

53 (73%)

8 (80%)

Not

39 (56%)

4 (40%)

Slightly

20 (28%)

4 (40%)

Very or Moderately

11 (16%)

2 (20%)

Mean age (Std. Dev.) years
Female
MMSEc

Educationc

Degrees/professional qualification

Difficultyc

a

Characteristics reflect patients in proxy group with exception of MMSE score
which is attributable to the proxy
b

Unless otherwise indicated

c

MMSE missing = 3, Education missing = 1, Born in Australia missing = 1,
Difficulty missing = 4
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Table 3 - Conditional Logit Estimates
(1)

(2)

(3)

(4)

(5)

Full sample

MMSE ≥ 24

MMSE 19~23

Age ≥ 86

Age ≤ 85

0.121

0.009

0.282

-0.322

0.228*

[0.103]

[0.136]

[0.185]

[0.215]

[0.125]

0.373***

0.404***

0.518***

0.385

0.485***

[0.110]

[0.152]

[0.200]

[0.236]

[0.148]

0.214*

0.327**

0.120

0.588**

0.139

[0.112]

[0.152]

[0.194]

[0.240]

[0.136]

-0.332***

-0.378**

-0.209

-0.603**

-0.310**

[0.108]

[0.150]

[0.185]

[0.235]

[0.131]

0.021

-0.114

0.193

-0.311

0.139

[0.100]

[0.133]

[0.180]

[0.231]

[0.124]

-0.417***

-0.297**

-0.650***

-0.465**

-0.457***

[0.114]

[0.151]

[0.214]

[0.235]

[0.141]

0.266***

0.341***

0.122

0.525**

0.204*

[0.098]

[0.129]

[0.176]

[0.220]

[0.118]

1.118***

1.282***

1.094***

0.514**

1.399***

[0.116]

[0.158]

[0.220]

[0.214]

[0.159]

LL

-191.096

-112.877

-60.792

-47.935

-130.905

BIC

432.114

272.194

162.186

133.473

309.802

N

74

48

23

16

58

Obs.

513

332

160

110

403

Attribute levels

Fifty

Twentyf

Moder

Severe

Onehour

Twohours

Frame

Stick

Notes: Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. LL: log likelihood; BIC:
Bayesian Information Criterion.
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Table 4 - Heteroscedastic Conditional Logit Estimates
Attribute levels
Fifty

Twentyf

Moder

Severe

Onehour

Twohours

Frame

Stick

(1)

(2)

0.078

0.168

[0.096]

[0.118]

0.369***

0.492***

[0.112]

[0.138]

0.208**

0.195

[0.103]

[0.128]

-0.270***

-0.344***

[0.103]

[0.124]

-0.019

0.059

[0.091]

[0.116]

-0.349***

-0.469***

[0.120]

[0.133]

0.241***

0.271**

[0.091]

[0.112]

1.023***

1.351***

[0.169]

[0.157]

HET
MMSE: 24-30 (dummy)

0.206
[0.192]

The oldest old (dummy)

-0.636***
[0.225]

LM test statistics

1.16

8.75***

LL

-177.783

-186.450

BIC

411.352

429.062

N

71

74

Obs.

492

513

Notes: Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. LL: log
likelihood; BIC: Bayesian Information Criterion. HET: variables used to model
error variance. The null hypothesis for LM test is that the error variance is
constant across respondents.
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Table 5 - Mixed Logit Estimates
Random coefficients:
independent
Attribute levels
Fifty

Twentyf

Moder

Severe

Onehour

Twohours

Frame

Stick

Random coefficients:
correlated

(1)

(2)

(3)

(4)

0.048

0.044

0.056

0.117

[0.217]

[0.212]

[0.449]

[0.218]

1.114***

1.069***

1.415**

0.997***

[0.334]

[0.313]

[0.613]

[0.284]

0.503**

0.490**

0.555

0.464**

[0.218]

[0.208]

[0.406]

[0.209]

-0.647***

-0.640***

-0.811**

-0.632***

[0.203]

[0.196]

[0.402]

[0.193]

-0.045

-0.048

-0.089

0.071

[0.179]

[0.175]

[0.370]

[0.183]

-0.918***

-0.881***

-1.231*

-0.910***

[0.268]

[0.243]

[0.710]

[0.248]

0.645***

0.644***

0.752*

0.370

[0.244]

[0.239]

[0.434]

[0.243]

3.019***

2.907***

3.878***

2.814***

[0.688]

[0.627]

[1.187]

[0.607]

SD
Fifty

Twentyf

Moder

Severe

-0.024

0.439

[0.451]

[0.588]

-0.109

0.786

[0.429]

[0.540]

0.018

0.480

[0.364]

[0.519]

0.003

1.104*
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Onehour

Twohours

Frame

[0.536]

[0.604]

-0.004

0.476

[0.342]

[0.464]

-0.231

0.809

[0.502]

[0.586]

1.131***

1.106***

1.739***

1.147***

[0.354]

[0.338]

[0.600]

[0.330]

2.542***

2.454***

3.493***

2.503***

[0.645]

[0.603]

[1.153]

[0.592]

LL

-160.552

-161.172

-151.961

-160.303

BIC

420.948

384.746

578.493

389.250

N

74

74

74

74

Obs.

513

513

513

513

Stick

Notes: Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. LL: log
likelihood; BIC: Bayesian Information Criterion. SD: standard deviation.
Number of Halton draws: 500.
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Table 6 - Generalized multinomial logit estimates, random coefficients are
assumed to be independent
Attribute levels
Fifty

Twentyf

Moder

Severe

Onehour

Twohours

Frame

Stick

(1)

(2)

0.045

0.091

[0.254]

[0.232]

1.331***

1.262***

[0.456]

[0.398]

0.585**

0.510**

[0.264]

[0.234]

-0.693***

-0.688***

[0.247]

[0.226]

-0.064

-0.031

[0.205]

[0.194]

-1.115***

-0.946***

[0.372]

[0.280]

0.752**

0.661**

[0.304]

[0.267]

3.594***

3.308***

[1.014]

[0.781]

1.330***

1.103***

[0.432]

[0.344]

3.163***

2.366***

[0.820]

[0.561]

SD
Frame

Stick

HET
MMSE: 24-30 (dummy)

0.021
[0.219]

The oldest old (dummy)

-0.424*
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[0.253]
τ

0.032

0.101

[0.139]

[0.198]

1

1

LL

-144.593

-159.881

BIC

363.567

394.645

N

71

74

Obs.

492

513

γ

Notes: Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. γ is set to be
one. LL: log likelihood; BIC: Bayesian Information Criterion. SD: standard
deviation. HET: variables used to model error variance. Number of Halton
draws: 500.
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