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ABSTRACT

Economic evaluation is an important tool in health care resource allocation. Interventions are
typically evaluated through a cost utility analysis (CUA) using the Quality Adjusted Life Year
(QALY), a metric combining length of life and quality of life (QolL) into a single outcome. The
quality aspect of the QALY is often provided by a preference-based measure (PBM) that includes
a way of measuring health, and a preference-based value set. The most commonly used PBMs
focus on health-related quality of life (HRQoL). However, there is a case for broadening what is
measured and valued by including other aspects of QoL (such as social care related Qol)

alongside HRQoL.

This thesis explores how methods for the measurement and valuation of health and QoL can be
extended to inform the development of broader and more widely applicable instruments. This
was investigated by first exploring how to incorporate QoL concepts into PBMs, and second by
testing the further application of Discrete Choice Experiment (DCE) methods to value QoL. Three

empirical studies were conducted

The first study assessed existing measures of health and QoL using Item Response Theory (IRT),
and tested two ways in which PBMs could be broadened to incorporate wider QoL concepts.
The results demonstrated overlap and divergence in what is measured. This informed where
extra dimensions of QoL could broaden the information collected, and how the information

collected within existing HRQoL frameworks could be extended.

The second study used DCE to understand respondent preferences for diverse dimensions of
Qol. The results provided evidence respondents do trade across different concepts of QolL. This

supports the need for broader measures, and also the use of DCE to value broader outcomes.

The third study focuses on DCE methods, and particularly on the construction of designs for
DCEs. The results provided detailed information about different design strategies for the

valuation of QoL outcomes.

The overall findings raise key issues about what should be captured in PBMs, and also provide
novel information about methods that can be used to inform the assessment, development and

valuation of future instruments. For example, the results inform how IRT can be used in PBM
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development. They also suggest how DCE can be used to value diverse QoL concepts. This can
inform the development and valuation of broader measurement systems of QoL outcomes that
can increase the scope and enhance the applicability of QALY values used in resource allocation

decision making.
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1. Measuring and valuing health — What are the issues?

Extensive research into the measurement and valuation of health and quality of life (QoL) over
the past half century has led to the development of instruments that are used to describe health
outcomes, and inform decision making. Common settings for the use of these instruments
includes policy development, the measurement of disease outcomes, clinical management, and
the economic evaluation of treatments and interventions. An important use of instruments
measuring health and Qol is in decision making regarding the allocation of scarce healthcare
resources. Economic evaluation has become a crucial tool in health care resource allocation
across a range of jurisdictions, with the guiding principle being to choose the interventions that
provide the best value for money. This can be measured by assessing the incremental cost per
unit of health outcome. Increasingly, this decision making process is informed by using cost
utility analysis (CUA) to evaluate new and existing interventions. CUA uses the Quality Adjusted
Life Year (QALY) as a key outcome metric. The QALY combines length of life and QoL into a single

outcome.

The quality aspect of the QALY is often provided by an instrument that has been developed
based on research into the measurement and valuation of health and QoL. These instruments,
described as preference-based measures (PBM), are a particular type of outcome measure that
incorporate two distinct elements relating to measuring and valuing health. The measurement
element of the instrument is a set of questions that are completed by patients or clinical
populations to describe their health (known as the health state classification system). This can
be generic (for use across all populations) or specific to a particular condition. The valuation
element is a way of scoring the health states described that is based on the preferences of a
population for the health states described. This scoring system is known as the utility “value

set”, and is generated using a valuation method that elicits the preferences of a population.

The general concept of QoL is multifaceted and encompasses, and is impacted by, many domains
of an individual’s life. For example, QoL includes domains of both physical and emotional health,
social functioning and relationships, social outcomes, and material aspects such as financial
security. Different domains of QoL interact with and influence each other over the lifespan. An
example of this is the interaction between health-related quality of life (HRQolL), which includes

areas such as mobility and pain, and social outcomes such as safety, control, autonomy and
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social participation. HRQoL is impacted by the broader social situation that an individual
experiences. As health worsens, and people age, maintaining social outcomes, and the provision
of services to maintain good social outcomes, becomes important. Allocation of health care
resources across diverse medical conditions, interventions and patient populations is
fundamental to achieving better health outcomes for the population. To achieve fair allocation
of resources, we need to measure all of the QoL outcomes that matter to the population, and

understand population preferences across these different areas of QoL.

Both of the broader research areas relating to the measurement and valuation of health and
Qol have different practical, methodological, and normative considerations. These can shape
the characteristics of the instruments developed to measure Qol. This includes establishing
what should be measured, how this should be generated, and subsequently how what is being
measured should be valued. The choices made about these considerations during the
development of the instruments can influence their wider use and acceptability by researchers,
clinicians and policy makers. Therefore, the characteristics of the methods used to develop and
value PBMs, and the influence of different methods on the characteristics of the resulting
instruments, requires systematic investigation. This is because there is the possibility that
measures will not be sensitive to all of the key aspects of QoL, or may not realistically capture
people’s preferences. As the instruments are used to inform resource allocation it is important
to avoid this and aim to ensure that the QoL changes that are measured in CUA actually relate
to things that people care about, and that decisions based on these instruments are rooted in
the preferences of the population for which decisions are being made. These issues are returned

to in Chapter 2.

There are limitations linked to what is measured, how the measures are developed, and how
they are valued. Regarding measurement, generic PBMs have limitations in terms of the
concepts (or domains and dimensions) of health and QoL that are measured. This is because
they mainly focus on HRQolL concepts at the expense of measuring wider QoL impacts.
Therefore, the sensitivity and psychometric validity of these instruments varies across
conditions characterised by broader, non-HRQolL focused impacts. This means that the benefits
that treatments and interventions may have on broader Qol are underestimated. There are also
potential limitations for certain population groups. For example, instruments that focus on
general HRQol factors such as physical functioning, pain, and common mental health conditions

may not be sensitive to the benefits of interventions with wider social outcomes in certain
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populations such as people in palliative care. Again, effectiveness may be underestimated.
Underestimation results in inaccurate QALY values that could bias decision making towards

interventions with benefits on HRQol as represented in commonly used instruments.

Another consideration is that, even in populations where the generic measures are
psychometrically acceptable, the information provided by the PBMs is limited. This is because,
by their nature, PBMs include a limited set of questions given the requirement that these can
describe health states that can be valued. Providing further information linked to dimensions of
HRQol within the existing structure of PBMs is another way to extend their use in a range of
settings. Adding further information could provide detailed information relating to each HRQoL
dimension. One approach to addressing QoL measurement development issues is through
structured application of psychometric methods such as Item Response Theory (IRT) to existing

Qol instruments.

The application of methods such as Discrete Choice Experiments (DCE) provide a promising way
to address the valuation of health and wider QoL. DCEs are an emerging valuation method that
are used for the estimation of utility value sets. However, there are unanswered questions about
the most appropriate methodological implementation of DCE, and these knowledge constraints
can limit the wider use and acceptance of the methodology. The implementation of the method,
and aspects of the protocol used, are influential in shaping the characteristics of value sets. This
raises a challenge to ensure that the methods used elicit preferences that reflect the views of
the population. One important area of research is to gain a better understanding about how the
methodological choices made in the study design process impact on the resulting preferences
elicited. This can be done by systematically testing aspects of the DCE study design, and

exploring the impact of the design on the value sets produced.

Constraints in knowledge relating to the measurement and valuation of Qol, and limitations of
currently available measures, limits their wider applicability. This thesis argues that to there is a
case for broadening what is measured and valued to improve the allocation of scarce health care
resources. Broadening what is measured and valued relates in this context to including wider
aspects of QoL alongside HRQol in a unified approach. One way in which this could be done
would be to combine existing instruments descriptively to form a broader tool, and this has a
number of benefits. First, extending the narrow measurement framework could increase

measurement sensitivity to the wider QoL impacts of many interventions. This will improve the
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sensitivity, and accuracy of values used in resource allocation decision making. Second, if it is
possible to combine diverse concepts in the same measurement framework, then research is
required to investigate whether instruments combining QoL can be valued on a common utility
scale. This has the benefit of using values in decision making that are a result of trading off
between diverse concepts of QolL, rather than based on preferences focused on HRQoL. This
enables more informed values with a wider applicability across settings, but also values
informed by impacts on broader QoL concepts with relevance across diverse health conditions,
populations and interventions, to be used. The feasibility of valuing diverse outcomes on the
same scale to facilitate the broadening of QoL in a unified approach requires further
investigation. It could be argued that diverse outcomes should be considered using different
instruments specific to a population or condition. However this would limit comparability across
diverse interventions and populations. The values used in decision making would also not be
contextualised considering the broader impacts of diverse interventions that may be competing

for funding.

1.1 Research question
The arguments described above means that further research is required to investigate how
health and QoL are described and measured, with a view to developing a unified approach to
measurement. Subsequently, further research is needed to understand the valuation of health
and QoL for the estimation of value sets for use in decision making. These research issues are

investigated in this thesis.

The overarching question of this thesis asks how methods for the measurement and valuation
of health and QoL can be used to inform the development of broader and more widely applicable
instruments. This thesis aims to add to our understanding of the application of PBMs to decision
making in two ways: first by exploring how broader concepts that are relevant to health and QoL
can be incorporated into PBMs, and second by providing new understanding of the application

of DCE methods for the valuation of health and QoL.

Regarding the first point, the thesis involves an investigation of the potential to broaden
measurement in two ways. First, it investigates whether the dimensions within existing PBMs
can be extended to include broader dimensions of Qol. The second investigation assesses

whether existing PBM frameworks can be extended to provide further information for each
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dimension whilst also providing preference-based information. This will be done using

psychometric and IRT methods.

Regarding the second point, the appropriateness of the use of DCEs to value broader measures
of health will also be investigated. This work will add to existing knowledge around the extending
the measurement and valuation of health and Qol. It will also further develop and test the
methods that are used. Combining the evidence from the empirical work will help to understand
whether a broader method of measurement and valuation that is useful for decision makers can

be developed.

1.2. Aims of thesis
The aims of the research conducted in this thesis are as follows:

1. To conduct a structured review of the use of DCEs for health state valuation;

2. To investigate the relationship between a range of QoL outcome measures assessing
different concepts, and the potential for applying these in a broadened measurement
framework using dimensionality assessment methods;

3. To investigate the potential for providing further descriptive information within the
existing framework of PBM dimensions using IRT methods;

4. To test the use of DCEs to develop a value set for a combined measurement system
assessing different QoL concepts;

5. To compare DCE designs that could be used to value wider measurement systems.

1.3 Plan of thesis
The aims described above will be investigated across a structured review and three empirical
studies reported across seven chapters. Chapter 2 provides a detailed summary of the
theoretical framework within which the thesis is situated. It also introduces key concepts
relating to the measurement and valuation of health and QolL. This includes background
information, an explanation of the DCE methodology, and a description of the QoL measures
used in this area with associated advantages and disadvantages. Chapter 3 describes a
structured review of existing literature that uses DCE methods for the purpose of health state
valuation (Aim 1). Chapter 4 focuses on the assessment of measures of health and QoL using
psychometric and IRT methods, and assesses the two potential ways in which outcome
measures could be broadened to incorporate a wider QoL framework (Aims 2 and 3). Chapter 5

focuses on valuation, and describes a DCE study combining two diverse dimensions of QoL to
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understand how respondents trade across different concepts (Aim 4). Chapter 6 builds on this
DCE work to test a range of methods for the construction of the designed experiment, a key
feature of the DCE process (Aim 5). Chapter 7 presents the key outcomes from the empirical
work and the implications of the findings, discusses limitations, and proposes a way forward for

the measurement of QoL outcomes.
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2. Background to the measurement and valuation of health and quality of
life

2.1. Chapter summary
This chapter introduces key concepts of relevance to the research conducted. This includes the
overall principles that relate to the economic evaluation of health interventions within a CUA
framework. This is followed by a discussion of the concept of preferences, the development of
utility value sets, and their use in health economics. Different methods used to elicit population
preferences and develop value sets, and their advantages and disadvantages, are then
introduced. This is followed by a detailed description of the DCE methodology (as the key
valuation approach used). The instruments that are currently available to assess HRQoL for use
in CUA, and their benefits and limitations are discussed. Measures available for assessing
broader QoL are then introduced. Finally, the information provided is linked to the overall

research question and aims of the thesis.

2.2. The economic evaluation of health interventions
An individual’s health is important, not only to themselves and their family, but also to wider
society. There are many determinants of an individual’s health. These include their genetic
history, lifestyle choices, social situation, and the influence of society and culture on the person.
Society as a whole benefit from good health as savings on healthcare expenditure is made,
population wellbeing isimproved, and productivity also increases. New approaches to improving
health and healthcare are therefore important to society, and are constantly being developed.
Examples include the development of novel interventions and treatments for different health
conditions, new care pathways for population groups with particular requirements, and

improved health care facilities. All of these can produce better health

In an ideal world, it would be possible to fund all new innovations, and a major component of
healthcare funding is for new treatments. However, the resources available to fund healthcare
are limited. The resources available also vary across countries with different health and social
care settings and policies. For example, the Organisation for Economic Co-operation and
Development (OECD) [1] found that, amongst member countries in 2018, healthcare spending
as a percentage of gross domestic product (GDP) ranged from 16.9% (United States) to 4.3%

(Turkey) with an average spend of 8.8%. Australia reported spending 9.3% of GDP on healthcare.




Broadening the measurement and valuation of QoL July 2020

The finite resources that are available for health care internationally need to be allocated
efficiently. This involves informed choices by health care decision makers, and potentially raises
a series of controversial questions. These relate to the type of interventions that should be
funded. For example, should interventions that extend a patient’s life be preferred to those that
improve a patient’s QoL? How should interventions that do both in different ways be assessed?
A second area of questions can be framed at the population and health condition level. For
example, should we fund treatments for common or rarer conditions? We also need to ask
guestions about which populations should benefit from healthcare resources. For example,

should interventions for children be preferred over care pathways for the elderly?

These are important and difficult questions requiring careful decisions. One way in which the
decision making is informed is by conducting economic evaluations to assess the ‘value for
money’ of different options based on a measure of the value of the healthcare for both the
individual and society. This process is central to healthcare resource allocation decision making
in many jurisdictions internationally. In many countries, allocation decision making is conducted
by particular agencies who outline guidance about the processes required. These processes
differ between jurisdictions, but are generally developed to support the fair and rational
allocation of limited resources based on an assessment of cost effectiveness. Examples of
international decision making agencies include the Pharmaceutical Benefits Advisory Committee
in Australia [2], the National Institute for Health and Care Excellence (NICE) in England and Wales
[3], the Canadian Agency for Drugs and Technology in Health [4], and the College voor
zorgverzekeringen in the Netherlands [5]. Although each agency specifies different processes,
there are some common approaches. This includes the widespread use of CUA as the method
of economic evaluation used to compare the benefits of different interventions across different

health care types. CUA is discussed in more detail in Section 2.4.

2.3. Key theoretical approaches and concepts important for economic evaluation
The economic evaluation of healthcare interventions can be informed by a number of
theoretical approaches based in the wider economics literature. These are the Welfarist and
Extra-Welfarist approaches. Both of these theoretical approaches have at their heart the

principle of ‘utility’.

2.3.1. The utility principle
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The key theoretical principle underpinning much of the empirical work presented in this thesis
is that of ‘utility’. This is rooted in the theory of decision making in uncertain conditions
developed by von Neumann and Morgenstern [6]. Utility is also rooted in the philosophical
school of ‘utilitarianism’, where a central tenet is the maximisation of pleasure. According to
Seixas [7] “utility relates precisely to the idea of individual satisfaction derived from a given
service or good”, and to Coast is “the quantity that an individual should maximise or that society
should help him to maximise” [8]. In other words, the utility principle specifies that individuals
who are rational decision makers will attempt to maximise their utility when making choices,

and will therefore choose their preferred option.

The concept of utility as applied in economics is ordinal and arbitrary. Numbers can be assigned
to represent utilities as cardinal indicators of preferences. According to Brouwer et al [9], for
example, “utility measurement is a systematic method of assigning numbers to entities
according to an explicit choice-related rule”. The process of understanding both what entities
preferences should be numerically elicited for, and how those preferences should be elicited
and assigned to represent utility, is a key issue investigated in this thesis. The concepts of utility
and utility maximisation are central to both the Welfarist and Extra-Welfarist approaches to

economic evaluation.

2.3.2. The Welfarist approach to economic evaluation

The ‘Welfarist’ approach to economic evaluation is grounded in welfare economics, and
supports the maximisation of societal welfare by assuming that some states of living are more
preferable to society than others [10]. Individual utility characterises all outcomes, and social
welfare is conceptualised as a function of individual utilities [9]. The welfare economics
framework relies on four grounding principles for understanding particular states of living as
preferable to others [9]:

- Utility: As stated in Section 2.3.1, the utility principle specifies that individuals who are
rational decision makers will maximise utility by choosing their preferred option.

- Individual sovereignty: The sovereignty principle states that individuals are able to judge
the different factors that are important in contributing to their overall utility and the
extent of the contribution can be evaluated.

- Consequentialism: Consequentialism implies that individuals understand that utility is
the result of a set of outcomes, rather than the process leading up to achieving the

outcomes.
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- Welfarism: Welfarism in general states that the utility of a situation is judged by

individuals solely in terms of the utility achieved for that particular situation.

There are classical and neo-classical perspectives on these principles. The classical tradition
argues that utilities are cardinal, and can be accumulated across individuals. Classical welfarists
therefore argue that the optimal situation is achieved when the maximum utility for a particular
population is reached. In the neo-classical tradition, utility is perceived as ordinal rather than
cardinal, and is therefore more specific to individuals. This limits comparability and means that
judgement and comparisons require the use of the ‘Pareto principle’, which Brouwer and
colleagues define as:

“increase of utility for one individual that involved no utility loss for another

was [seen as] an improvement, and an optimum was where no reallocation

of resources could be made without reducing at least one person’s utility”

[9] (pg. 328)
Decision making based on the Pareto principle alone is difficult as there may be many situations
where the principle holds. The more flexible Kalder-Hicks criterion builds on what is termed a
potential Pareto improvement by specifying that those with an increase in utility from the
reallocation of resources can adequately compensate those losing utility as there will still be an

overall gain. This is described as the maximisation of total utility.

The Welfarist approach is usually operationalised using cost-benefit analyses (CBA), with health
outcomes valued in monetary terms. This approach conceptualises the results as a ratio of
benefits and their costs. The net benefit of a one intervention against another can also be
considered. It could be argued that this approach is not always favourable for health care, as
individual-specific outcomes are central to the assessment of treatment effectiveness. However,
the framework is still beneficial for the research conducted in this thesis which investigates the

potential to broaden the outcomes that inform resource allocation decision making.

2.3.3. The Extra-Welfarist approach to economic evaluation

The Welfarist approach leads to the Extra-Welfarist perspective which is also a grounding
theoretical standpoint relevant to the research conducted in this thesis. This approach aims to
maximise the overall health of society in a resource-constrained system. Gyrd-Hansen [11]
describes Extra-Welfarism as “not [defining] the output of healthcare in terms of preferences

for health vis-a-vis other goods, but according to its contribution to health itself, i.e. they [Extra-
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Welfarists] wish to maximise health as against overall welfare.” Brouwer, Culyer [9] highlight
four key features of Extra-Welfarism. First, outcomes other than utility are possible; second,
sources of valuation other than those effected can be used; third, outcomes can be weighted
according to non preference-based principles; and fourth it permits interpersonal comparisons
of wellbeing across different dimensions. This allows for a different approach to decision making
beyond the Pareto principle restrictions than the Welfarist approach, where money is the
numeraire, and a strict utilitarian aggregation is imposed. The flexibility of preference-based
measurement can be couched within an Extra-Welfarist framework. Incorporating additional
flexibility into the Extra-Welfarist framework means that the conceptual approach can be
extended to include broader domains of QoL alongside health-related domains in PBMs, and
subsequent economic evaluations. Therefore this thesis is grounded in an extended Extra-
Welfarist perspective. Building on this further, Extra-Welfarism can be operationalised using a

CUA approach.

2.4. Cost utility analysis and the Incremental Cost Effectiveness Ratio
CUA is a widely used Extra-Welfarist approach to the economic evaluation of healthcare [12].
CUA is informed by the incremental cost effectiveness ratio (ICER), which allows for direct
comparisons of the costs and benefits of new interventions and comparators (which could be,
for example, an existing treatment or recommended care). The ICER divides the difference in
the cost between two interventions by the difference in their effect. The average incremental
cost per unit of an effect indicator is estimated. This effect indicator is health or QoL outcomes,
which uses the QALY as the standardised metric (see Section 2.5 for a detailed description). The
incremental cost per effect unit of a new intervention or treatment in comparison to an existing
one can be compared to a threshold value, where a value lower than the threshold is deemed
cost effective. For example, this threshold could be AUD50,000. Therefore, CUA differs to other
approaches such as CBA as it compares the benefit of different interventions using the gain in

health as the outcome. It aims to maximise the value from health interventions.

The benefits and the associated costs of both the intervention and comparator can be presented
using a ‘cost effectiveness plane’ with four quadrants relating to four outcomes (see Figure 1).
The Figure shows that the northwest and southeast quadrants have clear outcomes if the
intervention is dominated by, or dominates, the comparator respectively. When the

intervention is more effective but also more costly (in the northeast quadrant), the benefits
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implied by the ICER are assessed against a cost effectiveness threshold. For interventions in the

southwest quadrant, the cost saving is assessed in terms of the reduced effectiveness.

Figure 1: Cost effectiveness plane
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2.5. The Quality Adjusted Life Year
As described above health outcomes used in CUA to inform the decision making process are
often assessed in terms of the incremental cost per QALY gained. Early proponents of the QALY
as an outcome for comparing benefits included Fanshel and Bush [13] and Torrance [14]. The
QALY is described in detail by Weinstein et al [15], and combines length of life and QoL into a
single metric. This is favourable as the outcomes of any technology can be described in terms of
life extension (or reduction), and QoL improvement (or decline). The QALY is calculated by
multiplying the length of time spent in a health state by an index measure that reflects the QoL
value of that state. One QALY is equivalent to one year in full health, and QALY values can be

calculated across multiple suboptimal states and variable durations to generate QALY profiles.

The quality weight of the QALY is known as a health utility value. Health utility reflects the value
of a health state weighted in terms of a population’s preferences to avoid or achieve that health
state. A health utility value is often assigned to a HRQoL state. It is represented by a single index
value that can be applied to a health state on a cardinal scale. The value represents preferences

for that state. The health states can be taken from many sources, but are commonly
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operationalised using the descriptive systems of PBMs. These measures are a key feature of the

work conducted in this thesis, and are described in detail in Section 2.11.

The full set of values for a particular predefined set of health states is described as a ‘value set’
and is anchored on a scale from one (a health state equivalent to full health, or the optimum
health state described by a classification system) to zero (a health state equivalent to dead).
Negative values are possible, and are equivalent to health states valued by a population as worse
than being dead. Given the cardinal properties of the scale, a health state assigned a utility of
0.6 is exactly twice as good as a health state assigned a utility of 0.3. Utility weights for use in
the estimation of QALYs are often derived using PBMs that assess HRQoL, but in some cases,

broader QoL is measured (see Section 2.11).

Figure 2 displays a potential stylised treatment profile to demonstrate how a QALY profile could
be estimated. The horizontal axis represents time spent in a particular health condition. The
vertical axis represents the level of HRQoL corresponding to the condition. This could describe
the profile of either an individual or a group of patients. In the example given, the level of HRQoL
corresponding to the condition decreases over time. The first four years of the profile are lived
in a state equivalent to full health (i.e. a health state with a utility value of 1). The next five years
are lived in a suboptimal health state with a utility value of 0.7, and the final five years in a more
suboptimal health state with a utility value of 0.3. The QALY profile of the treatment is the sum
of each time period multiplied by the utility of the health state. In the example this equates to
((1*4) + (0.70*5) + (0.3*5)) =9 QALYs. An overall profile such as this could then be compared to
another health profile to understand changes in QALY profiles between different conditions or
treatments. Itis the difference between the QALY values that is important, and when comparing

two treatments, this can be described as a QALY gain or loss.
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Figure 2: Stylised QALY profile
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2.6. Health-related quality of life

Health status and HRQolL are widely measured for many reasons. These include understanding
the overall clinical profile of patients, assessing the effectiveness of interventions and informing
the estimation of health gain and cost effectiveness (most often using QALYs). It is the latter
reason that is central to the research reported in this thesis. To measure health it is important
to define what is included in health The World Health Organisation (WHO) [16] has stated that
health is “A state of complete physical, mental and social wellbeing, and not merely the absence
of disease and infirmity”. This is a relatively simple but broad definition, and Mayo [17] extends
it to describe health in more detailed terms as:

“A state of complete physical, social and mental wellbeing, and not

merely the absence of disease or infirmity. Health is a fundamental

human right and is considered a resource for everyday life, and not the

object of living. It is a positive concept emphasizing social and personal

resources as well as physical capabilities. The prerequisites for health

include peace, adequate economic resources, food and shelter, and a

stable ecosystem and sustainable resources use.” [17]
There are also a number of definitions of HRQoL that vary in the level of detail provided. NICE
[3] builds on the WHO definition of health and defines HRQoL as “A combination of a person’s
physical, mental and social wellbeing; not merely the absence of disease”. Leidy et al [18]

provide a similar but more detailed definition, saying that HRQoL is “A person’s subjective
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perception the impact of health status, including disease and treatment, on physical,
psychological and social functioning and wellbeing”. A further definition is provided by Osaba
[19], who includes a similar focus on physical, mental and social functioning, but extends it to
include other impacts as follows:

“a multidimensional construct encompassing perceptions of the impacts

— positive and negative - of a disease or its treatment on physical,

emotional, social, and cognitive functions, as well as somatic discomfort

and other symptoms.” [19]
Although the level of detail provided in the definitions varies, common themes suggest that
HRQoL broadly includes physical functioning (e.g. mobility), social functioning (e.g. leisure
activities), psychological health and wellbeing (e.g. depression and happiness), and more widely
symptoms of illness (e.g. pain). This means that there is variation in the approaches used to

measure HRQoL, and this effects the usefulness of these measures in different settings.

2.7. Measuring and valuing health-related quality of life
As established in the preceding sections, HRQoL is a key component in the estimation of QALYs,
and research into both the measurement and valuation of HRQol is required to facilitate
accurate decision making. In section 2.8 the main preference elicitation methods are described.
This is followed in Section 2.9 by a detailed description of DCE as the main preference elicitation
method used in this thesis. Sections 2.10 and 2.11 describe the most common measures of

HRQoL.

2.8. Preference elicitation methods

2.8.1. General principles

The aim of preference elicitation methods used for the valuation of health and QoL is to estimate
the utility of sets of health states. The methods provide a ranking of health states that is
guantified in terms of strength of preferences for the states described. In this thesis the focus is
on the valuation of states as described by PBMs. This process facilitates the development of
value sets anchored on the full health to death utility scale. Valuation methods generally provide
respondents with a hypothetical health state, or a number of health states. Respondents are
then required to indicate their preference for that state, each set of states, or particular health
dimensions. This is done using a variety of approaches with different methodological features

that can broadly be defined as rating, iterative, and discrete choice based methods.
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2.8.2. Visual Analogue Scale

The Visual Analogue Scale (VAS) is method of health state valuation based on a rating scale
approach. It has foundations in psychology as a way to measure responses to sensory stimuli,
and is also used as a way to self-report health domains or symptoms (for example level of pain)
on a common scale. A VAS is a numbered scale with an anchor at the top and bottom
representing best and worst imaginable health (see Figure 3). The scales often range between
zero and ten, or zero and 100, with further intervals added. Respondents are presented with a
set of health states and asked to place them on the numbered scale between the anchors. The
intervals between the values allocated therefore reflect differences in preferences for the
states. This can result in a score between zero and one for each health state valued. To convert
this into a value on the full health to dead scale, respondents also value a hypothetical state
described as ‘dead’. This is done on the same scale, with values transformed based on the
respondent’s opinions on where dead lies on the scale. For example, if dead is valued as the
lowest then all other states are seen as better than dead, and will have a positive value (and are
rescaled depending on the value given to dead if it is not zero). If there are states valued below

dead, then negative values can occur.

VAS has been used to value hypothetical health states internationally [20-22]. The advantage of
VAS is that it is simple to administer, and it is easy for respondents of a range of ages and
sociodemographic groups to complete. However VAS has been criticised for not involving
choices, and therefore not capturing a respondent’s strength of preference for certain sets of
states [13]. This means that it is unclear whether respondents are interpreting the VAS as a
cardinal scale as is required for QALY weights. VAS is also prone to context effects including
‘response spreading’ of the values assigned to states across the full scale presented [23], and
also ‘digit preference’ for the round numbers displayed on the scale. This means that
respondents may be more likely to place a state at a value of, for example, 70 rather than 72.
These are forms of ‘framing effect’ based on features of the task [24]. In support of VAS, Parkin
and Devlin [25] argue that it does have a theoretical basis in line with CUA, and that an element

of choice is involved.
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Figure 3: Example VAS scale
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2.8.3. Standard Gamble

The Standard Gamble (SG) is based on the von Neumann and Morgenstern (VNM) theory of
Expected Utility, which states that under conditions of uncertainty, a decision maker will choose
the option with the highest utility to them [6]. SG is an iterative approach that involves a choice
between two treatments with different outcomes, one of which is certain and one of which is
uncertain (see Figure 4). Alternative one is uncertain as it involves risk, and offers a return to full
health for t years (prob. p) OR immediate death (prob. 1 — p). In contrast, alternative two is
certain and involves living in the health state that is being valued for t years. The probability of
returning to full health is iteratively changed until the respondent is indifferent between
alternative one and two. The utility of the health state is equal to the probability of full health
at the point of indifference. For example, if indifference occurs between the fixed health state,
and a profile consisting of a 0.7 probability of returning to full health and a 0.3 chance of death,

the utility value for that health state is 0.7.

SG has an established theoretical basis, although individuals may not conform to the
assumptions of VNM theory. There are a number of other concerns with the approach, some of
which apply to other valuation methods. First, respondents can find probabilities difficult to
understand and evaluate [26], and may overvalue small probabilities and undervalue high

probabilities [27]. Second, the tasks are complex, and some groups of respondents will not have
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previously considered risk in terms of health gain and loss. However, as a counterpoint, other
groups of respondents will have made risk based decisions for healthcare or treatment. This may
lead to different levels of understanding, and face validity of responses. Finally, people are
generally risk averse and desire to avoid death, so do not accept a high probability of dying. This
can lead to higher utilities for severe states in comparison to those produced from other
valuation methods [28]. This could impact on decision making depending on the values that are
used.

Figure 4: The Standard Gamble valuation process
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2.8.4. Time Trade-Off
The Time Trade-Off (TTO) elicits preferences for health states by asking respondents to trade
time rather than risk. TTO is an iterative valuation process that produces health state values by
asking respondents to trade years of life in a state defined as “full health’ to avoid a fixed time
in a state describing a suboptimal health state.

Figure 5: The Time Trade-Off process
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For a diagrammatic example of a TTO task, see Figure 5. Respondents choose between a set
amount of years (t) in a health state h; (Life B) and x years (which is between 0 and t) in full health
(Life A). The most commonly used value of t is 10 years. The amount of time in full health in life

A is varied following an iterative process until indifference between the lives is reached. The
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value for that health state is then calculated as x/t, which can be rescaled onto the one to zero
scale dependent on the value of t. Health states can also be valued worse than dead. For
example, take the situation where x = 0 years in full health in life A (equivalent to immediate
death) is preferable to 10 years in h;). In these cases, a number of approaches can be used to
value the states. In earlier research valuing states worse than dead [29], respondents choose
between w years in h;followed by x years in full health (where w+x=t, with t often set at 10), and
immediate death. The length of time in h; is iteratively varied until the indifference point is
reached. However, using this task for the valuation of states worse than dead is a
methodological concern. It produces results on a different scale to the task for states better than
dead, which requires rescaling. The frame of reference of the profiles described also differs as it
includes a fixed state of immediate death, and a profile which includes a transition between
different health states. This means that it requires a cognitive completion process that is not

fully comparable to that required for the better than dead valuation task.

An alternative method that can be used to value all states using the same task, and hence avoid
the issues with using two different approaches, has been proposed by Robinson and Spencer
and Devlin et al [30, 31]. This is known as the ‘Lead Time’ TTO approach and involves adding an
extra ‘lead time’ in full health to each option. For example, imagine that a lead time of 10 years
added to each state, and t is fixed at 10. Respondents then choose between 10 years in full
health followed by 10 years in the health state being valued (Life B), or between x years (that
can take a value between 0 and 20) in full health (Life A). This means all states can be valued on
the same scale, which in this case has a range between -1 (the worst possible value) to 1 (the
best possible value that is equivalent to full health). Figure 6 presents a diagrammatic example

comparing the ‘classic’ approach to TTO with the ‘Lead Time’ approach.

The TTO has conceptual and methodological issues that can limit interpretation of the values
produced. First, iteratively trading life years in full health to avoid a particular health state
described using different health concepts and levels is a complex process. Second, in everyday
life, respondents do not make decisions involving trading years of life, and therefore there are
concerns regarding task realism. Both of these issues can lead to response error. Third,
respondent uncertainty regarding the task completion process, and potential burden, may lead
to values that lack validity. For example, respondents may provide values that are approximate
rather than precise and considered. Fourth, many studies have used a fixed time period of ten

years assuming constant proportional trading with respect to time. This means assuming that
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the same proportion of time would be traded off irrespective of the overall length of life offered.
There is evidence to suggest that this assumption does not hold [32], and there are suggestions
that preferences for time are non-linear [33]. Fourth, loss aversion [34], where choices are made
in comparison to some reference point, may lead to response bias. Finally, the iterative process
used during the study design process can influence the descriptive characteristics of the results,
with clusters of values at certain points based on the sequence used [35].

Figure 6: Representation of the Lead Time TTO process

. Worse than dead v Better than dead
t=0 t=10
Life A | |
ClassicTTO
e I
t=0 t=10 t=20
LEAD time lfeA | | |

™ s | -

2.8.5. Discrete Choice Experiments

In response to some of the concerns about the complexity of iterative valuation methods, there
has been interest in using DCE methods for health state valuation. DCE is an ordinal choice based
method built on Random Utility Theory (RUT). RUT assumes that when faced with a multiple
profiles or scenarios describing a good or a service, individuals will choose the option that they
believe provides them with the greatest utility. In line with Lancastrian choice theory [36], DCE
decomposes overall descriptions of a good or service into particular attributes, each of which
consists of a number of levels. Following RUT, it is expected that the combination that gives the
highest utility will be preferred by respondents. Choices over pairs of profiles are modelled to
qguantify the impact of attribute level changes on choice. The estimates of the magnitude of
these impacts are analogous to the strength of preferences for changes in attributes and
attribute levels. In health care, DCE choices could be between particular treatment profiles or
care situations. For health state valuation, choices are made between health states that are
described in terms of their attributes (widely termed dimensions in the literature), and

associated severity levels. It is this approach to valuation that is applied and tested in this thesis.

In the most commonly used approach to DCE for health state valuation, respondents are

presented with choice sets (or choice tasks) consisting of sets of health scenarios, and are asked
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to choose between them. Figure 7 and Figure 8 each present an example DCE choice set format.
The health states are often taken from generic measures of health and QoL that are described
in Section 2.11. DCE choice sets present respondents with a series of different descriptions and
asks them to make a choice between the options. Each respondent completes a set of choice
sets selected from an underlying designed experiment. The choice data elicited are aggregated
over many choice sets including different combinations of dimension levels, and respondents,
and modelled using regression methods (based on McFadden’s utility theory [37]) to infer which
levels of each health state dimension are preferred by the overall sample. These are expressed
as utility decrements associated with each level of each dimension in comparison to the baseline
level.

Figure 7: DCE choice set example 1

Which is better, state A or state B?
v

@ unable to walk about @ unable to walk about

@ slight problems washing or dressing myself @ moderate problems washing or dressing myself
@ slight problems with performing my usual activities @ severe problems doing my usual activities

@ extreme pain or discomfort @ moderate pain or discomfort

@ extremely anxious or depressed @ not anxious or depressed

A (5]

Figure 8: DCE choice set example 2

HEALTH SCENARIO A HEALTH SCENARIO B

Slight problems in walking about Moderate problems in walking about

Slight problems washing or dressing yourself Mo problems washing or dressing yourself

Slight problems doing your usual activities Slight problems doing your usual activities
Severe pain or discomfort Moderate pain or discomfort

Moderately anxious or depressed Moderately anxious or depressed

Live for 5 years and then die Live for 1 year and then die

Which

scenario do D I:l

yvou think is

better?
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The key elements of the design, implementation and analysis of DCE studies for health state
valuation are described in Section 2.9. There are also a number of published guidance papers
for the conduct of DCE studies including widely cited and influential work by Johnson et al [38]
and Bridges et al [39]. The use of DCE for health state valuation has expanded in recent years.
This has led to the development of different methodological approaches and study designs
within the wider DCE framework. The methodological approaches used can influence the
characteristics of the value sets produced. However, it is unclear which DCE based methods, and
the methodological choices made, produce value sets that most accurately reflect the
preferences of the population sampled. This thesis includes a structured review of studies using
DCE methods for the purpose of health state valuation (Chapter 3). Section 2.9 builds on the
brief discussion of DCE outlined in this section to discuss the background and methods of the
approach in more detail. This is done as DCE is the methodological approach applied and tested

in two of the empirical studies reported.

2.9. Description of the DCE methodology
DCE methods have become widely used in general health economics research (for reviews see
DeBekker-Grob et al [40] and Clark et al [41]). The use of DCE for health state valuation is a
subset of this work, and has a number of methodological issues. Although the overall DCE
framework can be similar across studies, there are choices that need to be made, for example
in study design and administration, and the analysis undertaken. Given the diversity in
approaches there are methodological issues and choices linked to each stage of the DCE process.
These include the development of the descriptive system, the choice set format, the
construction of the designed experiment, the sample size calculation, the implementation of the
study, and the methods used for data analysis and modelling. Figure 9 and Figure 10 present
stylised diagrams that are relevant to the DCE development process sources from the guidance
papers published by Bridges et al [39] and Johnson et al [38] respectively. Both flowcharts start
with the identification of the research question or objectives before moving into the
development of the attributes and levels. This is followed by the experimental design phase
(including task construction), before moving onto data collection, analysis and reporting. Each
of the key steps for the development, administration and analysis of a DCE will be discussed in

the remainder of this section.
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Figure 9: Conjoint analysis development process
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Figure 10: DCE study design process
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2.9.1. Developing descriptive systems for valuation

The process of constructing a set of attributes and levels for valuation using DCE depends on the
aims of the study, and what is being valued. Outside of the health state valuation research area,
attributes are often identified using literature review, detailed qualitative work, and a
subsequent refinement process (see Coast et al[42]). In using DCE methods for the generation
of utility value sets, descriptive systems are based on PBMs that have been developed using
gualitative or psychometric methods, or both. The requirements of the valuation study are often
considered during the PBM development process, and this means that the dimension and
severity level descriptors are available for valuation. However, some level of adaptation or

refinement to ensure that the descriptions are amenable to valuation using DCE can be
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undertaken.

The perspective used to frame the profiles is also a consideration, and there is a choice to be
made about whether the dimensions are presented without an associated perspective, or in the
first, second or third person. In this thesis, the third person perspective is not considered further
as the main focus of interest is on the valuation of QoL for an individual rather than using a proxy
framework. The first and second person perspectives are the most widely used in health state
valuation research. The second person perspective is used in the DCE’s implemented in this
thesis, as it allows the task to be framed as impacting the respondent by asking them to imagine
that “you are living” in particular health states. The dimension descriptions are adapted directly

from the PBMs that are valued in the empirical work.

2.9.2. Constructing the choice sets — General format

Another feature of the study design is the development of the choice set format. This includes
both the overall layout and the presentation of the attributes. Considering the format is
important as it can help support the completion of the choice sets by respondents. However, it
is also worth noting that particular formats may influence the decision making strategies used
to assess and complete the tasks. A formatting choice that is important in the look and feel of
the choice sets is the use of highlighting to distinguish between dimensions. In past studies this
has been done in a number of ways, for example by shading alternate dimensions within the
choice set, or shading the dimensions where the severity levels differ [43, 44]. Respondent

feedback suggests that shading supports the task completion process.

Another key issue is the use of severity level ‘overlap’. This is defined as specifying in the design
that a certain number of dimensions from the overall system have the same severity level. For
example, Jonker et al [44] specified that any two of the five EQ-5D-5L dimensions were to be
fixed at the same severity level across all choice sets in the design. The benefit of overlap is that
tasks are easier for respondents to complete as there is less information changing within choice
sets, and therefore less information to process. The disadvantage is that imposing overlap
lowers the statistical efficiency of the designed experiment. Therefore, choosing to use overlap
requires a trade-off between the ease of respondent completion, the statistical efficiency of the
constructed design, and the overall number of choice sets that are required to estimate the

model parameters with adequate precision.
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The order in which the dimensions are presented within choice sets is another methodological
consideration. This is because presenting the dimensions in the same order could lead to bias
towards certain dimensions based on completion strategies that focus on the first or last
dimension presented as a short cut to completing the tasks. There are varying levels of health
state dimension ordering that could be imposed including using a fixed order, moving subsets
of dimensions, or allowing all possible dimension orders within a descriptive system to be
presented with variation either between respondents (i.e. one respondent sees one order) or
within respondents (i.e. each respondent could see a different possible order for each task).
Previous research testing the impact of dimension order effects on responses has proved
inconclusive [45, 46]. Therefore, the level of dimension order randomisation to implement is a

methodological choice by the researcher.

A further general format issue linked to choice set construction is the question asked of
respondents. In health state valuation DCE work, the most commonly asked questions are which
health state is ‘best’ [47] or which they ‘prefer’ [48]. Depending on the number of profiles
presented within choice sets, respondents have also been asked to choose the options that they

feel are best and worst.

There is also a decision to make regarding the number of options to present to respondents.
This links to the overall aim of the study, and the possible requirement for anchoring onto the
full health to death utility scale (for more information see Section 2.9.3). For example, pairs of
health states are commonly used [47, 49], and triples have been presented as three options [50],

or as two sets of pairs[51]. Quadruple profiles have also been presented to respondents [52].

In the DCE studies conceptualised, designed and implemented in this thesis, choice sets are
constructed as pairs of QoL states presented in either a fixed order, or randomised at the subset
level. The dimensions involve highlighting of the key severity levels, and overlap across
dimensions is imposed. The question asked of respondents is to indicate which QoL state they

prefer.

2.9.3. Constructing the choice sets — Anchoring

An important issue for the wider application of DCE methods for health state valuation is that
the utility values produced are estimated on a latent scale (so the estimates could take any

value), and are therefore not anchored on the full health-dead utility scale. In response to this
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issue a number of solutions have been proposed. One such solution has suggested that latent
DCE values are anchored using external preference data from another valuation method such
as health state ranking, or TTO [53, 54]. This approach has the advantage of combining
preference data elicited using different, but complementary, approaches, potentially generating
more informed values. Disadvantages of this approach relate to potential learning effects based
on the overall task order, data quality issues, and the need for modelling strategies that can

combine the data.

An alternative solution that has gained traction is the inclusion of duration as an attribute in the
DCE choice set (DCE+ro, [48, 50, 55-58]). This approach allows for values to be directly modelled
onto the utility scale. This method was simultaneously developed by multiple research teams,
and generates health profiles consisting of QoL state descriptions for an associated duration [48,
50, 57]. The choice data is modelled using regression methods, with the estimates ‘anchored’ by
the duration coefficient where each health state dimension level is divided by the duration

parameter estimate.

Within the DCErro framework there are further choice set construction issues that can influence
the anchoring of the values. For example, the design of the duration attribute is important, and
there are considerations required regarding the number of duration levels included, the value
of those levels and the range that they cover. Increasing the number of levels can improve the
precision of the estimate of the duration parameter, but including many levels can increase the
complexity of the design. Choosing the duration levels so that the values within a choice set vary
from being closely matched to presenting values with a larger difference facilitates trading on

both the health state dimension levels and the duration attribute.

Another important choice set framing decision for the implementation of DCEro is the use of
pairs of states, or the inclusion of a third profile in the overall choice scenario. The approach
developed by Bansback et al [48] and later implemented internationally [55, 59] presented pairs
of health states including duration. Simultaneously, Viney et al [50] and Norman et al [57, 58]
developed an approach that included pairs of states with an associated duration, and a third
option describing immediate death. Under this framework, respondents choose the best and
worst option of the three. More recently, Jonker et al [60] have developed a format that includes

‘full health’ for a shorter duration than the non-optimal states as the third option.
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In this thesis, the DCE studies reported are not designed to incorporate duration. This is because
the studies are methodological investigations of particular features of the DCE valuation process,

and are not conducted to develop value sets for use in the estimation of QALYs.

2.9.4. Constructing the experimental design

Implementing a DCE requires the construction of a designed experiment (i.e. the selection of
choice sets to include in the study). There are two broad classes of DCE design construction that

can be described as theoretical-based and algorithm-based [61]. These are described below.

A type of theoretical-based method is the generator developed approach, which was created by
Street and Burgess [62]. To construct a design using this approach, an orthogonal array [63] is
taken as the starting point, and each row of level combinations within that array is used as the
first health state in a choice set. The second option is constructed by making a systematic set of
level changes given by the chosen generator so that each level of each dimension appears as
evenly as possible across the options in each choice set (assuming that main effects are to be

estimated).

In algorithm-based approaches, a starting design of choice sets is selected, and this is improved
on to generate a more efficient design. This can be done by changing one profile at a time (a
modified Fedorov algorithm), or by changing dimension levels within profiles (a coordinate
exchange algorithm) [64, 65]. A further variation with the algorithmic design construction is the
software used to generate designs in practice. In the field of health state valuation, several
programs have been used, including routines available in statistical software such as Stata [66]
and SAS [65], or using and specifically designed DCE software such as Ngene [67]. The impact of

the different software implementations on the designs produced is unclear.

There is also the potential to include non-informative or informative prior values for each
dimension or dimension level in the design process. Non-informative priors take the value of
zero, and therefore do not provide the design process with any information about what the
magnitude of the attribute level should be. Informative priors take non-zero values, and provide
the design with information about the magnitude of each dimension level. As with other design
choices there is a trade-off between the ease of completion for respondents and the statistical
efficiency of the design. With regards to health state valuation, there have been limited

comparisons of the different types of designs, both in terms of their statistical efficiency and

27



Broadening the measurement and valuation of QoL July 2020

actual completion by respondents. It has been suggested that designs constructed using
informative priors are more difficult for respondents to complete [59]. However, further work is

required to understand how different priors influence the utility values obtained.

2.9.5. Implementing the DCE — Task allocation

Task allocation within a DCE study is closely linked to the designed experiment. When generating
a set of choice sets, a decision needs to be made about how to allocate the tasks to respondents.
One option is to group the choice sets into ‘blocks’, and randomise respondents to complete
one of the blocks. A second option is to randomly select choice sets from the overall design.
Blocking can be performed as part of the choice set construction process, and aims to ensure
that a selection of dimension severity levels and combinations of these (and overall severities)
are included in each Block. The choice sets within each Block are presented to respondents in a
random order. This means that each respondent will make choices based on a wide range of
severity level trade-offs. However, a potential bias could be introduced if a particular Block of
choice sets is not balanced. Random allocation does not have the same level of control over
what choice sets a respondent completes. So a respondent could complete a group of choice
sets with a particular bias towards certain severity levels. However, at the overall level, the
randomisation process should ensure a relatively equal number of observations across all choice

sets.

Alongside the presentation of the choice sets, extra tasks are often included to understand
respondent comprehension and level of attention. For example, a choice set can be repeated at
multiple points of the data collection to understand response consistency. If the answer differs
then it may be an indicator of lack of attention. It is also possible to include dominated choice
sets, where all levels of one profile are logically better (that is, at a less severe level) than the
other. The choice made is an indicator of respondent processing of the tasks. Johnson et al [68]
provide a summary of the use of internal validity consistency checking questions in DCE studies,

and found that internal validity is rarely reported.

Multiple study design approaches have been used in the implementation of DCE studies for the
valuation of health states, and the approach used depends on the aims of the study. For the
development of value sets, single arm studies will often be used. For methodological work,
parallel arms studies collecting data across multiple formats or designs, and crossover studies

(with respondents completing more than one arm or design) have also been utilised.
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In this thesis, single and parallel arm DCE studies are favoured. For choice set allocation, both
blocking of tasks within the design, and random allocation without replacement are used. A
repeat consistency checking question is also implemented in one of the empirical studies to

assess respondent completion patterns.

2.9.6. Implementing the DCE — Sample size, choice set and observation numbers

The sample size required for studies is also an important consideration. Sample size is linked to
the number of observations required per choice set which in turn is linked to a number of other
considerations. These considerations include the complexity of the models to be estimated, the
overall number of choice sets in the design, and the number of choice sets competed by each

respondent.

The overall number of choice sets to include in a DCE design is not determined by any clear
criteria other than the requirement for the data collected to be sufficient to estimate the
parameters in the model. One criterion used in the health state valuation DCE work suggests
that the number of choice sets in the design should at least exceed the number of parameters
there are to be estimated in the model. The overall number of choice sets is also linked to the
sample size available, and the number of observations that can be obtained per person. There
is a trade-off between collecting more observations for each choice set in a smaller design, or
fewer observations on choice sets within a larger design. Having access to a large sample may
mean the number of choice sets each respondent is required to complete could be lower than
if the sample is smaller, and this could maintain data quality and attention levels. The number
of choice sets an individual can complete is associated with the complexity of the choice sets
presented. Further information about the sample sizes and number of choice sets used in
existing health state valuation studies is reported on as part of the structured review reported

in Chapter 3.

In the empirical DCE work reported in this thesis, sample and design size were interpreted in
terms of the numbers of observations overall, per choice set, and per person. The number of
parameters to estimate in the models, and the wider aims of the studies, informed the design

approaches.

2.9.7. Implementing the survey — Mode of administration
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DCE studies have been administered using a number of different modalities. These include pencil
and paper, postal distribution, interviewer administered both face-to-face and via phone, and
online. Online methods facilitate the collection of data from large samples of the general
population who may be more difficult to reach using interview focused methods. Online data
collection has the benefit of reaching large and representative samples relatively quickly and
cheaply, and with good response and completion rates. However, a disadvantage of online
methods is a lack of control over the environment in which the survey is completed. To
counteract this, indicators such as the time taken, and feedback questions about the task

completion process, are used to attempt to understand respondent engagement.

Postal distribution of surveys has many of the same concerns as online data collection, but also
results in a lower response rate and can be more time consuming for respondents and
researchers. It is also less flexible for the implementation of key methodological considerations
such as randomisation. Face-to-face interviewer led valuation data collection is also time
consuming and can be expensive. However, the interviewer can exert increased control over the
interview process and environment, and intervene if the respondent is having difficulties, or

there is a lack of engagement.

A noteworthy point about respondents recruited for online, postal and face-to-face data
collection is linked to the representativeness of the sample. Samples recruited via any process
can be matched with the general (or a patient) population in terms of observable characteristics
such as age, gender or region. Surveys can also include a range of demographic and other
exploratory questions linked to the topic (for example self-reported health and experience of
health in themselves and their families). However, there may be unobservable characteristics

linked to those individuals recruited via different modes that are difficult to measure.

In the DCE studies reported in this thesis, online data collection was used. This is because it
allows for large samples of representative respondents to be recruited. Online methods are also
widely used to collect choice data in Australia as for geographical reasons, data collection from

representative samples using interview based methods is difficult.

2.9.8. Implementing the DCE - Survey format

Online health state valuation DCE surveys generally include some consistent elements. After

entering the survey, respondents are provided with information about the background and aims
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of the survey. There is also a consent process, which may be implied consent by accessing the
survey and clicking past the information to commence the questions, or a page formally gaining
consent by agreeing to take part in the survey. Demographic quota questions are included to
ensure that a particular respondent belongs to a quota group (often based on age and gender)
that is still required. If a particular group is complete, then respondents in that group are not

usually able to complete the survey.

More extensive demographic questions are also often included to compare the sample to a
matched population. Respondents may also complete the descriptive system they are going to
value for their own health and QoL. This provides information about their own perceived QoL
whilst also familiarising them with the dimensions included in the DCE task. Surveys also often
include an instruction page, and an example task to helps respondents to understand the
requirements of the study. Further questions specific to the topic of the DCE, or feedback
guestions about the tasks, may also be included after the choice tasks have been presented.
Free-text questions allow for the provision of further unrestricted information, and these are

useful to identify any issues with the content and functioning of the survey.

2.9.9. Data analysis and modelling

There are various methods for the modelling of DCE data. In order of increasing complexity,
these are the conditional logit, scale assessment, latent class, mixed logit, and generalised
multinomial logit models. Each model has different underlying assumptions and features that
allow for a detailed understanding of the preference patterns of a particular sample. These

models are tested in the two DCE studies reported in this thesis.

2.9.10. Conditional logit model

The conditional logit model is a widely used implementation of the multinomial logit model for
the analysis of DCE data. The model conceptualises RUT [69], and assumes homogeneity of
preferences across the population sampled. Coefficients within dimensions (i.e. estimates of the
model parameters) are interpreted as decrements or increments on a latent scale in comparison
to the baseline level. A larger change is indicative of a higher preference to avoid or accept that
level in comparison to the baseline. Conditional logit models also assume independence from
irrelevant alternatives (lIA) which states that a choice between two options is independent of
any other choices that could be made [70]. Equation 1 describes the utility function for the

conditional logit for individual i, with j alternatives in scenario s:
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Uijs = X'ijsBi + €ijs (1)

where f;and X'ijs are the vectors of the coefficients and explanatory variables respectively, and
&ijs is the error term linked to error in the choices made by respondents. The conditional logit is
often the initial model tested to understand general patterns of preferences for the overall
sample. This can then be developed into further tests of group differences and preference

heterogeneity.

2.9.11. Scale assessment modelling

The scale assessment modelling approach was proposed by Swait and Louviere [71], and
examines subgroup differences in preference patterns. The approach tests the null hypothesis
that the underlying scale (of pattern) of respondent preferences is not different across
subsamples (for example between demographic groups). This is implemented by comparing
conditional logit models using a likelihood ratio (LR) test as in Equation 2:

LR =-2(LLr - LLy) (2)

where LLg is the Log-Likelihood of a conditional logit model that is estimated on the pooled
sample and allows for scale differences based on a subsample within the data, but assumes that
the parameter estimates are the same across the pooled data. LLy is the sum of the log
likelihoods of conditional logit models estimated on each subsample separately. Combining
these models forms an unrestricted model that allows for variation in overall respondent
preferences. The LR statistic is then used for comparison. The null hypothesis (of homogeneity)
is rejected if the LR statistic is greater than the critical value from a Chi Square distribution. The
critical value used is linked to the degrees of freedom in the model. The degrees of freedom
equate to the difference in the number of parameters between the unrestricted and restricted

models.

2.9.12. Latent Class model to assess heterogeneity

Latent class models identify groups (or ‘classes’) of respondents in the sample that have similar
underlying patterns of preferences. For latent class modelling, the conditional logit model is
adapted to allow for heterogeneity at the respondent level (i):

w; = i+ Aixj + £ (3)

This produces parameter estimates for different classes of preference patterns within the
sample. The number of classes to estimate is pre-specified by the analyst. The usual procedure
is to test a series of models with different class numbers, and determine the optimum number

of classes using one of a number of model performance indicators. These include the Akaike
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information criterion (AIC) and Bayesian information criterion (BIC) [72]. See Section 5.4.18 for
a detailed description of these indicators. It is also possible to test the likelihood of certain
demographic groups belonging to each class. This is done by estimating the probability different

demographic groups belonging to different classes in comparison to a baseline class.

2.9.13. Mixed logit model to assess heterogeneity

In comparison to latent class, which estimates heterogeneity by drawing out groups with similar
preferences, mixed logit [73] is a random parameter model that allows an assessment of
unobserved preference heterogeneity at the individual parameter level. The mixed logit model
extends the conditional logit approach by allowing the parameters in the model to have either
heterogeneous (random) or homogenous (non-random) preference patterns. Choosing the
attributes to specify as heterogeneous or homogeneous is based on assumptions and
hypotheses about the preference patterns of the sample. Equation 4 displays the mixed logit
model. In this model, the utility for individual i associated with choice j in scenario s is:

wijs = Bxijs + (Mix'sjs + &ijs) (4)

where f is a vector of coefficients and X'i]-s is a vector of the explanatory variables and n; is a
variability term that varies between respondents. The standard deviation for each parameter is
estimated, along with the associated significance level. Significant standard deviations for a
parameter indicate that preferences for the dimension or attribute level are heterogeneous.
Mixed logit models can specify a range of assumed underlying distributions for the parameters.
The most commonly assumed are normal and log-normal distributions, with either correlated
or independent dimensions. As the likelihood function does not have a closed form, simulated
maximum likelihood must be used to estimate the parameters, and the accuracy of the
estimates depends on the number and placement of the values at which the likelihood is

approximated.

2.9.14. Generalised Multinomial Logit Model to assess heterogeneity

The Generalised Multinomial Logit Model (GMNL) increases the complexity of the mixed logit
model by modelling variability at the within and between-person level [69]. This means the
model accounts for both scale heterogeneity within the sample, and random parameters that
can be specified as heterogeneous. The GMNL model is specified for individual i associated with
choice j in scenario s as in Equation 5:

Uijs = (aip + ni)X’ijs + €ijs (5)

where X'jjs is a vector of explanatory variables and g is the scale parameter. The scale parameter
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is assumed to be log-normally distributed with its mean equal to 1 [74].

2.10. Instruments used to measure health and quality of life — Profile measures
The DCE methods described above can be applied to generate utility value sets based on the
preferences of the population for health states described by PBMs. The other key area for
investigation in this thesis is how to measure health and QoL. There are two broad groups of
instruments used for this purpose. PBMs are one such group. The other group can be described

as profile measures of QolL.

Profile measures include ordinal scales where the scores produced typically have a clinical
interpretation. Both generic and condition specific profile measures are available. They are often
developed using qualitative input and psychometric methods, and consist of sets of items that
measure broad domains of health and QoL. Both item level and domain level scores can be
calculated. An example of a profile measure is the SF-36 [75], which is the most widely used
generic profile measure of HRQoL internationally, and has been applied in many health
conditions [76]. It produces eight dimension scores from 36 items (physical functioning (PF), role
physical (RP), role emotional (RE), pain (PA), social functioning (SF), mental health (MH), vitality
(VT), general health (GH)). Two overall scores (Physical Health Summary and Mental Health

Summary) are also produced.

Profile measures scores are often transformed for ease of comparison across domains. Taking
the SF-36 as an example, each of the 36 items included in the measure are scored on eithera 1
to3,1to 4, 1to 5 or1to 6 scale corresponding to frequency or severity level descriptors. Each
dimension has between 2 (PA and SF) or 10 (PF) items. To calculate the transformed score, the
total raw item score for each dimension is calculated. The raw score for each respondent is then
transformed onto the 0 to 100 scale using Equation 6:

((Raw score — min score) / Score range) * 100 (6)

The advantage of profile measures is that they provide detailed information about a patient’s
Qol from their own perspective. The resulting scores can be used in clinical settings to inform
care, and in trials to assess change in QoL over time across a range of domains. However, they
can be long, and therefore burdensome for some populations and patient groups. They may also
include questions that are not relevant for all patients. For example, a particular domain may

not be important, or items investigating a particular severity level may not be required (for
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example, if a person has difficulty walking 100 metres, they will also have difficulty walking one

kilometre).

A further disadvantage of these measures is that we do not know which items and dimensions
are preferred, or considered to be more important than others by patients, as responses are not
preference weighted. Therefore, they cannot be used in healthcare decision making which
requires the level of preference for QoL outcomes as a result of different interventions to be

compared.

2.11.  Preference-based measures of health

2.11.1. General structure and principles

In contrast, PBMs generate utilities on a cardinal scale that incorporate preferences and can be
used to inform resource allocation decision making. PBMs combine domains of HRQoL into a
single preference weighted index score. These instruments typically do not capture the same

level of detail as profile instruments, but can be used in the estimation of QALYs.

As described in Chapter 1, PBMs include two elements, a way of describing health or QoL, often
referred to as a health state descriptive, or classification, system, and a way of scoring the health
states, the utility value set. The descriptive system includes questions that are completed by
patients or other populations to reflect their own health and could be generic or condition
specific (i.e. specifically developed to measure the impacts of a certain health condition). The
value set is based on the preferences of a population for health states described by the
classification system. This is often the general public, particularly if the values are to be used in
resource allocation in a publicly funded system. A value is assigned to every state that can be
described, based on a preference elicitation exercise to produce the overall value set, which is

anchored on the full health to dead utility scale.

There are a number of existing HRQoL focused PBMs that are used internationally in healthcare
decision making. Many PBMs are designed to be generic so that they can be used to compare
outcomes across diverse health conditions and treatments. These include the EQ-5D-3L [77],
EQ-5D-5L [78], SF-6D [79, 80] and AQoL [81, 82]. The most widely used of these are the two
versions of the EQ-5D ([Scuffham, Whitty [83]] which are accepted by reimbursement agencies

internationally [84]
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PBMs can be developed de novo using qualitative methods and psychometrics, but can also be
developed by applying psychometric methods to profile measures (see e.g. [85]). The rationale
for using existing generic PBMs is that they are validated in various contexts, and are
comparatively easy to use across settings. They also provide a standard measure across
programs, patient groups and treatments, and are accepted by many Health Technology
Assessment (HTA) agencies in their ‘reference case’ analyses. A major disadvantage is that the
descriptive system may not be relevant or sensitive to the impacts of all conditions, or the

positive and negative effects of all treatments.

2.11.2. Who should value quality of life?

Before describing existing PBMs, it is worth considering the question of which populations
should value Qol. This is an important area of debate [86] as it can affect the way in which the
value sets are used for decision making, and also change the characteristics of the value sets
estimated. In taxpayer funded health systems such as Australia and the UK, preferences are
elicited from general population samples that are representative in terms of age and gender
(and sometimes region). This is because it is argued that as taxpayers, the population should

have an influence over how their taxpayer healthcare dollars are spent.

The argument against eliciting general population preferences is that they may not have
experience of certain health conditions, and therefore may provide ill-informed values. This
means that there is an argument for eliciting preferences from patients or those experiencing
the condition. Patients will have better knowledge of the condition and the QoL concepts
measured and hence provide more accurate values. However, they may have vested interests
in providing values more likely to demonstrate larger benefits, as this could increase the chances
of favourable resource allocation decisions. Also, valuation tasks such as TTO and DCE are
difficult for the general population, and this may be amplified in certain conditions such as

dementia [87].

There is evidence of differences between general population and patient valuations in different
physical and psychological health areas. However, there is no consistent pattern, and the generic
or condition specific focus of the health state descriptions been valued were also important. For
example, Gandhi and colleagues [88] found that patients with heart disease and cancer gave
lower overall values than the general population for generic health state descriptions. People

with dementia were found to give lower values for dementia related health states than the
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general population [87], but in in other cases, such as epilepsy, the values obtained from

patients and the general population did not significantly differ [89].

In this thesis, the valuation studies use general population samples. This is because using the
general population demonstrates how the methods can inform the development of utility value
sets for use in decision making in publicly funded systems such as Australia. It also provides
preferences for broad and diverse descriptions of health and QoL from a wide sample with a

range of different health experiences, and associated preferences.

2.11.3. Example of a generic PBM - EQ-5D

The most commonly used PBM of HRQolL is the EQ-5D [77]. The EQ-5D descriptive system
measures health across five dimensions (mobility (MO), self-care (SC), usual activities (UA),
pain/discomfort (PD) and anxiety/depression (AD), with either three (EQ-5D-3L; none,
some/moderate and unable to/extreme) or five (EQ-5D-5L; none, slight, moderate, severe,
extreme/unable to) response levels. The EQ-5D-3L and EQ-5D-5L are displayed in Table 1 and
Table 2. The EQ-5D-5L was developed to increase the sensitivity of the descriptive system to

smaller changes in health, and standardise the wording used across the dimensions ([78]).

Value sets for the EQ-5D have been developed internationally [90]. For the EQ-5D-3L, the most
influential value set was developed in the UK using TTO[29]. This value set ranges from 1 (for
the best health state) to -0.594 (for the worst health state with severe problems on each
dimension described as state 33333) and includes 33% of states valued negatively, so equivalent
to states worse than dead. The Australian TTO value set was developed by Viney et al [91] and

ranges from 1to -0.217.
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Table 1: The EQ-5D-3L descriptive system

Dimension Level Description

=

Mobility I have no problems in walking about
I have some problems in walking about
I am confined to bed

Self-Care I have no problems with self-care
I have some problems washing and dressing myself

I am unable to wash and dress myself

Usual Activities I have no problems with performing my usual activities
I have some problems with performing my usual activities

I am unable to perform my usual activities

Pain / Discomfort I have no pain or discomfort
| have moderate pain or discomfort

I have extreme pain or discomfort

Anxiety /
Depression

| am not anxious or depressed
I am moderately anxious or depressed
I am extremely anxious or depressed
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Table 2: The EQ-5D-5L descriptive system

Dimension Level Description

[EEN

Mobility I have no problems in walking about
I have slight problems in walking about
I have moderate problems in walking about
I have severe problems in walking about
I am unable to walk about

Self-Care I have no problems washing or dressing myself
I have slight problems washing and dressing myself

I have moderate problems washing and dressing myself
I have severe problems washing and dressing myself

I am unable to wash or dress myself

Usual Activities I have no problems doing my usual activities
I have slight problems doing my usual activities

I have moderate problems doing my usual activities
I have severe problems doing my usual activities

I am unable to do my usual activities

I have no pain or discomfort
I have slight pain or discomfort
| have moderate pain or discomfort
I have severe pain or discomfort
I have extreme pain or discomfort

Pain / Discomfort

R0 wWwNPRPROPDWOWNRERPOPWLONERIOOPDWN

Anxiety / I am not anxious or depressed
Depression
I am slightly anxious or depressed
I am moderately anxious or depressed
I am severely anxious or depressed

I am extremely anxious or depressed

gu b wWwN
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For the EQ-5D-5L, the recommended valuation process uses a combination of TTO and DCE. This
has been done in the UK [92, 93], and produced a value set ranging from 1 to -0.285 (for the
worst state which is described as 55555) with 5% of states valued as worse than dead. In
Australia, both TTO and DCE specific value sets have been developed. Norman et al [57] used
DCE to produce a value set that ranges from 1 to -0.676 (with approximately 30% valued
negatively), and Flattery et al [94] used a combination of TTO and DCE to produce a value set
ranging from 1 to -0.366, with approximately 7.5% of states valued as worse than dead. This
demonstrates that different descriptive systems and approaches to valuing the health states

described leads to value sets with differing characteristics.

2.11.4. Example of a generic PBM - Short Form-6 Dimension (SF-6D)

The SF-6D was developed from the SF-36 [75]. The SF-6D measures HRQoL across six dimensions
(physical functioning, role functioning, social functioning, pain, vitality and mental health). Each
of these dimensions has a set of responses with between 4 and 6 levels. Therefore, the SF-6D
classification system describes 18,000 possible health states (see Table 3 for the classification

system).

The UK value set was developed using SG and ranges from 1 to 0.29 [79] meaning no states are
valued as worse than dead. In Australia, the utility value set was developed using DCE with
duration which produced values with a range from 1 to -0.363, with 5% of states valued as worse
than dead [58]. Other country specific value sets have been developed, including in Spain [96],
Japan [97], Brazil [98], Portugal [99], the Netherlands [60], China [100] and Hong Kong [101],
and many are accepted by international reimbursement agencies [84]. Valuation studies using
ranking [102] and Bayesian modelling methods [103] have also been conducted, resulting in

lower values than the UK SG exercise.
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Table 3: The SF-6D classification system

Dimension

Level

Description

Physical
Functioning

Your health does not limit you in vigorous activities
Your health limits you a little in vigorous activities
Your health limits you a little in moderate activities
Your health limits you a lot in moderate activities
Your health limits you a little in bathing and dressing
Your health limits you a lot in bathing and dressing

Role Limitation

R0 WN

You have no problems with your work or other regular daily activities as a
result of your physical health or any emotional problems
You are limited in the kind of work or other activities as a result of your
physical health

You accomplish less than you would like as a result of emotional problems

You are limited in the kind of work or other activities as a result of your
physical health and accomplish less than you would like as a result of
emotional problems

Social
Functioning

Your health limits your social activities none of the time
Your health limits your social activities a little of the time
Your health limits your social activities some of the time
Your health limits your social activities most of the time
Your health limits your social activities all of the time

Pain

You have no pain
You have pain but it does not interfere with your normal work (both

outside the home and housework)

You have pain that interferes with your normal work (both outside the
home and housework) a little bit

You have pain that interferes with your normal work (both outside the
home and housework) moderately

You have pain that interferes with your normal work (both outside the
home and housework) quite a bit

You have pain that interferes with your normal work (both outside the
home and housework) extremely

Mental Health

You feel tense or downhearted and low none of the time
You feel tense or downhearted and low a little of the time
You feel tense or downhearted and low some of the time
You feel tense or downhearted and low most of the time
You feel tense or downhearted and low all of the time

Vitality
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You have a lot of energy all of the time
You have a lot of energy most of the time
You have a lot of energy some of the time

You have a lot of energy a little of the time
You have a lot of energy none of the time

2.11.5. Example of a generic PBM - Health Utilities Index (HUI 2 and HUI-3)

The Health Utilities Index is a generic measure of HRQol including two classification systems

(the HUI-2 and HUI-3) [104]. The HUI measures were developed in Canada [105], and have been

used extensively in Canadian population health surveys. In comparison to the EQ-5D and SF-6D,

the HUI measures take what is described as a ‘within the skin’ approach to measuring HRQoL,

and therefore excludes dimensions relating to social functioning and activities. The HUI-2 [106]
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was developed as a tool to measure the HRQoL of childhood cancer survivors, and includes seven
dimensions defined as sensation, mobility, emotion, cognition, self-care, pain and fertility (for
the full description, see Appendix 1). The HUI-2 response levels vary between three and five,
and this produces a system describing 24,000 health states. The HUI-3 (see also Appendix 1) was
developed for administration in the general population, and the content differs from that of the
HUI-2. At the overall level, the system includes eight dimensions defined as vision, hearing,

speech, ambulation, dexterity, emotion, cognition and pain.

Comparing the two classification systems demonstrates that three dimensions (emotion,
cognition and pain) are included on both, but the content of the description differs. Emotion on
the HUI-2 is described as distress and anxiety in comparison to HUI-3 which focuses on happiness
and unhappiness. Pain on the HUI-2 focuses on severity of pain whereas HUI-3 is concerned with
both the severity and impact. Cognition also changes from a focus on learning on HUI-2 to
thinking, memory and problem-solving in HUI-3. Regarding the dimensions that differ, HUI-2
sensation was split into three dimensions (vision, hearing, and speech) on HUI-3 which allows
for more focused measurement of these issues. HUI-2 mobility is linked to HUI-3 ambulation
and dexterity, and HUI-3 does not include self-care or fertility. The HUI utility scoring system was
developed using single- and multi-attribute utility functions using data from two preference
surveys including VAS and SG. The range of scores is from 1 to -0.03 for HUI-2, and from 1 to -
0.36 for HUI3 [107].

2.11.6. Example of a generic PBM - Assessment of Quality Of Life (AQol)

The Assessment of Quality of Life (AQol) is a series of measures of HRQoL developed in Australia
by Richardson et al [59] that include the AQoL-4D, AQolL-6D, AQoL-7D and AQoL-8D. The AQoL
team defined health, as “a state of optimum physical, mental and social wellbeing and not
merely the absence of disease or infirmity” [108] which builds on the WHO definition described

in Section 2.6.

The AQol-8D [81] extends the previous instruments, and is therefore the most comprehensive
of the set. The AQolL-8D questionnaire includes 35 items that are mapped onto the eight
dimensions replicated in Appendix 2. In comparison to the HUI, the AQoL-8D includes both
‘within the skin’ and wider psychosocial issues, with the aim to improve measurement sensitivity
in these areas. The eight dimensions are defined as independent living, pain, senses, mental

health, happiness, coping, relationships and self-worth. These also map to what Richardson and
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colleagues [81] describe as physical and psychosocial ‘super dimensions’ respectively. The AQol-
8D value set was generated by collecting VAS and TTO data from the general population and
mental health patients. Modelling generated scores for each of the eight dimensions that were

combined to form final AQoL-8D utilities.

2.11.7. Multiplicative and additive value set modelling

There are a number of ways to model value sets, and the two key approaches can be defined as
additive (used for EQ-5D and SF-6D) and multiplicative (used for HUI and AQol). Additive
functions assume that the disutility of level changes within dimensions are not impacted by level
changes in other dimensions. Therefore utilities are generally calculated by summing the
decrements across the dimensions, although some interaction terms (for example between
dimension levels) have been included in the value set calculations. Multiplicative functions focus
on assessing interactions between health state levels. This is done to capture the important
preference interactions among the levels. In the modelling of the DCE data reported in this
thesis, additive models are generally used, with some testing of interactions of differing severity

levels.

2.11.8. Limitations of HRQoL focused descriptive systems

Generic PBMs of HRQoL have limitations linked to the descriptive systems and value sets and
these can limit their usefulness in healthcare decision making. Regarding descriptive systems,
the methods used to develop the dimensions differ, and the processes used can impact the
validity of the final descriptive system. By their nature, PBMs cannot include a large number of
dimensions, and this restriction means that they are limited in what HRQoL factors they can
measure. There is evidence from systematic reviews and both qualitative and quantitative
research that suggests that the generic PBMs are not sensitive to the impacts that some
conditions have on Qol. Therefore, the psychometric performance differs across conditions with
different impacts on HRQoL. Systematic reviews have found some evidence generic PBMs have
a number of limitations for use in conditions such as skin problems, vision and hearing, some
cancers, and more severe mental health problems such as schizophrenia [109-112]. This includes
inconclusive evidence regarding the construct validity of the PBMs, and their sensitivity to
change over time. Qualitative work with people with mental health problems, has found that
the dimensions included in generic systems may not be sensitive to all of the impacts of the

conditions the individual experiences [112].
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Analysis using psychometric methods has also tested generic descriptive systems across a wide
range of conditions and found that the measures are valid for use in a number of long-term
conditions including diabetes [113] and rheumatoid arthritis [114]. However, psychometric
validity was lower in a number of health areas including some types of cancer [115] and more
severe mental health issues [111]. This is because the main focus is on HRQoL rather than the
other QoL impacts that a condition and a treatment may have, for example on social care related
quality of life (SCRQol), social functioning, capabilities or wellbeing. The limits on what is
measured may limit the wider applicability of the resulting QALY estimates, and mean that the
effectiveness of treatments improving wider QoL areas may be underestimated. It could be

argued that these aspects should be included in PBMs used in decision making alongside HRQoL.

There have been calls in the literature to extend the health-related QALY ([116, 117] to include
wider QoL concepts, and PBMs have been developed to measure a wide range of perspectives
beyond HRQol, including SCRQoL and capabilities. The availability of multiple measures requires
comparisons to understand in which settings, conditions and populations different instruments
should be used, and also understand the relationship between them. However, there is limited
work comparing these measures and approaches from both a measurement and valuation
perspective. Systematic investigation is required to understand the performance of the
measures. It is important to understand what the instruments are measuring, and also the
relationship between diverse instruments. This also leads to the question of whether measures
assessing different concepts can be combined, or broadened, in some way to generate a more
flexible way of measuring the impacts of health conditions. These questions will be investigated

in the empirical study assessing measurement issues included in this thesis.

2.11.9. Limitations of HRQoL focused value sets

Regarding the development of value sets, the valuation method chosen, and the protocol used
are influential in the characteristics of the value set produced. However, it is unclear which
method should be used to elicit and understand population preferences. Therefore, there is the
need to understand the methods used in more detail, paying particular attention to how the
methods could be applied to the valuation of new descriptive systems or measures, to produce
value sets that reflect the preferences of the population. If PBMs measuring different concepts
can be combined in some way, it is important to understand whether they can be valued on the

same scale to produce QALY estimates, and used in economic evaluation. Methodological
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investigations can test the valuation of a combination of measures from multiple QoL

perspectives, and this work is conducted as part of this thesis.

2.12.  Issues with the health-related QALY framework
Although QALYs are widely accepted as a measure of outcomes for use in HTA, they are not
without criticism from a conceptual and empirical perspective, and much has been written on

the topic [118-120].

Issues with the QALY that are of most relevance to this thesis relate to how the quality
component of the QALY is measured and valued, and the subsequent accuracy and relevance of
the values produced. As previously described, various generic measures have been developed
for use in measuring outcomes to inform the QALY, with a particular focus on the measurement
of HRQoL. However, as recently stated in a summary of QALYs by Neumann and Cohen [118]
“such generic scales do not always adequately capture a condition’s salient attributes (e.g.
symptoms of mental illness)”. QALYs estimated using traditional measures with a HRQoL focus
also do not take wider non health-related benefits into account [119]. It is also unclear which
sets of values are most reflective of an individual’s actual utility. There is also debate about
which populations should assess QoL for use in the QALY (discussed in Section 2.11.2), and the
applicability of data from wider populations to inform resource allocation decision making [121].
In addition, QALYs have been criticised by Nobel Laureate Daniel Kahneman [122] who has
argued that people do not act according to the axioms of utility theory, adaptation to health
states is important, and by not taking account of the various issues we need to “consider the

possibility that the utility used in developing the QALY may be wrong”.

Wider questions that are the subject of debate include the lack of discrimination across QALYs
linked to different condition severities and different trajectories and whether this is fair and
equitable to the entire population. For example, should QALYs be equal across all conditions, or
should certain conditions or populations, or condition severities be judged differently? The
decision making process which makes choices by comparing values across very diverse

populations, data sources, and time periods has also been criticised.

2.13. Moving beyond the health-focused QALY
2.13.1. Why is moving beyond the health-focused QALY important?
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Interventions can also result in changes in non-health-related QoL (e.g. social care). However,
these effects are at best only partially captured by HRQoL focused instruments. Therefore, the
health focus of many of these instruments may mean that the effectiveness of treatments
improving other outcomes and areas of QoL may be underestimated. There has been recent
debate regarding the focus of the quality weight of the QALY in terms of the dimensions included
and the aspects of QoL that are measured. Measures to assess broader QoL concepts have been

developed, and a selection of these are described below.

2.13.2. Adult Social Care Outcomes Toolkit

The Adult Social Care Outcomes Toolkit (ASCOT; [123]) was developed to measure SCRQolL
across eight dimensions (measured by nine questions) with four response levels for each
dimension (see Table 4). The eight dimensions are defined as control (CO), personal cleanliness
and comfort (CL), food and drink (FD), personal safety (SA), social participation and involvement
(SP), occupation (OC), accommodation and involvement (AC), and dignity (DI; two questions, of
which one is used for the utility weight). The ASCOT utility scale that estimates a social care QALY
was derived using TTO and Best Worst Scaling (BWS) and ranges between —0.171 and 1, with ‘0’
being dead, ‘1’ being equivalent to the ‘ideal’ SCRQoL state, and negative states being equivalent

to SCRQoL states worse than being dead.
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Table 4: ASCOT Descriptive System

Dimension Level Description

Control 1 | have as much control over daily life as | want
| have adequate control over my daily life
| have some control over my daily life, but not enough

2
3
4 | have no control over my daily life
1

Personal cleanliness | feel clean and am able to present myself the way | like
and comfort
| feel adequately clean and presentable
| feel less than adequately clean or presentable

| don’t feel at all clean or presentable

| get adequate food and drink at okay times
| don’t always get adequate or timely food and drink
| don’t always get adequate or timely food and drink, and | think
there is a risk to my health

2
3
4
Food and drink 1 | get all the food and drink | like when | want
2
3
4

| feel as safe as | want
Generally, | feel adequately safe, but not as safe as | would like
| feel less than adequately safe
| don't feel at all safe

Personal safety

Rl WN -

Social participation | have as much social contact as | want with people | like
and involvement

| have adequate social contact with people
| have some social contact with people, but not enough

| have little social contact with people and feel socially isolated

I’m_able to spend time as you want, doing things | value or enjoy
I’'m able to do enough of the things | value or enjoy with my time
| do some of the things | value or enjoy with your time, but not
enough
| don’t do anything | value or enjoy with your time

Occupation
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Accommodation My home is as clean and comfortable as | want
My home is adequately clean and comfortable
My home is not quite clean or comfortable enough

My home is not at all clean or comfortable

Having help makes me think and feel better about myself
Having help does not affect the way | think or feel about myself
Having help sometimes undermines the way | think and feel
about myself
Having help completely undermines the way | think and feel
about myself

Dignity 1
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Dignity 2 1 The way I’'m helped and treated makes me think and feel better
about myself
2 The way I’'m helped and treated does not affect the way | think or
feel about myself

3 The way I’'m helped and treated sometimes undermines the way |
think and feel about myself

4 The way I’'m helped and treated completely undermines the way |
think and feel about myself
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2.13.3. ICECAP-A
The ICEpop CAPability measure for Adults (ICECAP-A) [124] was developed to measure
capabilities on five dimensions (stability, attachment, autonomy, achievement and enjoyment)
with four response levels (see Table 5). The capability value set is anchored at 1 (full capability)
and 0 (no capability), and values can range between 0 and 1.

Table 5: ICECAP descriptive system

Dimension Level Description

Stability | am able to feel settled and secure in all areas of my life

| am able to feel settled and secure in many areas of my life
| am able to feel settled and secure in a few areas of my life
| am unable to feel settled and secure in any areas of my life

Attachment | can have a lot of love, friendship and support
| can have quite a lot of love, friendship and support
| can have a little love, friendship and support

| cannot have any love, friendship and support

Autonomy | am able to be completely independent
| am able to be independent in many things
| am able to be independent in a few things

| am unable to be at all independent

Achievement | can achieve and progress in all aspects of my life
| can achieve and progress in many aspects of my life
| can achieve and progress in a few aspects of my life

| cannot achieve and progress in any aspects of my life

Enjoyment | can have a lot of enjoyment and pleasure
| can have quite a lot of enjoyment and pleasure
| can have a little enjoyment and pleasure

| cannot have any enjoyment and pleasure
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2.13.4. Limitations of broader PBMs

The ASCOT and ICECAP PBMs also have a number of limitations which may limit their wider use
across health and care settings. The narrow coverage of concepts focusing on certain dimensions
of capabilities and SCRQoL means that the measures are not sensitive to the integral relationship
between health and these concepts. There is also difficulty valuing broader concepts using
standard conceptualisations of common tasks such as TTO, where respondents may not be
willing to trade life years, or accept a risk of death to avoid the living situations and dimensions
described.
2.14. What about combining or broadening existing outcome measures?

There is debate about the use of measures both within a measurement area (for example which
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domains of HRQoL should be included, and which instrument is the most acceptable) and in
terms of what should be measured (for example should HRQoL, capabilities, SCRQolL or
wellbeing be assessed). This presents challenges around whether the measures could be
combined, or broadened, and how this could be done. There is limited work available testing
the feasibility of broadening different types of outcome measures to produce an instrument that
could encompass the range of dimensions that are important in the assessment of the impacts

of different health conditions and treatments.

To extend this research area it is important to understand what different instruments are
measuring, and how they could be broadened. Broadening measures would allow for a more
accurate assessment of the benefits of interventions beyond a narrow HRQolL focus, and
psychometric methods can be used for this. It would facilitate comparability in terms of what is
measured across multiple settings. This thesis involves an investigation of the potential to
broaden measurement in two ways. First extending dimensions within existing PBMs to include
other QoL dimensions is tested. Second, analysis investigates whether existing PBM frameworks
can be used to provide further information for each dimension whilst also providing preference-

based information.

If the measures can be combined or broadened, then the question of whether they can be
valued on the same scale for use in economic evaluation arises. This is a key question as it could
be argued that preferences used in decision making should be in the context of a broader set of
dimensions (so the values for certain dimensions are considered in the context of the set of
broader dimensions). In this thesis, the appropriateness of the use of DCEs to value broader

measures of health will also be investigated.

The answers to these questions can be brought together to help to understand whether a
broader method of measurement and valuation that is useful for decision makers can be
developed. This work will add to existing knowledge around extending the measurement and

valuation of health and QoL.

2.15. The empirical work reported in the thesis
In the previous chapters, the rationale for investigating the research questions and objectives
studied in this thesis have been outlined. In the chapters that follow, a structured review and

the three empirical studies are reported. The review focuses on the methods used for DCE for
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health state valuation, and this provides the basis for two empirical pieces of work applying DCE
to investigate extending the valuation framework. Prior to the valuation work, the study

investigating the potential to develop a broader approach to measurement is reported.
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3. Using Discrete Choice Experiments to value health states: A structured
literature review

3.1. Summary
This chapter builds on the earlier descriptions of DCE in Chapters 1 and 2. It describes a
structured review of the use of DCE methods for the purpose of health state valuation. The
review investigates the range of approaches used, and highlights related methodological issues.
This is done as the methods used for DCE for health state valuation ultimately have an effect on
the value sets produced for use in decision making. However, the nature of the different DCE
methodological approaches, and the extent of their use, is poorly understood. Section 3.2
reports the methods used for the structured review, Section 3.3 reports the results, and Section

3.4 discusses the key issues raised by the review.

This review has been published. It appears in a leading health economics journal,

Pharmacoeconomics [128].

3.1.1. Aims and objectives:

The review is concerned with Aim 1 of the thesis, which is to conduct a structured review of the
use of DCEs for health state valuation. The specific objectives of the structured review are
threefold:
1. To review the current literature relating to the use of DCE to value generic and
condition specific PBMs to establish what approaches have been taken;
2. To provide a detailed summary of the different DCE methods and approaches used
for health state valuation;
3. To establish where there are limitations, areas where there is consensus, and
understand where further research is required.
The search, paper screening and data extraction process was conducted by the author of this
thesis without cross validation from other collaborators or supervisors. Therefore, the review is
framed as a structured review of the area rather than a systematic review which requires data

to be extracted by multiple researchers.

As outlined in Chapter 2, DCE is only one of a number of valuation methods that could be used
to value broader Qol outcomes. This review focused on reviewing DCE literature given that this

was the valuation method used in the two empirical preference studies reported in the thesis.
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DCE also has methodological issues that are specific to the approach. Focusing on DCE allows for
a detailed exploration of these issues, an understanding of the limitations of the approach, and

where further research is required.

3.2. Structured review methods

3.2.1. Literature search

Published literature using DCE methods to generate values for PBMs was identified using
PubMed (up to 31/05/2018). PubMed was used as it is a comprehensive source of literature in
the health state valuation research area. The search terms were developed by the author and
supervisory team considering the key words used to describe DCEs and the process of health
state valuation (e.g. DCE or conjoint analysis) and PBMs (e.g. multi-attribute utility instruments,

EQ-5D or SF-6D). The full search terms are included in Appendix 3.

The titles and abstracts of papers were initially screened, with non-relevant papers and papers
not meeting the inclusion criteria excluded at this stage. This resulted in a set of full text papers
which were assessed for relevance for the review, and against the inclusion criteria. The set of
papers included were categorised as primary data collection or secondary research. Primary
studies included those collecting data to derive a value set or test a methodological issue relating
to DCE for health state valuation. Secondary studies included those conducting further

modelling work on existing primary data collected for another purpose.

3.2.2. Inclusion and exclusion criteria

Papers were included if they used DCE to develop or directly inform the production of value sets
for generic or condition specific PBMs. Papers could include any sample (for example the general
population or patient groups). Only studies published in English were included. Studies that

aimed to develop a value set or to test and compare DCE based methods were included.

Papers were excluded if they used Case 1 or Case 2 BWS methods (see Cheung et al [126] for a
review of the use of these methods in health). This was because these methods have different
methodological questions to DCEs that compare multiple health states. Case 3 BWS studies were
included as these require the presentation of multiple, rather than single, profiles and therefore
require methods more in line with DCE based approaches. Choice based methods that valued
partial health states, or valued states not derived from a PBM, were excluded as these studies

were not designed to develop a value set.
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Qualitative studies were also excluded as the focus of this review was to understand the
methodological issues underlying the study designs used for the development of value sets.
Qualitative work in a health state valuation framework presents health states from a small
subset of choice sets, and cannot be used to estimate value sets [56, 130]. Therefore, this work

was excluded from the review.

Further exclusion criteria related to papers where DCE data was collected, but the model results
were not reported, and the study design procedure was described elsewhere (for example EQ-
5D-5L valuation studies using the standardised protocol [47] but where the DCE data that was
collected was not used in the estimation of the published value set [128]). In several cases the
same study was published in multiple papers (for example in a published report and a journal
article). In these cases, the content of both manuscripts was assessed for extra analyses and

both were included if additional relevant information was provided.

3.2.3. Assessing paper content and quality

Assessment of the quality of reporting in the papers was guided by the recently developed
Checklist for Reporting Valuation Studies (CREATE) [129] (see Appendix 4). This checklistincludes
21 items assessing the key elements that should be reported in health state valuation studies
across seven headings. These are defined as descriptive system, health states valued, sampling,
preference data collection, study sample, modelling, and scoring algorithm. The items are scored
either yes or no. The checklist was used as a guide to the appropriateness of the content only,
as many of the studies were methodological and were therefore not aiming to directly develop
a value set, and so a number of the items were not applicable. This meant that the two scoring
algorithm items (“Criteria for selecting the preferred model are stated” and “The scoring
algorithm is presented”) were only used for the papers classified as value set development, and
not for methodological papers (where the 19 items not focusing on the value set algorithm were

used). The percentage checklist score of each paper was calculated to allow for comparability.

3.2.4. Data extraction process

Information was extracted from the papers to allow for an assessment of the current use of DCE
for health state valuation. Extraction was conducted using a framework adapted from tables
used in previous review work, including that of the author [109]. Data was extracted under the

following six headings:
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1. General study information: Basic information about the study including country,
respondent group, PBM(s) included, general methods, aims, and study categorisation.
2. Task and study design: This included task design features such as the inclusion of
duration and death, the number of scenarios (for example pairs or triplets), and the
number of attributes. Procedural information such as sample size and drop out, number
of choice sets overall and per respondent, observations per choice set, the
administration mode, and other relevant information was also extracted.

3. Type of designed experiment: This included type of design and health state selection
method used, and other relevant information.

4. Modelling and analysis methods: This included data analysis conducted, information
about modelling approach used including the functional form and estimation
procedures, and other relevant information.

5. Results: This included the main results reported, for example model consistency (in
terms of coefficient ordering), value set range and dimension order, and other
information.

6. Discussion: This included the main author conclusions, study limitations (from both
the authors of the paper, and the thesis), research recommendations, and any relevant

further comments.

In the results below, extraction categories one to four are described in detail. Category five is

not included in the results reported. This is because the studies had different aims meaning that

it is not appropriate to undertake comparisons of the results or directly relate all the

methodological and modelling differences across the studies to variation in the approaches

used. Category six is used to inform the summary of the current status of DCE for health state

valuation, and areas for further research, that are described in the discussion of this chapter.

3.3.

Results

3.3.1. Studies identified

Appendix 5 includes a flow chart of the overall literature searching and identification process.

The search identified 1,132 unique records, from which 1,052 were excluded at the title and

abstract screening stage resulting in the identification of 80 papers for potential inclusion in the

review.

Following assessment of the full articles, a further 17 were excluded as they did not fit

the inclusion criteria, were not relevant to the review, or summarised data published elsewhere.

This resulted in 63 papers being included in the review [43-46, 48-60, 92, 93, 130-173].
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3.3.2. Findings — General study information

Table 6 lists the 63 papers in chronological order by year of publication and includes study
categorisation, and other key characteristics. The majority of papers (55) were primary studies,
with 26 categorised as methodological (including testing methodological issues such as
anchoring and comparing methods), 19 were categorised as value set development (applying
methods to develop value sets) and eight were categorised as both. The nine secondary studies
included further analytical work on a primary dataset (n=7), value set development (n=1) and
methodological comparisons (n=1). The year of publication of the papers identified
demonstrated increased work in this area, with five papers published up to and including 2010,
22 between 2011 and 2015, and 36 between 2016 and the end of the review search period (May
2018).

Overall, 50 of the 78 study populations were from majority English speaking countries including
the UK/England (21), the US (11), Australia (11), Canada (5), and Trinidad and Tobago (2). Other
countries with multiple studies included the Netherlands (13), Spain (4), Germany (3), Japan (2),
Indonesia (2) and France (2), with China, South Korea, Sweden and Thailand all providing one.
The majority of samples (55) were taken from the general population. Other populations
(including patients, veteran and specially targeted groups) and students were represented in
eight and four papers respectively. The main focus was on the EQ-5D, with EQ-5D-3L appearing
in 12 papers, and EQ-5D-5L in 29. Other generic health measures valued included the SF-6D (3),
EQ-5D-Y (1), CHU-9D (1) and the PROMIS-29 (1). A number of condition specific measures were
also valued. These included the cancer specific EORTC QLU-C10D (4 studies), the glaucoma
specific GUI (2), the asthma specific AQL-5D (1), and the COPD specific ABC Index (1). Several
measures that assess broader issues not specific to a single condition, but which only appeared
once, include three instruments generally for older people (the ASCOT, the OPUS, and the
ICECAP-Social Care Measure), and instruments assessing carer QoL (CarerQolL-7D; 2 studies),
obesity specific QoL (IWQOL-Lite), sexual QoL (SQOL-3D), labour and delivery issues (LADY-X)

and child specific behavioural problems (BPI).
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Table 6: Study Categorisation

Study Categorisation General information CREATE
score
(%)
Year Primary/secondary Detail Country Population Measure
Hakim & Pathak [52] 1999 Primary Methodological (Comparing) United States Veterans EQ-5D-3L% 89.5
Ryan et al [132] 2006 Primary Value set development; United Kingdom Over 60s OPUSP 81.0
Methodological (Comparing)
Burr et al [156] 2007 Primary Value set development United Kingdom Patients GUI¢ 90.5
Ratcliffe et al [135] 2009 Primary Value set development; United Kingdom General sQoL¢ 94.7
Methodological (Testing and population
comparing)
Stolk et al [49] 2010 Primary Methodological (Testing and Netherlands General EQ-5D-3L 94.7
comparing) population;
Students
Hauber et al [150] 2011 Primary Value set development United States Overweight IWQOL-Lite® 89.5
people
Potoglu et al [141] 2011 Primary Methodological (Comparing)  United Kingdom General ASCOT 94.7
population
Bansback et al [48] 2012 Primary Value set development; Canada General EQ-5D-3L 95.2
Methodological (Testing and population
comparing)
Bailey [157] 2013 Primary Value set development Trinidad and Students EQ-5D-3L 90.5
Tobago
Pullenayegum & Xie 2013 Secondary Analytical (Anchoring) Canada; United General EQ-5D-5L8 89.5
[140] Kingdom population
Ramos-Goni et al [136] 2013 Primary Methodological (Testing) Spain General EQ-5D-5L 94.7
population
Norman et al [57] 2013 Primary Value set development; Australia General EQ-5D-5L 95.2
Methodological (Testing) population
Craig et al [158] 2013 Primary Value set development; United States General SF-6D" 94.7
Methodological (Testing) population
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Bansback et al [55] 2014 Primary Methodological (Testing) United Kingdom General EQ-5D-5L 94.7
population

Mulhern et al [56] 2014 Primary Methodological (Testing) United Kingdom General EQ-5D-5L 95.2
population

Viney et al [50] 2014 Primary Value set development; Australia General EQ-5D-3L 95.2
Methodological (Testing) population

Norman et al [58] 2014 Primary Value set development Australia General SF-6D 89.5
population

Krabbe et al [143] 2014 Primary Methodological (Testing and  England; Canada; General EQ-5D-5L 100.0
comparing) Netherlands; population

United States

Xie et al [130] 2014 Primary Methodological (Comparing) Canada General EQ-5D-5L 89.5

population;
University staff

Gu et al [151] 2014 Secondary Analytical (Model Australia General EQ-5D-3L 89.5
development) population

Van Hoorn et al[159] 2014 Primary Methodological (Testing) Netherlands General EQ-5D-3L 94.7
population

Robinson et al [134] 2014 Primary Methodological (Testing) England Students EQ-5D-3L 94.7

Hoefman et al [148] 2014 Primary Value set development Netherlands General CarerQol-7D 90.5
population

Craig et al [160] 2014 Primary Value set development United States General PROMIS-29 90.5
population

Scalone et al [131] 2015 Primary Methodological (Testing) Netherlands Students EQ-5D-3L 94.7

Gartner et al [161] 2015 Primary Value set development Netherlands General LADY-Xk 95.2
population;

Women
recently given
birth

Rowen et al [53] 2015 Secondary Analytical (Anchoring) United Kingdom General AQL-5D' 85.7
population

Hole et al [147] 2016 Secondary Analytical (Model Australia General EQ-5D-3L 89.5
development) population
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Mulhern et al [162] 2016 Primary Methodological (Testing) United Kingdom General EQ-5D-5L 94.7
population

Norman et al [163] 2016 Secondary Analytical (Model Australia General EQ-5D-3L; EQ- 94.7

development) population 5D-5L

Mulhern et al [59] 2016 Primary Methodological (Testing) United Kingdom General EQ-5D-5L 94.7
population

Shiroiwa et al [164] 2016 Primary Value set development; Japan General EQ-5D-5L 85.7
Methodological (Testing) population

Jonker et al[51] 2016 Primary Methodological (Testing) Netherlands General EQ-5D-5L 89.5
population

Norman et al[165] 2016 Primary Methodological (Testing) Australia General QLu-cioDp™ 94.7
population

Craig et al [166] 2016 Primary Value set development United States General EQ-5D-Y" 85.7
population

Craig et al [167] 2016 Primary Value set development United States General BPI° 85.7
population

Versteegh et al[168] 2016 Primary Value set development Netherlands General EQ-5D-5L 100.0
population

Bailey et al [169] 2016 Primary Value set development Trinidad and General EQ-5D-3L 90.5
Tobago population

Norman et al[46] 2016 Primary Methodological (Testing) France; Germany General QLU-C10D 89.5
population

Ramos-Goni et al [54] 2017 Primary Methodological (Testing) Spain General EQ-5D-5L 90.5
population

Robinson et al [170] 2017 Primary Methodological (Testing and United Kingdom General EQ-5D-5L 73.7
comparing) population

Xie et al [171] 2017 Secondary Analytical (Anchoring) Canada; United General EQ-5D-5L 73.7
Kingdom; Spain; population

Netherlands;
China; Thailand;
South Korea;
Japan
Krucien et al [142] 2017 Secondary Methodological (Comparing) United Kingdom Patients GUI 89.5
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Mulhern et al [45] 2017 Primary Methodological (Testing) Australia General EQ-5D-5L 89.5
population

Goosens et al [152] 2017 Primary Value set development Netherlands General ABC IndexP 85.7
population;

Patients

Huynh et al [146] 2017 Primary Value set development United Kingdom General ICECAP-SCM® 100.0
population

Purba et al [139] 2017 Primary Value set development Indonesia General EQ-5D-5L 95.2
population

Hoefman et al [149] 2017 Primary Value set development Australia; General CarerQoL-7D 76.2
Germany; population

Sweden; United
Kingdom; United

States

Jonker et al [44] 2018 Primary Methodological (testing) Netherlands General EQ-5D-5L 94.7
population

Devlin et al [93] 2018 Primary Value set development England General EQ-5D-5L 90.5
population

Feng et al [92] 2018 Secondary Analytical (Model England General EQ-5D-5L 94.7
development) population

Rowen et al [133] 2018 Primary Value set development Netherlands General CHU-9D" 90.5
population

King et al [144] 2018 Primary Value set development Australia General QLU-C10D 95.2
population

Cole et al [155] 2018 Primary Methodological (testing and United Kingdom General EQ-5D-5L 94.7
comparing) population

Mulhern et al [43] 2018 Primary Methodological (testing and Australia General EQ-5D-5L 100.0
comparing) population

Purba et al [138] 2018 Primary Methodological (testing) Indonesia General EQ-5D-5L 78.9
population

Gamper et al [153] 2018 Primary Methodological (testing) France; Germany General QLuU-c10D 94.7
population

Ramos-Goni et al [137] 2018 Primary Value set development Spain General EQ-5D-5L 95.2
population
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Craig et al [172] 2018 Secondary Value set development United States General EQ-5D-5L 95.2
population

Jakubcyck et al [145] 2018 Primary Methodological (model United States General EQ-5D-5L 100.0
development and population

comparison)

Craig et al [173] 2018 Primary Methodological (testing) us General EQ-5D-5L 94.7
population

Jonker et al [60] 2018 Primary Value set development (inc Netherlands General SF-6D 95.2
model development) population

Feng et al [154] 2018 Primary Methodological (testing and United Kingdom General EQ-5D-5L 94.7
comparing) population

2 EQ-5D — Three Level; ® Older Persons Utility Scale; ¢ Glaucoma Utility Index; ¢ Sexual Quality of Life Questionnaire; © Impact of Weight on Quality of Life-Lite; f Adult
Social Care Outcomes Toolkit; &8 EQ-5D — Five Level; " Short Form — Six Dimension; ' Carer Quality of Life — Seven Dimension; ! Patient-Reported Outcomes
Measurement Information System — 29; * Labour and Delivery Index; ' Asthma Quality of Life — Five Dimension; ™ Quality of Life Utility Measure-Core 10 dimensions; "
EQ-5D — Youth; ° Behavioural Problems Index; P Assessment of Burden of COPD Index; % ICEpop CAPability — Supportive Care Measure
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3.3.3. Findings — Paper content and quality

Table 6 also reports the CREATE checklist score for each paper. The quality of the papers
included in the review according to the CREATE checklist was good, with the mean score of
91.6% (range 73.7% to 100%). The CREATE item that was least adhered to was about stating
sample size or a power calculation (15 (23.8%) of the studies reported this). This was followed
by the items about reporting response rate (47; 74.7%) and goodness-of-fit statistics (49; 77.8%).
All papers described the classification system to be valued, and more than 90% described the
study design procedures, preference elicitation methods, modelling approaches and the study

sample to an acceptable level.

3.3.4. Findings — Choice set and study design

Table 7 reports key characteristics of the choice sets and study designs used. The majority of
studies (46) presented DCE choice sets with options described by five or six attributes. Pairs
(n=46) and triplets (n= 16), were overwhelmingly used. The use of duration as an attribute in the
choice set has become common (n=31) since the first empirical work testing the inclusion of
duration was published [6,18]. Alongside this, the inclusion of a third profile (either full health
or a dead state) to improve anchoring (n=16) has been tested. The methods used in the studies
including duration were diverse. The number of duration levels included ranges from one (i.e.
fixed duration across both options) to 27, with the majority (n=16) presenting between three
and six. The overall range of actual values used was from two months to 50 years. In the study
that used 2 months [80], the range included 21 duration levels with 19 year values from 1y to
20y (excluding 13y), and two month values (2m and 6m). In the study that included 50 years [48]
the range included six levels down to one year (1y, 5y, 10y, 15y, 30y, 50y). This demonstrates
the level of variation in one key methodological choice. Other methods of anchoring on the

utility scale include the use of external data (n=11), mainly from concurrent TTO or BWS studies.

There were also differences in other aspects of the study design. Online data collection was the
most common administration mode, particularly in more recent papers (n=37), with face-to-face
methods still practiced (n=22). Sample sizes varied widely, as around half of the studies included
more than 1,000 respondents. There was also the tendency to include larger pools of choice
sets. Overall, 39 studies included more than 151 choice sets. There was also divergence in what
the respondents were asked to choose between, with the most common being ‘best’ (n=22),

followed by ‘preferred’ (n=16). There were a number of other design features that are widely
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employed across the studies including randomisation (at the choice set and dimension level).
Dimension level randomisation was shown to have limited impact on the values estimated in

three studies [78, 148]

3.3.5. Findings — Type of designhed experiment

Table 8 reports the variety of methods used to design the experiment, and software programs
used to construct the designs, taking into account that the amount of detail provided by authors
varies greatly. Algorithmic approaches were widely reported, and there was the widespread use
of both informative (i.e. non-zero) prior values (n=27) and non-informative (zero) prior values
(n=16) in different designs. Ten studies used a set of choice sets developed from a starting design
by the addition of one, or more, generators. Other design strategies included using full or partial
factorials, pivot methods and hand selected choice sets. Ngene (n=14) was the most commonly

used software

Many design strategies involved the trade-off between respondent and statistical efficiency.
Highly statistically efficient designs generate models with ordered characteristics, but may
include choice sets that are difficult for respondents to complete as all dimensions will appear
at different levels across the options within each choice set. There was also some evidence that
designs using non-zero informative priors are more difficult than those using zero priors [59]. In
comparison, choice sets were made more respondent efficient by, for example, introducing a

level of within dimension overlap [44].

There were several issues considered in the process of developing designs. First, some studies
used a process of blocking choice sets to allow for a range of severities to be included in the set
completed by each respondent [3, 77, 135], while in others choice sets from the design were
selected at random for each respondent [57, 58, 167]. A small number of studies (n=4) allocated

all choice sets to every respondent [4, 8, 140, 158].
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Table 7: Study design characteristics

Characteristic

Number of studies or

value®

Number of health attributes
4 or less 3
5 24
6 22
7 or more 16

Duration

No duration 32
Duration 31
Dead or Full Health state 16
Number of duration levels/lifespans From 1 to 27

Range of duration levels
Anchoring
No anchoring
DCE with duration
External data
Other (risk, rescaling)
Number of options
Pairs
Triplets
Quads
Sample size
Range
Less than 100 - 500
501 - 1,000
More than 1,000
Choice sets overall
Range
Less than 50
51-150
More than 151
Choice sets per respondent
>10
Approximate observations per pair
Range

Administration mode
Online
Face-to-face
Postal
Telephone

Question asked

Better/Best
Worst
Preferred
Best and worst
Other
Unclear

2 months to 50 years

18
31
11

3

46
16
1

60 — 8,222
18
13
32

12 -3,160
15

11

37
2-108
35

7-750

37
22

22
4
16
8
9
5

reported). Range of values from all papers reported otherwise.

2 Number of occurrences across all studies reported in fields where single number is given (some fields
do not add up to 63 as multiple methods were used in a single paper, or the field was not fully

62



Broadening the measurement and valuation of QoL July 2020

Table 8: Choice set selection methods

Design characteristic Number of studies

Design type
D-efficient (zero priors) 16
D-efficient (non-zero priors) 27
Generator developed 10
Full/Fractional factorial 4
Other (Pivoted designs, hand 6

selected)
Software

Ngene 14
SAS 5
Stata 3
Speed 1

Note: Some fields do not add up to 63 as multiple methods were used in a single paper, or the field was
not fully reported

3.3.6. Findings — Data analysis and modelling

Table 9 displays the functional form and modelling approaches used in the studies. The
majority of studies which used DCE without a duration attribute estimated a main effects only
model (n=38), and studies which included a duration as an attribute estimated parameters
interacting the attribute levels with duration (n=24). Both approaches produce estimates of the
decrement for each level of each dimension. A number of studies moved beyond this approach
to produce coefficient estimates for interactions between dimensions, or included extra
parameters to estimate the impact of a further decrement on the models (n=20). Examples of
this included an extra decrement when any dimension is at the worst level (coefficients

sometimes described as the N3 or N5 term) when EQ-5D is the measure being valued [49, 57].

Overall, 17 studies incorporated some modelling of heterogeneity, with the majority using mixed
logit methods. Latent Class Logit models were also used. Other models employed included those
that estimated the underlying scale of the samples and the potential to pool data using
heteroskedastic [174, 175] and Swait and Louviere [71] methods, and hybrid models that
combined DCE with other preference data (in particular TTO) [92, 93, 143]. Attribute non-
attendance models [155], generalised linear models [5, 84], Generalised Estimating Equations
[86] and Fractional polynomials [7, 144] were also employed. More recently, Zermelo Bradley
Terry models with functions to take non-linearity of time preferences into account have been

developed and implemented [9, 10, 153].
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Table 9: Modelling and analysis characteristics

Characteristic Number of
studies
Model functional form
Main effects 38
Main effects * duration interactions 24
Extra terms and interactions (e.g. N3 20

and between dimensions)
Regression approach

Conditional Logit (including random 30
effects, stacked, ordered)

Probit (including random effects, 13
stacked, ordered)

Heterogeneity (e.g. mixed logit, 17
latent class logit)

Hybrid models of TTO and DCE 8

Scale assessment models/Poolability 8

ZBT with power function 3

Note: Some fields do not add up to 63 as multiple methods were used in a single paper, or the field was
not fully reported

3.4. Discussion

3.4.1. Summary
This chapter reports the first structured review of DCE methods used to develop value sets for
resource allocation decision making. The review was conducted in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines where possible
(Appendix 6 reports the completed PRISMA checklist). The results demonstrate that a diverse
range of study design and analysis methods have been used. Understanding of the relationship
between the methodological choices made and the resulting value sets is also limited. Despite
this range of methods, the underlying characteristics of the value sets produced are generally
consistent with those produced using iterative valuation methods such as TTO. For example, the
dimension levels are monotonic (i.e. disutility increases as dimension level severity increases),
and values are within a similar range. These results indicate that DCEs are valuable for the
development of value sets, but further investigation of the limitations is required. Therefore,
they could still be seen as experimental, and users should understand the unique features of the
value sets produced using DCE before applying them in healthcare decision making. The increase
in publications in recent years indicates that using DCE for health state valuation is a growing

research area. The results of this review also suggest some recurring limitations, areas where
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there is consensus, and areas where disagreement means that further research is required. Each

of these is outlined below.

3.4.2. What are the recurring limitations?

There are a range of limitations with the methods used in this area, some of which are regularly
described by the study authors and some of which are implied by the results of the review. The
first recurring limitation is around the wider applicability of the samples used to develop
population representative value sets. Although the results may not differ across administration
modes [86], online samples that opt-in to panel membership and complete surveys for a small
reward may differ from the overall population in terms of unobservable characteristics that may
affect the resulting values, or the heterogeneity in values. However it should also be noted that
other modes of data collection such as face-to-face are also likely to recruit respondents who
may not be representative of the broader population, particularly in terms of unobservable
characteristics. The second recurring limitation is that it is difficult to measure the quality of
online data beyond assessing factors such as the time taken. In face-to-face work it is possible
to control the environment and increase engagement, whereas this is less controllable possible

in an online setting, where respondents can complete surveys at any time.

There are also methodological limitations around the complexity of the choice sets used. Choice
sets that present multiple health dimensions are complex and challenging. This relates to the
amount of information respondents have to consider when answering the questions (if they are
completed in the way we expect) and this complexity is increased when additional concepts such
as duration or risk are introduced [127]. This is a challenge in recruiting samples that are fully
representative, as task difficulty may mean that those with a lower level of understanding may
be marginalized in decision making processes. Certain populations (for example those with
cognitive impairment) will have difficulties completing the tasks. There are also issues with the
realism of the options which is compounded by the possibility for potentially implausible
combinations of health dimensions and severity levels. These issues may mean that respondents

adopt simplifying decision making strategies to complete the tasks.

To counteract some of these issues, researchers have attempted to simplify the choice set is by
setting up the design so that only a certain number of dimensions can differ across the profiles
within each choice set [77, 152]. As discussed above, this represents a trade-off between the

statistical and respondent efficiency, particularly for designs in which only the main effects
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model is to be estimated. It is also possible to alter the presentation of the choice set to
encourage the respondent to pay attention to the process, although this could result in framing
effects. Studies have restricted designs to exclude implausible options, but with many
preference-based instruments defining what is and is not implausible involves a degree of

researcher judgement, or consistency with previously used implausibility criteria [50, 137].

Another area is the diversity of choices for certain aspects of the methods used, and this makes
harmonisation of approaches difficult. An example of this is the duration attribute, where both
the number of levels, and the value of the levels, varies widely. This could be problematic given
the importance of the duration attribute, not just in respondent choice making processes, but

also in modelling precise values.

Fourthly there are some recurring limitations with the analysis that is used. For example, many
studies do not model interactions between health dimensions, but it is likely that these are
important to respondents when they consider health scenarios, and qualitative work can inform
this [130]. There is also debate about the method of anchoring that should be used, and the
impact of this on values. For example, should the focus be on anchoring within the choice sets,
by including duration, or using data from a different but related preference elicitation task such

as TTO.

3.4.3. Where is there consensus?

There are some areas of consensus across studies. For example, notwithstanding the concerns
about respondent representativeness and completion, there was general consensus that DCE
for health state valuation can be carried out online with general population panels with a level
of acceptability. There was also some consensus that it is possible to make the choice sets more
amenable to completion and more comprehensible and that doing so will encourage acceptable
completion. Models that take heterogeneity into account reflect the diversity of population
preferences, but the use of multiple value sets from the same population, or value sets that
explicitly model heterogeneity, may have implications for policy and the HTA process. For
example, using multiple value sets rather than a single value set to assess different populations

or interventions means that direct comparisons are difficult.

3.4.4. What are the remaining questions and what further work is required?
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The results of this review also indicate a number of areas where there are questions remaining.
First, there are issues around choice question format. This includes the most appropriate choice
set (for example whether to include duration as an attribute), and whether to include a third
option of immediate death or full health for a shorter duration against which pairs of health
states may be compared. Itis also clear that the presentation method and wording used impacts
on completion [43, 44], and additional work is required to understand how the presentation
could be improved further without leading to framing effects and bias. This also leads to
guestions about the feasibility of combining different QoL concepts in the same DCE framework

and format, and this is investigated in one of the empirical studies reported in this thesis.

Second regarding the design of the experiment, further work is required to understand the
performance of designs constructed by different strategies, such as generator development and
algorithmic construction, and to understand whether the constructed design is improved by the
inclusion of prior information obtained from earlier studies in the construction of the design.
Finally, the trade-off between statistical and respondent efficiency requires further assessment.
This can be informed by a wide ranging comparison of different design methods, and this is also

conducted in one of the empirical studies reported in this thesis.
Third regarding modelling, further work is required to establish which interaction effects are
important. The most appropriate way to model the data to produce acceptable value sets, and

model respondent heterogeneity, also requires empirical comparison

3.4.5. Review limitations

The use of DCEs for health state valuation is an active and ongoing research area, and this review
is limited as grey literature such as conference papers and reports were not included. There
were also different levels of detail provided across the papers which makes full and comparable
data extraction difficult. Another limitation is that it is difficult to compare the validity of the
characteristics of the value sets produced for each measure for a number of reasons. Firstly,
there is no ‘gold standard’ value set against which to compare the characteristics of those
reported in the paper. For example, most reported value sets have at least some characteristics
that could be seen as problematic such as the proportion of states valued as worse than dead
[47]. The expected characteristics of value sets (for example the utility range, and proportion of
states valued as worse than dead) are not known as there is no gold standard, or revealed

preference data, available. Secondly, attributing factors of validity to the methodological issues
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reviewed is difficult given other variation that cannot be controlled such as differences in sample
demographics and differences in the frequency that different methods are applied. Therefore,
comparing within and across measures is difficult, and differences based on methodological
changes can only be inferred. This means that validity is difficult to objectively assess and infer

based on external criteria.

3.4.6. Conclusions
This structured review provides an up-to-date summary of the methodological features of DCEs
for the valuation of health. Given the wide variety of approaches currently used, further research
comparing methods would be required before a more harmonised approach could be
advocated. The information provided supports those requiring values to make an informed
choice about value sets based on DCE. This is important as the methodological diversity means
that users should understand the features of the value sets produced before applying them in
decision making. This review informs the study design of the two separate pieces of empirical
work focused on valuation. The next chapter focuses on the measurement of health and QoL
outcomes to further understand the features of the descriptive systems that can be valued using

DCE based valuation methods.
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4. Assessing the relationship between QoL outcome measures using ltem

Response Theory methods

4.1. Summary
In moving beyond the health-focused QALY, there are questions relating to the measurement of
outcomes in terms of how to describe health and Qol, and what to measure. This chapter
assesses these questions. It investigates the relationship between instruments measuring QoL
from a using different perspectives. The results are used to draw conclusions about two
potential directions for future developments in the measurement of QoL outcomes for use in
resource allocation decision making. The first development tested is linked to extending the
range of QoL dimensions included in generic HRQoL PBMs. The second development is linked to
increasing the amount of information provided within the existing measurement framework of
generic PBMs. This could be done by adding further questions linked to each HRQoL dimension,
and is described hereon as a ‘layered’ approach to measurement (defined in Section 4.3).

Exploratory Factor analysis (EFA) and IRT are the methods used in this study.

The chapter first introduces and justifies the research. The IRT approach is described in detail
given its central role in the analyses reported. An overview of the theory and background of IRT,
and the IRT methods available, is provided. The literature using IRT methods for the
development of PBMs is then summarised. Following this, the empirical work using EFA to assess
the dimensionality of the instruments and items included is reported. This is followed by a
description of the empirical work using IRT to examine broadening the measurement of QoL.
Finally, a discussion of the key findings, and a summary of how they inform potential

developments in the measurement of Qol, is presented.

4.2. Introduction
As described in Section 2.12, the narrow focus of generic PBMs measuring HRQoL may lead to
the potential benefits of interventions with a wider impact of QoL being underestimated. The
calls in the literature to move beyond the health-related QALY [119] have discussed the
descriptive limitations of HRQoL focused instruments [120], and there are concerns that generic
instruments do not capture all of the important QoL domains. Alongside this, new PBMs to

measure a range of perspectives beyond HRQoL have been developed.
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The availability of PBMs taking different perspectives on the measurement of Qol raises
guestions about what concepts and dimensions can and should be incorporated into measures
and utility value sets. These questions are important, as with a range of different instruments
available, there are choices to be made about which instruments to use for the basis of decision
making. One way to tackle this issue is by investigating how different measures could be used
to extend the dimension coverage and broaden the scope of the concepts assessed within
existing PBMs. Broadening the concepts of QoL measured in a PBM framework could lead to

value sets with applicability and sensitivity across wider health conditions and populations.

One way to test broadening the scope of what is measured is to investigate broadening the QoL
dimensions that are included in PBM frameworks. This means developing an understanding of
where there is overlap amongst the dimensions measured across instruments, and which
dimensions provide wider information, and therefore broaden the coverage of QoL. This can be
investigated using existing instruments, and allows for an investigation of whether measures
assessing different concepts can be combined to generate a broader measure of the QoL impacts
of conditions. This is the first potential extension of the measurement of QoL tested in this study,
and is done using EFA methods (described as Extension 1). If a range of concepts are identified,
then work to develop value sets could be focused on broader QoL frameworks. The valuation

studies conducted later in this thesis demonstrate how this could be conceptualised.

4.3. Defining a ‘layered’ approach to measurement
As described in Chapter 2, PBMs include dimensions which are measured using a single question,
partly because this facilitates the generation of utility values, where concise health state
descriptions are required for valuation. However, in this framework, detailed information about
a patient’s Qol is limited. For example, in the EQ-5D-5L, mobility is measured by problems in
walking about, and does not capture broader physical functioning concepts such as the ability

to do chores, or vigorous and moderate activities, which could be important.

To address this, it is possible to investigate whether more information about each PBM
dimension could be captured, whilst still retaining the ability to derive utilities for use in resource
allocation decision making. This could be conceptualised as a ‘layered’ approach to
measurement, and is the second potential extension to the measurement of QoL tested in this
study (described as Extension 2), and builds on the dimensionality assessment conducted for

Extension 1.
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For example, a layered instrument could include a higher level preference-based measure based
on the EQ-5D (Layer 1), and a profile score based on a set of items measuring the same
underlying domain as the Layer 1 dimension (Layer 2). Such an approach would combine the
benefits of a preference-based scoring system with the benefits available from the more
detailed information that is elicited from profile measures of Qol, and can be used in, for

example, clinical decision making and trial settings.

The feasibility of developing this approach can be investigated by assessing the psychometric
relationship between items from a range of instruments that measure overlapping QoL
constructs. For example this can be done using IRT analyses, and using this analyses would
combine the benefits of PBMs with the measurement precision available using IRT. To fully
benefit from such an approach, a set of dimensions enabling the estimation of utility values from
Layer 1. The second level of measurement can build from the PBM dimension, and link back to
this using IRT based analyses of the overall set of items measuring the domain, which would
facilitate IRT based scoring, and the implementation of computer adaptive testing (CAT).
However, exploratory development taking a dimension-by-dimension approach to understand
the feasibility, and the methodological issues that arise, is warranted. The approach can also be
conceptualised, and the feasibility tested, using items from existing measures of QolL. The
layering approach provides a different perspective on the broadening of QoL measurement, as
it looks to extend the information provided about domains included in existing PBMs with

available value sets.

4.4. Why is this research important?
The research conducted in this chapter is important, as broadening outcome measurement to
include wider QoL concepts, and increasing the information provided within existing
instruments, could improve the evidence available for resource allocation and clinical decision
making. It is inevitable that when evaluating interventions, instruments that demonstrate the
largest difference for particular intervention and conditions will be preferred. However, this
leads to a lack of comparability of utility values. By understanding how different outcome
measures relate to each other terms of what they are measuring, and what additional
information can be added within QoL dimensions we can calibrate utilities to inform decision

making. The comparative work conducted here is a fundamental first step in this process.
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4.5, Aims and objectives
The aims of the empirical research reported in this chapter are to assess the relationship
between QoL outcomes from a range of existing measures and investigate two extensions to
measurement of outcomes for use in economic evaluation. These are:
Extension 1: Extending the range of QoL dimensions included in PBMs
Extension 2: Increasing the amount of information provided by existing PBMs by adding
further questions as part of each dimension, and exploring the feasibility of a ‘layered’
approach to measurement
The instruments included in this study measure broad QoL including HRQoL (EQ-5D-5L, SF-36
and PROMIS-29), SCRQoL (ASCOT), capabilities (ICECAP-A) and wellbeing (WEMWABS). These
instruments were chosen to allow for a detailed comparison of the measurement characteristics

of and relationship between a broad set of relevant domains.

This empirical work links to two of the overall aims of this thesis. These are Aim 2 (to investigate
the relationship between a range of QoL outcome measures assessing different concepts, and
the potential for broadening the QoL concepts assessed in an extended measurement
framework), and Aim 3 (to investigate the potential for providing further descriptive information

within the existing framework and dimension structure of PBMs).

4.6. Item Response Theory
IRT methods (summarised by Fayers and Machin [76] and Edelen & Reeve [176]) are a set of
theoretical approaches and associated practical methods used for the construction of
measurement instruments [76]. IRT was developed for use in an educational setting but has

since gained prominence in the development of patient-reported outcome measures.

4.6.1. Whatis the IRT model, and what does it estimate?

IRT is an umbrella term for a set of generalised linear models that link observed item responses
to respondents’ location on an unmeasured underlying latent trait (described as the ‘theta’ (6)
scale). The theta scale builds on the assumption that a set of items measure a unique and
identifiable continuous latent trait, and models an unobservable continuous dimension that is
assumed to be unidimensional (i.e. measuring one construct). Applying an IRT to a set of items
is said to ‘calibrate’ those items on a unidimensional theta scale. In the case of patient-reported

outcomes theta represents a dimension of health of QoL that is measured by responses to a set
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of items assessing the same unidimensional concept. The scale represents a continuous severity
range across theta. The most common model is a logistic item response model. The simplest
form of this is the one parameter model as displayed in Equation 8:

_ exp{6;-b}
P(BI-) = m (8)

In this model, 8; is the latent variable for person j, and b is an item threshold parameter. Item
threshold parameters are estimated from an item characteristic curve. An item characteristic
curve is a logistic function that models the probability of responses to an item conditional on
the severity of theta, and this is done for each response level. The threshold parameter describes
the level of theta necessary to transition between item response levels, and endorse the next
level, with a probability of 0.5. For example, for a dichotomous (yes/no) item response, the point
of a theta scale where the probability of answering ‘No’ and ‘Yes’ is 0.5 provides the threshold

parameter.

Item characteristic curves are also estimated for polytomous item responses, and can be used
to understand response level ordering. The probability of responding to each level is a function
of the increasing response level severity, and the severity of theta. As the threshold parameters
represent the transition between levels, the number of threshold parameters produced for each

item equates to the number of response levels minus one.

Two parameter logistic IRT models are also widely applied. This model is described in Equation
9, and extends the one parameter model to estimate an item discrimination, or slope, parameter
(a) which can vary between items.

_ exp{a(ej—b)}
P(ei) "~ 1+exp{a(8;-b)} (3)

Slope parameters provide a single figure estimate of how particular items discriminate at
different levels of theta. The slope a is a function of the threshold parameters (b) and theta.
Generally speaking, items with larger slope parameters, or steeper slopes, provide more

discriminatory information which is provided over a narrower range of the latent trait.

An item information function that displays the information provided by an item across theta is
also estimated. These curves indicate the points of theta where the item is providing the most
discriminatory information and are therefore useful in selecting items that are sensitive at

different points of theta. This is important, as items with less steep slopes, and hence lower
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discrimination, may also provide a level of information at different points of theta. These
functions can be calculated using Equation 10, which demonstrates that the maximum value for
item i is linked to the square of the slope parameter a, where a larger a results in more
information. Also of note is that the maximum information is obtained at the threshold
parameter values.

af {1+ exp[—(0 — b)]} {1 — exp[—(8 — b)]}™* (10)

An example of how item characteristic curves and threshold parameters are operationalised is
given in Figure 11. This displays the characteristic curves for an item asking about whether an
individual is depressed on a five level frequency scale from none of the time (curve 0), a little of
the time (curve 1), some of the time (curve 2), most of the time (curve 3) and all of the time
(curve 4). The theta scale is presented on the X axis and measures depression (from a low level
of depression represented by negative numbers, to high levels represented by positive
numbers). The Y axis is the probability of responding to each severity level. The Figure
demonstrates that at low levels of depression, the probability of responding ‘none of the time’
is high for the first part of theta. As latent depression increases, respondents become more likely
to respond using the remaining response levels. The point where the curves cross translates into
the threshold parameters (equating to particular values of theta). For example, the item in
Figure 11 has four threshold parameters at theta values of 0.05, 0.78, 1.56 and 2.24. The
probability of responding to each severity level is ordered as theta increases (as each response
level curve reaches its peak as theta severity increases). Therefore, the response categories are

operating as expected.

Figure 12 maps out the information curve based on the discrimination parameter and item
characteristic curves for the same depression item. Again, the X axis represents latent
depression, but now Y represents the information provided as a function of the threshold
parameters. The characteristics of the information curves can be observed to understand the
nature of the item information provided across theta. A low level of information is provided at
the less severe range of theta (given the high probability of answering ‘none on the time’), but

information increases as severity increases.
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Figure 11: Example of Item Characteristic Curves

You are depressed
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Figure 12: Example of Item Information Curve
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4.6.2. What IRT models are available?

Table 10 summarises the most common one and two parameter IRT models. A number of these
models have been used for the development and assessment of outcome measures. As
discussed in Section 4.4.1, the one parameter IRT model describes the latent trait of the
respondents and produces item threshold parameters. The Rasch model [177] is another form
of one parameter model. The Rasch model constrains the discrimination parameter to be the
same across all items meaning that the models are more parsimonious. However, the estimation
of a single parameter, and the fixed discrimination parameter limits the information available
for each dimension, as restricting the discrimination parameter may lead to increased evidence

of item misfit.

There are a number of two parameter models available to estimate threshold and slope
parameters. A commonly used two parameter model in the development of outcome measures
is the graded response model [178]. This model is applicable to polytomous response level data
with a logical ordering of response levels. This model is applied in the study reported here (for
justification, see Section 4.14.1). The model derives the probability of a response for a particular
item in a test as a function of theta and the item parameters. The cumulative probability, or the
probability of responding in or above a given response category, is modelled. The probability of
responding in a specific category is modelled as the difference between two adjacent cumulative

probabilities. The graded response model takes the form of Equation 11:
1 1

1+e—ai(9j—bi,k) B 1+e—“i(9j—bi,k+1)

P(Xijk = k|0]-,b,-k' ai) =

(11)

where i represents the number of items, j the number of people, and k the number of response
categories, and Xij represents response k to item i for person j, aiis the discrimination parameter
for item i, and bi is the thresholds for response level k of item i. The thresholds represent the
point between response level scores and lead to the graded response model a where P (Xik =

k|8;, bi, ai) is the probability of responding at response level k.

A three parameter IRT specification can also to extend the model further. The three parameter
model builds on the same assumptions as the two parameter model, but introduces a third
‘guessing’ parameter. This parameter was introduced in educational testing to attempt to model
the level of guessing for certain items based on an individual’s response profile. However,
guessing is a response strategy when the respondent is unsure which answer is correct, and in

the completion of outcome measures, the interpretation of this is unclear [176].
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Table 10: Summary of IRT models

Model Response format Characteristics

One parameter | Dichotomous Item discrimination is equal, threshold

logistic/Rasch model can vary across items

Two parameter logistic Dichotomous Both discrimination and threshold
parameters can vary

Nominal Polytomous (no | Discrimination can vary across items

ordering of levels)
Graded Response Polytomous Discrimination can vary across items
(ordered levels)

Partial Credit (Rasch model) | Polytomous Discrimination is equal across items
(ordered levels)

Rating Scale (Rasch model) Polytomous Discrimination is equal across items,
(ordered levels) and threshold distance is equal

Generalised Partial Credit Polytomous Discrimination can vary across items
(ordered levels)

Three parameter logistic Dichotomous Discrimination and threshold
parameters can vary. Non-zero lower
asymptote estimated for guessing
parameter

4.6.3. Assumptions of the IRT model

IRT models have a number of assumptions that are considered in the analysis process and
interpretation of the results. The assumption of monotonicity implies that the probability of
responding to an item response level that represents a higher level of theta should increase as
the underlying level of theta increases. This is demonstrated by the item characteristic curves

shown in Figure 11.

Unidimensionality assumes that a single latent construct accounts for the common variances for
the items within the model generated. Unidimensional models are applied in this study to

examine measurement Extension 2.

Local independence is another key assumption. This states thatitem responses are independent
of each other after controlling for the underlying construct being measured. Examples of local
dependence are items that are linked, or very similar within a dimension. Local dependence can
lead to parameter estimates that differ in comparison to those reported when items are
independent of each other. If dependence is identified, item content can be considered for

overlap, and the least informative items can be removed from the models.
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4.6.4. How is IRT useful in developing and assessing QoL outcome measures?

IRT informs the development of outcome measures in a number of ways. A key feature of IRT
used in the development of outcome measures is ability to describe the measurement sensitivity
of items, or sets of items, within a dimension. [tem thresholds can be used to highlight the ranges
of theta where particular items are more sensitive. The information provided by each item
within an overall dimension, and the information provided by all items in a particular dimension,
is also informs the development process. By understanding item discrimination, measures of the
same underlying construct, but formed of different numbers of items, can be calibrated. This
means that it is possible to score individuals using theta, which enables direct comparisons on a

common metric [179, 180].

Iltem performance indicators can be estimated to understand the validity of items within
dimensions. These include differential item functioning (DIF), which assesses the extent to which
the meaning of, and therefore responses to, items are the same across demographic groups.
The models also assess item fit to underlying unidimensional models. The ordering of item
responses such that the probability that the expected severity level is endorsed at different
points of theta is also tested. Finally, items with conceptual overlap can be highlighted by
assessing outliers to the local independence assumption. These indicators are used to develop

instruments with strong measurement properties and precision.

4.6.5. Overview of literature using IRT methods in PBM and HRQoL measure development

Extensive work has used IRT to develop outcome measures, and there are a number of
overarching areas of work. For example, IRT methods have been applied to develop and test
generic and condition specific fixed form HRQoL measures, as well as item banks for CAT
administration, that demonstrate a high level of measurement precision. They have also been
used to develop PBM descriptive systems, and, to a lesser extent, compare the performance of
PBMs. There are also published comparisons of different IRT and classical psychometric
approaches to the assessment of outcomes. Given the extent of this work, an overview of this

published literature is provided here.

A broad area where IRT methods have been applied is in the development of fixed form profile
measures. Both one parameter Rasch and two parameter graded response IRT models have
been used to generate mental health instruments with measurement sensitivity [181]. Two

parameter IRT models have been applied to QoL data to develop new instruments for other
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health conditions. Watt et al. [182] used the graded response model to select items for an
instrument assessing thyroid related QoL concerns. A shortened version of the 23 item breast
cancer specific version of the EORTC with 12 items was developed using the same modelling
approach [183], with items excluded based on the level of discrimination. Graded response
methods have also been applied to existing sets of items to develop and assess refined
instruments to assess the impacts of low vision [184, 185], disability related to multiple sclerosis
[186] and stroke [187] amongst others. The common theme of this work is applying IRT to newly
developed or existing items to assess item performance, and generate more precise

instruments.

IRT has proved advantageous in the development of calibrated item banks due to the ability to
calibrate items and respondents on an underlying metric. Calibrated item banks are the basis of
CAT which have a high level of measurement precision. Bjorner et al. [188] and Petersen et al.
[189] analysed data from European cancer studies using the generalised partial credit model to
select items from the emotional functioning and fatigue domains of the EORTC QLQ-C30 and
develop CATs which improved measurement precision. The most well-known CAT based
instruments are the PROMIS item banks which are generic, rather than disease specific, and
were developed using a graded response model. Large item pools were assessed, with poorly
performing items removed. The remaining items were calibrated to enable CAT [190] which
builds on the basis that each item’s psychometric characteristics are known. The flexible system
can therefore iteratively deliver a targeted set of items from the underlying calibrated item bank
to patients based on his or her previous item responses, with all patients scored on the same
theta scale. The generic nature of the item banks allows for comparisons across populations and

conditions

IRT methods have also been used to develop PBMs, with a focus on Rasch analysis (see [191] for
a review). Rasch has been used to develop both generic and condition specific PBMs [85], and
measures are available in a range of conditions including cancer [144, 192], dementia [193] and
epilepsy [90] amongst others. The process of developing a health state classification system
involves adapting an existing measure of HRQoL into a shorter version that is amenable to
valuation using psychometric analysis to understand the dimensionality of the instrument. Items
from the profile measure are tested for validity, and selected to represent the PBM dimensions
[177]. In more recent developments, a two parameter IRT model has also been used in the

development of a generic mental health instrument [194] A pool of items was generated using
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qualitative methods, and IRT was used to reduce this pool to a smaller more precise instrument

by assessing the information provided by each with dimensions.

IRT has also been used to assess the performance of PBMs. Izumi et al [195] compared the EQ-
5D-3L, EQ-5D-5L and HUI3 in stroke patients using a two parameter model and found good
discrimination and wide threshold coverage for all instruments. Fryback et al [196] used IRT to
understand the relationship between the EQ-5D, HUI2, HUI3, and SF-6D. They found limited
evidence of a relationship across the instruments, suggesting that diverse QoL concepts are

measured.

There have also been a number of comparisons of IRT methods. For example, Petrillo and
colleagues [197] compared two parameter IRT, Rasch and classical test theory (CTT) using a QoL
measure assessing vision problems. They found that IRT and Rasch provided extensive
information regarding scale improvements, and highlighted poor fit. CTT was useful for
identifying items that were redundant. Stover et al [198], Nolte et al [199] and Cleanthous et al
[200] (summarised by Bjorner [201]) used data on the PROMIS depression item bank to also
compare two parameter IRT, CTT and Rasch respectively and found differing agreement across
model indicators. It was found that CTT and IRT gave similar indicators of discrimination. IRT and
Rasch gave similar item thresholds which are not estimated in CTT. Agreement about which
items displayed local dependence was low across all three methods. IRT and Rasch consistently
identified items that displayed evidence of DIF (which is not estimated in CTT). Measurement
precision was similar between IRT and Rasch. Capellieri et al [202] review the use of CTT and IRT
for evaluating outcome measures, and conclude that both CTT and IRT are valid to support the

maximisation of the content validity of different instruments.

4.7. Description of empirical study

4.7.1. Data and study design

The study involved the collection and analysis of data across a range of instruments. These were
implemented through an online survey administered in a sample of the Australian general
population, and a further group of respondents self-reporting commonly occurring health
conditions (diabetes, mild to moderate depression or anxiety, general pain and arthritis). The
measures included in the survey are summarised in Table 11. They can broadly be defined as

preference-based generic HRQol, non preference-based generic HRQoL, preference-based
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wider QoL (including social care and capabilities), and wellbeing.

The HRQoL focused PBMs included in the study were the EQ-5D-5L [78] and the SF-6D [79, 80].
These measures were chosen as they are the most widely used generic PBMs with different
conceptualisations of HRQoL. Therefore, they have both convergence and divergence in terms
of what is measured. The HRQoL profile measures were the SF-36v2 [203] (from which the SF-
6D is estimated) and the PROMIS-29 [204]. These were chosen as they assess a wide range of
health concepts across multiple item dimensions, so are useful to assess overlap with wider
measures of QoL. The non health-focused PBMs were the ASCOT measure of SCRQoL, and the
ICECAP-A measure of capabilities (see Sections 2.13.2 and 2.13.3). These were chosen to provide
a comparative and complementary perspective to the HRQoL instruments. The wellbeing
measures included were the WEMWABS [205] and ONS-4 [206]. These were included to

understand how wellbeing intersects with measures of wider QoL.

A broad range of instruments were included in the survey to allow for comparisons across
different measurement perspectives at both the overall and item level. Demographic
information, questions about general health status and co-morbid health condition data were

also collected. Appendix 7 includes the full content of the survey, and the instruments included.

The questionnaires were placed into blocks based on the measurement perspective taken, and
the content of the questions. Block 1 included the EQ-5D-5L, Block 2 included the non health-
focused PBMs (ASCOT and ICECAP), Block 3 included the HRQoL profile measures (SF-36 and
PROMIS-29), and Block 4 included wellbeing measures (WEMWBS and ONS-4). The order of the
blocks was randomised to generate 24 survey versions including all possible Block orders.
Respondents were randomly allocated to one of the versions. This was done to avoid the impact
of response fatigue (and therefore potentially less precise data from measures appearing at the
end of the survey that might be a concern if all respondents completed them in the same order).
The feasibility of collecting outcomes data online in Australia has been demonstrated by the
Multi-Instrument Comparison (MIC) study [207], and this study adapted and extended the MIC
approach to include measures with a broader QoL and wellbeing focus. Generic profile measures

that were not included in that study (the PROMIS-29) were also administered.
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Table 11: Measures included in the Health Measurement Study

Measure Description
Health-related quality of life (preference-based)
EQ-5D-5L EQ-5D-5L [78] assesses HRQoL on five dimensions (mobility, self-

care, usual activities, pain/discomfort and anxiety/depression)
with five response levels (none, slight, moderate, severe,
extreme/unable to).

SF-6D SF-6D [80] preference-based score is derived from completions of
the SF-36. SF-6D assesses HRQoL on six dimensions (physical
functioning, role functioning, social functioning, pain, vitality and
mental health) with a variety of response levels (from four to six).

Wider QoL (preference-based)

ASCOT ASCOT [126] measures social care related QoL on eight
dimensions (control over daily life, cleanliness and comfort, food
and drink, personal safety, social participation and involvement,
occupation, accommodation, and dignity).

ICECAP-A ICECAP-A ([127] measures capabilities across five dimensions
(attachment (ability to have love, friendship and support), stability
(ability to feel settled and secure), achievement (ability to achieve
and progress in life), enjoyment (an ability to experience
enjoyment and pleasure) and autonomy (an ability to be

independent)).
Health-Related Quality of Life (non preference-based)
SF-36v2 SF-36 [75] is a measure of HRQoL producing eight dimension

scores from 36 items (physical functioning, role physical, role
emotional, pain, social functioning, mental health, vitality, general
health). Two overall scores (Physical Health Summary and Mental
Health Summary) are also produced (but are not used in this
thesis).

PROMIS-29 PROMIS-29 [204] measures health on seven dimensions
(Depression, Anxiety, Physical Functioning, Pain Interference,
Fatigue, Sleep Disturbance, and Ability to Participate in Social
Roles and Activities) with four items per dimension, and an
additional pain intensity item.

Wellbeing (non preference-based)

WEMWBS WEMWSBS [205] is scale of 14 items that are positively worded
(given the focus on assessing population wellbeing) with five
response categories.

ONS-4 Questions used in international household surveys assessing
wellbeing of four questions with ten-point response scales (life
satisfaction, health satisfaction, feelings that life is worthwhile,
happiness, anxiety).

4.7.2. Respondents and recruitment

Both general population and patient group respondents were recruited for inclusion in the

study. All respondents were members of opt-in research panels managed by the panel company
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Survey Sampling International. The patient groups included respondents reporting a range of
physical and mental health conditions. The conditions were mild to moderate depression and
anxiety, diabetes, arthritis and pain, and were selected as they have a range of impacts on
different areas of QoL. The survey also asked a detailed multiple choice question about whether
they had a long-term health condition. This was done as past online surveys [48, 55] have found
that a substantial number of general population panel members report having a long-term

health condition.

Respondents were invited by the panel company to take part via e-mail or website advertising,
and clicked a link to access the survey. They then read information about the project including
the general aims, survey content, and information about data security and confidentiality. They
were also informed that they could stop at any time. Following the information page, consent
to take part was required. Respondents completing the full survey were provided with a small
incentive for taking part if they fully completed the survey in more than the minimum time of
four minutes. The amount of the incentive was based on the policies of the online panel they
were recruited from. Four minutes was used to exclude very fast completers whilst also being in
line with other past online surveys [55], to avoid potential loss of response quality. The study
was ethically approved by the Centre for Health Economics Research and Evaluation, University

of Technology Sydney, program ethics process (application ref: UTS HREC 2015000135).
4.8. Descriptive assessment of the sample and outcome measures
Descriptive assessment of the sample and responses to the measures was conducted. This was

done to understand item response patterns. The analyses conducted are described below.

4.8.1. Sample demographics and survey completion process

The overall number of respondents accessing the survey, dropping out at various stages of the
survey, and fully completing all of the questions was assessed. The demographic characteristics
and self-reported health of the sample who fully completed the survey were descriptively
assessed. As various patient groups were included alongside the general population sample, the

aim was not to recruit a sample representative of the Australian population in age and gender.

4.8.2. Scoring the measures

Descriptive analysis of responses was conducted at item and dimension level. At the dimension

level, each measure was scored according to standard scoring approaches.
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4.8.3. Scoring the PBMs of HRQoL

The EQ-5D-5L was scored using values based on the Australian population. The value set used
was the ‘Australian Pilot’ [57] which was developed using a DCE with duration administered
online to a representative sample of the Australian population. It has a range from 1 (for the
best health state described) to -0.676 (for the worst health state described). For the SF-6D, the

Australian value set that has range of 1 to -0.363 [58] was used.

4.8.4. Scoring the PBMs of wider QoL

The ASCOT was scored using the UK value set [126] which was used as no Australian values are
available. The ASCOT value set was developed using TTO and BWS, and resulted in a range of 1
t0-0.171. For the ICECAP-A the UK value set [127] was also used as there are no Australian values

available. This was developed using BWS and ranges from 1 (full capability) to 0 (no capability).

4.8.5. Scoring the profile based HRQoL instruments — SF-36

The eight SF-36 dimensions were scored using the standard process described in the SF-36v2
scoring manual [203], and replicated in Section 2.10. The transformed scores range from 0 to
100 for each dimension, where a high score is indicative of a better level of HRQoL or

functioning.

4.8.6. Scoring the profile based HRQoL instruments — PROMIS-29

The PROMIS-29 was scored at the dimension level using the IRT based theta scores [204].
PROMIS-29 includes 28 items that have five severity levels scored from one to five, and seven
dimensions which each include four items. The instrument also includes a single pain intensity
item scored on a 0 to 10 scale. To score each dimension, a raw score was calculated by summing
the score from each of the items in each dimension (giving a range of possible raw scores from
4 to 20). Each of the possible raw scores was then linked to an IRT based theta score, a
standardised score based on the United States population with a mean of 50 and a standard
deviation of 10. This scoring means, for example, that a score of 60 is one SD better than the
average of the United States general population. The raw scores calculated for the sample were
linked to the theta scores using the conversion tables supplied by the PROMIS research group

[208].
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Whether a higher or lower PROMIS T score reflects better or worse levels of the construct being
measured depends on the direction of the wording of the item response levels. For the
negatively framed dimensions (anxiety, depression, fatigue, sleep, and pain interference), a
higher score is indicative of higher levels of the concept measured. For the positively framed
dimensions (physical function, and ability to participate in social roles and activities) a higher

theta score represents a better level of functioning.

4.8.7. Scoring the WEMWBS

The WEMWABS produces 14 item scores with five levels corresponding to poor (level 1) and good
(level 5) wellbeing. The aggregate total of the scores for each respondent was calculated to give
an overall wellbeing indicator. Scores range from 14 to 70, with high scores indicative of better

wellbeing.

4.8.8. Descriptive analysis of the measures and sample

The utility, profile, dimension and total scores for each measure were assessed descriptively.
This was done to understand the use of the measures for assessing the self-reported QoL of the
sample. For the PBMs, a range of indicators including the mean (SD), median, and utility range
were calculated. The proportion of values observed across the range of utilities were also
calculated. By comparing utility values across measures, it is possible to understand how the
same respondent’s health is described and scored across instruments with different
measurement perspectives. For the non-PBMs, the mean (SD), median and range of each

dimension level or total score was calculated.

4.9. Results — Sample and measure descriptive statistics

4.9.1. Sample characteristics and survey completion process

Table 12 reports the overall survey completion process. In total, 907 respondents accessed the
survey, 867 (95.6%) answered at least one question, and 794 (87.5%) fully completed the survey
in more than the minimum time of four minutes. Each of the 24 survey blocks was completed
between 28 and 41 times. The mean (median) time taken was 29.2 (21.8) minutes, with a range
of 4.5 to 174.4. Observing the breakdown of time taken into intervals shows that 130 (16.4%)

people took less than 15 minutes, and 73 (9.2%) took more than one hour to complete.
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Table 12: Survey completion process

Category N (%)
Full survey completer 794 (87.5)
Survey version completed 1 35 (4.4)
2 33(4.2)
3 26 (3.3)
4 32 (4.0)
5 35 (4.4)
6 34 (4.3)
7 34 (4.3)
8 28 (3.5)
9 34 (4.3)
10 38 (4.8)
11 31(3.9)
12 33(4.2)
13 35 (4.4)
14 34 (4.3)
15 35 (4.4)
16 31(3.9)
17 34 (4.3)
18 28 (3.5)
19 41 (5.2)
20 33 (4.2)
21 33 (4.2)
22 33 (4.2)
23 30(3.8)
24 34 (4.3)
Time Taken (minutes)
Mean (SD) 29.2(12.2)
Range 4.5to174.4
Median 21.8
Time taken categories
Less than 15 minutes 130 (16.4)
15t0 20 201 (25.3)
20.01 to 25 150 (18.9)
25.01to 30 84 (10.6)
30.01 to 45 106 (14.6)
45.01 to 60 40 (5.0)
More than 60 minutes 73 (9.2)
Platform
Windows 689 (86.8)
Macintosh 95 (12.0)

Table 13 reports the overall sample demographics. A large proportion of respondents (63.1%)

reported experiencing at least one co-morbid health condition, with the most prevalent being

pain (28.8%), depression (24.6%), anxiety (21.3%) and hypertension (21.0%). Tiredness was
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reported by 27.4% of the sample. Overall, 55% of respondents report having between one and
five co-morbid conditions or health concerns.

Table 13: Sample demographics

Category N(%) Category N(%)
Overall 794 | Not hospitalised in last year 612 (77.8)
Age Visits to GP in last year

18-29 128 (16.1) 0 62 (7.8)
30-44 202 (25.4) 1 86 (10.8)
45-59 222 (28.0) 2 115 (14.5)
60-74 220(27.7) 3 108 (13.6)
75+ 20 (2.5) 4 90 (11.3)
Gender 5 52 (6.6)
Male 380(47.9) 6 72 (9.1)
Female 414 (52.1) 7to 12 124 (15.6)
Country Of Birth More than 12 85 (10.7)
Australia 623 (78.9) | Income
Other 167 (21.1) Less than 20,000 135(17.0)
Health Conditions 20,001 to 30,000 147 (18.5)
Have any condition 500 (63.1) 30,001 to 40,000 70 (8.8)
Pain 228 (28.8) 40,001 to 50,000 67 (834)
Tiredness 217 (27.4) 50,001 to 60,000 67 (8.4)
Depression 195 (24.6) 60,001 to 70,000 57 (7.2)
Anxiety 169 (21.3) 70,001 to 80,000 42 (5.3)
High blood pressure 166 (21.0) 80,001 to 100,000 57(7.2)
Insomnia 111 (14.0) More than 100,000 77 (9.7)
Breathing problems 110 (13.9) Prefer not to say 75 (9.5)
Diabetes 107 (13.5) | Marital status
Arthritis 104 (13.1) Married/de facto 465 (58.6)
Heart disease 40 (5.1) Separated/divorced 97 (12.2)
Cancer 19 (2.4) Single 210 (26.5)
Stroke 10(1.3) Widowed 22 (2.8)
Number Of Education level
Conditions
0 292(36.8) Higher degree 71(9.0)
1 93 (11.7) Bachelor’s degree 209 (26.3)
2 119(15.0) Trade certificate/diploma 247 (31.1)
3 107 (13.5) Secondary 251 (31.6)
4 66 (8.3) Primary 16 (2.0)
5 55 (6.9) | Have children 389 (49.0)
6 or more 60 (7.6)

4.9.2. Descriptive analysis of measures

Table 14 reports descriptive statistics (the mean, median, standard deviation, frequency of
utilities by severity category) for the value sets. Firstly, the mean EQ-5D-5L values were higher

than the SF-6D. The ASCOT and ICECAP-A values are in a similar range to the EQ-5D-5L. This is
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worth noting as although the overall utility values are similar, the diverse areas of QoL measured
by the descriptive systems means that this is cannot be interpreted as evidence of convergence.
Overall, 17.5% of respondents report that they were in the best health state described by the
EQ-5D-5L with no problems on each dimension. This provides evidence of a ceiling effect, a
response characteristic that is widespread in EQ-5D data [209]. The ICECAP-A and ASCOT report
a similar number of responses below a utility value of 0.5 (11.2% and 10.4% respectively). No

respondents reported being in the best ASCOT health state in comparison to 12.1% on the

ICECAP-A.
Table 14: Descriptive statistics for each of the value sets estimated

Measure Mean (SD)  Median Value set range

N (%) N (%) N (%) N (%) N (%) at 1

Below 0 0.001 to 0.501 to 0.751 to
0.500 0.750 0.999

EQ-5D-5L 0.699 (0.28) 0.754  18(2.3) 143 (18.0) 221(27.8) 273(34.4) 139(17.5)
SF-6D 0.509 (0.26) 0.519  31(3.9) 337(42.4) 263(33.1) 150(18.9) 13 (1.6)
ICECAP  0.774(0.21) 0.849  4(0.5)  85(10.7) 186(23.4) 423(53.3) 96(12.1)
ASCOT 0.769 (0.20) 0.814  3(0.4)  79(10.0) 202 (25.4) 510 (64.2) 0

Table 15 reports the descriptive statistics for the non preference-based HRQoL and wellbeing
instruments. The SF-36 PF dimension had the highest overall score across the eight dimensions.
The RP, RE and SF dimension scores were also generally high. The MH and VT dimension scores
were lower indicating that the sample reported a higher prevalence of issues with mental health
and energy. The GH dimension score, which is an indicator of the overall health of the sample,
was also in the moderate range w. The mean PROMIS-29 dimension scores were between 47.3
and 53.3, and were therefore broadly in line with the average for the United States population.

WEMWSBS scores demonstrated that the sample reported generally good wellbeing.
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Table 15: SF-36 and PROMIS dimension, WEMWBS and ONS-4 scores
Measure and dimension Mean (SD) Median Range
SF-36°
PF 74.0 (26.1) 85.0 0to 100
RP 70.4 (26.0) 75.0 0 to 100
RE 72.5 (26.5) 83.3 0to 100
SF 72.7 (26.6) 75.0 0 to 100
PA 67.4 (24.7) 66.7 0 to 100
MH 64.9 (21.9) 65.0 5 to 100
VT 49.5 (22.2) 50.0 0to 100
GH 54.5 (21.7) 55.0 0to 100
PROMIS-29°
PF 47.3 (8.5) 48.0 22.9to056.9
A 50.6 (14.6) 53.7 48.0t081.6
D 53.3(10.1) 539 41.0to79.4
FA 53.0(10.2) 51.0 33.7t075.8
SL 50.5 (10.0) 484 32.0to73.3
SF 51.5(8.5) 51.6 33.6to64.1
PA 52.6 539 41.6t075.6
WEMWBS
Total Score 46.2 (10.9) 46 14to 70

2PF: Physical Functioning; RP: Role Physical; RE: Role Emotional; SF: Social Functioning; PA: Pain; MH:
Mental Health; VT: Vitality; GH: General Health. All dimensions have possible 0 to 100 score
b PF: Physical Function (possible range 22.9-56.9); A: Anxiety (range 40.3-81.6); D: Depression (range
41.0-79.4); FA: Fatigue (range 33.7-75.8); SL: Sleep (32.0-73.3); SF: Social Function (range 27.5-64.2); PA:

Pain inference (range 41.6-75.6)

*WEMWABS possible score range 14 to 70

4.10. Extension 1 — Data analysis

EFA [210] was used to examine the dimensionality of the pooled item responses from the QoL

outcome measures included. A number of EFA models with a variety of specifications were

tested to understand the most appropriate dimension structure. EFA tests the dimensionality of

groups of items without imposing a pre-specified factor structure, and is used to understand the

latent structure of tests.

Given the aim of this study was to investigate the relationship between diverse concepts of QolL,

and the broadening of QoL measurement, EFA was preferred to the use of confirmatory factor

analysis (CFA). This is because CFA requires a predefined factor structure to be specified for the

data, with model fit statistics estimated for the data fitting the proposed model. As this work

assessed different dimensionalities from a broad item pool with no predefined dimension

structure, EFA was used.

4.10.1. Estimation procedures
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To estimate the factor structure, a maximum likelihood approach was used. Maximum likelihood
estimations assume multivariate normal observations (but can be used for both normal and non-
normal data) and maximise the determinant of the correlation matrix. A maximum likelihood
approach was used as it is able to estimate models including large numbers of items and more
than three dimensions.. A further advantage is that maximum likelihood approaches have been
shown to accurately estimate the necessary factor correlation matrix from which the factor
structure is drawn [196, 197]. The maximum likelihood approach used to extract factors was the
Metropolis—Hastings Robbins-Munro (MH-RM) algorithm. This algorithm was proposed for use
in EFA by Cai [211,212]. It uses a fixed simulation size throughout a series of iterations to

converge to a local maximum and subsequently estimate the factor structure for the item pool.

4.10.2. Model specifications

The item pool tested in the EFA analyses included the majority of the items from the measures,
with a number of exclusions. Overall, 91 items were included in the modelling. These were five
items from the EQ-5D-5L, nine from the ASCOT, five from the ICECAP-A, 30 from the SF-36, 28
from the PROMIS-29, and 14 from the WEMWBS. The five SF-36 GH dimension questions were
excluded as the aim of this study was to test the relationship of items across different areas of
specific health and wider Qol, rather than including general health indicators. The ONS-4 and
the PROMIS pain intensity items were also excluded as these are continuous VAS type scales so

therefore differ to the categorical response questions used elsewhere.

A range of factor structures were tested, with models including an unrestricted number of
dimensions estimated for all specifications. Models including between 6 and 10 dimensions

were also tested.

The stability of the models produced for the full sample was also tested for each model
specification. To allow for this comparison, five subsamples of approximately half the sample in
the data stratified by age and gender were randomly selected using a random number generator
approach. Each model specification was then tested on each of the subsamples, and the stability
of the model structures in comparison to the model produced for the overall sample was
examined.

Table 16 reports the EFA models tested. This was based on an iterative approach to selecting
the preferred model, where firstly both oblique and orthogonal rotation were tested, and a

decision was made about which to use. This decision was based on the interpretability of the

90



Broadening the measurement and valuation of QoL July 2020

dimension structures. Each of the structures was assessed for consistency and comprehensibility

for use in unidimensional IRT analyses.

Within the rotated factor structures, items were included in a factor if the factor loading was at
a level of 0.3 or above. Past work has used higher minimum correlations such as 0.32 or 0.4
[213]. However, a lower level was used here to generate inclusive dimensions. Items with factor
loadings above 0.30 on more than one dimension [214], but within 0.2 across the correlations

[215] were also examined as potential cross loaders, but were retained in factor models.

The stability of the models produced for the full sample was also tested for each model
specification. To allow for this comparison, five subsamples of approximately half the sample in
the data stratified by age and gender were randomly selected using a random number generator
approach. Each model specification was then tested on each of the subsamples, and the stability

of the model structures in comparison to the model produced for the overall sample was

examined.
Table 16: EFA models tested
Model Estimation Factor number Rotation Rotation Justification
extracted method criteria
Model 1 MH-RM? Unrestricted Oblique CF-Quartimax® Compare rotation
(results in 10) method, assess
Model 2 MH-RM Unrestricted Oblique CF-Varimax® correlations and
(results in 10) choose which to
Model 3 MH-RM Unrestricted Orthogonal CF-Quartimax proceed with
(resultsin 11)
Model 4 MH-RM Unrestricted Orthogonal CF-Varimax
(resultsin 11)
Model 5 MH-RM 10 Oblique CF-Quartimax
Model 6 MH-RM 10 Oblique CF-Varimax Assess models
Model 7 MH-RM 9 Oblique CF-Quartimax across both
Model 8 MH-RM 9 Oblique CF-Varimax rotation criteria,
Model 9 MH-RM 8 Oblique CF-Quartimax and selected the
Model 10 MH-RM 8 Oblique CF-Varimax dimension
Model 11 MH-RM 7 Oblique CF-Quartimax structure for the
Model 12 MH-RM 7 Oblique CF-Varimax next stages
Model 13 MH-RM 6 Oblique CF-Quartimax
Model 14 MH-RM 6 Oblique CF-Varimax

2 Metropolis—Hastings Robbins-Munro algorithm; ® Crawford Ferguson Quartimax; ¢ Crawford Ferguson

4.10.3. Rotation method and criteria

Varimax
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Both orthogonal and oblique factor rotation methods were tested for use in the identification
of the dimension structure. Oblique rotation assumes correlations between the factors, where
orthogonal rotation assumes independence. Oblique rotation models also generally have more
interpretable factors, with a simpler structure than that obtained with an orthogonal rotation.
There is a potentially stronger theoretical position for using oblique rotations which is based on
the relationship between QoL concepts as experienced within an individual, or across a group
setting. As there is likely to be a relationship between QoL concepts measured, this supports the

assertion that dimensions of QoL are correlated.

The factor rotation criteria tested included the Crawford Ferguson (CF) Quartimax and CF-
Varimax methods. CF criteria have been described as the most comprehensive group of
rotations in the identification of dimensionality [216]. CF-Varimax aims to maximise the variance
of the squared loadings in each factor by distributing the variance across the factor structure.
This means that each factor often includes loading at either a large or small level, therefore
facilitating the identification of each variable as belonging to a different factor. CF-Quartimax
aims to minimise the complexity of the variable relationships, and therefore functions well when
the data has distinct clusters and few items cross loading between factors. CF-Varimax and
Quartimax methods with oblique rotation have been compared empirically and were found to
produce similar point estimates for rotated factor loadings and factor correlations but varying

standard error estimates [216].

4.10.4. Generating a dimension structure for further testing

The dimensionality established for Extension 1 was used as the basis for the unidimensional item
groups tested for Extension 2. The requirements of the dimensions taken forward for testing
were that they included a PBM item (that could be conceptualised as the preference-based Layer
1). Given the widespread use of the EQ-5D-5L, and the variety of dimensions covered, how those
five items aligned with the wider dimension structure, and their amenability to testing for the

layered approach as part of Extension 2, was examined.

4.11.  Results - Dimensionality assessment
Table 16 displays the EFA model criteria combinations tested on the overall item pool. Model 1
to Model 4 are unrestricted in terms of the number of dimensions estimated, and the other
models are specified to have a certain number of dimensions. Table 17 and Table 18 report the

factor structure (also with factor loadings and standard errors) resulting from the use of oblique
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rotation, with both quartimax (Model 1) and varimax (Model 2) methods. Appendix 8 reports
the factor structure (with factor loadings greater than 0.3) from the unrestricted quartimax
(Model 3) and varimax (Model 4) orthogonal models. The tables use shorthand codes for the

items, and these codes, and the associated full item descriptions, are provided in Appendix 9.

The dimensionality of the orthogonal models resulted in a single factor including the majority of
the item pool, with cross loading between dimensions evident. In contrast, the oblique models
did not produce a single factor combining many items, and had a clear structure resulting in
conceptually interpretable dimensions (with minor differences between models). The
unrestricted models resulted in an 11 dimension structure. Testing models with less dimensions
resulted in combinations of the 11, with increased cross loading. This increased the difficulty of

defining the factor structures.

These results suggested that the 11-dimension structure using oblique varimax and quartimax
rotation explained the data in the clearest and most interpretable way. Analysis of the stability
of the models across the five randomly selected subsamples found that the 11 dimension model
structures were generally stable, and interpretable in the same structure as the overall model.

Therefore, this structure was used to examine how these instruments facilitate the
measurement of wider outcomes, and a potential layered approach to measurement. Further
detail about the characteristics of each dimension is provided below (See also Table 17 and

Table 18, and Appendix 9 which describes the full text for the item coding used in the tables):

e Dimension 1: Defined as a mental health factor, and included all 14 items measuring
mental health issues from the EQ-5D-5L, SF-36 and PROMIS-29.

e Dimension 2: A composite of 13 wider QoL concepts that included seven SCRQoL items
from the ASCOT, all five ICECAP-A items assessing capabilities, and one WEMWBS item
asking about frequency of feeling loved (which is in line with the capability approach).

e Dimension 3: Defined as a physical functioning factor and included 17 items. Both
models included EQ-5D-5L MO, with the quartimax model also including EQ-5D-5L SC
and UA. Consistent across both models was the inclusion of the ten PF dimension items
from the SF-36, and the four PF items from the PROMIS-29.

e Dimension 4: Defined as a sleep dimension, as it included the four PROMIS-29 items
about sleep and sleep quality. This is a concept not assessed by the PBMs included in

the study.
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e Dimension 5: Consistently included the two ASCOT items investigating dignity. The
quartimax model also included two WEMWABS items asking about the frequency of
feeling relaxed, and of being able to make up your mind about things. The varimax
model also included two WEMWABS items asking about the frequency of dealing with
problems well and thinking clearly.

e Dimension 6: Defined as a tiredness/energy dimension. It consistently included the two
negative vitality items from the SF-36v2, and the four PROMIS-29 tiredness items. The
guartimax model also included an energy item from the WEMWABS. Energy is a concept
included in the SF-6D, but not the EQ-5D-5L.

e Dimension 7: A role and social functioning dimension that included only SF-36 items.
Role functioning is a dimension included in the SF-6D. This model demonstrates that it
differs to the activity based items included in other instruments.

e Dimension 8: Included four positively worded energy and mental health items from the
SF-36, and one energy item from the WEMWSBS (which cross loads with dimension 6).

e Dimension 9: Included nine WEMWABS items covering positive wellbeing concepts based
around asking about feelings. The varimax model also included the ICECAP item
assessing love friendship and support which cross loads with dimension 2.

e Dimension 10: Defined as a pain dimension. It consistently included EQ-5D-5L PD, the
two SF-36v2 and four PROMIS-29 pain items. The varimax model also included the
PROMIS-29 item assessing respondent ability to do chores. Pain appears in both the
generic HRQoL PBMs included in this study.

e Dimension 11: Consistently included EQ-5D-5L SC, and two ASCOT questions about
appearance, and access to food and drink. The varimax model also included the SF-36v2
item about bathing and dressing, and two PROMIS walking items. This indicated overlap
in terms of coverage of self-care, and appearance, but broader concepts were also
included.

e Non-loading items (i.e. loading below 0.3 across all dimensions) can also be
conceptualised as measuring social and wider activities. This is because the four PROMIS
activities items were consistently non-loading. The varimax model also includes EQ-5D-

5L usual activities and an SF-36v2 social activities item as non-loaders.

4.12. Broadening the standard framework
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The results of the factor analysis demonstrated how the standard HRQoL framework fits with,
and could be extended by, the addition of other constructs of QoL. The combination of QoL
outcomes included in this study could generate a wider measure if existing measures were used

as the basis for its development.

Results worth noting in terms of expanding the framework include the identification of a clear
dimension structure linked to the EQ-5D-5L, where the ‘functioning’ dimensions (MO, SC and
UA) clustered together in some models, with the ‘symptoms’ dimensions (PD and AD) operating
as separate factors. Beyond the EQ-5D framework, the results suggested a composite dimension
assessing SCRQoL and capabilities. There was also evidence for dimensions that clustered based
on broader constructs measured (for example sleep), and some evidence for clustering based

on the direction in which the construct is assessed (i.e. positively or negatively worded).
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Table 17: Dimension structure - EFA Oblique quartimax rotation (Model 1)

Dimension 1

Dimension 2

Dimension 3

Item FL (SE)? Item FL (SE) Item FL (SE)
EQ AD 0.60 (0.03) ASCOT 1 0.57 (0.04) EQ MO 0.67 (0.02)
SF-36 Q24 0.46 (0.05) ASCOT 2 0.32(0.04) EQ SC 0.45 (0.02)
SF-36 Q25 0.49 (0.04) ASCOT 3 0.38 (0.05) EQ UA 0.34 (0.02)
SF-36 Q26 0.31(0.05) ASCOT 4 0.44 (0.06) SF-36 3 0.69 (0.06)
SF-36 Q28 0.47 (0.04) ASCOT 5 0.70 (0.05) SF-36 4 0.62 (0.06)
SF-36 Q30 0.31(0.05) ASCOT 6 0.66 (0.05) SF-36 5 0.67 (0.06)
PROMIS Q5 0.53 (0.05) ASCOT 7 0.35(0.07) SF-36 6 0.87 (0.09)
PROMIS Q6 0.59 (0.04) ICECAP 1 0.56 (0.05) SF-36 7 0.88 (0.05)
PROMIS Q7 0.57 (0.04) ICECAP 2 0.64 (0.07) SF-36 8 0.70 (0.06)
PROMIS Q8 0.56 (0.04) ICECAP 3 0.48 (0.07) SF-36 9 0.82 (N/R)
PROMIS Q9 0.53 (0.04) ICECAP 4 0.63 (0.09) SF-36 10 0.80 (0.07)
PROMIS Q10 0.49 (0.03) ICECAP 5 0.62 (0.05) SF-36 11 0.73 (0.06)
PROMIS Q11 0.62 (0.03) WEMWBS 12 0.33(0.06) SF-36 12 0.51 (0.08)
PROMIS Q12 0.56 (0.03) PROMIS 1 0.45 (0.05)
PROMIS 2 0.69 (0.06)
PROMIS 3 0.65 (0.05)
PROMIS 4 0.52 (0.06)
Dimension 4 Dimension 5 Dimension 6
Item FL (SE) Item FL (SE) Item FL (SE)
PROMIS 17 0.68 (0.04) ASCOT 8 0.46 (N/R) SF-36 29 0.62 (0.05)
PROMIS 18 0.63 (0.03) ASCOT 9 0.35 (0.04) SF-36 31 0.73 (0.05)
PROMIS 19 0.70 (0.04) WEMWABS 3 0.34 (0.04) PROMIS 13 0.89 (0.04)
PROMIS 20 0.58 (0.03) WEMWBS 11 0.40 (0.04) PROMIS 14 0.91 (N/R)
PROMIS 15 0.79 (0.03)
PROMIS 16 0.90 (0.04)
WEMWBS 5 0.37 (0.05)
Dimension 7 Dimension 8 Dimension 9
Item FL (SE) Item FL (SE) Item FL (SE)
SF-36 13 0.61 (0.08) SF-36 23 0.49 (0.04) WEMWABS 1 0.41 (0.02)
SF-36 14 0.78 (0.13) SF-36 26 0.36 (0.05) WEMWBS 2 0.36 (0.04)
SF-36 15 0.69 (0.05) SF-36 27 0.49 (0.09) WEMWSBS 4 0.42 (0.05)
SF-36 16 0.68 (0.06) SF-36 30 0.39 (0.04) WEMWBS 8 0.39 (0.03)
SF-36 17 0.73 (0.05) WEMWBS 5 0.30 (0.05) WEMWBS 9 0.51 (0.04)
SF-36 18 0.68 (0.06) WEMWSBS 10 0.39 (0.03)
SF-36 19 0.57 (0.07) WEMWBS 12 0.48 (0.04)
SF-36 20 0.30 (0.06) WEMWBS 13 0.41 (0.05)
SF-36 32 0.37 (0.05) WEMWBS 14 0.43 (0.03)
Dimension 10 Dimension 11 Non-loaders?
Item FL (SE) Item FL (SE)
EQPD 0.68 (0.02) EQSC 0.37 (0.02) PROMIS 21 N/AC
SF-36 21 0.75 (0.05) ASCOT 2 0.38 (0.03) PROMIS 22 N/A
SF-36 22 0.66 (0.04) ASCOT 3 0.35 (0.03) PROMIS 23 N/A
PROMIS 25 0.80 (0.07) PROMIS 24 N/A
PROMIS 26 0.78 (0.03) WEMWBS 6 N/A
PROMIS 27 0.64 (0.04) WEMWBS 7 N/A
PROMIS 28 0.73 (0.03)

aFactor loading (standard error)  Items not loading on any dimension; Note: fuller item descriptions in

Appendix 9; ¢ not applicable
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Table 18: Dimension structure - EFA Oblique Varimax rotation (Model 2)

Dimension 1

Dimension 2

Dimension 3

Item FL (SE)? Item FL (SE) Item FL (SE)
EQAD 0.56 (0.02) ASCOT 1 0.55 (0.03) EQ MO 0.49 (0.01)
SF-36 24 0.42 (0.05) ASCOT 3 0.34 (0.04) SF-36 3 0.64 (0.06)
SF-36 25 0.45 (0.04) ASCOT 4 0.42 (0.05) SF-36 4 0.53 (0.06)
SF-36 28 0.44 (0.03) ASCOT 5 0.66 (0.05) SF-36 5 0.56 (0.06)
PROMIS 5 0.49 (0.04) ASCOT 6 0.63 (0.05) SF-36 6 0.77 (0.08)
PROMIS 6 0.54 (0.04) ASCOT 7 0.31(0.07) SF-36 7 0.74 (0.05)
PROMIS 7 0.53 (0.04) ICECAP 1 0.53 (0.05) SF-36 8 0.62 (0.05)
PROMIS 8 0.53 (0.04) ICECAP 2 0.58 (0.07) SF-36 9 0.67 (0.04)
PROMIS 9 0.49 (0.04) ICECAP 3 0.45 (0.07) SF-36 10 0.62 (0.08)
PROMIS 10 0.45 (0.03) ICECAP 4 0.59 (0.09) SF-36 11 0.56 (0.06)
PROMIS 11 0.58 (0.03) ICECAP 5 0.58 (0.05) SF-36 12 0.35(0.07)
PROMIS 12 0.51 (0.03) PROMIS 1 0.30 (0.05)

PROMIS 2 0.50 (0.05)

PROMIS 3 0.42 (0.06)

PROMIS 4 0.32 (0.06)
Dimension 4 Dimension 5 Dimension 6

Item FL (SE) Item FL (SE) Item FL (SE)
PROMIS 17 0.70 (0.04) ASCOT 8 0.49 (N/R) SF-36 29 0.58 (0.05)
PROMIS 18 0.63 (0.03) ASCOT 9 0.37(0.11) SF-36 31 0.68 (0.05)
PROMIS 19 0.73 (0.05) WEMWABS 3 0.38 (0.04) PROMIS 13 0.84 (0.04)
PROMIS 20 0.61 (0.06) WEMWBS 6 0.32(0.04) PROMIS 14 0.85 (N/R)

WEMWBS 7 0.31(0.05) PROMIS 15 0.74 (0.02)
WEMWBS 11 0.45 (0.04) PROMIS 16 0.85 (0.04)
Dimension 7 Dimension 8 Dimension 9

Item FL (SE) Item FL (SE) Item FL (SE)
SF-36 13 0.59 (0.07) SF-36 23 0.54 (0.04) ICECAP 2 0.31 (0.04)
SF-36 14 0.75(0.12) SF-36 26 0.41 (0.05) WEMWABS 1 0.41 (0.02)
SF-36 15 0.67 (0.05) SF-36 27 0.55 (0.09) WEMWBS 2 0.35 (0.04)
SF-36 16 0.66 (0.06) SF-36 30 0.44 (0.04) WEMWBS 4 0.42 (0.06)
SF-36 17 0.70 (0.05) WEMWBS 5 0.34 (0.05) WEMWBS 8 0.39 (0.03)
SF-36 18 0.66 (0.05) WEMWBS 9 0.53 (0.04)
SF-36 19 0.55 (0.06) WEMWBS 10  0.40 (0.03)
SF-36 32 0.36 (0.05) WEMWBS 12 0.51 (0.04)

WEMWBS 13 0.41 (0.05)
WEMWBS 14  0.44 (0.03)
Dimension 10 Dimension 11 Non-loaders®
Item FL (SE) Item FL (SE)
EQPD 0.66 (0.02) EQ MO 0.30 (0.01) EQ UA N/AC
SF-36 21 0.72 (0.04) EQSC 0.49 (0.02) PROMIS 21 N/A
SF-36 22 0.63 (0.04) ASCOT 2 0.42 (0.03) PROMIS 22 N/A
PROMIS 1 0.31 (0.05) ASCOT 3 0.38 (0.04) PROMIS 23 N/A
PROMIS 25 0.76 (0.06) SF-36 12 0.32 (0.06) PROMIS 24 N/A
PROMIS 26 0.74 (0.03) PROMIS 3 0.43 (0.14) SF-36 20 N/A
PROMIS 27 0.60 (0.04) PROMIS 4 0.41 (0.06)
PROMIS 28 0.69 (0.03)

aFactor loading (standard error) ® Items not loading on any dimension; Note: fuller item descriptions in

Appendix 9; ¢ not applicable
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4.13.  Establishing a dimensionality for Extension 2 analyses
The results of the EFA analysis provided a basis for the testing a layered approach to
measurement. This could be approached using EQ-5D-5L items as the preference-based layer to
enable a dimension structure for the IRT analysis to be conceptualised. Dimensions 1, 3 and 10
described in the results above were defined as measuring mental health, physical functioning
and pain, and all include EQ-5D-5L items that could be conceptualised as the preference-based
layer. These dimensions were tested using IRT methods. The non-loading activities items also
included an EQ-5D-5L item, and were therefore also tested as a separate dimension. The
dimension that included EQ-5D-5L SC was not tested given the inconclusive nature of that factor
which only included a small number of items, limit the conclusions that could be drawn from the

results.

4.14. Extension 2 — Investigating a layered approach to measurement
In the analysis for Extension 2, IRT indicators were used to examine the relationship between,
and the performance of, the items included. Given that the aim of this work was to examine the
item pools, and not develop a new measure, all items were retained in the models. The
implications of the IRT analysis for the use of the items in a layered approach to measurement,

was examined. IRT was conducted using IRTPRO [217], a specialist software for this purpose.

4.15. Description of general IRT approach
4.15.1. Which IRT model was used?

The two parameter graded response IRT model [178] was used in this study. This model can be
applied when item severity level responses have a logical ordering of severity and are
polytomous. This is the case for the items included in this study. The graded response model has
also been previously used for assessing HRQoL outcome measures (as described in Section
4.4.5). The two parameter model has the flexibility to include items with different response
formats (for example both severity and frequency) on the same theta scale [190]. This is
important in this study, as the items are taken from different questionnaires, which are likely to

have different discrimination profiles given that the wording and response levels used differ.

In this study the theta scale describes different unidimensional aspects of QoL with high and low
severity levels. Alongside the information provided by the two parameters, the models were

also used to evaluate other item indicators including local dependence, DIF, and model fit.
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4.15.2. How is IRT used in this study?

In this study, the IRT conducted builds on previous use of the graded response model, [218] and
applies it in a novel way. Models are applied to combined item pools from the instruments
included to assess item performance, and the information provided, and demonstrate how a
layered approach to measuring outcomes could be operationalised. There is limited work using
IRT methods to assess existing measures of QoL in comparison to each other, and this is a novelty
of the work conducted here. This application of IRT differs from the original purpose of IRT to

develop and refine precise measurement metrics, and is more exploratory.

Itis often the case that IRT models are iteratively used to refine the items within each dimension.
The exploratory nature of this work means that the overall graded response model produced for
each dimension will be assessed to understand the relationship between items, violations of the
assumptions of IRT, and individual item performance. IRT results will not be iteratively used to
refine the items included in each dimension, but will be used to indicate where refinements
could be made. This means that the results inform the future development of each extension

tested, rather than producing a final product.

4.16. Data analysis process
The IRT process was informed by a series of steps outlined in existing guidance papers [190].
This included guidance by Toland [219] who described a multistep process for the application of
IRT to patient-reported outcome data. The approach was adapted for use in this study. A series

of steps was undertaken for each dimension structure tested.

The first step involved preliminary data inspection followed by item calibration (to allow the rest
of the analyses to be conducted). Common IRT assumptions including local independence,
model and item fit, and DIF were assessed. This was followed by an examination of the item
thresholds, information curves, and slope parameters, and an assessment of the overall
information provided by the items in each dimension. Finally, calibrated theta scores for the
overall dimension (which could be used to facilitate CAT approaches) were examined. The
results were used to assess the feasibility of developing a layered approach to measuring QoL

outcomes for each of the dimensions tested. Each of these steps is now described.

4.16.1. Preliminary descriptive analysis — Data inspection
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Prior to conducting IRT, it is recommended that descriptive analysis of responses across each of
the item severity levels is conducted. This was done for each item set included in each dimension
to test the distribution of data across response categories. Distribution is important as data is

required at each response level to estimate IRT models with confidence.

4.16.2. Test common IRT assumptions — Local independence

The results of the item set calibration were used to test the key IRT assumptions. These
assumptions are also indicators of item performance. The first of assumption is local
independence between items within a dimension. This specifies that item responses should be
independent of each other after controlling for the underlying construct. To test local
independence, Standardised Chi Square values for each item pair were calculated. Values of
greater than ten were considered potentially large, and possibly indicative of a dependency
issue. Overlap in the content was observed, and the wording was assessed for qualitative

redundancy.

4.16.3. Test functional form and model-data fit

Functional form implies that all threshold parameters are ordered, and there is a common slope
within each item, although not necessarily across items. Model-data fit at the item level was

tested, and model fit statistics were used to compare the relative fit of the overall model.

Item level fit:

To assess the fit at the item level, the graded response adaptation of S-x2 diagnostic fit statistic
[220] was used. This statistic assesses the degree of similarity between the predicted and
observed response frequencies for each item. A statistically significant item value (p<0.01)

indicates that the item does not fit the model.

Model level fit:

A range of overall model level fit statistics, which compare the relative fit of the model to the
data, were tested. These included the AIC [221] and the BIC [222]. The AIC and BIC are based on
in-sample fit and estimates the likelihood of a model for estimating the specified values. The BIC
is fit measure that is a function of both the number of parameters and the number of
observations, and provides a better test of complex models. Lower values are indicative of better

fit, but significance cannot be calculated.
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The M; goodness-of-fit statistic measures the fit of the model to the data assuming perfect
model fit. This produces a significance estimate and non-significance is preferred. The M test is
sensitive to misfit to the underlying dimension. The Root Mean Square Error of Approximation
(RMSEA), which assesses fit including an adjustment for sample size, was also estimated. The

RMSEA ranges from 0 to 1, with smaller values preferred.

4.16.4. Testing for DIF

DIF is the assessment of differences in item performance between subgroups (for example
demographic groups) at different points of the theta scale. It exists when the probabilities of
item endorsement are different across subgroups with the same level of the underlying trait.
DIF is an issue as it means that item responses may be reflecting characteristics of the subgroup

rather than measuring the underlying trait.

In this study, an omnibus Wald Chi Square test was used. In the initial test, all of the items within
a dimension were used to estimate the mean level of the underlying trait for each subgroup.
The item parameters were then estimated separately for each subgroup to detect DIF. However,
for some subgroups, there were not responses for every level of all items. If this occurred these
items were removed from the analysis. Significant differences in parameter estimates across the
groups for each item were identified using p<0.01 as an indicator of significance. This was done
for all items included in each dimension (where each subgroup appeared in each item response

category).

The subgroups tested were gender and whether or not the respondent reported having a long-
term condition. However, the presence of DIF between these groups could be argued to have
different levels of interpretation. For example, DIF by gender could be an indicator of measuring
between gender differences rather than the underlying trait. However, DIF by long-term
condition status may be an indicator of sensitivity to a particular condition which may be a
psychometric advantage. Both were included in the analysis, with the results interpreted

accordingly.

4.16.5. Item level thresholds

Item characteristic curves were assessed to ensure that the response levels were operating as
expected for each item. The threshold parameters were also compared across the items to

understand which items provided the widest coverage of the underlying theta scale, and
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whether certain items provided more information (and therefore more sensitive measurement

abilities) at different points of theta.

4.16.6. Item level information and the total information provided

The slope parameter magnitudes were compared across items. The individual item information
curves were assessed to understand the characteristics of the information provided by each item
(see Section 4.6.1 for information about how these are calculated). These curves help
understand where each item is contributing information. They are a function of the estimated
slope and threshold parameters, where the information provided for each item is highest at the

points of theta where the threshold parameter values occur.

The total information function (TIF) curves presenting the cumulative information for all items
across theta were also evaluated to investigate of the information provided at different severity
points of the theta scale. This is calculated as the aggregate of the individual item function
curves, so is directly linked to the profile of the information provided by each item. Alongside
this, the standard error of the estimates (calculated as 1/Vinformation) is calculated to provide
an indicator of the amount of error in scores across theta. This is useful to understand the
precision of estimated theta scores as a function of the information provided at different levels
of the latent trait. A scale that is sensitive to the full range of the underlying trait would have a
similar level of information and a low standard error across the latent trait. In this analysis, the
TIF and standard error curves are plotted, and the values of each at certain points of theta are

presented as an indicator of overall scale sensitivity.

4.16.7. Estimated calibrated dimension score curve

The expected score curve (or test characteristic curve) shows the expected theta score that
equates to a summed score from an item set (and could be used in the facilitation of a CAT based
approach). It links item total scores to calibrated theta scores. Raw item scores were summed
to generate a dimension score, and this was mapped onto the theta scores. This allowed for an
assessment of the raw dimension score levels required at certain points of the calibrated scale.
It also demonstrates the characteristics of the item information provided (in terms of increases
in the raw score required to have the same change on the theta scale at different severity
points). These scores could be assessed for individuals and compared to calibrated scores across

other dimensions.
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4.17.  Results overview
The sections below report the IRT results for the four dimensions brought forward from
Extension 1. Each dimension includes at least one EQ-5D-5L dimension that could be
conceptualised as a preference-based dimension in a multilayered instrument. The dimensions
have been defined as physical functioning, mental health, pain, and activities. As the IRT analyses
are exploratory, one model is calibrated for each dimension, with the assumptions of the IRT

model, and item and overall dimension performance indicators assessed.

4.18.  Results — Physical Functioning dimension

4.18.1. Justification of dimensionality

The items included in the physical functioning dimension were based on the dimensionality
highlighted by the EFA using the oblique quartimax rotation model. This dimensionality was
preferred as it includes the largest number of items related to mobility and physical functioning.
This was seen as advantageous given the aims of the analysis were to explore the relationship
between items measuring similar concepts to investigate their use in the assessment of wider

concepts as part of a layered approach to measuring health and QoL outcomes.

4.18.2. Initial data inspection

Table 19 reports the frequency of respondents in each category. The SF-36 and PROMIS-29 item
scores were reversed so that a low score indicates a low level of problems in line with the EQ-
5D-5L, which was used as the reference frame given the wider aims of the analysis. Column L1
indicates the least severe level of problems for all items. There were limited responses at level
5 (unable to/extreme problems) of the EQ-5D-5L dimensions. Small numbers have in past work
been suggested as sufficient for analysis [219]. The responses were sufficiently distributed

across the other severity levels.

4.18.3. Assessing local independence

Standardised Chi Square values for each pair of items were assessed. Table 20 describes the
item pair correlations above the indicative cut off of 10, and Appendix 10 includes all of the
estimated Chi Square values for each item pair. Overall, 13 (9.5%) of pairs had a value above 10.
PROMIS item 1 (ability to do chores) and item 2 (up and down stairs at normal pace) exhibit
dependency with four and three SF-36 items respectively. Although there is some evidence of
local dependence, examining the item pairs suggests some qualitative differences which may

support inclusion of both items. An example of an item pair with observable local dependency
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are the items ‘walking more than a kilometre’, and ‘walking several hundred metres’, both of

which are taken from the SF-36.

Table 19: Initial data inspection - Physical functioning dimension

Item L1? L2° L3¢ L4¢ L5¢
EQ-5D-5L MO 485 (61.1) 186(23.4) 93 (11.7) 25(3.1) 2(0.5)
EQ-5D-5L SC 667 (84.0) 72(9.1) 44 (5.5) 6(0.8) 5(0.6)
EQ-5D-5L UA 439 (55.3) 224 (28.2) 102 (12.8) 24 (3.0) 5(0.6)
SF-36 Q3 216 (27.2) 343(43.2) 235(29.6) N/A N/A
SF-36 Q4 450(56.7) 261(32.9) 83(10.5) N/A N/A
SF-36 Q5 506 (63.7) 220(27.7) 68 (8.6) N/A N/A
SF-36 Q6 378 (47.6) 291(36.6) 125 (15.7) N/A N/A
SF-36 Q7 545 (68.6) 189 (23.8) 60 (7.6) N/A N/A
SF-36 Q8 374 (47.1) 308(38.8) 112(14.1) N/A N/A
SF-36 Q9 457 (57.6) 212(26.7) 125 (15.7) N/A N/A
SF-36 Q10 547 (68.9) 159(20.0) 88(11.1) N/A N/A
SF-36 Q11 627 (79.0) 129 (16.2) 38 (4.8) N/A N/A
SF-36 Q12 671(84.5) 97(12.2) 26 (3.3) N/A N/A
PROMIS Q1 361 (45.5) 259(32.6) 100 (12.6) 44 (5.5) 30(3.8)
PROMIS Q2 408 (51.4) 204(25.7) 96(12.1) 52 (6.5) 34 (4.3)
PROMIS Q3 513 (64.6) 140(17.6) 85(10.7) 29 (3.7) 27 (3.4)
PROMIS Q4 553 (69.6) 132 (16.6) 69 (8.7) 25(3.1) 15 (1.9)

2 severity level 1 (least severe);

bseverity level 2; ¢ severity level 3; ¢

(most severe)

severity level 4;

€ severity level 5

Table 20: Item pair descriptors with a dependency > 10 — Physical functioning dimension

Item one Item two )
SF-36 4: moderate activity limitations PROMIS 2: Up and down stairs at normal pace 17.0
SF-36 7: Climbing one flight of stairs PROMIS 2: Up and down stairs at normal pace 17.0
SF-36 6: Climbing several flights of stairs  PROMIS 1: Do chores 14.9
SF-36 4: Moderate activity limitations PROMIS 1: Do chores 14.5
SF-36 5: Lifting or carrying groceries PROMIS 2: Up and down stairs at normal pace 14.1
EQ Self-Care SF-36 12: Bathing or dressing yourself 14.1
SF-36 5: Lifting or carrying groceries PROMIS 1: Do chores 12.9
SF-36 4: Moderate activity limitations SF-36 5: Lifting or carrying groceries 12.7
SF-36 7: Climbing one flight of stairs PROMIS 1: Do chores 12.3
SF-36 6: Climbing several flights of stairs  PROMIS 4: Run errands and shop 11.8
SF-36 3: Vigorous activity limitations SF-36 4: Moderate activity limitations 11.7
PROMIS 3: Walk of at least 15 minutes PROMIS 4: Run errands and shop 11.7
SF-36 9: Walking more than a kilometre ~ SF-36 10: Walking several hundred metres 10.4

2 Standardised Chi Square

4.18.4. Assessing model-data fit — Item level

The item level fit values are reported in the two right hand columns of Table 21. SF-36 Q12

(assessing ability to bathe and dress) was significant (p < 0.001) which indicated poor fit to the

underlying model. This may be expected given the concept assessed which differs to the other

items which are more focused on different areas of physical functioning.
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4.18.5. Assessing model-data fit — Model level

The model level fit statistics are reported in the bottom section of Table 21. The estimated AIC
(17,714) was higher than the BIC (17,410). The M, limited information goodness-of-fit statistic
was 3,922, which was non-significant, and the RMSEA was 0.06. These results are difficult to

compare across dimensions given different numbers of items. However, the non-significance of

the M, statistic was as expected.

Table 21: Item calibrations - Physical functioning dimension

Item Slope Item Thresholds Item Level Fit
a (se)® B (se) B (se) Bs (se) B, (se) B S-x* p°
Range
EQ-5D-5L MO 3.45 (0.24) 0.33(0.05) 1.12(0.06) 1.94(0.10) 2.84(0.20) 251 | 62.21 0.506
EQ-5D-5L SC 2.32(0.21) 1.25(0.07) 1.84(0.11) 2.72(0.19) 3.17(0.26) 192 | 73.02 0.104
EQ-5D-5L UA 2.32(0.16) 0.18 (0.05) 1.19(0.07) 2.24(0.13) 3.25(0.26) 3.07 | 82.55 0.185
SF-36 Q3 2.01(0.14) | -0.79(0.07) 0.72(0.06) N/A N/A 1.51 | 55.72 0.092
SF-36 Q4 2.91(0.21) 0.23 (0.05) 1.46(0.08) N/A N/A 1.23 | 70.29 0.012
SF-36 Q5 2.74 (0.20) 0.43 (0.05) 1.60(0.09) N/A N/A 1.17 | 6291 0.087
SF-36 Q6 3.02(0.21) | -0.06 (0.05) 1.15(0.06) N/A N/A 1.21 | 69.81 0.010
SF-36 Q7 4.24 (0.35) 0.54 (0.05) 1.51(0.07) N/A N/A 0.97 | 65.72 0.006
SF-36 Q8 2.64(0.18) | -0.08 (0.05) 1.28(0.06) N/A N/A 1.36 | 56.39 0.189
SF-36 Q9 4.20(0.32) 0.22 (0.05) 1.09 (0.06) N/A N/A 0.87 | 42.63 0.241
SF-36 Q10 4.67 (0.39) 0.55(0.05) 1.28(0.06) N/A N/A 0.73 44.87 0.175
SF-36 Q11 3.86 (0.34) 0.90 (0.05) 1.78(0.09) N/A N/A 0.88 60.45 0.015
SF-36 Q12 2.53(0.24) | 1.24(0.07) 2.22(0.14) N/A N/A 098 | 87.40 <0.001
PROMIS Q1 2.49 (0.16) | -0.12(0.05) 0.95(0.06) 1.61(0.09) 2.18(0.12) 2.30 | 109.44  0.038
PROMIS Q2 2.97(0.19) | 0.05(0.05) 0.85(0.05) 1.41(0.07) 1.98(0.10) 1.93 | 99.56 0.079
PROMIS Q3 3.86(0.28) | 0.44(0.05) 1.02(0.06) 1.58(0.08) 1.97(0.10) 1.53 | 55.56 0.817
PROMIS Q4 2.84(0.21) | 0.64(0.05) 1.30(0.07) 1.95(0.11) 2.49 (0.16) 1.85 | 91.18 0.038
Model fit
statistics
-2 * Log- 17,280
likelihood
AIC® 17,714
BIC® 17,410
M, 3,922
RMSEA® 0.06

2 Standard Error; ® Akaike Information Criterion; Bayesian Information Criterion; ¢ M, Goodness-of-Fit
statistic; ¢ Root Mean Squared Error of Approximation; fChi Square item fit; & significance value

4.18.6. Assessing DIF

Table 22 displays the results of the DIF analysis, with bold values indicating significance. EQ-5D-
5L self-care and usual activities were excluded from the gender DIF assessment due to lack of
variation at the most severe response level, where all respondents reported the same gender.
All three EQ-5D-5L items were excluded from the assessment of DIF by condition for the same
reason. For the remaining items there was no significant DIF by gender. The four PROMIS items,

and the SF-36 item assessing bathing and dressing displayed significant DIF by condition status,
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where those with a condition scored significantly higher across the latent scale. This may be a
sign of sensitivity of responses to the presence or absence of a long-term condition.

Table 22: DIF assessment by gender and condition — Physical functioning dimension

Item Gender Condition

X P X P
EQ MO 2.2 0.815 N/A N/A
EQSC N/A N/A N/A N/A
EQ UA N/A N/A N/A N/A
SF-36 Q3 2.0 0.582 18.7 <0.001
SF-36 Q4 3.9 0.269 0.2 0.976
SF-36 Q5 2.2 0.538 3.6 0.315
SF-36 Q6 1.7 0.645 3.2 0.361
SF-36 Q7 49 0.180 2.3 0.511
SF-36 Q8 1.1 0.772 8.3 0.040
SF-36 Q9 0.2 0.970 10.0 0.019
SF-36 Q10 1.0 0.809 0.2 0.979
SF-36 Q11 1.8 0.613 3.8 0.287
SF-36 Q12 0.1 0.987 17.8 <0.001
PROMIS Q1 19 0.861 41.6 <0.001
PROMIS Q2 1.7 0.886 41.1 <0.001
PROMIS Q3 3.6 0.603 32.2 <0.001
PROMIS Q4 2.2 0.818 23.8 <0.001

2Wald Chi Square; ° Significance value

4.18.7. IRT item calibrations - Assessing item level thresholds and ordering

Table 21 reports the item calibrations, slopes and threshold parameters for the physical
functioning dimension, and Figure 13 reports the threshold curves. The threshold parameters
demonstrated that the items displayed different response characteristics. For example, the
threshold value for the transition between levels 1 and 2 on the EQ-5D-5L items occurred at
different severity points on the theta scale (0.18, 0.33 and 1.25 for UA, MO and SC respectively,
where a lower number indicates a transition at a lower severity of theta). Of the EQ-5D items,
UA had the highest threshold for the transition between severe and extreme problems. The
range of the threshold parameters for EQ UA indicated increased sensitivity to the underlying
construct being measured. Across the other items, the item with the lowest transition point (-
0.79, from ‘not limited’ to ‘limited a little’) was vigorous activity limitations. This was expected
given that having any problems with vigorous activities was more likely to be reported than
having problems across the other SF-36 items. The transition from being ‘limited a little’ to
‘limited a lot” occurs at 0.72 which was before the first transition has occurred for other SF-36
items. For example, before the item assessing bathing and dressing limitations. The threshold

transitions occurred at 1.24 and 2.22, which were both at a more severe point of the theta scale.
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Figure 13: Threshold and information curves - Physical functioning dimension
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The item with the largest overall coverage of theta was EQ-5D-5L usual activities (2.51) which
occurred in the severe range of the theta. The item with the smallest range coverage was the
SF-36v2 item assessing ability to walk several hundred metres (0.73). The SF-36v2 items

generally covered a smaller overall severity range (linked to including less response levels), but
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the ranges did appear at different points of theta. This suggests that they assess different

severities of physical functioning.

Figure 13 demonstrates that, for most of the items, the threshold peaks appeared in order
across the theta scale. This meant that the probability of the item responses appearing across
the severity scale were ordered as expected. An exception to this was EQ-5D-5L SC, where
threshold curves three and four did not appear as the highest peak demonstrating disordering

for levels 4 (severe problems) and 5 (unable to).

4.18.8. IRT item calibrations - Assessing item information

Table 21 also reports the overall item slope parameters (a). The black dotted lines for each item
on Figure 13 demonstrate the information provided to the dimension by each item. The item
slopes ranged from 2.01 to 4.67. The item curves suggested similar information profiles for a
number of the items (for example EQ-5D-5L SC and UA). However, as they were sensitive over
the central points of theta, they could both be sensitive indicators of a range of severities. Table
23 and Figure 14 report the total information provided by the item set. The overall dimension
was most sensitive in the 0 to 1.6 (mild to moderate problems) range of theta. The standard
error of measurement is inversely linked to the information provided, so was reduced as the
information provided across theta increased. To improve the sensitivity of the dimension to less
severe physical functioning problems, items assessing the mild problems may need to be
developed to add to the information provided.

Table 23: Total test information at key points of the latent scale — Physical Functioning
dimension

0 point® Test information  Expected SE®

-2.4 1.22 0.90
-1.6 2.18 0.68
-0.8 7.05 0.38
0 27.33 0.19
0.8 43.33 0.15
1.6 40.83 0.16
2.4 19.47 0.23

2 Selected severity points on underlying theta scale; ® standard error

4.18.9. IRT Item calibrations - Assessing IRT score estimates

Figure 15 reports the expected score curve that can be used to link raw item total scores to the
calibrated theta score. The total dimension score across the 17 items was 44 (as item response

levels were coded from 0 to 4 for the EQ-5D-5L, 0 to 2 for the SF-36v2 items, and O to 3 for the
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PROMIS-29). A theta score of zero was equivalent to a test score of 5 to 6, a theta score of one
was equivalent to a test score of 20, and a theta of two was equivalent to a score of 37. This
demonstrated the increase in sensitivity at the moderate range of theta, and suggested the need
for more informative items for less severe problems.

Figure 14: Total information curve - Physical functioning dimension
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Figure 15: Expected score curve - Physical functioning dimension
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4,18.10. Summary and implications of results

As noted above, the three functioning based EQ-5D-5L items (MO, SC and UA) loaded onto the
same dimension. This has implications for the independence of the items. The IRT results also

inform the relationship between the EQ-5D-5L items. The threshold analysis suggests similar
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coverage of theta for MO and UA, with UA having a larger slope demonstrating that it provides
more information. From a face validity perspective, it could be argued that the SF-36 and
PROMIIS items in this dimension are physical functioning focused, and therefore conceptually

MO would be the preferred preference-based item for this dimension.

The different information profiles across the items included in the physical functioning
dimension is also informative. The EQ-5D-5L items provide information for the mild to relatively
severe level demonstrating that they cover the central range of theta, but may not be the most
informative indicators for assessing mild problems (given the prevalence of answering ‘no
problems’ for these items). The SF-36v2 items generally cover a smaller overall severity range
which would be expected given they include less response levels. However, the ranges do
appear at different points of the theta scale, and this indicates that they assess different
severities of physical functioning. To improve the sensitivity of the dimension to less severe
physical functioning problems, items assessing mild problems may need to be developed, or

identified from existing measures.

4.19. Results — Mental health dimension

4.19.1. Justification of dimensionality

The dimensionality used for the mental health dimension included items that loaded with the
mental health factor (with items from the EQ-5D-5L, SF-36 and PROMIS). This was used to

explore the widest pool of mental health items as suggested by the EFA.

4.19.2. Initial data inspection

Table 24 reports the initial data inspection of the items. The response frequencies were spread
across the five severity levels available for each item. This means that the respondent sample
reported different severities of mental health problems, and the full response set was used in

the analyses.
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Table 24: Initial data inspection - Mental health dimension

Item L1? L2° L3¢ L4¢ L5¢
EQ-5D-5L AD 378 (47.6) 216(27.2) 133(16.8) 47 (5.9) 20(2.5)
SF-36 Q24 290(36.5) 211(26.6) 188(23.7) 83(10.5) 22(2.8)
SF-36 Q25 365 (46.0) 188(23.7) 145(18.3) 76 (9.6) 20(2.5)
SF-36 Q26 65(8.2) 253(31.9) 234(29.5) 185(23.3) 57(7.2)
SF-36 Q28 257(32.4) 227(28.6) 180(22.7) 101(12.7) 29(3.7)
SF-36 Q30 75(9.4) 304(38.3) 241(30.4) 134(16.9) 40(5.0)
PROMIS Q5 365 (46.0) 214 (27.0) 168(21.2) 34 (4.3) 13(1.6)
PROMIS Q6 385(48.5) 177(22.3) 172(21.7) 49 (6.2) 11(1.4)
PROMIS Q7 329 (41.4) 184(23.2) 203(25.6) 57(7.2) 21(2.6)
PROMIS Q8 252(31.7) 245(30.9) 213(26.8) 62(7.8) 22(2.8)
PROMIS Q9 378 (47.6) 164 (20.7) 162 (20.4) 61(7.7) 29(3.7)
PROMIS Q10 355(44.7) 191 (24.1) 163(20.5) 61(7.7) 24(3.0)
PROMIS Q11 316 (39.8) 178(22.4) 190(23.9) 75(9.4) 35(4.4)
PROMIS Q12 384 (48.4) 168(21.2) 150(18.9) 68(8.6) 24(3.0)

2 severity level 1 (least severe); ®severity level 2;  severity level 3; ¢ severity level 4; © severity level 5
(most severe)

4.19.3. Assessing local dependence

Overall 20 (25.6%) of pairs displayed potential local dependence (with a score above 10). Table
25 reports the 20 item pairs in detail, and Appendix 10 reports all item pair Chi Square estimates.
The SF-36v2 item assessing frequency of ‘been happy’ displayed local dependence across nine
item pairs, including items from both the SF-36v2 and the PROMIS-29. To refine the dimension,
this item could be considered for exclusion. The SF-36v2 item assessing the frequency of feeling
‘calm and peaceful’ appeared across seven item pairs (including with the item about ‘been
happy’, which has the second largest item pair score).

Table 25: Item pairs with local dependence estimates > 10 - Mental health dimension

Item one Item two X2
SF-36 28: Downhearted and depressed SF-36 30: Been happy 28.1
SF-36 26: Calm and peaceful SF-36 30: Been happy 25.7
SF-36 26: Calm and peaceful PROMIS 8: Felt uneasy 22.9
SF-36 25: Down in the dumps SF-36 30: Been happy 18.8
SF-36 25: Down in the dumps SF-36 26: Calm and peaceful 18.7
SF-36 26: Calm and peaceful SF-36 28: Downhearted and depressed 17.6
SF-36 30: Been happy PROMIS 8: Felt uneasy 15.7
SF-36 26: Calm and peaceful PROMIS 6: Hard to focus on anything other  13.4

than anxiety

SF-36 24: Very nervous SF-36 26: Calm and peaceful 13.3
PROMIS 5: | felt fearful PROMIS 9: | felt worthless 12.6
SF-36 28: Downhearted and depressed PROMIS 11: | felt depressed 12.6
SF-36 24: Very nervous SF-36 30: Been happy 12.0
SF-36 30: Been happy PROMIS 5: Felt fearful 12.0
SF-36 30: Been happy PROMIS 7: Worries overwhelmed me 12.0
SF-36 30: Been happy PROMIS 11: | felt depressed 11.9
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PROMIIS 6: Hard to focus on anything PROMIIS 9: | felt worthless 11.9
other than anxiety

SF-36 26: Calm and peaceful PROMIS 10: Felt helpless 11.5
SF-36 25: Down in the dumps SF-36 28: Downhearted and depressed 11.5
SF-36 26: Calm and peaceful PROMIS 11: | felt depressed 10.7
SF-36 30: Been happy PROMIS 10: Felt helpless 10.5

2Standardised Chi Square

4.19.4. Assessing model-data fit — Item level

Table 26 reports the results of the item level fit statistics. Three items (SF-36v2 items ‘calm and
peaceful’ and ‘been happy’, and the PROMIS-29 item assessing the frequency of ‘feeling fearful’)
displayed significant misfit to the model, so could be iteratively considered for removal based

on other evidence such as the results of the local dependency analysis.

4.19.5. Assessing model-data fit — Model level

Table 26 also reports the model level fit statistics. In contrast to the physical functioning
dimension, the BIC (20,235) was larger than the AIC (19,942). The M, goodness-of-fit statistic
was 8,308 which was higher than the equivalent for the physical functioning dimension and was

non-significant as expected. The RMSEA is 0.08 which was higher than the physical functioning

dimension.
Table 26: Item calibrations — Mental health dimension
Item Slope Item Thresholds Item Level Fit
a (se)® B;: (se) B; (se) B:s (se) B, (se) B S-x* pe
Range
EQ-5D-5L AD 3.13(0.19) | -0.05(0.05) 0.75(0.05) 1.54(0.07) 2.23(0.12) 228 | 9252  0.142
SF-36 Q24 2.20(0.13) | -0.44 (0.06) 0.43(0.05) 1.41(0.08)  2.45(0.14) 2.89 | 98.11 0.365
SF-36 Q25 3.15(0.19) | -0.10(0.05) 0.63 (0.05) 1.35(0.07)  2.22(0.12) 2.32 | 101.42  0.062
SF-36 Q26 1.72 (0.11) | -2.03(0.13) -0.33(0.06) 0.77 (0.07)  2.10(0.13) 4.13 | 204.44 <0.001
SF-36 Q28 3.34(0.19) | -0.50 (0.05) 0.34(0.05) 1.10(0.06)  2.00 (0.10) 250 | 87.98 0.229
SF-36 Q30 1.85(0.11) | -1.83 (0.11) -0.06 (0.06) 1.08 (0.07)  2.28 (0.13) 4.11 | 166.51 <0.001
PROMIS Q5 2.65(0.16) | -0.12 (0.05) 0.70 (0.05) 1.79(0.09)  2.55 (0.15) 2.67 | 135.59 <0.001
PROMIS Q6 3.94(0.25) | -0.03(0.05) 0.61(0.05) 1.53(0.07) 2.36(0.12) 239 | 7113 0.341
PROMIS Q7 3.64(0.22) | -0.22(0.05) 0.45(0.05) 1.41(0.07)  2.12(0.10) 234 | 8671 0.130
PROMIS Q8 3.38(0.20) | -0.52 (0.05) 0.38(0.05) 1.38(0.07)  2.14(0.11) 2.66 | 95.77 0.045
PROMIS Q9 3.92(0.24) | -0.05(0.05) 0.55(0.05) 1.30(0.06)  1.93(0.09) 1.98 | 97.31 0.030
PROMIS Q10 3.88(0.24) | -0.11(0.05) 0.55(0.05) 1.32(0.06)  2.05 (0.10) 2.16 | 93.03 0.041
PROMIS Q11 4.67 (0.30) | -0.26 (0.05)  0.36 (0.04) 1.14(0.05)  1.79 (0.08) 2.05| 6833 0.332
Model fit
statistics
-2 * Log- 19,812
Likelihood
AIC® 19,942
BIC® 20,246
M2¢ 8,308
RMSEA® 0.08

112



Broadening the measurement and valuation of QoL July 2020

2 Standard Error; ® Akaike Information Criterion; ¢Bayesian Information Criterion; ¢ M, Goodness-of-Fit
statistic; ¢ Root Mean Squared Error of Approximation; fChi Square item fit; & significance value

4.19.6. Assessing DIF

Table 27 reports the results of the DIF analysis by gender and condition, with the items
displaying significant DIF in bold. There was no significant evidence of DIF by gender for any item
at the overall level. There was evidence of DIF by condition status at p < 0.001 for three SF-36v2
items (feeling ‘down in the dumps’, ‘calm and peaceful’ and ‘happy’). This indicates that having
a long-term condition results in different responses to these items.

Table 27: DIF by gender and condition - Mental health dimension

Item Gender Condition
X22 Pb X2 p
EQAD 1.2 0.941 19.4 0.002
SF-36 Q24 4.5 0.484 9.5 0.091
SF-36 Q25 2.7 0.742 23.2 <0.001
SF-36 Q26 49 0.423 22.8 <0.001
SF-36 Q28 1.2 0.949 14.9 0.011
SF-36 Q30 3.8 0.583 26.9 <0.001
PROMIS Q5 2.0 0.853 5.2 0.389
PROMIS Q6 4.1 0.530 8.5 0.130
PROMIS Q7 3.5 0.622 6.9 0.230
PROMIS Q8 3.1 0.679 1.7 0.890
PROMIS Q9 1.0 0.961 11.9 0.037
PROMIS Q10 5.1 0.400 9.0 0.108
PROMIS Q11 2.7 0.744 6.7 0.248

4.19.7. IRT item calibrations - Assessing item level thresholds and ordering

Table 26 reports the item calibrations for the mental health dimension, and Figure 16 reports
the threshold curves. The EQ-5D-5L AD item was sensitive across the mild to moderate range of
theta. The items with the lowest threshold transition were the SF-36v2 items assessing been
‘clam and peaceful’ and ‘happy’, at -2.03 and -1.83 respectively. This meant that at more severe
points of underlying mental health scale, respondents will state that they are calm and peaceful
or happy ‘a little of the time’ instead of ‘none of the time’. These two items displayed the largest
overall coverage of theta (4.13 and 4.11 respectively), meaning that the transition from been
‘calm and peaceful’ and ‘happy’ ‘most of the time’ to ‘all of the time’ occurs at mild overall
severity. Most of the other SF-36v2 and PROMIS-29 items covered a similar range of mild to
moderate severities. Figure 16 demonstrates that all item response curves were ordered
indicating that the response levels were operating as expected, and the severity of the levels

could be distinguished by respondents with different levels of mental health concerns.

4.19.8. IRT item calibrations - Assessing item information
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Table 26 reports the item slopes as an indicator of the information provided by each item. The
range of slope values ranged from 1.72 (SF-36v2 calm and peaceful) to 4.67 (PROMIS-29 feeling
depressed), with the majority of items above three. This demonstrated that each item provided
substantial information to the overall dimension. The EQ-5D-5L anxiety/depression item slope
was 3.13, which, linked to the threshold scores, demonstrated that it was sensitive to the middle
range of the scale and could therefore to act as a general indicator of the severity of mental

health as measured by the overall theta scale.

Figure 16 reports the information characteristic curves for each item (the dotted lines). The
information profiles reflect the slope values, but their characteristics across the theta scale
clearly differed. For example, the information curve for EQ-5D-5L AD peaked across the mild to
moderate theta scale, where theta ranges from approximately 0 to 2. In comparison, SF-36v2
items 26 (calm and peaceful) and 30 (happy) provided a low level of information across the
overall theta scale. The majority of the PROMIS-29 items had different profiles, where they
provided information across the mild to moderate theta range, with a reduction in the

information provided at the central response category threshold points.
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Figure 16: Threshold and information curves - Mental health dimension
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Figure 17 displays the information curve for the overall dimension, and Table 28 reports the
information provided at key points of the latent scale. As with the physical functioning
dimension, there was less information provided, and therefore lower sensitivity, at the less
severe range of theta. The standard error followed the same inverse pattern as the physical

functioning dimension. The information provided, and the sensitivity to mental health issues,
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peaked around the points where theta ranged from 0 and 1.6. This demonstrated measurement
sensitivity to a wide range of mild to moderate problems.

Table 28: Total test information at key points of the latent scale - Mental Health dimension

0 point? Test information Expected SE°
-2.4 2.48 0.64
-1.6 4.06 0.50
-0.8 15.80 0.25
0 38.78 0.16
0.8 36.40 0.17
1.6 38.56 0.16
2.4 26.83 0.19

2 Selected severity points on underlying theta scale; ° standard error

4.19.9. IRT item calibrations - Assessing IRT score estimates

Figure 18 reports the estimated score curve for the mental health dimension. The total raw score
based on the items was 52. A theta of zero was equivalent to a score of 12 to 13, a theta of one
was equivalent to a score of 27, and a theta of two was equivalent to scoring 42. As with physical
functioning, an exponential increase was observed, with relatively low sensitivity at the mild end

of the scale demonstrated.

Figure 17: Total information curve - Mental health dimension
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Figure 18: Estimated score curve - Mental health dimension
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4,19.10. Summary and implications of results

For this dimension, the EQ-5D AD item could be used as the preference-based layer, as it was
demonstrated to be sensitive across a wide range of theta. This means that the item may be
acceptable indicator of general mental health issues from to which other more specific items
could be calibrated for the collection of more detailed information about specific areas of
broader mental health issues. This is further demonstrated by the results for the SF-36 and
PROMIS items which have different characteristics across the severity scale. This could be
because they ask about specific facets of broader mental health with both positive and negative

framing of the items (see Appendix 9 for full detail of the item wording).

However, the IRT results do suggest some issues with the measurement of mental health. At the
overall level, there was less information provided, and therefore lower sensitivity, at the mild
range of theta. This is a result of the item content, and as with physical functioning, items could
be developed or sourced from other existing measures, to increase measurement sensitivity to
milder mental health issues. Linked to this, the dimension does cover more severe mental health
concerns, but is focused on commonly occurring issues such as anxiety and depression rather
than more severe issues such as psychosis or schizophrenia (where it has been shown that
generic instruments are not psychometrically valid [114]). This demonstrates the limitations of
using a layered approach based on existing instruments. For more severe mental health

concerns, alternative measures would be required.
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There is some evidence of local dependence which suggests that combining items from different
instruments can lead to overlap the concepts that are been measured, and the information
provided by these items. Extending the item pool to include a broader range of measures could
extend the concepts included within dimensions where local dependence issues may require the

removal of overlapping items.

4.20. Results — Pain dimension

4.20.1. Justification of dimensionality

Across both EFA models, the dimension defined as measuring pain included the items from the
EQ-5D, SF-36 and PROMIS-29 directly specified as assessing pain. This provided the basis for

including all of the items in the pain dimension.

4.20.2. Initial data inspection

Table 29 reports the initial data inspection for the pain dimension. Responses were distributed
across each level of each item. This indicated that the items were sensitive to differing pain levels

within the sample, and the data was acceptable for the analysis undertaken.

Table 29: Initial data description - Pain dimension

Item L1° L2° L3 L4* L5 L6’

EQ-5D-5L PD 238(30.0) 336(42.3) 151(19.0) 55(6.9)  14(1.8) N/A
SF-36 Q21 122 (15.4) 231(29.1) 170(21.4) 198(24.9) 54(6.8) 19(2.4)
SF-36 Q22 295(37.2) 259(32.6) 143(18.0) 77(9.7)  20(2.5) N/A
PROMIS Q1 361(45.5) 259(32.6) 100(12.6)  44(5.5)  30(3.8) N/A
PROMIS Q25 296 (37.3) 270(34.0) 129(16.2)  64(8.1)  35(4.4) N/A
PROMIS Q26 315(39.7) 253(31.9) 128(16.1)  62(7.8)  36(4.5) N/A
PROMIS Q27 430(54.2) 172(21.7) 120(15.1)  41(5.2)  31(3.9) N/A
PROMIS Q28 357(45.0) 228(28.7) 117(14.7)  65(8.2)  27(3.4) N/A

2 severity level 1 (least severe); ®severity level 2; ¢ severity level 3; ¢ severity level 4; © severity level 5; f
severity level 6 (most severe)

4.20.3. Assessing local dependence

Table 30 provides detail of the item pairs with a score greater than 10, and Appendix 10 reports
the results of the local dependence analysis for all items included in the dimension. Overall, 5
item pairs (17.9% of the 28 possible combinations) displayed local dependence. All five included
the EQ-5D-5L PD item. The item pair with the highest Chi Square value provided an informative

example of dependence. This was EQ-5D-5L PD and the SF-36v2 item assessing pain severity.
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The EQ-5D item asks about pain and discomfort on a five level severity scale (none, slight,
moderate, severe and extreme). The SF-36v2 item asks about bodily pain on a six point scale
(none, very mild, mild, moderate, severe and very severe). Therefore, clear similarities in item
content and response levels can be observed.

Table 30: Item pairs with local dependence estimates > 10 - Pain dimension

Item one Item two ) G

EQ Pain/Discomfort SF-36 21: Pain severity 18.2

EQ Pain/Discomfort PROMIS 25: pain interfere with your day 12.6
to day activities?

EQ Pain/Discomfort PROMIS 26: pain interfere with work 10.8
around the home

EQ Pain/Discomfort PROMIS 27: pain interfere with ability 11.0
to participate in social activities

EQ Pain/Discomfort PROMIS 28: Pain interfere with 11.4
household chores

2 Standardised Chi Square

4.20.4. Assessing model-data fit — Item level

Table 31 reports the item level fit statistics. The majority of the items displayed evidence of
misfit indicating differences in what was measured by the items in this dimension. To refine the
dimension, items could be iteratively removed to improve fit. The sequence of removing items
could be linked to those with the highest level of misfit, or combining information from other

indicators tested.

4.20.5. Assessing model-data fit — Model level

Table 31 also reports the model level fit statistics. In line with the mental health dimension, the
BIC (11,710) was larger than the AIC (11,518). The M, goodness-of-fit statistic was 2,603 (which
was lower than the previous analyses, but the dimension included less items), and the RMSEA

was 0.08.
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Table 31: Item calibrations - Pain dimension

Item Slope Item thresholds Item level fit
a (se)® B; (se) B (se) B;s (se) B4 (se) Bs (se) B S-x¥ p°
range

EQ-5D-5L PD 2.55(0.15) | -0.64 (0.07) 0.67 (0.06) 1.61(0.09) 2.59 (0.16) N/A 3.23 | 183.55 <0.001
SF-36 Q21 2.97 (0.17) | -1.20(0.08) -0.14 (0.06) 0.47 (0.06) 1.51(0.08) 2.31(0.13) 3,51 | 99.31 0.006
SF-36 Q22 3.32(0.20) | -0.35(0.06) 0.59(0.06) 1.28(0.07) 2.20(0.12) N/A 2.55 | 68.57 0.121
PROMIS Q1 2.02 (0.13) | -0.14 (0.07) 1.01(0.08) 1.73(0.10) 2.36 (0.14) N/A 2,50 | 111.59 0.009
PROMIS Q25 6.79 (0.51) | -0.31(0.06) 0.59(0.05) 1.14(0.06) 1.70 (0.08) N/A 2.01 | 73.98 <0.001
PROMIS Q26 8.89(0.94) | -0.23 (0.06) 0.59(0.05) 0.13(0.06) 1.65 (0.08) N/A 1.88 | 82.76 <0.001
PROMIS Q27 4.22(0.28) | 0.13(0.06) 0.74(0.06) 1.38(0.07) 1.86 (0.09) N/A 1.73 | 79.85 0.004
PROMIS Q28 6.67 (0.51) | -0.09 (0.06) 0.66(0.05) 1.18(0.06) 1.82 (0.08) N/A 191 | 76.14 <0.001
Model fit
statistics
2% LL 11,436
AIC® 11,518
BIC® 11,710
M2¢ 2,603
RMSEA® 0.08

2 Standard Error; ® Akaike Information Criterion; ¢Bayesian Information Criterion; ¢ M, Goodness-of-Fit statistic; Root Mean Squared Error of Approximation; fChi Square
item fit; 8significance value
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4.20.6. Assessing DIF
Table 32 reports DIF by gender and condition for each pain dimension item. There was
significant evidence of DIF by gender (p < 0.001) for three of the PROMIS-29 items, with the item
assessing how much pain interfered with work around the home the most impacted (female
respondents provided significantly higher responses across the theta scale). Female respondents
also provided higher responses on the other two items (pain interfering with day to day
activities, and social activities). This is an indication that the items are sensitive to between
group characteristics. There was also significant (p < 0.001) evidence for DIF by condition for the

PROMIS item assessing ability to do chores.

Table 32: DIF by gender and condition - Pain dimension

Item Gender Condition
x= PP X2 P
EQPD 10.6 0.061 N/A N/A
SF-36 Q21 121 0.060 149 0.021
SF-36 Q22 10.6 0.061 11.1  0.050
PROMIS Q1 12.7 0.026 30.2 <0.001
PROMIS Q25 20.5 0.001 1.3  0.933
PROMIS Q26 295.7 <0.001 13.0 0.024
PROMIS Q27 20.9 <0.001 4.3 0.508
PROMIS Q28 12.6 0.028 2.7 0.748

2Wald Chi Square; ° Significance value

4.20.7. IRT item calibrations - Assessing item level thresholds and ordering

Table 31 reports the item calibrations for the pain dimension. The SF-36v2 pain severity item
had the lowest threshold parameter at -1.20 (between no pain and very mild pain), and this was
followed by the EQ-5D-5L PD where the threshold between no problems and slight problems
was -0.64. These two items also covered the largest range of theta, at 3.51 and 3.23 respectively,
with the PROMIS items covering a smaller overall range, but four of the five items included a
negative parameter value which indicated that they had sensitivity to milder pain problems to
some extent. The wider coverage of the pain severity items was expected given the general
nature of the question wording. Figure 19 demonstrates that the response levels for each item
were operating as expected, as the probability of each level appearing was ordered as the

severity of theta increased.
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Figure 19: Threshold and information curves - Pain dimension
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4.20.8. IRT item calibrations - Assessing item information

Table 31 reports the slopes and information curved for each item. The PROMIS-29 items that
directly measuring pain impacts (25 to 28) had the largest slopes which indicated an increased
amount of information across the shorter range of theta where the item thresholds were
operating. The profile of the information curves for items 25, 26 and 28 peaked at the threshold
parameter valued, but decreased at the points of theta where no transition occurred. In contrast
the curve for item 27 was smoother across theta. Comparing the PROMIS curve profiles with the
EQ-5D-5L PD and SF-36v2 items was instructive. The pain severity items provided a consistent
but low level of information. This indicated their usefulness as general indicators of pain, where
the PROMIS-29 items added to this general information and provided more detail across a
narrower range. Figure 20 reports the overall information curve, and Table 33 reports the total
information at different thetas. The combined curve was impacted by the inconsistent profile of
the PROMIS-29 items, and was reduced at certain points of theta. Again, the standard error

reduced as the information provided increased.
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Table 33: Total test information at key points of the latent scale - Pain dimension

0 point? Test information Expected SE°
-2.4 1.36 0.86
-1.6 3.45 0.54
-0.8 9.76 0.32
0 36.87 0.16
0.8 46.47 0.15
1.6 53.06 0.14
2.4 11.58 0.29

2 Selected severity points on underlying theta scale; ° standard error

4.20.9. IRT item calibrations - Assessing IRT score estimates

Figure 21 displays the estimated score curves for the pain dimension, with a total score of 33
possible. A theta of zero was equivalent to a score of 7, one was equivalent to a score of 17, and
two was equivalent to scoring 28. This was a similar theta profile across the score range to the

physical functioning and mental health dimensions.

Figure 20: Total information curve - Pain dimension
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Figure 21: Estimated score curve - Pain dimension
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4.20.10. Summary and implications of results

The analysis of the dimension defined as pain demonstrates that the EQ-5D and SF-36 items that
assess pain severity are useful general indicators that provide a low level of information across
the theta scale. This is quite different to the information characteristics of the PROMIS-29 items
which provide increased information at certain points of theta translating to the threshold
points. A number of the items displayed misfit to the underlying model, which could be due to
differences in the pain related concepts measured (for example differences in pain interference
and impacts, and pain severity). That the PROMIS-29 items displayed misfit, and also evidence
of DIF, is of interest given these items were originally developed using an IRT approach.
However, this could be due to combining diverse items, and also be a result of the sample used.
The total information provided is also inconsistent across the severity scale, and developing or
adding items to test improving the consistency of the dimension could support the wider

development of a layered approach to measuring pain.

4.21. Results — Activities dimension

4.21.1. Justification of dimensionality

The items included in the activities dimension did not have a factor loading above 0.4 in the EFA

models. However, as the non-loading items assessed a similar underlying construct based on the
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source measures, and fitted with the EQ-5D-5L UA dimension, the performance of the items was

tested to understand their relationship and fit.

4.21.2. Initial data inspection

Table 34 reports the frequency of respondents who answered at each level of each item. The
responses were spread across the available levels, again indicating that the items had a level of

sensitivity to issues with activities reported by the sample, and the data was acceptable for IRT

analyses.
Table 34: Initial data inspection — Activities dimension
Item L1? L2° L3¢ L4¢ L5¢
EQ-5D-5L UA 439 (55.3) 224 (28.2) 102(12.8) 24 (3.0) 5(0.6)
SF-36 Q20 336 (42.3) 208(26.2) 150(18.9) 69 (8.7) 31(3.9)
SF-36 Q32 323 (40.7) 197 (24.8) 160 (20.2) 79(9.9) 35(4.4)
PROMIS Q21 258 (32.5) 241(30.4) 197 (24.8) 64 (8.1) 34 (4.3)
PROMIS Q22 266 (33.5) 224(28.2) 203(25.6) 71(12.7) 30 (4.0)
PROMIS Q23 241 (30.4) 231(29.1) 217(27.3) 77 (9.7) 28 (3.5)
PROMIS Q24 276 (34.8) 206(25.9) 19(24.6) 72 (9.1) 45 (5.7)

2 severity level 1 (least severe); ®severity level 2;  severity level 3; ¢ severity level 4; © severity level 5
(most severe)

4.21.3. Assessing local dependence

Table 35 and Appendix 10 report the results of the local dependence analysis for the activities
dimension. Overall, two (9.5%) of the item pairs displayed differing levels of local dependence.
The item pair with a high level of dependence included two SF-36v2 items assessing the extent,
and frequency, that physical health and emotional problems interfered with social activities. The
EQ-5D-5L UA item did not display evidence of local dependence with the other items.

Table 35: Item pairs with local dependence estimates > 10 - Activities dimension

Item one Item two X2
SF-36 20: Extent physical health or emotional SF-36 32: Frequency physical health or 25.8
problems interfered with social activities emotional problems interfered with
social activities
PROMIS 23: Trouble doing all of usual work PROMIS 24: Trouble doing all of the 11.4

activities with friends

2Standardised Chi Square

4.21.4. Assessing model-data fit — Item level

Table 36 reports the item level fit statistics. Two PROMIS-29 items did not fit the model (p <
0.01), with relatively low fit for the other PROMIS-29 and SF-36v2 items. The EQ-5D-5L UA item

was not a significant outlier.
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4.21.5. Assessing model-data fit — Model level

Table 36 also includes the model level fit statistics. The BIC was larger than the AIC, which was

the case with the mental health and pain dimensions. The M2 goodness-of-fit statistic was 1,422

(lower than the other dimensions due to item numbers), and the RMSEA was 0.07.

Table 36: Item calibrations - Activities dimension

Item Slope Item thresholds Item level fit
o (se)® B; (se) B; (se) B; (se) B4 (se) Brange | S-x¥ p?

EQ-5D-5L UA 2.08(0.14) | 0.17(0.06) 1.23(0.08) 2.35(0.14) 3.38(0.27) 321 | 46.43 0.692
SF-36 Q20 1.98(0.13) | -0.23 (0.06) 0.66 (0.06) 1.53 (0.09) 2.39(0.15) 2.62 | 88.61 0.018
SF-36 Q32 2.12(0.13) | -0.28 (0.06) 0.54 (0.06) 1.38(0.08) 2.24(0.13) 2.52 | 85.45 0.031
PROMIS Q21 4.25(0.27) | -0.47 (0.05) 0.37(0.05) 1.24(0.06) 1.85 (0.09) 2.32 | 73.41 0.003
PROMIS Q22 4.98 (0.35) | -0.43(0.05) 0.33(0.05) 1.18(0.06) 1.78(0.09) 2.21 | 61.07 0.002
PROMIS Q23 3.53(0.21) | -0.55(0.06) 0.28 (0.05) 1.20(0.06) 2.00 (0.10) 2.55 | 68.80 0.026
PROMIS Q24 5.54 (0.41) | -0.38 (0.05) 0.30(0.04) 1.09(0.06) 1.63(0.07) 2.01 | 58.17 0.019
Model fit statistics
-2 * Log-Likelihood 11,070
AlCP 11,138
BICC 11,297
M2¢ 1,422
RMSEA® 0.07

2 Standard Error; ® Akaike Information Criterion; ¢Bayesian Information Criterion; ¢ M, Goodness-of-Fit
statistic; © Root Mean Squared Error of Approximation; fChi Square item fit; & significance value

4.21.6. Assessing DIF
There was no significant DIF by gender or condition across any of the items. The EQ-5D-5L UA

dimension was excluded from the gender analysis given lack of gender differences between the

respondents at the most severe level. The DIF results are reported in Table 37.

Table 37: DIF by gender and condition - Activities dimension

Item Gender Condition
x= pb X2 P
EQ-5D-5L UA N/A N/A 6.1 0.295
SF-36 20 3.8 0.582 7.3 0.201
SF-36 32 5.5 0.360 6.1 0.294
PROMIS 21 3.2 0.667 7.2 0.209
PROMIS 22 0.4 0.984 1.4 0.846
PROMIS 23 2.5 0.780 1.4 0.920
PROMIS 24 3.4 0.644 2.8 0.737

2Wald Chi Square; ° Significance value

4.21.7. IRT item calibrations - Assessing item level thresholds and ordering

Table 36 reports the item response transition thresholds for the activities dimension. The EQ-

5D-5L usual activities item covered the largest range of the theta sale, but was less sensitive at
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the more severe points of theta. The PROMIS-29 and SF-36v2 items cover a similar range of the
scale. Figure 22 demonstrates that the EQ-5D-5L UA response levels were not operating as
expected at the most severe level, as the fourth curve did not have a clear peak above the other

levels. The other items were ordered as expected.

Figure 22: Threshold and information curves - Activities dimension
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4.21.8. IRT item calibrations - Assessing item information

Table 36 includes the slope estimates for the activities dimension items. The EQ-5D-5L and SF-
36 items had a lower slope than the PROMIS items, and generally provided a consistent level of
information across the mild to moderate range of theta (as Figure 22 demonstrates). It was also
demonstrated that the PROMIS items provided a higher level of information according to the
slopes and information profiles. A number of the items had information peaks, with a drop in
information around the middle range of the severity response levels. This followed through to
the overall information curve, where peaks in the information provided at different points of
the theta scale (and aligned changes in the standard error) was observed (Figure 23). Table 38
demonstrates that most information, and therefore sensitivity, occurred between 0 and 1.6 on

the theta scale.
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Table 38: Total test information at key points of the latent scale - Activities dimension

0 point? Test information Expected SE°
-2.4 1.15 0.93
-1.6 2.12 0.69
-0.8 13.91 0.27
0 22.64 0.21
0.8 21.05 0.22
1.6 23.25 0.21
2.4 8.4 0.35

2 Selected severity points on underlying theta scale; ° standard error

4.21.9. IRT item calibrations - Assessing IRT score estimates

Figure 24 reports the estimated score curve for the activities dimension (total score = 28). A
theta of zero was equivalent to score of 7, one was equivalent to 14, and two was equivalent to
22. The overall increase in information was less steep than for the other three dimensions

tested.

Figure 23: Total information curve - Activities dimension
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Figure 24: Estimated score curve - Activities dimension
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4.21.10. Summary and implications of results

Regarding the activities dimension, there was some evidence of misfit for a selection of the
items, and this could be linked to the status of these items as non-loaders in the EFA. However,
the overall dimension fit was satisfactory. The EQ-5D UA item does again provide information
across the central range of theta, demonstrating that it could be used as a general indicator of
the level of activity impairment. Further items would inform the development of this dimension,

and increase the sensitivity of the item pool to different levels of activity limitations.

4.22. Overall discussion and implications for extending the QoL measurement framework

4.22.1. Summary
The analysis conducted in this chapter used multiple methods based in IRT to understand the
relationship between QoL instruments that are drawn from a broader framework than is
typically used in the economic evaluation of health care. The potential for moving the
measurement of QoL forward using innovative approaches that derive from a broad composite
measure of QoL outcomes (Extension 1), and also combining preference-based measurement
with the elicitation of more detail about each dimension included (Extension 2), was
investigated. The focus was on assessing dimensionality and using IRT based analysis methods.
The results provide information about and implications for the wider measurement of QoL, and

for the development of a more flexible layered approach to measuring preference and non
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preference-based outcomes. These issues, the limitations of the analysis, and areas for possible

further work, are described below.

4.22.2. Implications for the measurement of QoL

The results of this study provide information regarding the relationship between items. There
are dimensions identified that map onto the existing HRQoL dimensions, including physical
functioning and mobility, mental health and pain. Physical functioning was a consistently highly
loading factor including EQ-5D, SF-36v2 and PROMIS-29 items. Of note is the suggestion that
three EQ-5D-5L dimensions (MO, SC and UA) load within the same dimension. This raises
guestions about the independence of these dimensions from a measurement and valuation
perspective. Mental health and pain are also generally consistent, and are essential dimensions
to assess in any measure of Qol, as evidenced by extensive qualitative and quantitative measure
development work [114, 115]. Another HRQoL area of importance is social functioning and
activities. The items assessing these issues did not form a clear dimension, but a pattern of non
or cross loading of these items could be observed. This has been seen elsewhere [193], and may
be due to the way in which the questions are asked, which include broader concepts and
examples than the items included in physical functioning and mental health, which ask more
directly about particular concepts. The dimensionality assessment results suggest that these
items are impacted by both physical and mental health, but when calibrated within a
unidimensional model there is evidence that an underlying construct of activities is being

measured

A range of issues are raised by the suggested dimensionality of the wider health and QoL
concepts. One consistent factor across analyses is a combined dimension including a large
number of ASCOT and ICECAP items. This may not be expected given that those measures were
developed to assess SCRQoL and capabilities, which may have some conceptual overlap but also
differences in what is measured, and how the items are framed. However, it does demonstrate
that what is assessed is different to the concepts included in HRQoL frameworks. The
relationship between wider measures of QoL requires investigation in a range of samples with

different conditions.

There is also a dimension assessing role functioning as a result of both physical and mental
health problems. Items from this dimension are included in the SF-6D, which seems to build on

the measurement of usual activities as described by the EQ-5D-5L by asking about activity
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limitations in a different way. The EQ-5D-5L provides examples of usual activities as part of the
overall item, and we do not know what aspect of usual activities the respondent is responding
to. In contrast the SF-36 asks about different activity and functioning concepts directly across
different items with associated response levels. The approaches provide complementary data

for the assessment of activity and functioning impairments.

Another dimension that is identified that is part of the SF-6D is energy/vitality which includes
items that are positively worded. The counterpoint to this is the identification of a negatively
worded fatigue dimension. This modelling of factors covering similar concepts, but clustered in
terms of the direction of the wording, has been found elsewhere [198]. It demonstrates the
importance of wording in the generation of items, but also a possible limitation with the
dimensionality assessment approach, where items with the same wording direction, but also
items using the same response patterns, may cluster together. If a wider measure was to be
developed from this dimensionality, only one of these overlapping dimensions would be

required.

A further dimension includes the four PROMIS items focused on sleep. Neither the EQ-5D-5L or
SF-36 include items around sleep, which may be an area for development within a wider

measure of preferences [196].

A general wellbeing dimension includes a number of items from the WEMWBS. It may be that
the wellbeing items do cluster together in terms of what they are measuring, and this raises

guestions about how wellbeing could be included in a broader measurement framework.

There is also a number of less clear dimensions that, are more challenging to define. The first of
these is around self-care and related issues. This includes a question from the EQ-5D-5L, but the
limited items in the wider dimension, and the divergence of the issues covered by the questions,
means that IRT analyses of the item pool in this dimension would not be informative. A second
unclear dimension is around dignity and items assessing wider concepts including clarity of

thinking. These issues may be more important for certain population groups.

4.22.3. Implications for developing a flexible approach to measuring outcomes

The broader dimensionality identified by the Extension 1 analyses also provides a basis for

testing how a more flexible approach to measuring preference and non preference-based
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outcomes could be conceptualised and operationalised. This could be tested using HRQoL
dimensions that are already widely included in existing measures. In the analysis conducted
here, four commonly assessed dimensions that included EQ-5D-5L items along with items from
other measures assessing the same constructs were tested. The aim was to explore the items
and dimension relationship, and the feasibility of the approach, rather than refine the item sets
to produce a usable measure. Therefore, no items were removed at this stage, but instead the
results were used to understand the feasibility of the development process, and indications of

how layered dimensions might appear based on existing items.

However, this process also produced a calibrated item bank with theta scores which further
demonstrates how a layered approach could be scored and operationalised. It also
demonstrates how a layered approach could be implemented based on the theta scores that
are assigned to sets of raw scores within dimensions using a CAT based approach. In this
operationalisation, the first layer provides the utility score, and the second layer, which provides
more detailed dimension-relevant information, could be implemented using CAT methods. This
was not tested here as the aim was to examine the feasibility of the approach. In each
dimension, the completion of the EQ-5D question could be used to generate a utility, and the
raw item and theta scores from completing each item bank would provide more information,
with the standardised theta score comparable across dimensions, and scalable based on
condition severity to inform wider health decision making. This framework could also benefit
from the wording of the EQ-5D-5L items, which are quite general (for example asking about
anxiety and depression and usual activities), in comparison to the items on other measures
which often include multiple items assessing concepts using more specific positive and negative
wording (so therefore are amenable to a layered approach as they can provide more focused

and detailed information).

4.22.4. Study limitations and suggestions for future research

This study is not without limitations, and associated areas for future research. A feature of the
study that has both advantages and disadvantages is the use of items from existing instruments.
This approach is advantageous as it was not possible to develop items across many areas of QoL
de novo to allow for a test of IRT methods, and the development of a layered approach to
outcome measurement. A number of past studies [85, 192, 193] have applied IRT methods to
existing measures to test dimensionality, and develop PBM descriptive systems. The PROMIS

item bank development was also based to a large extent on the use of existing items [208]. This
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study adapts those methods to test a wider set of QoL items. However, using existing measures
is also a disadvantage, as the analysis is informed by the characteristics of the existing items.
The dimensionality results are also linked to measures chosen, and there are many that could
be included. However, due to respondent burden it is difficult to include too many measures.
Further work can repeat the analysis in other datasets including multiple measures, or develop

items de novo.

An associated limitation is the health severity distribution of the data. This was a result of the
data collection method, which was conducted online, recruiting via a panel that targeted people
self-reporting a health condition plus members of the general population. The recruitment of a
sample covering a narrow severity range could impact the consistency of the findings for items
that are sensitive to more severe problems (e.g. self-care limitations) and diverse areas of QoL.
Recruiting a wider severity distribution would strengthen the results for these items. However,
the main strength of the data and sampling approach was the ability to collect a diverse range

of measures from a sample that are unlikely to be collected together in other clinical settings.

The majority of the dimensions tested using IRT methods were identified by the dimensionality
assessment. This was not the case for the activities dimension, where the items did not load on
any dimension. However, the results of the analysis on the activities dimension did demonstrate
unidimensionality. Further work could attempt to understand why activities items do not load
with each other. One possible explanation for this is because the concept of activities can be
represented and measured using diverse examples (given the diversity of activities that can be
assessed that include, for example, work, leisure and family). In contrast consider the physical
functioning dimension, where the functioning examples measured within items across measures

have similarities (for example walking is included in multiple measures).

An associated criticism, and possible explanation for the dimension model characteristics, is
linked to differences in the conceptual reduction of diverse QoL dimensions to a latent trait. The
similarities in what is measured by the physical functioning items facilitates the reduction of
these concepts to a latent trait, but this is more challenging for the broader dimensions which
include more diverse descriptions, for example the combined social care QoL dimension. Given
the aim of Extension 2, IRT was not tested on this dimension, so the level of validity of the
method for these descriptions is an open question. However, the IRT work on the broader

activities dimension (which could be criticised for not reducing to a latent trait) was feasible, and
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produced meaningful results. To avoid disenfranchising certain domains of QoL, a range of

psychometric methods should be combined in the development process.

In this study, item dimensions were tested, but not fully calibrated, as poorly fitting items were
not removed. However, the aim of this study was to explore the relationship, and not develop
and refine dimensions for wider use. Therefore, the analysis provides information on the
relationship across the items, and how to extend the measurement of outcomes to increase the

Qol dimensions included, and the QoL information collected within existing dimensions.

There was also evidence of local dependence that would require careful consideration, and the
removal of overlapping items, if this approach was used in further measure development. The
evidence of local dependence across items within the same measure highlights issues with these

that could be considered in any future assessment of the validity of the instruments.

4.23.  How this study informs this thesis
In this study, the measurement relationship between a range of QoL outcomes has been
investigated. In the chapter that follows, this work is extended to understand the valuation
relationship between HRQol and wider QoL outcomes using DCE methods. This work will inform
the feasibility of valuing wider outcomes in the same framework. It also allows for an
understanding of how respondents value wider outcomes. This is followed up by an examination
of design methods for DCE studies, to inform the most appropriate way to design studies for the
valuation of health and wider QoL outcomes. Combining the measurement and valuation
evidence allows for a wider assessment of how to broaden the instruments and values used for

resource allocation decision making.
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5. Testing the performance of existing preference elicitation methods to
develop a value set for a measurement system combining health and
social care related quality of life

5.1. Summary
In Chapter 4, the measurement relationship between instruments assessing QoL from diverse
perspectives was investigated. The results provide information about how the measurement of
health and QoL could be broadened. As described in Chapters 1 and 2, both the measurement
and valuation of outcomes are essential parts of the development of outcome measures.
Therefore, any broader measurement framework that was developed would require valuation
using methods that allow for diverse domains to be valued using the same metric. Such a
broader instrument could encompass the QoL dimensions found in the results of Chapter 4, but

could also focus on a subset of the broader dimensions.

In this chapter, the combined valuation of a subset of broader QoL domains is investigated using
DCE. The broader framework that is valued includes dimensions measuring HRQoL (using EQ-
5D-5L) and SCRQoL (using ASCOT). This provides an example of the feasibility of the process of
valuing a broader instrument, and has applicability for the valuation of other QoL frameworks.
The results of this study will provide evidence about population preferences for broader QoL
concepts. The results will help understand whether developing a broader measurement
framework including a value set informed by population preferences for diverse QoL outcomes

is feasible.

5.2 Introduction
As described in Section 2.8, value sets estimating HRQoL weights for use in the calculation of
QALYs are often developed by eliciting the preferences of the general population for health
states described by generic health-focused PBMs. A challenge that is not addressed by health-
focused PBMs is the increasing recognition by consumers and decision makers that the impact
of many health and care interventions extends beyond a narrow definition of health outcomes

to include broader non-health and QoL impacts [119, 120,223].

In a number of population groups or people with certain conditions in aged care, palliative care,
disability care and vulnerable populations more generally, this includes issues around social
care, and related impacts on Qol. The interplay between health and social care is fundamental

to facilitating longevity, and maintaining or improving QoL during this time. The importance of
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social care means that there are settings and circumstances where the health-focused QALY is
insensitive as it does not capture the full value of an intervention or care setting. HRQoL is likely
to be affected by the health conditions that these populations experience, but the SCRQoL
impacts of interventions and care settings will not be specifically measured, except to the extent
that they are reflected in changes in HRQoL. Consequently, SCRQoL will not be reflected in the
values used for decision making based on comparing the relative performance of interventions
if a measure of HRQoL is the source of the utility values. The results and summaries of
submissions to the PBAC regarding particular interventions demonstrates this issue further (see

Box 1).

Box 1: Examples from PBAC where existing MAUIs did not capture relevant impacts

(1) Icatibant for hereditary angioedema —PBAC noted that the benefits related to
increased security and control from the availability of the treatment rather than
the health gain from treatment of attacks.

(2) Poly-L-Lactic Acid for facial lipoatrophy —PBAC noted the importance of social
and psychological impacts were not captured by the SF-6D.

(3) Tobramycin inhalation powder for cystic fibrosis —=PBAC noted the heavy
burden of standard treatment and the value of a transportable easy to use device,
factors not captured in standard health outcome measures.

Recently, instruments that focus more directly on SCRQolL issues that arise from care
interventions, such as the ASCOT [126], have been developed. Studies have compared the
measurement properties of the EQ-5D-3L and the ASCOT in a variety of populations. Van
Leeuwen et al [224] found that the EQ-5D-3L was more strongly associated with physical
limitations than ASCOT, but less strongly associated with instruments measuring aspects beyond
HRQol in frail older people. Rand et al [225] found that the ASCOT utility score was moderately
correlated with the EQ-5D-3L usual activities and anxiety/depression dimensions (with
moderate correlations defined as 0.3 - 0.5), but correlated at a lower level (<0.3) with mobility,
self-care and pain/discomfort. This work was conducted in adults with long-term physical,
sensory and mental health conditions. In a community-dwelling sample, Kaambwa et al [226]
found that only the pain/discomfort dimension was moderately correlated with the ASCOT
utility score (with moderate in this study defined as 0.4 - 0.6), with correlations between the EQ-
5D utility score and the ASCOT dimension scores ranging from low (<0.4 for control, cleanliness,
occupation and accommodation) to moderate (for food and drink, safety, social participation
and dignity). Content validity assessment suggests that respondents considered the items of

both instruments valuable, but neither provided a comprehensive picture of a patient’s QoL

136



Broadening the measurement and valuation of QoL July 2020

[227]. This evidence provides some support for the use of the EQ-5D and ASCOT as
complementary outcome measures for the economic evaluation of relevant health and social

care interventions in different populations.

As yet, little work has investigated the relationship between instruments measuring diverse
areas of QoL when both are valued using the same preference elicitation method on the same
scale. This issue is investigated in the study reported in this chapter. The basis of this work is the
proposition that unifying the constructs included across instruments such as the EQ-5D-5L and
ASCOT could lead to the development of measures and methods that allow decision makers to
assess value for money in an inclusive and consistent way across a wider range of disease and
treatment contexts. Doing this would facilitate the assessment of both health and social aspects
of QoL on the same utility scale. If feasible, comparisons between interventions that have
impacts predominantly on HRQoL, on SCRQoL, or on a combination of both, would be facilitated.
Combining instruments could extend the assessment of QoL impacts to cover wider QoL issues
such as those that were suggested as missing in the PBAC submission summaries described in
Box 1. This could lead to improved confidence in the utility values available for resource

allocation decision making.

The theoretical utility proposed for development and testing in this study is a latent
(unanchored) utility that combines preferences for health (HRQolL) and social care (SCRQol)
aspects of living. Leading from the full health to dead HRQoL utility scale discussed in Chapter 2,
the best state described in this framework would be equivalent to having no problems with
HRQoL and the ideal SCRQoL situation (as measured the instruments from which the dimensions
included in the overall classification system are taken). The worst state on the combined latent
scale describes the most severe HRQoL state, and the worst social care situation. The theoretical
utilities estimated are not anchored on the QALY scale, but demonstrate the relative importance
of domains of HRQoL and SCRQol that could inform such a scale. They could be used to
understand the relative importance of different QoL concepts within the combined framework,

and inform preferences for aspects of interventions with health and social care impacts.

The derivation of preferences capturing different aspects and benefits of HRQoL and SCRQolL
simultaneously using the DCE valuation method (that as Chapter 3 demonstrates has been used
widely in the development of value sets) has not been tested. This chapter reports an

exploratory DCE study, which collected preference data from an Australian community sample,
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to investigate the joint valuation of HRQolL, as measured by the EQ-5D-5L, and SCRQoL, as
measured by ASCOT. The EQ-5D-5L was chosen to represent HRQol as it is widely used, and
provides simple and consistent descriptions of each of the five HRQoL dimensions (see Section
2.11.3). The ASCOT was chosen as it is the predominant PBM measuring factors related to

SCRQol.

This study makes an important contribution to the emerging literature exploring approaches to
valuing interventions that go beyond the HRQol focus of the QALY [120]. Investigating relative
preferences across the EQ-5D-5L and ASCOT also provides evidence about the use of DCE for the
potential development of a combined instrument with a value set informed by health and wider
non-health aspects. This could be extended beyond SCRQoL, but SCRQoL is suggested as a useful
concept to test this with given it is important in a range of populations. Furthermore, the results
in Chapter 4 suggest that there is divergence in the measurement framework of each
instrument. The results may have wider applicability to other emerging work in this area (such

as the development of the ‘extended’ QALY measure incorporating a range of QoL aspects [31]).

5.3. Aims and objectives
The study reported in this chapter links to Aim 4 of this thesis which is to test the use of DCEs to
develop a value set for a combined measurement system assessing different concepts of health
and Qol. This includes the following two objectives:
1. To test the use of DCEs to elicit preferences for QoL profiles that incorporate aspects of
both HRQoL and SCRQoL as measured by the EQ-5D-5L and ASCOT.
2. Toinvestigate the relative magnitude of preferences for different aspects of HRQoL and

SCRQoL as measured by the EQ-5D-5L and ASCOT.

5.4. Methods
In this study, a DCE which combined the EQ-5D-5L and the ASCOT was developed and
implemented in an Australian general population sample. The development, construction and
administration of the DCE, and the subsequent analysis of the data, are described in detail

below.

5.4.1. Development of the DCE valuation task

The DCE format used in this study was developed based on the dimensions of the EQ-5D-5L and

ASCOT. The wording of the dimensions as they are presented in the original measures is

138



Broadening the measurement and valuation of QoL July 2020

displayed in Table 2 and Table 4. The DCE choice sets were developed to present pairs of QoL
states comprising dimensions from both the EQ-5D-5L and ASCOT (13 dimensions in total) and
asked respondents to choose which profile they preferred. A pairs format was used as it has
been demonstrated to be amenable to completion by respondents, and it is a widely used
format for the estimation of values. It can also be analysed using a range of models with different
assumptions about respondent preferences, and this enables the relationship between the QoL
dimensions to be demonstrated in different ways. It was also decided to develop the DCE tasks
without including duration, either fixed across pairs to act as a frame of reference for
respondents, or differing between profiles to allow for anchoring on the utility scale. This
decision was made to focus trade-offs on the QoL descriptions rather than incorporating
duration (which has been found to be a key driver of choices when developing value sets) [55]
into the decision making process. This produced latent scale DCE values. The inclusion of
duration can anchor values onto the utility scale. Below the two QoL descriptions, respondents
were asked which of the two health states they preferred (given that the focus was on

preferences for different QoL states).

The profiles presented included all five EQ-5D-5L dimensions. ASCOT includes nine dimensions,
but only eight of these are used to generate the value set [126]. This is because two of the
dimensions ask about dignity, and only one of these was included in the valuation. For
consistency with the original valuation, the same eight dimensions were included in the DCE.
This means that each choice set profile included 13 dimensions. As this number is a reasonably
high number of dimensions to include in a DCE profile (see Section 3.3.4), the choice sets were
simplified by imposing overlap in the design [44, 152]. That is, five of the dimensions in each
choice set were constrained to have the same level of severity across both profiles. The levels
of the other eight dimensions varied in each task. To make this clear, the dimensions that
differed within choice sets were highlighted with a light grey background. An example choice set
can be seen in Figure 25. The use of shading or colouring to highlight dimension level differences
within choice sets has been shown to produce similar choice results to those obtained without
shading, whilst simplifying the choice set for respondents [43]. The information and instructions
provided to respondents prior to presenting the choice sets was developed based on previous

DCE studies, and iteratively refined by the author and supervisory team.
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Figure 25: Example DCE choice set

Please consider and imagine living with the two health descriptions below. Then tell us which description you would prefer to live in

Health description A
You have no confrol over your daily life
You feel adequately clean and presentable
You don't always get adequate or timely food and drink
You feel as safe as you want
You have some social contact with people, but not enough
You are able to spend fime as you wani. doing things you value or enjoy
Your home is_adequately clean and comfortable

The way you are helped and treated completely undermines the way you think and feel
about yourself

You are unable io walk about

You have slight problems washing and dressing yourself

You have moderate problems doing your usual activities

You have no pain or discomfort

You are moderately anxious or depressed

Health description B
You have no control over your daily life
You feel clean and are able to present yourself the way you like
You don't aways get adequate or timely food and drink
‘You feel as safe as you want
You have little social contact with people and feel socially isolated
You are able to do enough of the things you value or enjoy with your time
Your home is_adequately clean and comfortable

The way you are helped and treated does not affect the way you think or feel
about yourself

‘You have moderate problems in walking about

‘You have gevere problems washing and dressing yourself
You have slight problems doing your usual activities

You have extreme pain or discomfort

You are moderately anxious or depressed

Which do you prefer?

Health description A Healih description B

5.4.2. Pilot study to test survey functioning

Although the results of past research into the effectiveness of dimension level overlap [44,228]
and formatting [43, 44] were used to support the choice set development, it was still possible
that the format was not feasible to respondents. This could have resulted in poor quality choice
data, and unexpected model patterns. An initial pilot launch phase was conducted to assess the
functioning of the survey and the feasibility of the choice set format to respondents. This was
measured via multiple choice usability questions about the difficulty of the tasks (including the
overall difficulty, the difficulty imagining the descriptions, and the difficulty telling the difference
between them) alongside a free-text question to understand respondents’ opinions of the
survey questions and the content in general. Initial modelling of the DCE data was also
conducted, where indications of coefficient ordering between the levels of each dimension were
assessed. The completion times for the pilot sample were used to inform the minimum survey
completion time imposed for the full sample.

5.4.3. Study design — Constructing the design

As per previous studies employing DCE methods to value QoL instruments [48, 57], the design

that was developed was specified to include substantially more choice sets than there were
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parameters in the model to estimate. The main effects model combining the EQ-5D-5L and

ASCOT has 44 parameters calculated as follows:

EQ-5D-5L: (5 dimensions x (5-1 levels as baseline parameter is not estimated)) = 20 +

ASCOT (8 dimensions x (4-1 levels)) = 24.

The overall design developed included 300 choice sets which is greater than six times the
number of parameters required for the standard main effects multinomial logit (MNL) model,
and more than four times the size of any other model reported in the results. The design was
constructed using a modified Fedorov algorithm. The objective function of the algorithm was to
optimise the estimation of the main effects model using the criterion of minimal D-Error. The
algorithm iteratively improves the set of choice sets included in the design, with improvement
measured by reductions in the D-Error [229]. The design was implemented using the DCE design
software Ngene [67], which was set to iterate through designs and improve sequentially for 24

hours.

To allow for the design to include overlap, a large candidate set of choice sets with overlap on
five dimensions was used as the basis for the design. This is a requirement of selecting an
overlapping design when Ngene is used. The candidate set included 300,000 choice sets with
overlap on five dimensions, but unrestricted on which dimensions and levels were overlapping.
This was developed based on the full factorial of the design listing all possible combinations. The
candidate set was linked to Ngene, and the Fedorov algorithm [241] was applied to the
candidate pool to select 300. The Fedorov algorithm randomly selected a design of 300 choice
sets, and iteratively changed profiles with others in the candidate in sequence, retaining any
improvements based on minimising the D-Error of the overall design. No guidance exists as to
the required relative size of a candidate set in comparison to the number of choice sets to be
included in the final design. In this study, 0.001% of the candidate sets were included in the final

design.

5.4.4. Study design — Use of zero priors

Prior information, if available, is often used to inform the design process. In this study, the design
was not informed by priors given that this is the first study to attempt to value both EQ-5D and
ASCOT in the same DCE framework. This is described as using non-informative, or zero, priors,

and it has been suggested that zero priors are particularly useful if valid or known priors are not
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available (as in this study) [231]. Priors could have been taken from studies that valuing the
instruments separately using DCE, but this would not have taken into account the potential
impact on values of the trade-off between dimensions which is a key concept that is tested in

this study.

5.4.5. Study design — Issues around implausibility

There is the potential for implausible combinations of health and social care dimension levels,
for example having no problems with self-care and not feeling at all ‘clean or presentable’.
However, no combinations of HRQoL and SCRQoL were restricted in this study. This is because
it is difficult to make a judgement, a-priori, that certain combinations are not realistic,
particularly as what is considered implausible has been found to be respondent specific [232].
Marten et al [233] found that EQ-5D-5L level combinations assumed to be implausible (for
example no problems with self-care combined with unable to do usual activities) actually appear
in general population self-report data. Excluding particular level combinations may also lead to
imbalance in the design (where certain combinations of dimension levels do not appear as
frequency as others) and impact the coefficient estimates derived from subsequent model
estimation in non-systematic ways [50]. Furthermore, implausibility in relation to combinations
of the ASCOT dimensions has not been investigated and combining different areas of QoL makes

researcher judgements about which level combinations are implausible more complex.

5.4.6. Study design — Blocking and dimension ordering

The 300 choice sets were separated into 20 blocks of 15 using the blocking functionality available
in Ngene. This blocking function allocates the choice sets to blocks to balance dimension level
occurrence within the block. Each of the 20 blocks was included in two versions of the survey
that replicated the full design: Version 1 presented the EQ-5D-5L dimensions followed by the
ASCOT dimensions and Version 2 presented the ASCOT dimensions followed by the EQ-5D-5L
dimensions, with the dimensions within instruments presented in the standard order described
in the introduction. Respondents were subsequently randomised to one of 40 survey blocks. As
an example, Appendix 11 includes one of the blocks of choice sets from the design. Further
randomisation of dimensions within the DCE could have been imposed, but the decision was
made not to do this to allow respondents to always see concepts related to HRQoL (EQ-5D-5L)
followed by SCRQoL (ASCOT) or vice versa. Evidence for dimension order effects in previous

health state valuation work is inconclusive [148].
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5.4.7. Survey designh and administration

The survey was administered online, which is a widely used approach to the collection of DCE
data in Australia and internationally. The survey comprised background information about the
project and ethics approval, followed by an informed consent page, then questions on
respondents’ demographic characteristics, health and QoL (including EQ-5D-5L and ASCOT to
collect data on the respondent’s QolL, but also to introduce them to the dimensions they would
see in the DCE tasks). Subsequently, respondents were shown instructions about the task (see
Appendix 12) and were told that they will see two different descriptions of health and social
care, a warm up task followed by the 15 DCE tasks. The usability and free-text pilot questions
were also included in the main study. The order of appearance of each set of tasks within a Block

was randomised. The full survey content is included in Appendix 12.

5.4.8. Recruitment and respondents

The study aimed to recruit 1,000 respondents from the Australian general population, targeted
to be representative in terms of age (across six categories defined as 18 — 24; 25 — 34; 35 — 44;
45 — 54; 55 — 64; 65+) and gender. A representative sample was sought to mimic the samples
that are used for value set development. Including respondents from different demographic
groups also allows for an understanding of preferences for diverse QoL concepts across different
population groups. An overall sample of 1,000 respondents was targeted to provide
approximately 50 observations per DCE choice set (1,000 respondents x 15 observations per
person divided by 300 choice sets overall). This number of observations per choice set is in line
with other DCE studies developing value sets (see Chapter 3). Respondents were required to

complete the survey in longer than a minimum completion time of 3 minutes.

The initial pilot launch aimed to recruit approximately 10% of the overall sample. The survey
was then reopened following initial assessment of the survey functioning and responses to the
DCE choice sets. Respondents were recruited at random from existing internet panels managed
by Survey Sampling International, who allocated respondents who were willing to complete
guestionnaires during the data collection period. The panel company recruited from multiple
subpanels with different respondent demographics, but under their broad management, to

support the generalizability of findings.

After entering the survey, respondents read the project information and provided implied

consent. The questions were then started. A small incentive was provided if respondents
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completed the full requirements of the survey in more than the minimum completion time. The
respondents were not informed about the use of a minimum completion time. The amount and
type of incentive differed depending on the procedures of the subpanel from which the
respondent was recruited. This methodology was approved by the Centre for Health Economics
Research and Evaluation Program Ethics Process for low risk projects (UTS HREC REF NO.
2015000135).

5.4.9. Data analysis and modelling — Sample

The demographic characteristics of the sample were compared to those observed in the
Australian population. The EQ-5D-5L and ASCOT utility scores were also calculated and assessed
to provide a measure of distribution of HRQoL and SCRQoL within the sample. For the EQ-5D-5L
the Australian value set developed by Norman et al [57] was used (see Section 2.11.3). For
ASCOT the UK value set [126] was used as an Australian value set is not available (see Section
2.13.2). The frequency of respondents answering each severity level of each of the EQ-5D-5L
and ASCOT dimensions was assessed to understand how the general population respond to the

dimensions.

5.4.10. Data analysis and modelling — Conditional logit

Initially, the data were analysed using conditional logit regression which generated coefficient
estimates for each level of the EQ-5D-5L and ASCOT dimensions. For a full explanation of the
conditional logit model see Section 2.9.10. Robust standard errors were used in the model to
take into account that each respondent provides multiple observations. Conditional logit
regression allows for comparison of the overall magnitude (a proxy for importance at the overall
level) of the dimensions included. This allowed for the overall rank of the 13 dimensions to be
assessed. The data were modelled for the whole sample (Model 15), and a consistent version of
this model that imposed ordering on the levels within dimensions, were estimated (Model 16).
The consistent version was generated as an example of a model that would be suggested for the

calculation of utilities, with monotonic estimates forced across dimensions.

Conditional logit regression was the natural starting point for analysis, as coefficients can be
interpreted as decrements away from the baseline level to give an indication of preferences
across the dimensions and levels for the overall sample. This is possible given the assumption
that the overall sample has the same underlying (homogeneous) preferences. However, the

assumption of preference homogeneity can be criticised as it is unlikely to be true for the
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dimensions included in the choice set developed in this study. For example, how likely it is that
preferences for avoiding certain dimensions of health and social care are same across
respondents in different age groups, with different experiences of ill health, and different social
and family situations? To counteract this issue, the analysis was extended to include models that
take heterogeneity of preferences into account. However, before that a series of interactions

between HRQoL and SCRQoL dimension levels were explored

5.4.11. Data analysis and modelling — Testing interactions

To understand preferences for the relationship between the HRQoL and SCRQoL dimensions in
more detail, interactions between sets of attributes from each instrument were developed, and
incorporated into the model alongside the main effects parameters using conditional logit. The
interactions were developed to estimate how having a high level of problems on HRQolL and
SCRQolL were valued when there were no problems on the dimensions of the other concept.
This tests whether having a range of SCRQoL concerns is perceived as more manageable when
HRQol is not problematic, and vice versa. To test this for SCRQoL, dummy variables interacted
a combination of all appearances of level 4 ASCOT dimensions with all appearances of each of
the EQ-5D dimensions when they had no problems, so producing five interactions described as:
N1_MO x N4_ASCOT; N1_SC x N4_ASCOT; N1_UA x N4_ASCOT; N1_PD x N4_ASCOT; N1_AD x
N4_ASCOT. To allow for a comparison of the magnitude of the coefficients, an interaction
indicating any appearance of a level 4 ASCOT dimension was also estimated. This is similar to
interaction terms used in other value set development modelling [57], and allows for an

assessment of preferences for severe levels of SCRQol at an overall level.

The matched interactions for severe HRQolL included dummy variables combining all
appearances of Levels 4 and 5 for the EQ-5D-5L interacted with level 1 appearances for each of
the ASCOT dimensions, so producing eight interactions overall (N1_CO1 x N4/5_EQ5D; N1_CL x
N4/5_EQ5D; N1_FD x N4/5 EQ5D; N1_SA x N4/5_EQ5D; N1_SP x N4/5_EQ5D; N1_OC x
N4/5 EQ5D; N1_AC x N4/5_EQ5D; N1_DIG x N4/5_EQ5D). A comparator N45 term interaction

was included when any EQ-5D-5L dimension was at level 4 or 5.

The interaction analysis was exploratory as the design was not specified within Ngene to
estimate the extra terms included. However, even without full specification within the design,

the models can be used as an indicator of the impact of the interactions in terms of the
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relationship between HRQoL and SCRQoL. They could also inform future work in this area testing

the relationship between different QoL concepts in more detail.

5.4.12. Data analysis and modelling — Investigating scale differences between subsamples

DCE values such as those generated by conditional logit models are estimated on a latent scale.
Of interest in the analysis of DCE data are potential differences between the values of
subsamples within the data in terms of the underlying scale of the models. For example, this
could be based on demographics, or features of the study design. However, given values are on
a latent scale, it is difficult to directly compare the magnitude of the values across subsamples.
This issue can be resolved using analysis that assesses whether the underlying scale of responses

(and therefore respondent preferences) differ between subsamples.

In this study, a scale differences were tested across a range of subsamples. Firstly, the impact of
varying the order in which the measures were presented within the DCE was tested. This
established whether presenting EQ-5D-5L or ASCOT first within the choice set impacted the
preference estimates. Secondly, scale differences based on a number of demographics including
age, gender and condition were tested. These were chosen as it was hypothesised that they may
lead to different patterns of preferences across the diverse dimension descriptions included in
the DCE. They were also used in other heterogeneity analyses reported in this thesis (see latent
class analysis which is described in section 5.4.15). The scale model was also used to test

differences based on time taken (see section 5.4.13).

The analysis used adapted the scale testing approach proposed by Swait and Louviere [71]. This
approach is described in detail in Section 2.9.11 and uses an LR test to examine the null
hypothesis that the underlying scale did not differ across subsamples. Stata 15 [66] was used for
this modelling, with the scale model estimated using clogithet, a user written Stata module [174,

175].

5.4.13. Data analysis and modelling - Time taken

A key issue with the use of online methods to administer DCE studies is the lack of researcher
control over the attention a respondent pays to the completion of the survey. This could result
in poor quality data, and therefore impact on the validity of the preference estimates elicited.
The level of respondent attention can be proxied via the assessment of the time taken to

complete each choice set (i.e. removing individual tasks) and the overall survey. Both quick and
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slow completion times could be indicative of a lack of attention. In this study, analysis of time
taken at both the choice set (removing individual responses) and overall (removing respondents)
level was conducted as a sensitivity analysis. This was done using conditional logit and scale

testing models to examine consistency, and susceptibility to differences based on time taken.

At the task level, four different subsets of choice set responses were removed based on different
completion times, and the choice sets remaining were modelled. Task subset one removed tasks
completed very quickly (defined as three seconds or less), or very slowly (defined as 1,800
seconds (30 minutes) or more). Task subset two removed the fastest approximate 5% and the
slowest approximate 5% of choice sets. Task subsets three and four were linked. Subset three
excluded the fastest approximate 25% and slowest approximate 25%, and subset four included
the tasks excluded for set 3. This allowed a comparison of consistency based on approximately
50% of the sample with different time completion profiles, one of which (subset three) could be
perceived as valid completers, in comparison to subset four, where fast and slow completions

could be perceived as problematic (and might lead to more inconsistent models).

At the overall completion time level, three subsets of respondents were removed. Respondent
subset one removed those completing in the fastest 5% and slowest 5%. Respondent subsets
two and three were linked, where set two excluded the fastest 25% and slowest 25%, and set

three excluded those completing between 25% and 75% overall.

Alongside this analysis, further modelling using scale testing was conducted. At the task level,
the completions were split into two groups based on the median completion time (generating
subgroups of task completions including approximately 50% of tasks), and scale differences
between the fastest 50% and the slowest 50% were investigated. At the overall respondent
level, the sample was split into two based on the median time taken generating subsamples of
overall completions including approximately 50% of the respondents. The median was used to
divide the sample over other measures of central tendency such as the mean, as the distribution
of time taken would result in different proportions of respondents appearing in each subsample,

and therefore potentially result in an invalid comparison.

5.4.14. Data analysis and modelling — Preference Heterogeneity

Exploration of preference heterogeneity was considered to be important given the range of

dimensions included, which may have different impacts and meaning, and therefore preference
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patterns, in different population groups. For example, age and experience of health conditions
may be a factor in preferences towards certain aspects of both HRQoL and SCRQoL. To assess
preference heterogeneity, both latent class [234] and mixed logit regression models [73] were

used.

5.4.15. Data analysis and modelling — Latent class

Latent class analysis is used to look for groups of respondents with similar patterns of
preferences. For a full explanation of the implementation of the latent class model, see Section
2.9.11. In this analysis, models were produced including parameter estimates for different
preference class structures. These were estimated from the overall dataset. Models including
between two and six classes were produced, with the class structure assessed for
comprehensibility and preference patterns. In line with Train (2008), the optimum number of

classes was determined by assessing the AIC, BIC, and the Consistent AIC.

It is also possible to extend the analysis to include parameters indicating the class membership
of different demographic groups (estimated as class delimiters), and this was done here for all
models. The demographic groups were entered as binary dummy variables to allow for
interpretation of the probability estimates, and included age (18 — 65 years old, and 65 or older),
gender, and having a long-term health condition. These were used as key demographics where
preferences for HRQoL and SCRQoL might differ, and were matched with the demographics used
for the scale testing analysis reported in section 5.4.12. The user written Stata package ‘Iclogit’

[235] was used for this analysis.

5.4.16. Data analysis and modelling — Mixed logit

As described in Section 2.9.13, mixed logit is a model that allows parameters to be specified as
random (i.e. to be specified as heterogeneous), alongside the specification of fixed
(homogeneous) parameters. Mixed Logit was used in this study to iteratively test both different
sets of EQ-5D-5L and ASCOT parameters for heterogeneity, and also different model
specifications to ensure that the estimates produced were reliable indicators of respondent
preferences. Mixed logit modelling was conducted in Stata using the ‘mixlogit’ command [236].
Table 39 reports the range of mixed logit models and specifications included in this chapter, and
the justification for their inclusion. This leads to the main models reported in this chapter, with

the other models reported in appendices.
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The different model specifications used iteratively tested different numbers of Halton Draws,
burn rates, parameter distributions, correlations between parameters, and model maximisation
procedures. Halton Draws are sequences used in the maximum simulated likelihood method
that provide increased accuracy in comparison to random draws as they use sequences that are
distributed more evenly. Increasing the number of Halton Draws usually results in more accurate
estimation of the variance of the estimated parameters, and in this study, the estimates from
two different numbers of draws were tested. These were 50 (the default used in Stata) and
1,000. In previous work, Bhat [237] and Train [238] found that using 125 Halton Draws results
inincreased accuracy in comparison to random draws. In this study, models with large numbers
of random parameters (up to 44) are tested, and increasing the number of draws allows for
increased confidence in the estimation of complex models [239]. The burn rate is used to specify
how many sequence elements should be dropped when generating the Halton Draws, and
reduces the correlation between draws. At a minimum, the number of sequences dropped
should be equal or higher than the number of random parameters in the model [240]. In this
study, multiple burn rates were specified for the models. This included the default burn rate of
15, and also was linked to the number of random parameters in the model. For example, the

models with 44 random parameters had a specified burn rate of 44.

For each parameter specification, models were estimated using both normal and log-normal
distributions. Models were also estimated specifying that the random dimension level
parameter coefficients were both uncorrelated and correlated. This is important to test given
the potential for preference relationships across coefficients within the dimensions included a
the choice model (for example correlations between preferences for different areas of HRQol).
If the parameters are specified as correlated, the mixed logit model also estimates the
covariance matrix between the random parameters. Given the complexity of the models, and
evidence of non-concave regions in the distribution, the ‘difficult’ maximisation stepping
algorithm was also tested. Across all model specifications, the Log-Likelihood, AIC and BIC were

used as indicators of model performance.

The iterative approach to testing model structures allowed for an assessment of different
specifications of fixed and random parameters testing HRQoL and SCRQoL both separately and
combined. This was done for different sets of model criteria. As a starting point, heterogeneity
was assessed at the aggregate dimension level including one parameter for each of the 13

dimensions. The most complex models specified that all 44-dimension level EQ-5D-5L and

149



Broadening the measurement and valuation of QoL

July 2020

ASCOT parameters were random. Given the complexity of these overall models, separate

models just specifying that the EQ-5D-5L dimensions and ASCOT dimensions were random were

also tested. For further assessment of heterogeneity, the magnitude of heterogeneity based on

the overall dimension level model with increased draws was also used to specify three other

exploratory models. The 20 most heterogeneous parameters (of the overall 44) were estimated

as a single model (using 20 provided a selection of both EQ-5D-5L and ASCOT parameters), and

this was repeated for the 10 and 5 most heterogeneous parameters to understand the

consistency of the models, and the strength of heterogeneity.

Table 39: Mixed logit parameter specifications

Model no Fixed Random Specifications Justification
Model 71 None MO, SC, UA, PD, 50 Halton Draws, 15 burns, Tests heterogeneity at
AD, CO, CL, FD, normal distribution, the aggregate
SA, SP, OC, AC, DI independent (uncorrelated) dimension level to
random coefficients provide an overall
indicator
Model 72 None MO, SC, UA, PD, 1,000 Halton Draws, 20 Same specification as
AD, CO, CL, FD, burns, normal distribution, previous model, but
SA, SP, OC, AC, DI independent (uncorrelated) increases the number of
random coefficients, difficult draws and burns to
improve estimation
performance
Model 73 None MO, SC, UA, PD, 1,000 Halton Draws, 20 Same specification as
AD, CO, CL, FD, burns, log-normal previous model, apart
SA, SP, OC, AC, DI  distribution, independent from specifying log-
(uncorrelated) random normal distribution of
coefficients, difficult parameters
Model 74 None MO, SC, UA, PD, 1,000 Halton Draws, 20 Specifying correlated
AD, CO, CL, FD, burns, log-normal coefficients
SA, SP, OC, AC, DI  distribution, dependent
(correlated) random
coefficients, difficult
Model 75 None MO2-MO5, SC2- 50 Halton Draws, 16 burns, All HRQoL and SCRQoL
SC5, UA2-UAS, normal distribution, dimensions specified as
PD2-PD5, AD2- independent (uncorrelated)  random to understand
ADS5, CO2-C0O4, random coefficients heterogeneity at the
CL2-CL4, FD2- overall level and
FD4, SA2-SA4, compare to the models
SP2-SP4, OC2- specifying HRQoL and
0C4, AC2-AC4, SCRQolL as random
DI2-DI4 separately
M 23 None MO2-MO5, SC2- 1000 Halton Draws, 44 Same specification as

SC5, UA2-UAS,
PD2-PD5, AD2-
AD5, CO2-CO4,
CL2-CL4, FD2-

FDA4, SA2-SA4,

SP2-SP4, OC2-

0OC4, AC2-AC4,
DI2-Di4

burns, normal distribution,
independent (uncorrelated)
random coefficients

previous model, but
increases the number of
draws and burns to
improve estimation
performance
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Model 76 C02-C0O4, MO2-MO5, SC2- 50 Halton Draws, 15 burns, Tests the HRQoL
CL2-CL4, FD2- SC5, UA2-UAS, normal distribution, dimension levels for
FD4, SA2- PD2-PD5, AD2- independent (uncorrelated)  heterogeneity whilst
SA4, SP2-SP4, ADS5 random coefficients keeping the SCRQoL
0C2-0C4, dimension levels fixed
AC2-AC4,
DI2-DI4

M 24 C0O2-C04, MO2-MO5, SC2- 1,000 Halton Draws, 20 Same specification as
CL2-CL4, FD2- SC5, UA2-UAS, burns, normal distribution, previous model, but
FD4, SA2- PD2-PD5, AD2- independent (uncorrelated) increases the number of
SA4, SP2-SP4, ADS5 random coefficients, difficult draws and burns to
0C2-0C4, improve estimation
AC2-AC4, performance
DI2-DI4

Model 77 MO2-MQO5, C02-C0O4, CL2- 50 Halton Draws, 15 burns, Tests the SCRQoL
SC2-SC5, CL4, FD2-FD4, normal distribution, dimension levels for
UA2-UAS5, SA2-SA4, SP2- independent (uncorrelated)  heterogeneity whilst
PD2-PD5, SP4, OC2-0C4, random coefficients keeping the HRQoL
AD2-AD5 AC2-AC4, DI2-DI4 dimension levels fixed

M 25 MO2-MQO5, C02-C0O4, CL2- 1,000 Halton Draws, 20 Same specification as
SC2-SC5, CL4, FD2-FD4, burns, normal distribution, previous model, but
UA2-UA5, SA2-SA4, SP2- independent (uncorrelated)  increases the number of
PD2-PD5, SP4, OC2-0C4, random coefficients, difficult draws and burns to
AD2-AD5 AC2-AC4, DI2-DI4 improve estimation

performance

Model 78 MO2-MO4, MOS5, SC5, UAS, 1000 Halton Draws, 15 Testing heterogeneity of
SC2-SC4, PD5, AD5, CO4, burns, normal distribution, most severe levels of
UA2-UA4, CL4, FD4, SA4, independent (uncorrelated)  each dimension only (as
PD2-PD4, SP4, OC4, AC4, random coefficients past work suggests this
AD2-AD4, D14 is where preferences
C02-C03, differ)
CL2-CL3,
FOOD2-FD3,
SA2-SA3,
SP2-SP3,
0C2-0C3,
AC2-AC3,
DI2-DI3

Model 79 MO2, MO3, MO4, MO5, SC3, 1000 Halton Draws, 20 Top 20 most
SC2, UA2- SC4, SC5, PD2, burns, normal distribution, heterogeneous
UAS5, PD3, PD4, PD5, AD2, independent (uncorrelated) dimension levels from
C0O2, CO3, AD3, AD4, ADS, random coefficients overall M 23. This can
CL2, CL4, CO4, CL3, FD4, be compared to
FD2, FD3, SP2, SP4, OC3, previous model where
SA2, SA3, 0C4,Dl4 most severe levels
SA4, SP3, suggested as
0C2, AC2, heterogeneous based on
AC3, AC4, previous work.
DI2, DI3

Model 80 MO2-MO, MOQOS5, SC4, SC5, 1000 Halton Draws, 20 Top 10 most
SC2-SC3, PD4, PD5, AD4, burns, normal distribution, heterogeneous
UA2-UAS, ADS5, CO4, FD4, independent (uncorrelated) dimension levels from
PD2-PD3, oca random coefficients the overall M 23
AD2-AD3,
C0O2-C03,
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CL2-CL4, FD2-
FD3, SA2-
SA4, SP2-SP4,
0C2-0C3,
AC2-AC4,
DI2-Di4

Model 81

MOS5 SC5 AD4
ADS5 CO4

MO2-MO4,
SC2-SC4,
UA2-UAS,
PD2-PD5,

1000 Halton Draws, 20
burns, normal distribution,
independent (uncorrelated)
random coefficients

Top 5 most
heterogeneous
dimension levels from
the overall M 23

AD2-AD3,
C02-CO3,
CL2-CL4, FD2-
FDA4, SA2-
SA4, SP2-SP4,
0C2-0C4,
AC2-AC4,
DI2-DI4

MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:
accommodation; DI: dignity

5.4.17. Data analysis and modelling — Generalised Multinomial Logit Model

A range of models were tested within the GMNL framework, which allows for the incorporation
of both preference and scale heterogeneity in the same model (see Section 2.9.14 for a detailed
description). GMNL allows for random coefficients that are correlated and non- correlated. The
model produces a Tau statistic which is significant if scale heterogeneity is present. The analysis

was conducted using the user written Stata module ‘GMNL’ [241].

A range of models were tested, and the performance statistics and interpretability of the
coefficients was assessed. Table 40 describes the GMNL models tested, and the justification for
their inclusion. The model specifications around the number of draws, burn rate, distribution,
and parameter correlations were based on the results of the iterative mixed logit modelling
process. The dimension level models tested were Model 26 which allowed the 20 EQ-5D-5L
parameters to vary to understand scale and heterogeneity across the HRQol attributes. Model
28 allowed the higher severity levels of each instrument (levels 4 (severe) and 5 (unable
to/extreme)) of EQ-5D-5L, and level 4 (various descriptors from the ASCOT) to vary to test the
hypothesis that preference heterogeneity is more prevalent as severity increases. Model 29
takes the 20 parameters demonstrating the highest level of heterogeneity from the most
complex mixed logit model that allowed all EQ-5D-5L and ASCOT parameters to vary (Model 23).
This method was used to select the dimensions to specify as random, as it provides insight into

the complex relationship between HRQoL and SCRQolL in terms of which dimensions and levels
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Table 40: GMNL model specifications

exhibit evidence of heterogeneity without specifying that scale also varies within the models. In
contrast to the mixed logit analysis, a model allowing all parameters to vary was not tested
under the GMNL framework as the maximum number of parameters that can be specified to
vary within Stata is 20. However, given the complexity of the GMNL model, 10 was seen as
sufficient to test scale and parameter heterogeneity, and compare back to the mixed logit
models. An issue with estimating the GMNL model is having sufficient data. There is no clear

guidance regarding sample size, so the analysis reported in this chapter is exploratory.

CL2, CL4, FD2,
FD3, SAFE2,
SA3, SA4, SP3,
0C2, AC2,
AC3, AC4, D12,
DI3

FDA4, SP2, SP4,
0C3, 0C4, DI4

Model no Fixed Random Specifications Justification

Model 26 C02-C0O4, CL2- MO02-MO5, 1000 Halton Draws, 15 Test level of
CL4, FD2-FD4, SC2-SC5, UA2- burns, normal distribution, preference and
SA2-SA4,SP2-  UAS5, PD2-PD5, independent scale heterogeneity
SP4, 0C2-0C4, AD2-AD5 (uncorrelated) random of the EQ-5D-5L
AC2-AC4, DI2- coefficients dimension levels
Dl4

Model 27 MO2-MQO5, C0O3, CO4, CL3, 1000 Halton Draws, 15 13 significantly
SC2-SC5, UA2- FD3, FD4, SA2, burns, normal distribution, heterogeneous
UAS, PD2- SA4, SP2, SP4, independent ASCOT parameters
PD5, AD2- 0C3, 0C4, AC4, (uncorrelated) random from overall mixed
AD5, CO2, D14 coefficients logitM 23
CL2, CL4, FD2,
SA3, SP3, OC2,
AC2, AC3, DI2,
DI3

Model 28 MO2-MQ03, MO4, MO5, 1000 Halton Draws, 15 To test issues
SC2-SC3, UA2- SC4, SC5, UA4, burns, normal distribution, related to
UA3, PD2- UAS5, PD4, PD5, independent potentially
PD3, AD2- AD4, AD5, CO4, (uncorrelated) random increased levels of
AD3, CO2- CL4, FD4, SA4, coefficients heterogeneity at
CO3, CL2-CL3, SP4,0C4, AC4, more severe
FD2-FD3,SA2- Dl4 dimension levels
SA3, SP2-SP3,
0C2-0C3,
AC2-AC3, DI2-
DI3

Model 29 MO2, MO3, MO4, MO5, 1000 Halton Draws, 15 Top 20 most
SC2, UA2, SC3, SC4, SC5, burns, normal distribution, heterogeneous
UA3, UA4, PD2, PD4, PD5, independent dimension levels
UAS5, PD3, AD2, AD3, AD4, (uncorrelated) random from overall M 23
C0O2, CO3, ADS5, CO4, CL3, coefficients

MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:
accommodation; DI: dignity
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5.4.18. Assessing model performance

A number of model performance indicators were used to assess the models estimated in this
chapter, namely the AIC [221], and the BIC [222]). The AICis based on in-sample fit and estimates
the likelihood of a model for estimating the specified values. Generally, a model with a lower
AIC is preferred, although it is also important to assess the interpretability of the coefficient
estimates produced. AIC is calculated as in Equation 12, where K is equal to the number of
parameters in the model, and [ is the likelihood.

AIC = -2In([) + 2K (12)

The Log-Likelihood is a commonly used measure of model fit used across all the models
produced in this chapter. The Log-Likelihood is also reported across the models, but this is
sensitive to sample size so cannot be used as a direct measure of fit. In general, higher values
are better given that the models aim to maximise the likelihood. The BIC is measure of model fit
that takes both the number of parameters and the number of observations into account, and
measures both model fit and model complexity. Again, lower values are preferred. The BIC is
calculated as Equation 12:

BIC= KIn(n) - 2In(L) (13)

5.5. Results

5.5.1. Pilot launch
During the initial pilot launch, 118 respondents completed the survey. The mean (median) time
to complete was 23 minutes and 54 seconds (18 minutes and 42 seconds) minutes, with a
minimum of 3 minutes and 24 seconds, and a maximum time of over an hour. The initial model
tested on the DCE data from the pilot sample indicated that the majority of the dimensions had
evidence of monotonicity of coefficient levels — critical for the development of utility scales. The
key model performance indicators were as expected and were based on the full pilot sample
including people who completed the survey in 3 minutes and 24 seconds or longer. From this it
was judged that data obtained from this range of completion times would produce a valid data
from which to model preferences. Therefore, a minimum completion time of greater than 3
minutes was set. Three minutes was set as the minimum completion time to exclude responses
from people who completed the survey very quickly. This meant that no changes were made to
the study design following the pilot, and the sample was retained as part of the main study

dataset.
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Regarding the usability questions, it was found that only 13% of the sample agreed that they
found the task difficult, 17% agreed that it was difficult to imagine the scenarios and 13% agreed
that it was difficult to tell the difference between the descriptions. The free-text question did
not indicate any concerning issues. This evidence was used to support the choice set formats

used and launch the full sample data collection.

5.5.2. Sample — Completion process and time taken

Overall, 1,226 online panel members accessed the survey. Of these, 1,177 (96.0%) consented,
175 (14.3%) dropped out during the survey, 76 (6.2%) completed the survey in less than three
minutes, and 975 (79.5%) fully completed the full survey in more than three minutes (this
included the 118 respondents from the pilot launch). The mean (median) completion time was
26 minutes and 24 seconds (22 minutes and 12 seconds). Figure 26 reports the time taken per
task in seconds. A large majority of the tasks (68.6%) were completed in 30 seconds of less, and
the mean (median) completion time was 35 (17). Overall, the 40 blocks of tasks were completed
between 17 and 32 times, and the 20 blocks (obtained by combining the measure order blocks)
were completed between 34 and 57 times (so there are between 34 and 57 observations for
each choice set in the design). The results of the usability questions are displayed in Figure 27.

The majority of respondents agreed, or strongly agreed that the tasks were not difficult.

Figure 26: Time taken per task

O T T T T T T T T T
0 1-5 6-10 11-1516-2021-3031-4041-5051-70 71+
Time taken group

155



Broadening the measurement and valuation of QoL July 2020

Figure 27: Frequency charts of respondent reported usability questions
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5.5.3. Sample — Demographics

Table 41 reports the demographic characteristics of the sample in comparison to the available
statistics for the Australian population for age and gender [242]. The sample was generally
representative of the Australian population in age, gender and income, but respondents were
more highly educated and more likely to be born in Australia. Overall, 44% self-reported a long-

term health condition. The ASCOT utility scores were higher than those from the EQ-5D-5L.
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Table 41: Sample demographics

Characteristic N(%) Approx. Aust
population
Female 495 (50.8) 51
Age Group (years)
Mean (sd) 46.0 (16.6)
18-24 115 (11.7) 12
25-34 176 (18.1) 18
35-44 182 (18.6) 19
45-54 176 (18.1) 18
55-64 148 (15.2) 15
65+ 178 (18.3) 18
Marital status
Married/partner 585 (60.0) 48
Single/widowed/separated 390 (40.0) 52
Highest education level
Secondary school highest level 275 (28.2) 61
Further education 700 (71.2) 39
Income (Australian $)?
0 to 80,000 643 (75.8) 70
80,001 + 205 (24.2) 30
Prefer not to say 127 (13.0)
Country of birth
Australia 748 (76.7) 67
Other 227 (23.3) 33
Number of children
0 554 (56.8) N/A
1 141 (14.5) N/A
2 163 (16.7) N/A
3+ 117 (12.0) N/A
Health status
Excellent 107 (11.0) N/A
Very good 343 (35.2) N/A
Good 339 (34.8) N/A
Fair 154 (15.8) N/A
Poor 32(3.3) N/A
Has long-term condition 431 (44.2) N/A
EQ-5D-5L utility score (m(sd)) 0.773 (0.23) N/A
ASCOT utility score (m(sd)) 0.846 (0.16) N/A
Hospitalised in last 12 months 257 (26.4) N/A
Ever experienced serious illness:
In self 285 (29.2) N/A
In family 427 (43.8) N/A
In caring for others 213 (21.9) N/A

2@ Australian dollar = 0.67 US dollars as of July 2018; sd: Standard Deviation; EQ-5D-5L utility
calculated using Norman et al (2013); ASCOT utility calculated using Netten et al (2013);
Demographics taken from the Australian Bureau of Statistics; N/A: Not available
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Figure 28 displays the proportion of respondents answering at each level of each dimension of
each instrument. The respondents are distributed primarily across the first four severity levels
of the EQ-5D-5L and the first three of the ASCOT dimensions. Few respondents answered at the
most severe level of each dimension. This is expected given that the sample was recruited from
the general population.

Figure 28: Percentage of respondents answering at each level of each dimension
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5.5.4. Conditional Logit models

Table 42 reports the results for two models, one where the coefficients are unrestricted, and a
second where any disordered coefficients are constrained to be ordered within dimensions. In
Model 15, all responses across both versions of the survey are pooled (that is regardless of the
order of the instrument). Non-monotonic coefficients are highlighted in bold, categorisation of
p-values for the difference between the coefficient estimates and the omitted baseline level (1)
are indicated by stars, and actual p-values for the significance between adjacent levels (relative

to the immediately better level) are reported in the ‘sig (btwn)’ column.

The rank of the dimension (using the overall magnitude of the disutility at the worst level as an
indicator of the dimensions on which the most weight is placed) is also reported. The coefficient
with the largest decrement is pain/discomfort and mobility and the coefficient with the smallest
estimate is social participation. For Model 15, the magnitude of overall dimension level
coefficients can be used to understand the relative weight placed on dimensions. The
dimensions with the largest disutility include four dimensions from the EQ-5D-5L

(pain/discomfort, mobility, anxiety/depression, self-care) and one from the ASCOT (control).
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This is followed by two from the ASCOT (food and drink, safety), EQ-5D-5L usual activities and
another two ASCOT dimensions (cleanliness, occupation). The remaining three ASCOT
dimensions (accommodation, dignity, social participation) have smaller coefficients. The
magnitude of the estimates suggests that dimensions from one of the instruments were not
consistently preferred to dimensions from the other. There is some evidence of non-significant
disordered levels for three dimensions (usual activities levels 4 (severe) and 5 (unable to),
pain/discomfortlevels 2 (slight) and 3 (moderate), and accommodation levels 1 (home is as clean
and comfortable as | want) and 2 (home is adequately clean and comfortable)). The EQ-5D-5L
dimension coefficients increase significantly between levels 3 (moderate) and 4 (severe), and
for three of the dimensions (mobility, pain/discomfort, anxiety/depression) the difference
between levels 4 (severe) and 5 (extreme/unable to) was also significant. For the ASCOT, the
difference between levels 3 and 4 (the two most severe levels with different severity descriptors

used for each) for all eight dimensions was significant.

Model 16 is an adaptation of Model 15, where the disordered coefficients are constrained to
impose ordering. This means that increases in severity resultin a decrease or no change in utility
(rather than an increase), and mimics a model that could be used for estimating a value set.
Ordering was imposed on four pairs of levels, UA4 and UA5 (which now both result in a

decrement of -0.276), PD2 and PD3 (-0.264), OC2 and OC3 (-0.077) and AC1 and AC2 (0).
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Table 42: Conditional logit models for the overall sample
Parameter Model 15: Overall model Model 16: Model 1 ordered
Coef. (p)2 SEb Sig Rankd | Coef. (p) SE Sig Rank
(btwn)c (btwn)
MO2 -0.112* 0.046 0.015 2 | -0.111% 0.046 0.016 2
MO3 -0.246***  0.046 0.005 -0.245***  0.046 0.004
MO4 -0.599***  0.045 <0.001 -0.601***  0.045 <0.001
MO5 -0.799***  0.049 <0.001 -0.797***  0.049 <0.001
SC2 0.000 0.044 0.870 5 | -0.001 0.043 0.984 5
SC3 -0.196***  0.045 <0.001 -0.196***  0.045 <0.001
SC4 -0.479***  0.045 <0.001 -0.479***  0.044 <0.001
SC5 -0.516***  0.046 0.433 -0.517***  0.045 0.417
UA2 -0.019 0.048 0.620 9 | -0.022 0.048 0.653 9
UA3 -0.024 0.047 0.925 -0.025 0.047 0.941
UA4 -0.278*** 0,048 <0.001 -0.276***  0.042 <0.001
UA5 -0.271*** 0,047 0.875 -0.276***  0.042 n/a
PD2 -0.275***  0.048 <0.001 1| -0.264***  0.042 <0.001 1
PD3 -0.256***  0.050 0.705 -0.264***  0.042 n/a
PD4 -0.694***  0.048 <0.001 -0.693***  0.048 <0.001
PD5 -0.848***  0.046 0.002 -0.848***  0.046 0.002
AD2 -0.038 0.046 0.342 3| -0.042 0.045 0.352 3
AD3 -0.199***  0.048 0.001 -0.203***  0.048 <0.001
AD4 -0.574***  0.047 <0.001 -0.578***  0.047 <0.001
AD5 -0.710***  0.048 0.004 -0.717***  0.047 0.003
C02 -0.160***  0.042 <0.001 4 | -0.158***  0.042 <0.001 4
co3 -0.247***  0.042 0.035 -0.246***  0.042 0.032
Co4 -0.667***  0.041 <0.001 -0.668***  0.041 <0.001
cL2 -0.111**  0.044 0.015 8 | -0.112**  0.044 0.011 8
CL3 -0.188***  0.043 0.077 -0.188***  0.043 0.080
CL4 -0.294*** 0,044 0.010 -0.295***  0.044 0.009
FD2 -0.102* 0.045 0.035 6 | -0.106* 0.044 0.017 6
FD3 -0.259***  0.043 <0.001 -0.261***  0.043 <0.001
FD4 -0.361***  0.046 0.033 -0.362***  0.046 0.033
SA2 -0.058 0.043 0.160 7 | -0.059 0.043 0.173 7
SA3 -0.127**  0.042 0.111 -0.126**  0.042 0.121
SA4 -0.330***  0.046 <0.001 -0.328***  0.042 <0.001
SP2 -0.009 0.043 0.816 13 | -0.008 0.043 0.843 13
SP3 -0.046 0.045 0.410 -0.047 0.045 0.379
SP4 -0.146***  0.041 0.017 -0.147***  0.041 0.017
oC2 -0.080 0.046 0.108 10 | -0.077* 0.039 0.048 10
0C3 -0.072 0.044 0.861 -0.077* 0.039 n/a
oc4 -0.234*** 0,043 <0.001 -0.235***  0.043 <0.001
AC2 0.035 0.043 0.437 1|0 n/ae n/a 11
AC3 -0.055 0.041 0.028 -0.073 0.035 0.036
AC4 -0.199***  0.044 <0.001 -0.218***  0.037 <0.001
DI2 -0.006 0.041 0.880 12 | -0.004 0.040 0.917 12
DI3 -0.064 0.044 0.162 -0.064 0.044 0.150
DI4 -0.159***  0.042 0.023 -0.162***  0.042 0.018
No obsf 14,625 14,625
LLE -8,949 -8,949
AlcCh 17,986 17,979
BIC 18,351 18,310

2 Coefficient estimate; ® standard error; ¢ significance between adjacent levels relative to the
immediately better level; 9 rank defined by the magnitude of the worst level; ¢ not applicable; f Number
of observations; & Log-likelihood; " Akaike Information Criterion; & Bayesian Information Criterion p-
values for the difference between the coefficient and baseline indicated by stars: *** 0.001, ** 0.01;
*0.05;; MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression;
CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:
accommodation; DI: dignity
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5.5.5. Models including interactions

Table 43 reports the models including interaction terms. Model 17 includes the interactions that
are included when SCRQoL problems are high, but HRQoL is no problem (to test whether having
a range of SCRQoL concerns is perceived as more manageable when HRQol is not problematic).
To allow for a comparison of the magnitude of these coefficients, an interaction that is active
when a health state includes any ASCOT dimension at the worst level is also included (ASCOT N4
term). Only the estimate for MO1 x ASCOT N4 is a (non-significant) moderating coefficient
meaning that utility is improved when a scenario has problems with SCRQoL, but combined with
no problems in mobility (so indicating that the SCRQoL issues perceived as slightly less bad). The
largest further decrement is the ASCOT N4 term, which indicates that having at least one severe
issue with SCRQol results in a further decrease in utility. As a result of the inclusion of the
interaction terms, the standard error of the EQ-5D-5L main effects estimates is substantially

larger than the ASCOT main effect estimates.

Model 18 displays the interactions included when HRQoL problems (including both severe and
extreme levels) are high, but there are no SCRQolL issues (to test whether having HRQoL
problems is perceived as less problematic when no SCRQolL issues are experienced). For
comparison, a term that is included when any EQ-5D-5L dimension is at level 4 or 5, irrespective
of the ASCOT level, is also estimated (the EQ-5D-5L N45 term). There are one significant and
three non-significant moderating interactions. The significant moderating interaction suggests
that having severe or extreme HRQoL problems is less of an impact if personal cleanliness and
comfortis not anissue. The non-significant moderators relate to severe EQ-5D-5L problems, and
no SCRQoL issues in access to food and drink, social participation, and accommodation. The EQ-
5D-5L N45 term results in an extra decrement, but is not as large as three of the other
interactions resulting in a decrement. Appendix 13 (Model 51) reports the full set of interactions
combined in a single model. The pattern of coefficient estimates is similar, but the AIC and BIC

results for this model are lower.
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Table 43: Exploratory analysis of interactions

Parameter

M 17: Interactions of HRQoL/poor SCRQolL

M 18: Interactions of SCRQoL/poor HRQoL

Main Effects

MO2

MO3

MO4

MO5

SC2

SC3

Sc4

SC5

UA2

UA3

UA4

UAS

PD2

PD3

PD4

PD5

AD2

AD3

AD4

AD5

CcOo2

co3

co4

CL2

CL3

CcL4

FD2

FD3

FD4

SA2

SA3

SA4

SP2

SP3

SP4

oc2

oc3

oc4

AC2

AC3

AC4

DI2

DI3

Dl4

Interactions

ASCOT Level 4

MO1 x ASCOT Level 4
SC1 x ASCOT Level 4
UA1 x ASCOT Level 4
PD1 x ASCOT Level 4
AD1 x ASCOT Level 4
EQ-5D Levels 4/5

CO1 x EQ-5D Levels 4/5
CL1 x EQ-5D Levels 4/5
FD1 x EQ-5D Levels 4/5
SA1 x EQ-5D Levels 4/5
SP1 x EQ-5D Levels 4/5
OC1 x EQ-5D Levels 4/5
AC1 x EQ-5D Levels 4/5
DI1 x EQ-5D Levels 4/5
No Obs¢

LLe

AlCf

BIC8

Coef. (p)? SE® Coef. (p) SE
-0.013 0.142 -0.121%* 0.046
-0.135 0.139 -0.254%** 0.047
-0.493*** 0.139 -0.601%** 0.046
-0.702*** 0.140 -0.815%** 0.051
-0.122* 0.122 -0.008 0.044
-0.331%** 0.124 -0.224%** 0.046
-0.609*** 0.127 -0.493*** 0.045
-0.641%** 0.126 -0.524%** 0.047
-0.016 0.139 -0.034 0.049
-0.030 0.140 -0.004 0.048
-0.285* 0.142 -0.262%** 0.050
-0.277** 0.142 -0.271%** 0.048
-0.283 0.117 -0.284%** 0.050
-0.269 0.118 -0.280*** 0.051
-0.707 0.117 -0.692%** 0.050
-0.857 0.118 -0.848%*** 0.047
-0.064 0.141 -0.046 0.047
-0.237* 0.141 -0.193*** 0.050
-0.600%** 0.137 -0.570*** 0.050
-0.727%** 0.141 -0.717%** 0.050
-0.168%** 0.042 -0.537*** 0.135
-0.256%** 0.043 -0.660*** 0.136
-0.661%** 0.042 -1.041%** 0.136
-0.120%* 0.045 0.184 0.129
-0.256%** 0.044 0.110 0.130
-0.277%** 0.045 0.004 0.130
-0.106* 0.046 -0.067 0.141
-0.266%** 0.044 -0.206 0.139
-0.343%** 0.047 -0.304 0.139
-0.054 0.044 -0.076 0.150
-0.130%* 0.043 -0.143 0.151
-0.312%** 0.043 -0.352** 0.147
-0.013 0.043 0.249 0.150
-0.033 0.046 0.213 0.151
-0.124%* 0.043 0.103 0.147
-0.080* 0.046 -0.177 0.125
-0.085 0.045 -0.179 0.123
-0.224%** 0.043 -0.338** 0.123
0.035 0.044 0.080 0.173
-0.046 0.042 -0.024 0.172
-0.184*** 0.045 -0.145 0.171
-0.011 0.042 -0.131 0.131
-0.058 0.045 -0.188 0.132
-0.145%** 0.043 -0.264* 0.128
-0.146 0.096
0.101 0.141 n/a n/a
-0.133* 0.128 n/a n/a
-0.010 0.143 n/a n/a
-0.025 0.120 n/a n/a
-0.026 0.142 n/a n/a
n/ac n/a -0.057 0.100
n/a n/a -0.410** 0.137
n/a n/a 0.321** 0.129
n/a n/a 0.043 0.142
n/a n/a -0.005 0.128
n/a n/a 0.275 0.152
n/a n/a -0.101 0.134
n/a n/a 0.061 0.171
n/a n/a -0.134 0.132
14,625 14,625
-8,944 -8,938
17,988 17,982
18,402 18,421
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5.5.6. Scale testing across subsamples

Regarding measure order (Table 44), Model 21 reports the coefficients from the restricted
model, and the scale parameter controlling for the presentation order. Comparing the pooled
model with the two unrestricted model for each order separately gives an LR statistic of 118
(greater than the critical value from a Chi Square distribution, with 46 degrees of freedom, of
61.7), and the scale parameter is significant at the 0.001 level, hence the null hypothesis of
preference homogeneity is rejected. This indicates that the order of measure presentation has
an impact on the results. The EQ-5D-5L dimensions have a larger decrement when presented
first (Model 19). When ASCOT is presented first (Model 20), the magnitude of the disutility of
control becomes larger in comparison to the EQ-5D-5L dimensions, and there is increased non-
monotonicity, in particular for the EQ-5D-5L dimensions. Non-monotonicity occurred in only one
dimension of the EQ-5D-5L (anxiety/depression) in Model 19, but occurred in three (across self-
care, usual activities, pain/discomfort) in Model 20. The overall pattern of ranking of the
coefficients is reasonably similar. Dimensions ranked one to five in Model 19 are also ranked
one to five in Model 20 (with four of the coefficients in a different order). Dimensions ranked
six to eight are also ranked six to eight (in a different order) and those ranked nine to 12 are in
the same order across both models. Therefore ten of the 13 estimates are ranked in the same
order across the models. In contrast to the overall models reported in Section 5.5.4, generating
ordered models here is not important as the analysis is conducted to assess disordering and the

impact of measure presentation order.

Appendix 14 reports the full models for the scale testing across demographic variables. For
gender the LR statistic was 49.97 (Table 76) reports the models, for age was 93.69 (Table 77),
and for condition status was 53.25 (Table 78). Therefore, the null hypothesis of scale

homogeneity is accepted for gender and condition status, but not for age.
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Table 44: Conditional logit and heteroskedastic pooled models by measure order

Parame Model 19: EQ-5D-5L appearing first Model 20: ASCOT appearing first Model 21: Restricted
ter pooled
Coef. (p)* SEb Sig Rank? Coef. (p) SE Sig Rank Coef. (p) SE
(btwn)c (btwn)

MO2 -0.195** 0.067 0.003 1| -0.041 0.065 0.521 4 -0.102* 0.044
MO3 -0.417%** 0.068 0.001 -0.098 0.064 0.390 -0.227*** 0.045
MO4 -0.795%** 0.065 <0.001 -0.424%*** 0.062 <0.001 -0.561%** 0.047
MO5 -1.061%** 0.072 <0.001 -0.566*** 0.068 0.025 -0.747%** 0.053
SC2 -0.044 0.063 0.404 4 | 0.044 0.061 0.534 5 0.001 0.041
SC3 -0.193%** 0.065 0.034 -0.189** 0.062 <0.001 -0.187*** 0.043
Sc4 -0.465%** 0.063 <0.001 -0.501*** 0.062 <0.001 -0.457*** 0.043
SC5 -0.545%** 0.066 0.233 -0.496*** 0.064 0.939 -0.489%** 0.045
UA2 -0.039 0.070 0.560 9 | 0.000 0.067 0.917 9 -0.017 0.046
UA3 -0.069 0.068 0.636 0.017 0.066 0.788 -0.020 0.045
UA4 -0.206** 0.070 0.034 -0.349*** 0.067 <0.001 -0.267*** 0.046
UAS -0.261%** 0.068 0.397 -0.281*** 0.065 0.272 -0.258%*** 0.045
PD2 -0.195** 0.059 0.006 2 | -0.348%** 0.068 <0.001 1 -0.265%** 0.046
PD3 -0.228** 0.072 0.644 -0.281*** 0.070 0.338 -0.245%** 0.048
PD4 -0.612%** 0.070 <0.001 -0.779%** 0.068 <0.001 -0.663*** 0.049
PD5 -0.787%** 0.066 0.015 -0.908*** 0.064 0.065 -0.807*** 0.048
AD2 0.014 0.066 0.996 3 | -0.087 0.064 0.191 3 -0.039 0.043
AD3 -0.164* 0.070 0.008 -0.234%*** 0.068 0.025 -0.189*** 0.046
AD4 -0.440%** 0.069 <0.001 -0.703*** 0.066 <0.001 -0.550%** 0.047
AD5 -0.613%** 0.069 0.011 -0.812%*** 0.067 0.094 -0.679%** 0.048
CcOo2 -0.122%* 0.061 0.038 5 | -0.202*** 0.058 0.001 2 -0.155%** 0.040
co3 -0.164** 0.061 0.482 -0.333*%** 0.059 0.023 -0.238%*** 0.041
Cco4 -0.503*** 0.060 <0.001 -0.834%*** 0.058 <0.001 -0.640*** 0.042
CL2 -0.191%** 0.064 0.004 8 | -0.033 0.062 0.604 =6 -0.102* 0.042
CL3 -0.246%** 0.062 0.381 -0.133* 0.060 0.102 -0.176%** 0.041
CL4 -0.265%** 0.064 0.749 -0.318*** 0.062 0.002 -0.280*** 0.043
FD2 -0.128 0.065 0.059 6 | -0.080 0.062 0.260 8 -0.095* 0.043
FD3 -0.258 0.062 0.034 -0.266*** 0.060 0.002 -0.247%** 0.041
FD4 -0.428 0.068 0.014 -0.307*** 0.065 0.542 -0.341%** 0.045
SA2 -0.040 0.063 0.525 7 | -0.084 0.061 0.134 =6 -0.056 0.041
SA3 -0.112 0.061 0.253 -0.153** 0.059 0.249 -0.122%* 0.040
SA4 -0.357%** 0.061 <0.001 -0.318*** 0.059 0.005 -0.313%%** 0.041
SP2 -0.060 0.062 0.350 13 | 0.042 0.060 0.490 13 -0.007 0.041
SP3 -0.100 0.066 0.529 0.007 0.063 0.573 -0.041 0.043
SP4 -0.085 0.060 0.809 -0.198*** 0.058 0.001 -0.140%** 0.040
0C2 -0.048 0.066 0.507 10 | -0.116 0.064 0.089 10 -0.078 0.044
0C3 -0.102 0.063 0.378 -0.050 0.061 0.268 -0.068 0.042
0C4 -0.201%** 0.062 0.102 -0.272%** 0.060 <0.001 -0.224%** 0.041
AC2 0.044 0.062 0.451 11 | 0.029 0.060 0.688 11 0.033 0.041
AC3 0.015 0.059 0.622 -0.119* 0.058 0.009 -0.055 0.039
AC4 -0.157** 0.063 0.003 -0.240%** 0.061 0.032 -0.191%%** 0.042
DI2 -0.018 0.059 0.792 12 | 0.005 0.056 0.972 12 -0.004 0.038
DI3 0.002 0.064 0.741 -0.128** 0.062 0.024 -0.063 0.042
Dl4 -0.114 0.061 0.051 -0.206*** 0.059 0.176 -0.151%** 0.040
Order 0.094* 0.047
No obs® 6,975 7,650 14,625

LLf -4,280 -4,608 -8,947

AlCs 8,649 9,304 17,984

BICh 8,981 9,640 18,357

immediately better level; ¢ rank defined by the magnitude of the worst level; ¢ Number of observations;

difference between the coefficient and baseline indicated by stars: *** 0.001, ** 0.01; *0.05;; MO:

2 Coefficient estimate;  standard error; ¢ significance between adjacent levels relative to the

Log-likelihood; & Akaike Information Criterion; " Bayesian Information Criterion p-values for the

f

mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO: control; CL:
cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC: accommodation;

DI: dignity

164



Broadening the measurement and valuation of QoL July 2020

5.5.7. Sensitivity analysis - Time taken by task and overall

The results of the time taken sensitivity analyses are reported in Appendix 15. The results of the
assessment of model ordering based on both task and overall respondent level exclusions
suggests that completing in a shorter and longer time overall contributes to increased
disordering between coefficient levels within certain dimensions, although the pattern is not

consistent.

The results of the scale testing differ depending on whether the sample is split by time taken
per task or overall. For the time taken per task, the null hypothesis of preference homogeneity
was rejected, and therefore scale differs according to the time taken to complete the tasks. For
the time taken overall, that the null hypothesis of preference homogeneity was accepted,

meaning that the scale does not differ between samples.

5.5.8. Assessing heterogeneity — Latent class

For the latent class analysis, the two class model (Model 22) displayed the lowest BIC (18,093)
of the models including up to six classes (see Table 45). The resulting estimates are shown in
Table 46. The first class includes 55% of the sample who demonstrate strong ordered
preferences across ten of the EQ-5D-5L and ASCOT dimensions. The second class (45%) includes
a less clear pattern of preferences, with evidence of disordering across dimension levels. Those
in class one are more likely to be aged over 60 and have a long-term condition than those in
class two. For comparison, the three to six class models are included in Appendix 16.
Interpretation of the class structure is more complex which would be expected, as these models
do not explain the data to the same level as the two and three class models.

Table 45: Latent class model performance statistics

Model and Class LL BIC AIC
number
2 class (Model 22) -8,730 18,093 17,644
3 class (Model 67) -8,607 18,178 17,495
4 class (Model 68) -8,496 18,286 17,368
5 class (Model 69) -8,429 18,482 17,330
6 class (Model 70) -8,343 18,641 17,254

Bold values: Best model indicator
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Table 46: Two class latent class model
Model 22: Two class model

Parameter Class 1 Class 2

MO2 -0.085 -0.100
MO3 -0.383 -0.135
MO4 -0.807 -0.440
MO5 -1.098 -0.592
sC2 0.048 -0.025
SC3 -0.269 -0.162
sc4 -0.879 -0.251
SC5 -1.151 -0.054
UA2 -0.044 0.010
UA3 -0.052 -0.005
UA4 -0.505 -0.099
UAS -0.572 -0.028
PD2 -0.433 -0.191
PD3 -0.425 -0.176
PD4 -1.382 -0.197
PD5 -1.541 -0.373
AD2 -0.134 0.001
AD3 -0.420 -0.065
AD4 -1.439 0.092
AD5 -1.590 -0.086
Cc02 -0.228 -0.126
Cco3 -0.234 -0.254
co4 -1.102 -0.298
CL2 -0.264 -0.043
CL3 -0.408 -0.079
CL4 -0.547 -0.154
FD2 -0.068 -0.150
FD3 -0.378 -0.181
FD4 -0.435 -0.327
SA2 -0.234 0.063
SA3 -0.410 0.070
SA4 -0.693 -0.077
SP2 -0.118 0.073
SP3 -0.118 0.012
SP4 -0.369 0.042
0C2 -0.157 -0.057
0C3 -0.191 -0.018
oc4 -0.473 -0.099
AC2 0.025 0.038
AC3 -0.141 0.016
AC4 -0.315 -0.113
DI2 -0.039 0.000
DI3 -0.183 0.018
DI4 -0.361 -0.004
Demographic

Age Cat (18-60 and 60+) 0.758 0.000
Gender 0.746 0.000
Has Long-term Condition 0.192 0.000
Class Share 0.550 0.450
N Obs? 14,625

LLP -8,730

2 Number of observations; ® Log-Likelihood; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:
social participation; OC: occupation; AC: accommodation; DI: dignity;
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5.5.9. Assessing heterogeneity — Mixed logit

Appendix 17 reports mixed logit models including one parameter for each dimension. These
models were estimated to test a range of mixed logit specifications to draw inferences about
which specifications should be included in the models estimating all levels of all dimensions. The
specifications tested included coefficient distribution, coefficient correlations, and number of
draws. Model 71 to Model 72 report mixed logit models including one parameter for each
dimension, with all specified as random and with normally distributed coefficients. Across both
models, the standard deviations suggest that the ASCOT dimensions cleanliness and
accommodation do not display evidence of heterogeneity, but the other dimensions are
significantly heterogeneous. The model with increased draws is more efficient. Model 73 reports
the overall dimension level model, but with log-normally distributed parameters. The pattern of
significant heterogeneity is the same. Model 74 reports the overall dimension level model
specifying that the parameters are correlated. The level of heterogeneity is increased, but the

AIC and BIC are higher indicating lower model performance.

These results led to a series of decisions about the main models to report in this chapter. First,
given the difficulty in fitting log-normal models with parameters that are inconsistent in
conditional logit (as is the case with the baseline model reported here), the dimension level
models reported below are specified with normally distributed parameters. Second, the
difficulty in specifying which dimension levels are correlated across the 44 parameters, and the
complexity of the modelling approach, it was decided to focus on models reporting uncorrelated
coefficients. Third, the models reported in the main text increase the number of draws to 1,000,

and the burn rate to 44, with the parameters specified as random.

Table 47 reports the most complex models with all 44 EQ-5D-5L and ASCOT dimension level
parameters specified as random (Model 23), and normally distributed uncorrelated coefficients.
The model (Model 75) including a lower number of draws and burn rates is included in Appendix
17. The AIC and BIC are lower for Model 23 which suggests that increasing the number of draws,
burn rate, and specifying a difficult maximisation procedure increases the performance of the
model. The results suggest that the most severe level of the majority of the dimensions has at
least some evidence of significant preference heterogeneity across both model specifications.
There are some differences in the magnitude of the standard deviations between the models,

but the direction of the differences is not consistent.
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Table 47 also reports Model 24 where the EQ-5D-5L dimension levels are specified as random
(Appendix 17 reports the version with less draws (Model 76)). The MO, SC, PD and AD
dimensions have a higher level of heterogeneity than UA, particularly at the more severe
dimension levels. The AIC and BIC again suggest that the model with increased draws and a

higher burn rate performs better.

Table 47 reports Model 25 where the ASCOT dimensions are random, and the EQ-5D-5L
dimensions are fixed (Appendix 17 reports the version with lower draws (Model 77)). Across
both models, there is evidence of heterogeneity at the more severe levels of control, social,
occupation, accommodation and dignity. The models including more draws are more
conservative as they demonstrate less evidence of heterogeneity, and it also has a lower AIC
and BIC. Given the more conservative nature of the models increasing the number of draws, and
specifying a difficult maximisation procedure, and the complex nature of the models this
specification was used for the further exploratory models tested with different sets of random
parameters based on past valuation work, and the results of the overall model including all

parameters as random.

Appendix 17 reports exploratory mixed logit models based on preference patterns observed in
the literature and extracting sets of parameters from the most complex model with all EQ-5D
and ASCOT dimension levels specified as random. Model 78 specifies the most severe dimension
levels as random in line with other valuation work suggesting increased variation in preferences
around more severe health states [172]. There is significant heterogeneity for the majority of
the most severe dimension levels, with the ASCOT dimensions accommodation, safety and
cleanliness exhibiting homogeneity. Model 79 includes as random those terms that had the
most significant standard deviations from Model 23 which includes all 44 parameters as random.
There are differences in comparison to that model, as a number of the standard deviations are
no longer significant. This suggests that the pattern of heterogeneity is dependent on the sets
of parameters specified as random. Model 80 demonstrates that the ten most heterogeneous
dimensions are consistently significant across both models. This model has the lowest AIC and
BIC of the exploratory models. Model 81 demonstrates that the five most heterogeneous
parameters retain strong evidence of heterogeneity when tested on their own. This suggests
that the ten most heterogeneous parameters have strong evidence of heterogeneity. Those
parameters with less significant heterogeneity differ in terms of the level of heterogeneity

across different models.
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Table 47: Mixed Logit models — EQ-5D-5L and ASCOT combinations as random

M 23: All dimension

M 24: EQ-5D-5L vary

M 25: ASCOT vary

Parameter Coef. ? SD Coef. SD Coef. SD
MO2 -0.170** 0.131 -0.120*** 0.073 -0.141** N/AP
MO3 -0.348***  0.096 -0.259***  0.007 -0.279***  N/A
MO4 -0.834%**  (0.347** -0.666***  0.365%** -0.678***  N/A
MO5 -1.112***  0.841*** -0.911*** 0.709%** -0.885*** N/A
SC2 -0.024 0.000 -0.010 0.041 -0.011 N/A
SC3 -0.279***  0.431%** -0.215*** 0.351%** -0.226*** N/A
SC4 -0.659***  0.540*** -0.542*** 0.454%** -0.531*** N/A
SC5 -0.725***  0.795%** -0.584*** 0.575%** -0.565*** N/A
UA2 -0.059 0.309* -0.036 0.052 -0.039 N/A
UA3 -0.036 0.248 -0.030 0.098 -0.036 N/A
UA4 -0.398***  0.276 -0.328***  (0.249* -0.314***  N/A
UA5 -0.387***  (0.281* -0.315***  0.089 -0.307***  N/A
PD2 -0.355%**  0.437%** -0.308***  0.171 -0.299***  N/A
PD3 -0.340***  0.120 -0.288***  0.085 -0.274***  N/A
PD4 -0.939%**  (.585%** -0.784%**  0.462%** -0.750***  N/A
PD5 -1.173***  0.750*** -0.970*** 0.576*** -0.921*** N/A
AD2 -0.055 0.374** -0.029***  (0.316*** -0.054 N/A
AD3 -0.290***  0.404** -0.229*%**  0.145 -0.230***  N/A
AD4 -0.816***  (0.775%** -0.640*** 0.499%** -0.651*** N/A
AD5 -1.011***  0.854*** -0.806*** 0.429%** -0.787*** N/A
C02 -0.183***  0.171 -0.174*** N/A -0.144** 0.063
Cco3 -0.333***  0.314* -0.284***  N/A -0.255***  (0.265*
co4 -0.903***  (0.842*** -0.735*** N/A -0.744*** 0.698***
CL2 -0.156** 0.067 -0.128** N/A -0.119* 0.0202
CL3 -0.258***  0.401*** -0.221*** N/A -0.284*** 0.264*
CL4 -0.393***  0.221 -0.332*** N/A -0.400*** 0.028
FD2 -0.138* 0.050 -0.111* N/A -0.065 0.007
FD3 -0.342***  0.318* -0.288*** N/A -0.284*** 0.136
FD4 -0.490***  (0.437*** -0.400*** N/A -0.400*** 0.268
SA2 -0.071 0.312% -0.069 N/A -0.065 0.211
SA3 -0.172** 0.009 -0.137** N/A -0.139** 0.025
SA4 -0.443***  0.322* -0.365*** N/A -0.361*** 0.218
SP2 -0.012 0.383%*** 0.016 N/A -0.011 0.193
SP3 -0.074 0.047 0.052 N/A -0.056 0.113
SP4 -0.212***  0.387*** 0.181*** N/A -0.158*** 0.261*
0C2 -0.094 0.214 0.082 N/A -0.088 0.087
0C3 -0.110 0.431%** 0.079 N/A -0.089 0.308**
0oc4 -0.322*%**  0.567*** 0.253*** N/A -0.268*** 0.472%**
AC2 0.032 0.045 0.047 N/A 0.029 0.065
AC3 -0.081 0.264 0.059 N/A -0.072 0.260**
AC4 -0.277***  0.260* 0.213*** N/A -0.231%** 0.208
DI2 -0.017 0.193 0004 N/A -0.011 0.160
DI3 -0.074 0.094 0.061 N/A -0.076 0.004
DI4 -0.214***  (0.385*** 0.170*** N/A -0.177*** 0.276**
N 14,625 14,625 14,625

LL® -8,811 8,887 -8,906

Alce 17,799 17,865 17,948

BIC® 18,528 18,263 18,511

a Coefficient estimate; b not applicable; ¢ Log-Likelihood; @ Akaike Information Criterion; Bayesian Information
Criterion; p-values for difference between coefficient and baseline ***0.001, **0.01; *0.05; MO: mobility; SC: self-
care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and
drink; SA: safety; SP: social participation; OC: occupation; AC: accommodation; DI: dignity
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5.5.10. Assessing heterogeneity — Generalised Multinomial Logit Model

Table 48 reports a range of GMNL models incorporating both preference and scale
heterogeneity and specifying that the parameters are uncorrelated. Given the results from the
mixed logit regarding the estimation of more conservative models with better performance
indicators using increased draws, burn rate, and specifying difficult maximisation, this
specification was used for all GMNL models. Given the difficulties in estimating dimension level
models with log-normal distributions, random parameters with normal distributions were
specified throughout the GMNL analysis. Again, the focus was also on modelling uncorrelated

parameters.

Model 26 displays the indicators of heterogeneity across the 20 EQ-5D-5L dimension level
parameters and suggests evidence of heterogeneity at the more severe levels of the MO, SC, PD
and AD dimensions, which is consistent with the findings from the mixed logit analysis. Model
27 includes the 13 ASCOT parameters with evidence of heterogeneity in the mixed logit analysis.
The GMNL model suggests less evidence of heterogeneity in comparison to the mixed logit, but
scale heterogeneity is apparent. The results of Model 28 suggests preference heterogeneity
across most of the severe levels of both the EQ-5D and ASCOT. Model 29 differs to the mixed
logit analysis, as eight of the 20 parameters displaying evidence of heterogeneity in the mixed
logit model including all parameters as random are not heterogeneous in the GMNL model.
Across all models, the Tau statistics were highly significant which indicates the presence of scale
heterogeneity that there was scale heterogeneity present in the dataset. This finding supports
the earlier analysis of scale differences which were significant across a number of demographic

indicators.

5.6. Discussion

5.6.1. Summary and explanation of findings

This study has investigated the relative magnitude of health and social care related QoL
dimensionsincluded in the EQ-5D-5L and ASCOT using a stated preference approach. The results
found that respondents make choices reflecting their trade-offs between diverse dimensions of
Qol within an overall utility framework combining preferences for certain aspects of HRQoL and
SCRQoL. The estimates demonstrate that the HRQoL and SCRQoL outcomes included in the EQ-
5D-5L and ASCOT have different levels of importance (using coefficient size as a proxy for

importance) to a large and generally representative pool of respondents. The magnitude of
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preferences is generally higher for EQ-5D-5L HRQoL dimensions, with some exceptions, and

there is evidence of preference heterogeneity.

This work adds preference evidence to the evidence of on the measurement relationship
between the measures reported in Chapter 4 and demonstrates that trading across diverse
areas of QoL within the same valuation framework is feasible. The results have implications for
the future development and valuation of measures including wider areas of QolL. They
demonstrate that preferences for the wider domains of QoL cannot be separated from
preferences for narrower domains valued separately (for example HRQol). Therefore to
facilitate accurate decision making, the broader domains need to be valued a part of a unified
measurement framework. The results also demonstrate that DCE is a feasible approach to
valuing diverse domains of QoL. The task used is relatively challenging, but the majority of the
sample self-reported not finding the task difficult to complete. This may be due to a higher level
of education amongst the sample (in particular those educated to degree level of higher), or due
to inconsistencies in self-reporting around perceived task difficulty. To improve the inclusiveness
of DCE tasks, further research could attempt to understand task completion in those with lower

education levels.
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Table 48: Generalised multinomial logit models for the EQ-5D-5L and ASCOT data

Model 26: EQ-5D-5L vary

Model 27: 13 ASCOT vary

Model 28: Severe levels

Model 29: 20 most

vary significant in MIXL

Parameter Coef. SD Coef. SD Coef. SD Coef. SD
MO2 -0.128* 0.100 -0.172** N/A -0.138* N/A -0.148* N/A
MO3 -0.348*** 0.129 -0.354*** N/A -0.366*** N/A -0.371*** N/A
MO4 -0.742%** 0.131 -0.836*** N/A -0.879*** 0.136 -0.845*** 0.288**
MO5 -1.144%** 0.817*** -1.127*** N/A -1.271%** 0.844*** -1.195*** 0.755%**
SC2 -0.031 0.060 -0.043 N/A -0.045 N/A -0.039 N/A
SC3 -0.308%** 0.131 -0.301%** N/A -0.339 N/A -0.318%** 0.161
SC4 -0.765*** 0.481*** -0.724*** N/A -0.793*** 0.509*** -0.776*** 0.486%**
SC5 -0.857%** 0.498*** -0.820%*** N/A -0.953*** 0.721*** | -0.888*** 0.431%**
UA2 -0.035 0.266** -0.037 N/A -0.072 N/A -0.059 N/A
UA3 -0.046 0.240* -0.063 N/A -0.067 N/A -0.069 N/A
UA4 -0.390%*** 0.018 -0.392%** N/A -0.521%** -0.276* -0.447*** N/A
UA5 -0.463%** 0.080 -0.426%** N/A -0.503*** 0.123 -0.477*** N/A
PD2 -0.421%** 0.191 -0.387*** N/A -0.424*** N/A -0.415*** 0.239
PD3 -0.410%*** 0.178 -0.362*** N/A -0.441*** N/A -0.403*** N/A
PD4 -1.098%** 0.362*** -0.997*** N/A -1.191%** 0.529*** | -1,074%** 0.373*
PD5 -1.269%** 0.577*** -1.156%** N/A -1.390%*** 0.488*** | -1,279%** 0.051
AD2 -0.091 0.037 -0.134* N/A -0.141* N/A -0.110 0.146
AD3 -0.294%** 0.196 -0.330%*** N/A -0.379%*** N/A -0.344%*** 0.744**
AD4 -0.945%** 0.567*** -0.935%*** N/A -1.024%*** 0.664*** | -1,000%** 0.521**
AD5 -1.123%** 0.467*** -1.064%** N/A -1.244%** 0.545%** | -1,134%** 0.062
Cc02 -0.205%** N/A -0.150 N/A -0.186** N/A -0.189%*** N/A
co3 -0.266%** N/A -0.212%** 0.263*** -0.278%*** N/A -0.244%** N/A
Cco4 -0.901%** N/A -0.824%*** 0.718%** -0.980%*** 0.603*** | -0.891*** 0.577***
CL2 -0.199%** N/A -0.187*** N/A -0.200%*** N/A -0.157** N/A
CL3 -0.325%** N/A -0.317%*** 0.202 -0.352%** N/A -0.310%*** 0.059
CL4 -0.471%** N/A -0.450%*** N/A -0.472%** -0.017 -0.460%*** N/A
FD2 -0.058 N/A -0.082 N/A -0.088 N/A -0.067 N/A
FD3 -0.307*** N/A -0.301%*** 0.119 -0.317%*** N/A -0.305%** N/A
FD4 -0.452%** N/A -0.436*** 0.421%** -0.460%*** 0.343*** | -0.449%** 0.203*
SA2 -0.092 N/A -0.143** 0.209 -0.129* N/A -0.114* N/A
SA3 -0.195%** N/A -0.229%*** N/A -0.237%*** N/A -0.206*** N/A
SA4 -0.499%** N/A -0.505*** 0.351%** -0.604*** 0.165 -0.503*** N/A
SP2 -0.018 N/A -0.027 0.275** -0.057 N/A -0.027 0.248**
SP3 -0.069 N/A -0.060 N/A -0.092 N/A -0.074 N/A
SP4 -0.227%** N/A -0.214%*** 0.312%** -0.304*** 0.176 -0.224%*** 0.280***
0C2 -0.154* N/A -0.143* N/A -0.179** N/A -0.171** N/A
0cC3 -0.178** N/A -0.176** 0.265 -0.178** N/A -0.178** 0.213*
0oc4 -0.418%** N/A -0.381*** 0.192 -0.446%*** 0.537*** | -0.428*** 0.009
AC2 0.059 N/A 0.025 N/A 0.058 N/A -0.018 N/A
AC3 -0.059 N/A -0.094 N/A -0.059 N/A -0.095 N/A
AC4 -0.236%** N/A -0.271%** 0.163 -0.270%*** 0.129 -0.268*** N/A
DI2 0.005 N/A 0.004 N/A -0.054 N/A 0.003 N/A
DI3 -0.085 N/A -0.099*** N/A -0.090 N/A -0.071 N/A
DI4 -0.218%** N/A -0.211%** -0.000 -0.266*** 0.102 -0.210%** 0.157
TAU 0.926*** 0.913*** 0.988*** 0.921***
GAMMA 0.474%** 0.310%* 0.226* 0.391***

N orbs 14,625 14,625 14,625 14,625

LL -8,754 -8,748 -8,728 -8,744
AIC 17,789 17,768 17,730 17,726

BIC 18,100 18,006 17,983 17,895

2 Coefficient estimate; ® not applicable; ¢ Log-Likelihood; ¢ Akaike Information Criterion; Bayesian

Information Criterion; p-values for difference between coefficient and baseline ***0.001, **0.01; *0.05;
MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:

accommodation; DI: dignity
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The overall coefficient magnitude is an indicator of which particular QoL aspects within the
classification system respondents prefer and suggest that two measures with different
perspectives can be perceived as describing a broader concept within which people trade across
different aspects. This pattern of preferences has implications for decision making using a
conventional QALY (focusing on HRQol), that does not include wider areas of SCRQoL. The use
of an instrument generating a value set combining HRQoL and SCRQoL would be driven more by
the needs of particular groups, for example people with long-term conditions or frailty. These
values could be used to assess the integration of services for people with multiple and complex
conditions for whom maintaining QoL within a social care setting may be a more important

consideration than improving health.

There is also evidence of preference heterogeneity across all dimensions of both instruments to
different degrees, with most heterogeneity apparent at the more severe dimension levels. This
means that preferences for the dimensions of both instruments differ in different groups of
respondents in terms of which dimension they would most want to avoid. There were no clear
patterns of heterogeneity across the overall set of dimensions. This has implications for the
sensitivity of decision making, as a value set applied to data from different population groups
may not accurately reflect the preferences of other population groups. Value sets representing
general population preferences at the overall level are preferred by many decision makers, but
population specific value sets taking into account heterogeneity of preferences could be
considered for sensitivity analysis. In future work, there is also the option of collecting
preference data from patient groups with relevant HRQolL and SCRQol impacts to understand

how values differ between the general population, and a potentially more informed sample.

Another factor that may impact upon our results is the wording of the dimensions included. This
clearly differs between the instruments, but qualitatively the wording of the EQ-5D-5L is more
consistent internally than the ASCOT as it uses severity descriptors that only differ on one level
across dimensions. This difference in the wording of the descriptions and the severity levels may
influence valuations and potentially mask the importance of certain domains (that are important
to the respondent but the way they are worded means that they do not have the same overall
severity perception). This issue may be resolved by valuing health states in context, where the
entire descriptive system is presented within a task, and the levels relevant to the choice set are

highlighted [165].
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It would also be useful to examine the relationship between the dimensions and the wording in
a systematic way. Using consistent descriptions and severity levels across the constructs could
lead to further insight regarding the relationship between the different dimensions. It may also
lead to the development of dimension descriptors that are quite different to those in the original
instruments, but further work could test whether homogenising the wording influences both
self-report and trading across dimensions. However, the amount of work required to develop
new instruments and associated descriptions is extensive. The developmental work conducted
for the EQ-5D-5L [78] and ASCOT [126] is comprehensive, and therefore using existing

instruments is a key starting point in understanding how respondents trade across dimensions.

In the models based on the survey ordering, the relative magnitude of some of the dimensions
from the instrument that appears first is increased, and the scale testing is consistent with there
being different patterns of preferences across the subgroups. When the ASCOT dimensions
appear first, there is evidence of increased non-monotonicity, particularly for the EQ-5D-5L
dimensions. However, the overall pattern of dimension ranking for each model has similarities.
This provides some evidence for an order effect that may be aggregated for the overall model.
Full dimension order randomisation was not imposed in the design of this study, as in other DCEs
the impact of dimension ordering has not been pronounced. It may be that the difference
between this work and previous studies is that here clusters of dimensions, rather than

individual ones, were reordered.

5.6.2. Comparison with other EQ-5D-5L and ASCOT value sets

It is possible to compare the disutility of the coefficients for each instrument with those from
valuation studies of the EQ-5D-5L and ASCOT separately. The order of magnitude of the
coefficients estimated within each individual instrument shows some consistency with other
published value sets produced using a range of preference elicitation methods [29, 57, 94].
Regarding EQ-5D-5L, the order of the coefficients is similar to the Australian value set derived
using DCE methods [57], with mobility, pain/discomfort and anxiety/depression having the
largest decrements. The order of the ASCOT dimensions is consistent with the UK value set [126]
for the dimensions with the largest and smallest overall impact on ASCOT utility. One key
difference for the ASCOT preferences is the weight placed on control compared to the other
dimensions, which is higher in this study. This could be linked to the preferences of the
Australian population, or an effect of presenting control alongside the EQ-5D-5L dimensions,

where control over life might be considered differently when presented alongside specific health
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aspects.

Other work has assessed the relationship between preferences elicited for both instruments in
the same study. Stevens et al [243] estimated an exchange rate between EQ-5D-3L and the
ASCOT using TTO valuations of each measure separately in the same respondents. The exchange
rate suggested that health outcomes as measured by the EQ-5D-3L were more valued than
ASCOT outcomes, but the gradient was close to one and the intercept was also small. The study
did not allow for respondents to express preferences for different dimensions measured by the
instruments within the same framework, as the health and social care descriptions were valued
separately. In this work the two aspects were combined and show generally higher preferences
for HRQolL aspects included in EQ-5D-5L with some exceptions. The studies provide
complementary information from different preference elicitation approaches about how people
consider HRQoL and SCRQol as measured by the EQ-5D-5L and ASCOT but are difficult to directly
compare given the different methodologies. A key point of difference is the use of survival as
the unit of trading across different QoL states in the TTO approach which changes the cognitive
nature of the task. TTO also produces direct values for particular states in comparison to DCE

that produces binary choices for QoL states aggregated at the overall level to estimate values.

5.6.3. Study limitations and further research

This work has a number of limitations and associated opportunities for further work. Firstly, as
this was exploratory work to understand respondent trading across dimensions, no form of
anchoring to the latent scale values, for example by including duration [48, 50] was included.
Therefore, the estimates are not anchored onto the full health — dead utility scale. Incorporating
duration would be a natural extension for further work in this area to allow the values produced
to be used as inputs for the estimation of QALYs. Secondly, as with all online studies, it is difficult
to assess respondent engagement with completing the DCE task. To support completion, overlap
across five dimensions was introduced, and shading was used. Both strategies have been shown
to enhance respondent completion rates in previous studies [43,228]. Detailed qualitative
information about whether imposing overlap and shading supported respondent completion is
not available, but the general ordering and interpretability of the results, and the responses to
the self-reported difficulty questions in the pilot launch suggest that the format used was

acceptable to respondents.

This study is able to draw inferences about the relationship between HRQolL and SCRQol as
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measured by the EQ-5D-5L and ASCOT. Arguably, the methods applied in this study could
reasonably be extended to forming other joint valuation indices that incorporate other
conceptualisations of QoL. For example, further work could apply the methods used to assess
the relationship between HRQolL and capabilities (as measured by the ICECAP-A [244]), or
wellbeing. There are also other measures of HRQoL, that include both different and overlapping
dimensions from those used in our research (for example the SF-6D [79, 80] describes HRQoL
differently from the EQ-5D-5L [78]). Thus, our work provides evidence that the DCE valuation
approach can be used to estimate joint indices of QoL. This provides significant scope to expand
on such indices to produce QALY valuations that are more sensitive to the impacts of care
services across a wide range of patient groups and settings. It could also be hypothesised that
there are cross-cultural differences in preferences for different aspects of QoL depending on a
number of factors such as the characteristics of the healthcare system, and different attitudes

towards health and social care. Further research could adapt this work in different countries.

There are other approaches that could use DCE as the valuation method to understand how
samples may trade-off across HRQoL and SCRQolL profiles. For example, trading within one
perspective could be couched in terms of a particular profiles from the other perspective to
understand how respondents perceive and respond to attributes when faced with a particular
health profile or social care situation. It could be hypothesised that preferences for particular
attributes of health would differ when placed in the context of different social care situations
(or vice versa). This approach holds promise for future work to understand the relationship
between perspectives, but was not done here as the aim of this work was to assess trading
within an overall descriptive system to provide evidence to inform the potential development
of a value set to improve the information available for decision making. Other valuation tasks
such as BWS [142] may provide preference information from a different perspective about how

populations trade between different health and non-health areas.

5.6.4. Conclusions
In conclusion, an established valuation methodology (DCE) has been used to demonstrate that
it is possible to value concepts measuring different (and in some cases overlapping) aspects of
Qol (health and social care related) on the same underlying scale. It has also been demonstrated
that respondents trade between the different concepts. This has implications for decision
making around the funding and use of interventions that have a wider impact on QoL than just

that captured by a more narrowly focused health-related QALY metric. In the next chapter, a key

176



Broadening the measurement and valuation of QoL July 2020

area of application of DCE methods for health state valuation is investigated. This is the
construction of the designed experiment and establishing how the design impacts on the value
produced helps extend knowledge about the methods that can be used to value health and

wider QoL states within a DCE framework.
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6. Comparing DCE designs that could be used to value measures of QoL

6.1. Summary
Chapter 5 demonstrated how DCEs can be used to value different QoL outcomes within the same
valuation framework. A key feature of the development of DCEs is the design construction
method used to select choice sets for inclusion in the study. There are a number of design
construction methods available, and methodological decisions are required during the design
construction process. The extent to which the design construction method chosen is influential

in the characteristics of the value sets produced is unclear.

In health state valuation research, the impact of design construction has not been widely
investigated, and there has been no systematic assessment of the design related and
methodological choices made. The design is a fundamental building block and so it is important
to systematically understand how design decisions affect choices. The study reported in this
chapter investigates a number of DCE design construction strategies using the EQ-5D-5L as the
descriptive system valued. The results of this work can be used to inform the design of further
valuation studies of QoL outcomes. The study has direct relevance to the key questions of this
thesis, as it demonstrate the advantages and disadvantages of different DCE design approaches
that could be used to derive value sets for any future PBM developed to assess QoL. It uses an
existing PBM about which a lot is understood (EQ-5D-5L) to allow for the implications of varying

the design criteria to be tested.

6.2. Introduction
The descriptive systems of PBMs describe many combinations of dimensions and levels that
could be compared by respondents within a DCE framework. They typically include 5-12
dimensions and between 3 and 6 levels for each dimension, resulting in a large number of health
states that can be described. For example, the EQ-5D-5L [78] includes 3,125 possible health
states which means that 4.88 million (3125 x 3124 / 2) choice sets consisting of two profiles are
possible. In a DCE, decisions need to be made about which health states will be presented and
then how they will be combined with other health states in choice sets. Therefore, selecting the
subset of choice sets to be administered to respondents (or constructing the designed
experiment) is a key part of the study design process to support the accurate elicitation of

preferences and the subsequent estimation of values.
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Constructing the designed experiment is a key step in the conduct of any DCE. This is
demonstrated by flowcharts describing the DCE development process presented in Chapter 2
(Figure 9 and Figure 10). Both flowcharts place the experimental design as the central stage that
occurs after the development of the attributes and levels, and the choice set format, and is
informed by the requirements of the analysis. For health state valuation purposes, the
descriptive system is usually available, and the analysis aims to develop a utility value set. An
experimental design with both statistical efficiency, and amenability to completion by
respondents, and the ability to estimate all of the required parameters with a level of accuracy,

is a prerequisite to data collection.

Given the importance of the constructed experiment, substantial research effort has gone into
developing design construction methods. This has resulted in two broad classes of DCE design
construction that can be described as theoretical or algorithm-based, and are summarised by
Street and Viney [61]. A theoretical approach used in the construction of designs for the
development of value sets is described as a generator developed design [62]. Using this
construction, an orthogonal array [63] is taken as the starting point, and each row of level
combinations within that array is used as the first health state in a choice set. The second option
is constructed by making a systematic set of level changes given by a generator chosen. For the
estimation of main effects, each level of each dimension is designed to appear as evenly as
possible across the options in each choice set. Different frequencies of level combinations can
also be built into the design for the estimation of more complex models (for example those
estimating interactions between dimensions). Generator developed designs have been used to
construct DCE designs to value a range of generic PBMs including the EQ-5D-3L [50], EQ-5D-5L
[57], SF-6D [58], and also the cancer specific EORTC QLU C10D [144].

In an algorithm-based approach, a starting design of choice sets is selected, and this is
sequentially changed to generate a more efficient design. This can be done by changing one
profile at a time (a modified Fedorov algorithm), or by changing dimensions within a profile (a
coordinate exchange algorithm [65]). The improvements in the design efficiency can be
generated iteratively by assessing the error in the design, and retaining designs that improve
this, or by randomly generating designs (defined as the random construction method) and
retaining those with a certain level of pre-specified efficiency. Both types of iterative sequence,
and approaches to improving design efficiency have been widely used to generate experimental

designs to value PBMs [55, 59] (see also the structured review reported in Chapter 3).
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The construction of algorithmic designs can be computationally intensive, and a further variation
in the design process is the software used to implement the algorithms. In the field of health
state valuation, several programs including routines available in statistical software such as Stata
[66] and SAS [65] has been used alongside specifically designed DCE software such as Ngene
[67], or user written commands in R [47]. However, whether there is any systematic impact of

the different software implementations on the values estimated is unclear.

When designing an experiment, a decision also has to be made about whether or not to use
prior values. Prior values are information about the size of the parameter levels for attributes
included in the design. Prior information can be taken from a number of sources including pilot
work, or other studies reported in the literature. For a number of reasons, including the lack of
previous studies, and lack of pilot work, the valuation of unique attributes, or the
inappropriateness of other estimates, priors are not always available. In this case, priors are
referred to as non-informative, or zero, priors. When prior values are available, they can be
described as informative or non-zero priors. Designs can also use both point priors (that are

single values), or the Bayesian approach that uses an underlying distribution for the priors.

In theoretical design constructions, priors are not used, and this is equivalent to assuming that
the prior value is zero. Therefore, such design constructions will select combinations of levels
based on criteria, typically an objective function based on the information matrix. This is the
situation for the generator developed approach. In algorithmic constructions, informative priors
can be used, and the algorithm makes use of this information to select choice sets that optimise
the objective function that is being maximised. Both point and Bayesian priors have been used

in algorithm-based design approaches (See Chapter 3).

Overlap of levels is a design feature that has been proposed and used in DCE for health state
valuation that reduces cognitive burden on respondents but comes at the cost of statistical
efficiency. Level overlap means that a certain number of attributes within the choice sets appear
at the same severity level in both profiles. This potentially makes the task easier as respondents
can focus on the reduced number of dimensions that differ. This has been used in the valuation
of EQ-5D-5L [228] and has been shown to produce value sets with monotonic estimates (with

decreasing utility as the dimension severity increases).
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6.3. Relevant past work comparing design constructions
There has been some previous empirical research comparing certain aspects of DCE design
constructions. In wider DCE research, Burgess et al [245] compared generator developed, and
optimal designs with and without the use of prior values. In field trials it was found that the
average precision of the parameter estimates across the designs was comparable. In related
work, Burgess et al [246] tested how sample size impacted the parameters estimated across
generator developed designs of varying optimality, a SAS design and a design with choice sets
randomly selected, and found that design efficiency becomes more important as sample size
decreases. Dominguez-Torreiro [247] compared a generator developed design and an efficient
algorithmic design in the field, and found that the values produced differed, but the overall
goodness-of-fit was similar. Other empirical comparisons were conducted by Olsen and
Meyerhoff [248] who compared four designs optimised for different criteria, and found that the
level of preference heterogeneity estimated differed across the designs. Regarding DCE’s for
health state valuation, a design comparison found that using informative priors in a DCE with
duration framework resulted in more inconsistent coefficient estimates than using non-
informative priors [59]. This implies a trade-off between statistical and respondent efficiency in
the choice of the priors. Studies comparing a number of designs developed using different
construction methods for the purpose of valuing QoL have not been widely conducted.

Therefore, further work in this area is required.

6.4. Aims and objectives
The aim of this study was to compare a number of DCEs for the purpose of valuing Qol,
constructed using different design methods and choices, in a general Australian population
sample. This aligns with overall Aim 5 of this thesis which is to compare DCE designs that could
be used to value wider measurement systems. The designs selected were informed by the

results of an earlier study assessing the design performance using simulated data [249].

The EQ-5D-5L was used as the descriptive system for this assessment, and is amenable to testing
in this way given that the dimension descriptions are ordered, there are only five dimensions,
and the majority of respondents understand the differences between the levels. Therefore, it is

a useful set of descriptors to test coefficient ordering and heterogeneity.

6.5. Summary of methodological process undertaken
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In this study a series of steps were undertaken to systematically compare DCE designs with
different characteristics. A set of designs were constructed, and a number of indicators were
tested using simulation methods. Following this, the designs were implemented in a general
population sample, with respondents randomly allocated to one of the designs. The resulting
data were analysed using a descriptive and modelling based approaches and compared across a
number of features. In the sections below, the different designs, the simulation process, data

collection, analysis and results comparison are described. The results are then discussed.

6.6. Methods — Summary of design construction features

The study uses 19 designs characterised by different design construction methods with different
combinations of key features. Table 49 describes all 19 designs each of which included 50 choice
sets. The design features considered within each construction methods were the level of
overlap, the use of prior information, and the implementation platform of the algorithm. Two
further design properties (level balance and number of dominated choice sets) were also
considered. Details about each of the features and design properties tested is provided below.
Following this, the design construction methods used are described. The 19 designs developed
are coded from A to S. These include seven overlap designs (A — G) and 12 non-overlap designs
(H=S).

Table 49: The 19 designs included in data collection

Study design Overlap Platform/method Prior Level N dominant
code balance pairs
A Overlap on 2 Generator Zero Prior 0 23
B Overlap on 2 Ngene Fedorov Zero prior 1,870 9
C Overlap on 2 Ngene Fedorov Krabbe Prior 2,290 6
D Overlap on 2 SAS Fedorov Zero prior 1,750 11
E Overlap on 2 SAS Fedorov Krabbe Prior 1,730 15
F Overlap on 2 Oppe Zero prior 360 0
G Overlap on 2 Oppe Krabbe Prior 260 0
H No overlap Generator Zero Prior 0 7
I No overlap Generator Zero Prior 0 10
J No overlap Ngene Fedorov Zero prior 210 2
K No overlap Ngene Fedorov Krabbe Prior 400 0
L No overlap Ngene Swapping Zero prior 0 3
M No overlap Ngene Swapping Krabbe Prior 0 0
N No overlap Stata Fedorov Zero prior 80 6
0 No overlap Stata Fedorov Krabbe Prior 80 0
P No overlap SAS Fedorov Zero prior 50 3
Q No overlap SAS Fedorov Krabbe Prior 190 2
R No overlap Oppe Zero prior 390 0
S No overlap Oppe Krabbe Prior 560 0
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6.7. Methods - Design construction method
Four design construction methods were tested, including one theoretical and three algorithmic

approaches. These are described in detail below.

6.7.1. Level of overlap

The level of overlap relates to the number of dimensions designed to be at the same severity
level across both options in a choice set. In this study, the level of overlap was specified to be
two dimensions (for seven designs; A to G), or all five dimensions were allowed to vary (for 12
designs; H to S). This was done to increase choice consistency by reducing task complexity

although it does reduce the level of statistical efficiency.

6.7.2. Use of priors

Two prior values were used in this study. The first was a set of uninformative priors which were
equal to zero. The other set of priors were informative, and were taken from a published DCE
without duration study conducted in the UK, the Netherlands, Canada and Spain [143]. The prior

values (described as the “Krabbe priors”), and standard errors around the values, are replicated

in Table 50.

Table 50: The Krabbe priors (mean and standard error)

MO SC UA PD AD

M SE M SE M SE M SE M SE
No problems 0 0 0 0 0 0 0 0 0 0
Slight problems -0.299 0.031 -0.208 0.033 -0.194 0.032 -0.244 0.033 -0.195 0.034
Moderate problems -0.349 0.035 -0.290 0.035 -0.254 0.035 -0.244 0.035 -0.454 0.035
Severe problems -0.923 0.036 -0.793 0.036 -0.769 0.035 -1.017 0.036 -1.183 0.037
Extreme problems -1.326  0.039 -0.966 0.035 -0.987 0.035 -1.258 0.036 -1.401 0.038

MO: Mobility; SC: Self-Care; UA: Usual Activities; PD: Pain and Discomfort; AD: Anxiety and Depression

6.7.3. Implementation platform

A range of implementation platforms were used to develop the algorithmic designs. These
included the specialist DCE design software Ngene [67], and macros or user written code

developed in SAS [65], Stata [250] and R [47].

6.7.4. Design property assessed — Level balance

Level balance is an indicator of the number of times each level from each dimension appears in

the overall design, where within each design, each dimension has 100 appearances across the
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50 choice sets. Therefore, the largest value that level balance can take is 200,000, which occurs
when only one of the five levels appears in each of the five attributes. When all the levels of all

of the attributes appear equally often then the level balance value is zero.

6.7.5. Design property assessed - Dominated choice sets

The EQ-5D has attributes in which there is a clear ordering, from best to worst, on the levels of
each of the attributes. Thus, if we have two distinct health states, but one of the health states is
better or the same on all response levels, then this health state is said to dominate (and should
result in all respondents choosing it as their preferred option). The number of choice sets with

dominant states in each design was assessed.
6.8. Methods - Design construction methods
Four design construction methods were tested, including one theoretical and three algorithmic

approaches. These are described in detail below.

6.8.1. Generator developed

Generator developed methods [62] were used for three designs (A, H and 1). This theoretical
approach to design started with a set of profiles and an associated set of generators. Each
generator was then added in turn to the initial profile to generate choice sets of size two. For
the EQ-5D-5L the initial profiles formed an orthogonal array representing the five dimensions

each with five levels. This approach has been used to value a range of PBMs in Australia [50, 57].

The properties of the choice sets depend on the properties of the profiles and generators. In this
study, the same set of initial profiles was used for the three generator developed designs, but
the generators had different properties. As design A required overlap on two dimensions, each
of the two generators had to have two entries of zero. Therefore, the generators used were
(1,1,3,2,2) and (2,2,2,1,1). This resulted in 23 dominated pairs. Designs H and | are optimal for
non-informative priors, and design H used the generators (1,1,1,2,2) and (2,2,2,4,4), and Design
| used the generators (1,1,1,1,1) and (2,2,2,2,2). This led to seven and ten dominated pairs

respectively.

6.8.2. Modified Fedorov algorithm

Modified Fedorov algorithms were used to develop ten designs in this study, four with overlap

(B, C, D, E), and six with no overlap (J, K, P, Q, N, O). This algorithm is an adaptation by Zwerina
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et al. [251] of the modified Fedorov [230] algorithm developed by Cook and Nachtsheim [229].
Following this approach, a set of choice sets were selected from the full factorial (non-overlap
designs), or a partial factorial including all possible options with two dimensions of the five at
the same level (overlap designs). Then the profiles in the design were sequentially replaced by
other options from the candidate set, and any exchange that improves the efficiency of the
design was retained. A full iteration was completed when all of the profiles in the choice sets
included in the design have been considered. The algorithm was continued until no substantial

improvement was observed in each iteration.

6.8.3. Coordinate exchange algorithm

The coordinate exchange algorithm was used for two designs without overlap in this study (L
and M). This method started with a random collection of choice sets, and then changed features
of the attributes and levels for the whole design by swapping the levels with other possible
alternatives. The swapping algorithm was introduced by Huber and Zwerina [64]. Due to the
swapping process, this approach only allows for designs without overlap to be developed.
Swapping algorithms have been used in the previous valuation of PBMs using DCE method [59,

151].

6.8.4. Random selection

Random selection was used for two overlapping (F and G) and two non-overlapping (R and S)
designs. These designs were developed by study collaborator Dr Mark Oppe, who provided them
for inclusion in the study. The random selection algorithm was used to construct the design for
the international protocol for the valuation of the EQ-5D-5L [47]. The designs were generated
randomly, with the constraints that no pair could be repeated (order of options within the choice
sets is not relevant), no choice sets could contain a dominated option and the designs had to
satisfy a pre-specified criteria for level balance. Designs were constructed assuming a normal
prior distribution centred at either 0, for the non-informative, or at the assumed informative
prior value, with the SD assumed to be 0 (non-informative) or linked to the informative prior
values used. The number of designs tested depended on both the assumed prior and level of
overlap. For each design, the D-Error was calculated for a maximum of 20,000 (this number was
arbitrarily chosen) designs. The D-Error is calculated by scaling the determinant of the variance
covariance matrix by the number of parameters in the model. In total about 970,000 designs
were created for each of the designs with no overlap (and about 950,000 were rejected due to

level balance being greater than 900) and about 5,120,000 (actual numbers 5,129,488 and
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5,125,193) for each of the designs with overlap on two attributes (of which about 5,100,000

were rejected due to level balance being greater than 900).

It should be noted that the designs specified to not have any overlap (R and S) did actually
include choice sets with different levels of overlap. For Design R, 20 choice sets overlapped on
one attribute, three overlapped on two attributes, and one overlapped on three. For Design S,

24 overlapped on one attribute, six on two attributes and one on three attributes.

6.9. Design combinations excluded
Due to the nature of the design process, or platform differences, a number of combinations
could not be used to generate a design and were therefore excluded. This includes using a
generator developed design with informative priors, and constructing an overlap design using

an Ngene swapping algorithm or the software Stata.

6.10. Summary of the simulation process
The 19 designs tested in this study were also examined using simulation methods to ensure that
they were amenable to the production of ordered and feasible coefficient decrements, and were
able to recover assumed prior values. The simulation code was developed by Prof Deborah
Street, a supervisor of this PhD. In the simulations conducted, data were generated assuming an
MNL model using both the informative or non-informative priors used to construct the designs,
and with extreme value type 1 errors. The deterministic component of the utility function was
used to calculate the probability weights associated with each of the responses within each

choice set.

The simulation process generated 1,000 sets of 3,750 responses for each prior. The number of
responses was selected to represent the approximate number of observations expected for each
of the 19 designs (see Section 6.12). Generating 1,000 sets of simulated betas is in line with

recent work in the area [252,253].

Various indicators were generated from the simulated data to provide an indication of design
performance. These were adapted from previous simulation studies [254, 255], and included
the standardised bias, the root mean square error (RMSE), and the coverage. Between them

these measures provide some information regarding the ability of the design to recover the
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parameters assumed in the data generation process, regardless of the priors assumed when

generating the design.

Table 51: Simulation indicators for the 19 designs

Zero prior Krabbe prior
Design Bias® RMSE® Coverage Bias RMSE Coverage
A 0.027 0.096 0.947 0.055 0.108 0.950
B 0.021 0.092 0.951 0.060 0.107 0.951
C 0.032 0.096 0.952 0.029 0.108 0.946
D 0.032 0.085 0.951 0.042 0.101 0.952
E 0.022 0.161 0.953 0.043 0.186 0.948
F 0.027 0.105 0.951 0.062 0.119 0.950
G 0.027 0.099 0.953 0.048 0.112 0.953
H 0.042 0.065 0.950 0.070 0.085 0.946
I 0.037 0.065 0.951 0.135 0.093 0.954
J 0.020 0.067 0.952 0.067 0.085 0.949
K 0.025 0.067 0.948 0.049 0.085 0.951
L 0.020 0.066 0.952 0.053 0.086 0.954
M 0.039 0.082 0.954 0.046 0.086 0.949
N 0.022 0.066 0.951 0.064 0.083 0.949
0] 0.021  0.085 0.950 0.048 0.088 0.946
P 0.025 0.066 0.951 0.057 0.085 0.954
Q 0.026  0.150 0.953 0.039 0.182 0.953
R 0.025 0.085 0.951 0.055 0.106 0.946
S 0.017 0.085 0.948 0.076 0.111 0.949

2Standardised Bias; ° Root Mean Squared Error

6.10.1. Standardised bias

The standardised bias assesses the deviation of an estimate (in this case the estimate of the prior

parameter from the simulation) from the actual (in this case the assumed beta from the prior

value), and is calculated as in Equation 14:

B. = Z, Bi,/ 1000 (14)

Where ﬁiq is the estimate for f3; where i takes a value between 1 and 20 (corresponding to the

20 parameters estimated in each simulation), and q is a particular simulation. The standardised

bias for B; is given by Equation 15:

B, — B)?+ SE(B;) (15)

In Table 51, the value recorded is provided by Equation 16:

b =X;b; /20 (16)

6.10.2. Root Mean Squared Error
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The RMSE provides an indicator of the overall accuracy as it includes both bias and variability
which is transformed back onto the same scale as the parameter estimates. The RMSE for each

parameter i is given by Equation 17:

RMSE; = [[(B.— B:)* + SE(B:)] (17)
In Table 51 the RMSE is calculated by dividing the total RMSE total for each design by the number

of parameters estimated as in Equation 18:

RMSE = X,RMSE; / 20 (18)

6.10.3. Coverage
The coverage is the proportion of 95% confidence intervals that include the prior value. Ideally
this value would be 0.95 and it has been suggested [254] that a criterion for an acceptable
coverage is that the proportion lie within two standard deviations of the nominal proportion,
that is, between 0.936 and 0.964 for this study. Under- and over-coverage impacts on the Type
1 and Type 2 error rates. The coverage was recorded as the proportion of the 20 x 1000
confidence intervals that cover the assumed beta. Table 51 reports the simulation indicators for
each design. The zero prior designs have lower standardised bias, and lower RMSE. Of the
overlap designs, Designs E (SAS Fedorov with Krabbe priors) and F (random with zero priors)

have a larger RMSE. All coverage results are in the acceptable range.

6.11. Methods - Study design
A parallel arm study design was used, where each respondent was randomly allocated to
complete 20 choice sets from one of the designs. The 20 choice sets were also randomly
allocated from the overall pool of 50. To assess response consistency, one of the choice sets was
also repeated as the 21°%. This was either the 10" or the 12" task completed. The survey included
a number of subsections being (in order) basic demographics (age, gender and region) for quota
purposes, survey information and consent, self-reported EQ-5D-5L, instructions about the DCE
tasks, 21 DCE choice sets, follow-up questions (around survey difficulty and overlap) and further

demographic questions.

6.12. Methods - Sample size and respondents
The target sample size was 3,000, recruited through an online panel representative of the
Australian general population in age, gender and region (at the state and territory level). This

sample size was selected to result in around 63 observations per choice set which is consistent
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with other studies valuing PBMs using DCE methods. This was calculated by working out the
total number of observations (3,000 respondents * 20 choice sets = 60,000 observations) and
dividing this by the total number of choice sets (950). To ensure a generally representative
sample across the 19 designs, quota allocation was done at the design level. Respondents fully
completing the survey were provided with a small incentive from the panel company. This is
process was approved by the Centre for Health Economics Research and Evaluation Program

Ethics Process.

6.13. Methods - Data analysis
The data were analysed using a range of modelling approaches including conditional logit (which
has been employed widely to model EQ-5D DCE data), and models assuming heterogeneity of

preferences.

6.13.1. Comparing sample characteristics

The demographic characteristics of the sample were compared descriptively across the 19
designs. Chi Square tests were used to compare the proportions of respondents in each

demographic group across the designs.

6.13.2. Assessing respondent behaviour

Three potential indicators of the impact of different designs on respondent completion
behaviours were assessed descriptively. The first behaviour examined was the time taken to
complete the DCE choice sets for the overall sample and for each design. Time taken may be a
proxy for respondent attention, and could demonstrate the impact of design issues such as
choice set difficulty on completion. The significance of time taken to complete the tasks was
compared between the overlap and non-overlap designs, and the non-informative and
informative priors, using one-way analysis of variance (ANOVA) difference testing. Overlap was
used an indicator of possible differences in time taken given this was the design criterion that
may support respondent completion by simplifying the task (and therefore impact the time
taken). The type of prior information was also used to test time taken given that different priors
may also impact the complexity of the design. Using priors to divide the sample also resulted in
two relatively large groups (8 designs used informative priors, and 11 used non-informative
priors. Other design criteria were not used to assess time taken given they were not specified to

improve respondent efficiency, and the smaller number of designs specified for each criteria
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would make comparisons more difficult to interpret (for example, comparing theoretical and

algorithmic designs would result in a comparison of groups of 3 and 6 designs respectively).

In the DCE study reported in chapter 5, analysis of the impact of different respondent
completion times on the parameter estimates were conducted. A similar analysis was not
conducted in this study given that dividing the sample by time taken would reduce the
respondents in each group to a point where the models would become challenging to interpret.
The second indicator assessed was the extent of drop out from the survey overall and at the
design level, and whether the drop out was initiated by the respondent or as a system time out.
High dropout could also be indicative of task difficulty. The third indicator assessed the
consistency of responses for each participant using the repeated question (where the task that

appeared 10%" or 12" was repeated as the 21).

6.13.3. Comparing designs - Assessing feedback questions

Descriptive analyses and Chi Square difference testing were used to compare respondent self-
report questions by whether they completed tasks from an overlapping or non-overlapping
design. The level of overlap specified for the design was used as the grouping variable given that
overlap has been used to simplify choice sets for respondents in other EQ-5D-5L DCE valuation

studies [44].

6.13.4. Comparing designs — Conditional logit analysis

A main effects model was estimated for each design using conditional logit regression with
robust standard errors (to take into account repeat observations per person). Models were
estimated for all 19 designs separately, and the consistency and significance of the coefficients
within each dimension across the designs was compared. The overall dimension preference
order was also investigated as a descriptive comparison of using the magnitude of the coefficient
decrement at level 5 as a proxy for dimension importance. Conducting these comparisons
provides information about whether a certain design feature leads to more or less non-
monotonic and significant coefficients, or different overall dimension level preference patterns.

Analysis was conducted using Stata V15 [66].

However, as described in Section 2.9.3, the magnitude of the DCE values such as those produced
in this study are estimated on a latent scale, and therefore cannot be directly compared in terms

of the overall size of the estimates. To allow for scale free comparison, the conditional logit
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parameter estimates were anchored by dividing them by the estimated latent value for the
worst EQ-5D-5L health state (55555) produced for each design. The value was calculated by

summing the level five estimate from each of the five dimensions.

6.13.5. Comparing designs - Assessing poolability

To assess whether the scale of the designs was comparable, the pooled data for the seven
overlap and 12 non-overlap designs were tested separately using the scale assessment approach
outlined by Swait and Louviere [71], and described in detail in Section 2.9.11. The method was
applied to test scale across a range of demographic groups in the DCE study described in Chapter
5. In this study, the focus was on testing the difference in scale across the designs, as testing by
demographic group would reduce the sample size in each subgroup, and the subsequent

stability of the models produced.

6.13.6. Comparing designs — Assessing preference heterogeneity using latent class

Latent class analysis was used to assess preference heterogeneity across the 19 designs. The
latent class approach is described in detail in Section 2.9.12. The rationale for testing the results
of latent class analysis across the different designs was to understand whether the design
characteristics impacted the ability to estimate classes, and subsequently to compare the

characteristics of the classes across the designs.

In this study, the latent class modelling was informed by the analysis conducted in the DCE
research described in Chapter 5. Models with two to five classes were tested for each design.
The BIC was favoured as the indicator of the number of classes to extract for each, in line with
the DCE study reported in Chapter 5. The BIC is a model fit indicator that takes both the number
of parameters and observations into account, and is described in Section 5.4.18). Five was
selected as the largest class number given the expected, and subsequently observed, sample
size for each design (approximately 180 per design). Demographic indicators for age, gender and
condition were included in the models, and represented as probabilities of each demographic
belonging to each class. The model with the lowest BIC was estimated for each design, and
similarities and differences in the class structures and characteristics across the different design

features were assessed.

6.13.7. Comparing designs — Assessing preference heterogeneity using mixed logit
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Preference heterogeneity was also assessed across each design separately using mixed logit
regression [73], which is described in Section 2.9.13. In the mixed logit models estimated, the
parameters for all 20 EQ-5D-5L dimension levels estimated (excluding the baseline level) were
specified to be heterogeneous. The rationale for doing this was to understand whether a certain
design type was more likely to be sensitive to differing levels of preference heterogeneity (given
similarities in the demographic composition of the samples completing each design). This
analysis was informed by the exploratory mixed logit modelling conducted in Chapter 5 which
suggested that models with a higher number of Halton Draws (1,000), and a burn rate at least
as large as the number of parameters specified as random (20) were favoured. The parameters
were specified to be uncorrelated given the issues with estimating correlated coefficients

encountered in that study.

As part of the mixed logit analysis the predicted probabilities of respondents choosing option A
in each choice set was also estimated for each design, and compared to the observed frequency.
The mean and range of the probabilities for each choice set, was calculated. It was then assessed
whether the observed frequency of choosing option A was within the range of the predicted
probability at the overall level for each choice set within each design. This provided 19 overall
scores between 0 (all observed frequencies outside predicted range) and 50 (all observed
frequencies within predicted range) for each design which was then converted into a percentage
to allow for comparisons across designs. The mixed logit and predictive analysis was conducted

using the mixlogit command in Stata [247].

6.14. Results

6.14.1. Completion and sample characteristics

Table 52 reports the characteristics of the sample overall and for each of the seven overlap
designs, and Table 53 reports the characteristics for the 12 non-overlapping designs. The
characteristics of the overall sample are similar to the overall Australian population in terms of
age, gender and region at the state and territory level. The respondents are more highly
educated than the overall Australian population. At the overall level, 47% of the sample report
having a long-term health condition, and 22% report themselves to be in the best EQ-5D-5L
health state. There are no significant differences between the subsamples at the 0.05 level by
age, gender or region for the overlap or non-overlap groups. This is also the case for the majority

of the other demographic characteristics measured.
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6.14.2. Comparing designs — Respondent behaviour

Table 54 reports the descriptive results of the time taken to complete the survey for the overall
sample and for each design. The overall time taken does not significantly differ across all designs,
but the mean time taken does significantly differ (F(1,33s3) = 8.24, p = 0.004) between the designs
with overlap (428 seconds) and non-overlap (391 seconds). The mean time taken between the
designs with non-informative (399 seconds) and informative priors (414 seconds) does not
significantly differ (F(133s3) = 1.36, p = 0.244). The means are longer than the medians given
evidence of outliers taking a substantial amount of time to complete the survey. At the 95"
percentile, the shortest time is 808 seconds (Design B), and the longest in 1,310 seconds (Design

C). The median time taken ranges from 291 seconds (Design H) to 366 seconds (Design C).
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Table 52: Demographic characteristics of the overall sample, and seven overlap designs

Characteristic Overall A B C D E F G Sig®
N 3,363 182 (5) 177 (5) 173 (5) 181 (5) 180 (5) 177 (5) 176 (5) NSP
Male 1,596 (48) 86 (47) 84 (47) 82 (47) 82 (45) 86 (48) 84 (48) 84 (48) NS
Age category NS
18-29 765 (23) 43 (24) 41 (23) 40 (23) 37 (20) 45 (25) 44 (25) 40 (23)
30-39 588 (17) 32 (18) 31(18) 29 (17) 35(19) 30(17) 26 (15) 33 (19)
40-49 574 (17) 26 (14) 29 (16) 26 (15) 32 (18) 35 (20) 24 (14) 27 (15)
50-59 534 (16) 31(17) 30(17) 31 (18) 29 (16) 24 (13) 35 (20) 30(17)
60 — 69 451 (13) 23 (13) 26 (14) 26 (15) 27 (15) 24 (13) 22 (12) 22 (13)
70+ 451 (13) 27 (15) 20 (11) 21 (12) 21(12) 22 (12) 26 (15) 24 (14)
Region NS
Aust Capital Territory 58 (2) 4(2) 3(2) 2 (1) 3(2) 3(2) 1(12) 2 (1)
New South Wales 1,049 (31) 61 (34) 51 (29) 52 (30) 57 (32) 53 (30) 56 (32) 50 (28)
Northern Territory 25 (1) 1(1) 2 (1) 1(1) 0 2 (1) 2 (1) 0
Queensland 659 (20) 35 (19) 41 (23) 28 (16) 32 (18) 35 (19) 34 (19) 47 (27)
South Australia 287 (9) 15 (8) 16 (9) 17 (10) 22 (12) 15 (8) 12 (7) 12 (7)
Tasmania 94 (3) 7 (4) 5(3) 6 (3) 4(2) 3(2) 4(2) 4(2)
Victoria 898 (27) 48 (26) 48 (27) 48 (28) 47 (26) 49 (27) 51 (29) 47 (27)
Western Australia 293 (9) 11 (6) 11 (6) 19 (11) 16 (9) 20 (11) 17 (10) 14 (8)
Health questions
Has condition 1,537 (47) 70 (41) 79 (46) 88 (52) 81 (47) 76 (45) 78 (45) 77 (45) NS
In EQ-5D-5L 11111 737 (22) 38(21) 43 (24) 28 (16) 46 (25) 41 (23) 32 (18) 28 (16) NS
Health status NS
Good — Excellent 2,526 (77) 137 (78) 130 (75) 123 (73) 131 (75) 135 (79) 136 (79) 132 (76)
Fair - poor 743 (23) 37 (21) 42 (24) 46 (27) 44 (25) 35 (21) 37 (21) 41 (24)
Education
Secondary highest 1,024 (31) 59 (32) 58 (33) 54 (31) 63 (35) 57 (32) 49 (28) 56 (32) NS
Currently studying 505 (15) 31(17) 33 (19) 28 (17) 29 (16) 35 (20) 23 (13) 22 (13) NS
Married 1,886 (56) 88 (48) 94 (53) 99 (57) 94 (52) 92 (51) 100 (57) 111 (63) NS
Gross income NS
$0 to $80K AUD 2,382 (82) 126 (81) 121 (83) 124 (800) 131 (83) 128 (84) 136 (85) 125 (82)
$80K + 538 (18) 30 (19) 25 (17) 31 (20) 27 (17) 24 (16) 25 (16) 28 (18)

2Significance; ® non-significant (significance greater than 0.1)
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Table 53: Demographic characteristics of the overall sample, and the 12 non-overlap designs

Characteristic Overall H | J K L M N (o} P Q R S Sig?
N 3,363 180 (5) 175 (5) 178 (5) 171 (5) 177 (5) 173 (5) 175 (5) 177 (5) 175 (5) 178 (5) 181 (5) 177 (5) NSb
Male 1,596 (48) 88 (50) 84 (48) 85 (48) 82 (48) 83 (47) 82 (47) 80 (47) 83 (47) 83 (47) 85 (48) 86 (48) 85(48) NS
Age category NS
18-29 765 (23) 39 (22) 38 (22) 41 (23) 37(22) 36 (20) 35 (20) 44 (25) 43 (24) 38 (22) 43 (24) 38 (21) 43 (24)
30-39 588 (17) 32 (18) 32 (18) 29 (16) 32 (19) 35(20) 33(19) 28 (16) 28 (16) 31 (18) 29 (16) 34 (19) 29 (16)
40 - 49 574 (17) 33(18) 32 (18) 34 (19) 28 (16) 41 (23) 26 (15) 29 (17) 31(18) 35 (20) 34 (19) 25 (14) 27 (15)
50— 59 534 (16) 27 (15) 26 (15) 26(1)  29(17.0) 18 (10) 32 (19) 28 (16) 25 (14) 23 (13) 24 (14) 34 (19) 32 (18)
60— 74 451 (13) 23(13) 22 (13) 25 (14) 22 (13) 22 (12) 24 (14) 27 (15) 19 (11) 24 (14) 25 (14) 28 (16) 20 (11)
75+ 451 (13) 26 (14) 25 (14) 23 (13) 23 (14) 25 (14) 23 (13) 19 (11) 31(18) 24 (14) 23 (13) 22 (12) 26 (15)
Region NS
Aust Capital Territory 58 (2) 3(2) 6(3) 3(2) 3(2) 1(1) 2 (1) 6 (3) 3(2) 5(3) 3(2) 3(2) 2 (1)
New South Wales 1,049 (31) 55 (31) 58 (33) 61 (34) 61 (36) 57 (32) 51(29) 51(29) 53(30) 53 (30) 52 (29) 54 (30) 63 (36)
Northern Territory 25 (1) 3(2) 0 2 (1) 0 1(1) 1(1) 3(2) 1(12) 1(12) 2 (1) 1(1) 2 (1)
Queensland 659 (20) 32 (18) 32 (18) 37 (21) 30(18) 33(19) 33(19) 33(19) 39 (22) 31 (18) 36 (20) 38 (21) 33 (19)
South Australia 287 (9) 12 (7) 15(9) 16 (9) 17 (10) 19 (11) 19 (11) 14 (8) 10 (6) 12 (7) 20 (11) 11 (6) 13(7)
Tasmania 94 (3) 9 (5) 3(2) 2 (1) 8 (5) 4(2) 5(3) 5(3) 5(3) 6 (3) 5(3) 4(2) 5(3)
Victoria 898 (27) 53(30) 52 (30) 41 (23) 40 (23) 50 (28) 40 (23) 47 (27) 50 (28) 48 (27) 42 (24) 51 (28) 46 (26)
Western Australia 293 (9) 13(7) 9 (5) 16 (9) 12 (7) 12 (7) 22 (13) 16 (9) 16 (9) 19 (11) 18 (10) 19 (11) 13(7)
Health questions
Has condition 1,537 (47) 83 (47) 78 (45) 79 (46) 88 (53) 81 (47) 85 (50) 83 (49) 94 (54) 85 (49) 77 (45) 85 (49) 70 (41) NS
In EQ-5D-5L 11111 737 (22) 38 (21) 39 (22) 45 (25) 41 (24) 40 (23) 33(19) 44 (25) 29 (16) 37 (21) 48 (27) 41 (23) 46 (26) NS
General health NS
Good — excellent 2,526 (77) 130 (75) 131 (76) 128 (74) 132 (79) 138 (81) 124 (73) 138 (81) 130 (75) 141 (83) 135 (79) 136 (78) 138 (80)
Fair - poor 743 (23) 44 (25) 42 (24) 45 (26) 36 (21) 33(19) 46 (27) 33(19) 44 (25) 30 (18) 36 (21) 38 (22) 34 (20)
Education
Secondary highest 1,024 (30) 51 (28) 58 (33) 42 (24) 49 (29) 47 (27) 52 (30) 61 (35) 44 (25) 52 (30) 64 (36) 56 (31) 52(30) NS
Currently studying 505 (15) 26 (15) 28 (16) 27 (15) 22 (13) 21 (12) 29 (17) 22 (13) 23 (13) 27 (16) 28 (16) 26 (15) 25(15) NS
Married 1,886 (56) 101 (56) 84 (48) 107 (60) 95 (56) 100 (57) 106 (63) 93 (53) 101 (57) 103 (59) 110 (62) 95 (53) 110(62) NS
Gross income NS
S0 to $S80K AUD 2,382 (82) 128 (85) 123 (80) 133 (83) 128 (85) 123 (82) 129 (82) 124 (85) 120(78) 120(78) 126 (82) 120 (80) 113 (74)
S80K + 538 (18) 23 (15) 30(20) 27 (17) 24 (19) 28 (19) 28 (18) 22 (15) 34 (22) 34 (22) 28 (18) 31(21) 39 (26)

3significance; ® non-significant (significance greater than 0.1)
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Table 54: Time taken overall and by design (in seconds)

Design Mean (SD) Median 5% percentile 95t percentile
Overall 405 (365) 320 90 1,007
A 457 (453) 342 82 1,405
B 380 (321) 318 90 808
C 463 (414) 366 74 1,310
D 401 (371) 321 96 857
E 449 (465) 346 121 1,193
F 425 (401) 341 81 918
G 423 (410) 337 94 1,042.6
H 362 (332) 291 86 1,059
| 404 (381) 311 79 932
J 366 (288) 303 94 902
K 356 (250) 297 90 857
L 398 (339) 320 96 1,070
M 406 (332) 323 96 1,046
N 413 (426) 321 82 1,033
0 439 (364) 336 86 1,169
P 409 (419) 316 95 1,140
Q 389 (330) 293 75 1,105
R 368 (256) 315 100 764
S 381 (276) 312 85 1,007
Overlap 428 (408) 335 92 994
Non-overlap 391 (337) 312 90 1,007
Non-informative priors 398 (367) 318 90 949
Informative priors 413 (363) 324 90 1,042

Table 55: Drop out overall and by design (in seconds)

Design Total started Comp (%) User initiated System
survey (%) initiated (%)
Overall 3833 3363 (87.7) 40 (1.0) 430 (11.2)
A 207 182 (87.9) 4(1.9) 21(10.1)
B 209 177 (84.7) 3(1.4) 29 (13.9)
C 201 173 (86.1) 2(1.0) 26 (12.9)
D 199 181 (91.0) 1(0.5) 17 (8.5)
E 205 180 (87.8) 3(1.5) 23(10.7)
F 197 177 (89.9) 3(1.5) 17 (8.6)
G 194 176 (90.7) 3(1.5) 15 (7.7)
H 206 180 (87.4) 1(0.5) 25(12.1)
| 203 175 (86.2) 1(0.5) 27 (13.3)
J 199 178 (89.4) 2(1.0) 19 (9.6)
K 193 171 (88.6) 0(0) 22 (11.4)
L 206 177 (85.9) 5 (2.4) 24 (11.7)
M 198 173 (87.4) 2(1.0) 23(11.6)
N 203 175 (86.2) 2(1.0) 26 (12.8)
o] 197 177 (89.9) 3(1.5) 17 (8.6)
P 201 175 (87.1) 0(0) 26 (12.9)
Q 210 178 (84.8) 2(1.0) 30(14.3)
R 196 181 (92.4) 1(0.5) 14 (7.1)
S 209 177 (84.7) 2(1.0) 30 (14.4)
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Table 55 reports the drop out overall and by design. The completion rates (of those starting the
survey) are high, ranging from 84.7% (Design B) to 92.4% (Design R). The level of drop out does
not significantly differ across the designs at the overall or across the overlap and non-overlap
groups. The majority of dropouts were ‘system initiated’ meaning that the survey is closed due
to timing out. Very few dropouts were user initiated. These results suggest that the design

features explored do not influence drop out.

The percentage of respondents failing the consistency assessment by providing a different
answer for the repeated task ranged from 14.4 (Design E) to 29.5 (Design M). A recent synthesis
of 16 DCE studies using a repeated consistency task found a mean (SD) rate of 30% (26%)
providing a different answer to the repeated question[256]. Therefore, the inconsistency rate in
this study is generally lower than that observed in other work, but this comparison should be
considered in light of potential methodological differences between the studies. It is worth
noting that due to survey coding issues, five design surveys (Design A to E) had the 10™" task
repeated, and 13 designs had the 12" task repeated. One design (N) did not include a repeat
choice set. The mean proportion of respondents failing the consistency task if it was the 10" or

the 12 choice set (21.8% vs. 22%) did not differ.

6.14.3. Comparing designs — Feedback questions

Table 56 displays the results of the Chi Square analysis comparing the feedback question findings
across the overlap level groups. Those who completed an overlap design were significantly more
likely to disagree that the tasks were difficult, and also disagree that the health states were
difficult to imagine. There was no difference between the groups for the other two questions
(difficult to tell the difference between the options, and that they considered the whole
description). These results may indicate that to some extent, respondents found the overlapping

tasks easier to complete.
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Table 56: Summary of feedback questions

Feedback question Overlap (n,%) Non-overlap (n,%) Sig
Task difficult 0.038
Disagree — strongly disagree 819 (68.7) 1,327 (65.1)
Neutral — Strongly agree 373 (31.3) 710 (34.9)
Difficult to tell difference NS
Disagree — strongly disagree 775 (65.1) 1,262 (62.0)
Neutral — Strongly agree 416 (34.9) 775 (38.1)
Difficult to imagine 0.002
Disagree — strongly disagree 721 (60.5) 1,117 (54.9)
Neutral — Strongly agree 471 (39.5) 916 (45.1)
Consider whole description NS
Disagree — strongly disagree 126 (10.6) 231 (11.3)
Neutral — Strongly agree 1,066 (89.4) 1,806 (88.7)

6.14.4. Comparing designs — Conditional logit models

Table 57, 58 and 59 report the conditional logit models for the overlap and non-overlap designs
respectively, with information about the number of inconsistent and non-significant coefficients
presented. The designs with the highest level of inconsistent coefficients, were developed using
the SAS based and Oppe algorithmic approaches. These designs also had the highest number of
non-significant coefficients, both in comparison to the baseline level one and the adjacent
severity level. The generator developed designs had the lowest number of inconsistent and non-
significant coefficients. The standard errors for the overlap designs are substantially larger than

those with no overlap reflecting the lower efficiency of the designs.

Figure 29 and Figure 30 display the scaled parameters for the overlap and non-overlap designs
respectively. The magnitudes of the decrements are reasonably similar, and the inconsistencies,
which mainly appear between levels 1 and 2, and 4 and 5, can be observed. Figure 31 and Figure
32 show the magnitude of the scaled level 5 coefficient for each dimension across each design
(as a proxy of importance). The estimated overall importance of the dimensions does differ

between design types, but the difference is not consistent between design features.

198



Broadening the measurement and valuation of QoL July 2020

Table 57: Conditional logit comparison of seven designs with overlap

Parameter  Model 30: Design A Model 31: Design B Model 32: DesignC  Model 33: DesignD  Model 34: DesignE  Model 35: Design F Model 36: Design G

Coef. (p)? SEP Coef. (p) SE Coef. (p) SE Coef. (p) SE Coef. (p) SE Coef. (p) SE Coef. (p) SE

MO2 -0.233%** 0.105 -0.557*** 0.097 -0.151 0.124 -0.467*** 0.103 -0.268* 0.127 -0.429***  0.105 0.034 0.112
MO3 -0.579***  0.131 -0.564*** 0.108 -0.446***  0.096 -0.833***  (0.110 -0.854***  (0.229  -0.305** 0.101 -0.176 0.103
MO4 -1.156***  0.135 -1.142%** 0.120 -0.998***  0.127  -1.185***  0.106 -1.451*** 0.336 -0.935*** (0.112 -1.230*** 0.131
MO5 -1.604%** 0.117 -1.706*** 0.120 -1.324%%** 0.140 -1.959%*** 0.125 -1.716*** 0.146 -1.197*** 0.112 -1.172*** 0.106
SC2 -0.060 0.106 -0.004 0.101 -0.100 0.105 -0.310** 0.114  -0.307**  0.115 -0.104 0.112  -0.689***  0.132
SC3 -0.520***  0.131 -0.102 0.111 -0.157 0.108 -0.289** 0.106 -0.420* 0.208 -0.123 0.127 -0.342***  0.106
et -1.101***  0.133 -0.515%** 0.109 -1.030***  0.118  -1.037***  0.115 -1.407*** 0.273 -0.540*** 0.131 -1.173***  0.106
SC5 -1.548***  0.115 -0.929%%** 0.106 -1.063***  0.110 -1.368***  0.117 -1.477*** 0.132 -0.988*** 0.128 -1.119*** 0.140
UA2 -0.276***  0.076 0.073 0.094 0.199 0.106 0.155 0.115  -0.306**  0.116 -0.146 0.120 -0.140 0.138
UA3 -0.513***  0.076 -0.385%** 0.103 -0.442%**  0.107 -0.238* 0.108 -0.461%* 0.180 -0.171 0.117  -0.306** 0.110
UA4 -1.133***  0.081 -0.554%%* 0.095 -0.462*** 0,102  -0.617***  0.109 -0.981***  0.259 -0.497*** 0.124 -0.757***  0.107
UAS -1.420***  0.081 -0.854%** 0.098 -0.867***  0.118  -1.080***  0.104 -1.282*** (0.123 -0.749*** 0.154 -0.989***  0.107
PD2 -0.279** 0.104 -0.235% 0.112 -0.127 0.113 -0.021 0.103 -0.150 0.114 -0.142 0.114 0.001 0.104
PD3 -0.366** 0.133 -0.241* 0.102 -0.294* 0.118  -0.587***  0.103 -0.327 0.248 -0.391***  0.116 -0.076 0.132
PD4 -1.152*%*%*  0.139 -0.793%%** 0.113 -0.871**%* 0,120  -1.212***  0.104 -1.492*** 0.329 -1.073*** 0.102 -1.041***  0.129
PD5 -1.493***  0.123 -1.123%%x* 0.094 -1.178***  0.113  -1.340***  0.113 -1.486*** 0.123 -1.059*** 0.133 -0.964*** 0.114
AD2 -0.197 0.114 -0.159 0.132 0.045 0.110 -0.014 0.100 -0.167 0.139 0.129 0.148 -0.184 0.123
AD3 -0.502***  0.134 -0.577%%* 0.129 -0.463***  0.109  -0.344***  0.096 -0.601%* 0.285  -0.373**  0.125 -0.510***  0.105
AD4 -1.020***  0.136 -0.711%%* 0.128 -1.129*** 0,118  -1.059***  (0.104 -1.569*** 0.381 -1.300*** 0.133 -1.582***  (0.121
AD5 -1.248***  0.121 -1.011%** 0.107 -1.261*%*%* 0,112  -1.235*** (0,112 1.271*** 0.115 -1.286*** 0.121 -1.529***  0.120

No Obs¢ 7,280 7,080 6,920 7,240 7,200 7,080 7,040
LLd -2,040 -2,013 -1,996 -1,855 -1,794 -2,137 -2,000
AlCe 4,120 4,067 4,027 3,750 3,628 4,315 4,040
BICf 4,258 4,204 4,164 3,888 3,765 4,452 4,177

No inconsg 0 1 2 2 2 4 7
No non-sigf 2 4 6 3 3 6 6

2 Coefficient estimate; ° standard error; ¢ Number of observations; ¢ Log-likelihood; ¢ Akaike Information Criterion; f Bayesian Information Criterion; 8 number of
inconsistencies; fnumber of non-significant estimates; p-values for the difference between the coefficient and baseline indicated by stars: *** 0.001, ** 0.01; *0.05;;
MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; italics: inconsistent coefficients
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Table 58: Conditional logit comparison of 12 non-overlapping designs (part 1)

Parameter Model 37: DesignH  Model 38: Designl  Model 39: Design J Model 40: Design K Model 41: DesignL  Model 42: Design M
Coef. (p)? SEP Coef. (p) SE Coef. (p) SE Coef. (p) SE Coef. (p) SE Coef. (p) SE
MO2 -0.292*** 0.076  -0.366*** 0.074 -0.095 0.076 -0.114 0.076 -0.173** 0.077 -0.125 0.074
MO3 -0.281***  0.078  -0.494*** 0.075 -0.279***  0.080 -0.319*** 0.079 -0.500%*** 0.080 -0.387*** 0.073
MO4 -0.728***  0.080 -0.810*** 0.078  -0.847***  0.084  -0.728%*** 0.100 -0.918%** 0.081  -0.856*** 0.096
MO5 -1.107*** 0.081  -1.074*** 0.081  -1.226*** 0.091  -1.244*** 0.128 -1.313%%** 0.084  -1.225*** 0.121
SC2 -0.167* 0.076 -0.204** 0.074  -0.292***  0.076 -0.110 0.078 0.046 0.078 -0.127 0.071
SC3 -0.201** 0.079  -0.332*** 0.075 -0.348***  0.078 -0.210** 0.074 -0.070 0.078  -0.253*** 0.073
SC4 -0.558***  0.078  -0.469*** 0.077  -0.922***  0.082  -0.638*** 0.097 -0.434%** 0.083 -0.678*** 0.091
SC5 -0.793***  0.082  -0.629*** 0.080 -0.922***  0.085 -0.910*** 0.104 -0.660*** 0.082  -1.017*** 0.100
UA2 -0.153* 0.076 -0.126 0.074 0.059 0.081 -0.051 0.067 0.002 0.079 -0.031 0.072
UA3 -0.202** 0.080 -0.217** 0.075 -0.108 0.085  -0.245*** 0.073 -0.148 0.081 -0.134 0.075
UA4 -0.324***  0.080 -0.358*** 0.078  -0.395***  0.078  -0.400*** 0.092 -0.643%** 0.081  -0.590*** 0.089
UAS -0.551***  0.081  -0.431*** 0.081  -0.574***  0.075  -0.593*** 0.110 -0.689%** 0.083  -0.651*** 0.202
PD2 -0.149* 0.073 -0.205** 0.074 -0.183* 0.081 -0.143* 0.070 -0.197* 0.080 -0.030 0.070
PD3 -0.343**%*  0.075  -0.349*** 0.075  -0.404***  0.082 -0.033 0.076 -0.214%* 0.085 -0.198** 0.071
PD4 -0.669***  0.074  -0.554*** 0.077  -0.802***  0.082  -0.568*** 0.107 -0.558%** 0.078  -0.878*** 0.099
PD5 -0.941**%*  0.079  -0.697*** 0.080 -0.964***  0.086  -0.840*** 0.119 -0.810%** 0.082  -1.118*** 0.116
AD2 -0.013 0.073 -0.112 0.074 -0.199* 0.077 -0.114 0.069 -0.139 0.079 -0.123 0.069
AD3 -0.269***  0.074  -0.339*** 0.075 -0.213** 0.080  -0.383*** 0.080 -0.380%*** 0.081  -0.428*** 0.078
AD4 -0.847***  0.075  -0.550*** 0.077 -0.874***  0.086  -1.023*** 0.118 -0.884*** 0.086  -0.997*** 0.113
AD5 -0.896***  0.079  -0.708*** 0.080 -1.053***  0.082 -0.986*** 0.123 -1.010%** 0.086  -1.132*** 0.123
No Obs¢ 7200 7000 7120 6840 7080 6920
LLd -2115 -2213 -1939 -2282 -1979 -2305
AlCe 4,270 4,467 3,919 4,605 3,999 4,650
BICf 4,407 4,604 4,057 4,742 4,136 4,787
No inconsg 1 0 1 2 2 0
No non-sigf 1 1 3 5 5 6

2 Coefficient estimate; ° standard error; ¢ Number of observations; ¢ Log-likelihood; ¢ Akaike Information Criterion; f Bayesian Information Criterion; 8 number of
inconsistencies; fnumber of non-significant estimates; p-values for the difference between the coefficient and baseline indicated by stars: *** 0.001, ** 0.01; *0.05;;
MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; italics: inconsistent coefficients
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Table 59: Conditional logit comparison of 12 non-overlapping designs (part 2)

Parameter Model 43: Design N Model 44: Design O  Model 45: Design P Model 46: Design Q Model 47: Design R Model 48: Design S
Coef. (p)? SEP Coef. (p) SE Coef. (p) SE Coef. (p) SE Coef. (p) SE Coef. (p) SE
MO2 -0.161** 0.076  -0.350***  0.074 -0.203** 0.077 -0.231** 0.083 -0.022 0.105 -0.142 0.106
MO3 -0.387***  0.076  -0.452***  0.074 -0.279***  0.079 -0.324 0.200 -0.159 0.085 -0.199 0.105
MO4 -0.856***  0.078 -1.025***  0.102 -0.862***  (0.083  -0.941*** 0.318 -0.550***  0.098 -0.820*** 0.108
MO5 -1.123***  0.081 -1.529***  0.130 -1.199*** 0.082  -0.997*** 0.113 -0.828***  0.099 -1.032*** 0.111
SC2 -0.127***  0.075 0.008 0.072 -0.185** 0.079 -0.035 0.086 -0.100 0.095 -0.372*** 0.101
SC3 -0.253***  0.077 -0.237***  0.072 -0.184**  0.078 -0.133 0.181 -0.075 0.092 0.147 0.123
Ne! -0.677***  0.082 -0.695*** 0.093 -0.675***  0.079 -0.623** 0.253 -0.548***  0.092 -0.509***  0.096
SC5 -1.017***  0.077 -0.895***  0.100 -0.936*** 0.080 -0.515%** 0.095 -0.903***  0.109 -0.627*** 0.111
UA2 -0.031 0.073 -0.088 0.069 -0.126 0.078 -0.005 0.080 -0.155 0.100 -0.178 0.118
UA3 -0.134 0.077 -0.201** 0.074 -0.207* 0.078 -0.478** 0.174 -0.187* 0.099 -0.115 0.100
UA4 -0.591***  0.078 -0.630***  0.092 -0.368***  0.080 -0.630** 0.249 -0.577***  0.090 -0.320*** 0.104
UAS -0.651***  0.079 -0.765***  0.102 -0.508***  0.084 -0.477*** 0.095 -0.833***  0.097 -0.585*** 0.094
PD2 -0.030 0.077 -0.119 0.070 -0.107 0.078 -0.133 0.080 0.042 0.103  -0.528*** 0.114
PD3 -0.198 0.079  -0.228***  0.070 -0.145 0.078 -0.328 0.221 -0.043 0.116  -0.289*** 0.093
PD4 -0.878***  0.075 -0.830*** 0.106 -0.608***  0.075 -0.707* 0.310 -0.518***  0.085 -0.909*** 0.107
PD5 -1.117***  0.079  -1.190***  0.121  -0.743***  0.079  -0.730*** 0.100 -0.747***  0.107  -1.024***  0.085
AD2 -0.123 0.071 -0.180* 0.069  -0.384***  0.075 -0.143 0.107 -0.065 0.097 -0.157 0.097
AD3 -0.428***  0.073  -0.362***  0.074 -0.443***  0.077 -0.329 0.277 -0.433***  0.113 -0.285**  0.110
AD4 -0.997***  0.081 -1.212***  0.112  -0.943***  0.085 -0.928** 0.371 -0.998***  0.108 -0.958*** 0.101
AD5 -1.132***  0.079 -1.338*** (0.130 -0.968*** 0.082 -0.803*** 0.803 -1.157***  0.102 -0.880*** 0.097
No Obs¢ 7350 7080 7000 7120 7240 7080
LLd -2150 -2355 -2003 -2065 -2076 -1992
AlCe 4,126 4,751 4,047 4,170 4,192 4,025
BICf 4,263 4,889 4,185 4,308 4,329 4,162
No inconsg 0 1 1 3 2 4
No non-sigf 5 3 3 8 9 6

2 Coefficient estimate; ° standard error; ¢ Number of observations; ¢ Log-likelihood; ¢ Akaike Information Criterion; f Bayesian Information Criterion; 8 number of
inconsistencies; fnumber of non-significant estimates; p-values for the difference between the coefficient and baseline indicated by stars: *** 0.001, ** 0.01; *0.05;;
MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; italics: inconsistent coefficients

201



Broadening the measurement and valuation of QoL July 2020

Figure 29: Parameter estimates scaled on the value of health state 55555 (overlap designs)
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Figure 30: Parameter estimates scaled on the value of health state 55555 (non-overlap designs)
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Figure 31: Overall magnitude of the scaled level 5 parameter for each dimension (overlap)
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Figure 32: Overall magnitude of the scaled level 5 parameter for each dimension (non-overlap)
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6.14.5. Comparing designs - Poolability

Table 60: Assessment of scale across the overlap and no overlap designs

Model 49: Overlap pooled model Model 50: Non-overlap pooled model
Coef. (p)? SE® Coef. (p) SE
MQO2 -0.261%** 0.043 -0.171%** 0.022
MO3 -0.555*** 0.048 -0.297*** 0.040
MO4 -1.167*** 0.068 -0.755%*** 0.041
MO5 -1.671*** 0.084 -1.064*** 0.053
SC2 -0.171*** 0.041 -0.126*** 0.021
SC3 -0.338*** 0.046 -0.185*** 0.022
SC4 -1.028*** 0.063 -0.573*** 0.034
SC5 -1.400*** 0.077 -0.771%** 0.042
UA2 -0.085* 0.041 -0.058** 0.020
UA3 -0.389*** 0.043 -0.184*** 0.022
UA4 -0.828*** 0.055 -0.445%*** 0.029
UA5 -1.232%** 0.069 -0.566*** 0.033
PD2 -0.195%** 0.043 -0.120*** 0.020
PD3 -0.383*** 0.048 -0.203*** 0.023
PD4 -1.222%** 0.070 -0.627*** 0.035
PD5 -1.461%** 0.079 -0.817*** 0.043
AD2 -0.106* 0.045 -0.128*** 0.020
AD3 -0.526*** 0.049 -0.320*** 0.024
AD4 -1.347*** 0.074 -0.843*** 0.043
AD5 -1.480*** 0.078 -0.920*** 0.047
Scale
Design A Baseline n/a n/a n/a
Design B -0.309%** 0.063 n/a n/a
Design C -0.152* 0.064 n/a n/a
Design D -0.061 0.059 n/a n/a
Design E 0.002 0.057 n/a n/a
Design F -0.250%** 0.067 n/a n/a
Design G -0.095 0.062 n/a n/a
Design H n/a n/a Baseline n/a
Design | n/a n/a -0.263** 0.093
Design J n/a n/a 0.146* 0.062
Design K n/a n/a 0.140 0.100
Design L n/a n/a 0.093 0.063
Desigh M n/a n/a 0.170 0.099
Design N n/a n/a 0.031 0.069
Design O n/a n/a 0.252** 0.097
Design P n/a n/a 0.038 0.066
Design Q n/a n/a -0.058 0.065
Design R n/a n/a 0.075 0.065
Design S n/a n/a 0.105 0.063

2 Coefficient estimate;  standard error; p-values for the difference between the coefficient and baseline
indicated by stars: *** 0.001, ** 0.01; *0.05; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; italics: inconsistent coefficients
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The pooled model for the overlap designs is presented in Table 60. The scale parameter
estimates for each design suggests that Designs B, C and F significantly differ from Design A. The
LR statistic is 290.94, on 114 degrees of freedom (unrestricted parameters (7 x 20) = 140;
restricted parameters (20 + 6) = 26). Therefore, the null hypothesis of scale homogeneity across
designs is rejected. The pooled model for the non-overlap designs is also presented in Table 60.
The scale parameter estimates for designs |, J and O significantly differ from Design H. The LR
statisticis 406.37 on 209 degrees of freedom (unrestricted parameters (12 x 20) = 240; restricted
parameters (20 + 11). Again, the null hypothesis of scale homogeneity across designs is rejected.
This is indicative of design induced differences and means that the data from across the designs

cannot be pooled.

6.14.6. Comparing designs - Assessing preference heterogeneity using latent class

Table 61 summarises the model performance indicators for latent class models with between
two and five classes across the designs. In contrast to the conditional logit, scaling the latent
class values on the worst health state is more difficult to interpret given the range of positive
and negative values reported. Therefore, the latent values are used to compare class structures.

Table 61: Summary of latent class model performance

Design Class size 2 Class size 3 Class size 4 Class size 5
LL AIC BIC LL AIC BIC LL AIC BIC LL AIC BIC
A -1,846 3,780 3,921 -1,804 3,745 3,963 -1,747 3,679 3,974 | -1,719 3,670 4,042
B -1,821 3,731 3,871 -1,760 3,657 3,873 -1,719 3,622 3,914 | -1,697 3,627 3,995
C -1,873 3,834 3,972 -1,818 3,773 3,988 -1,759 3,703 3,993 | -1,733 3,698 4,064
D -1,683 3,454 3,594 -1,636 3,409 3,627 -1,579 3,342 3,636 | -1,541 3,314 3,685
E -1,583 3,394 3,254 -1,522 3,180 3,397 -1,492 3,169 3,463 | -1,458 3,148 3,518
F -1,934 3,956 4,096 -1,883 3,903 4,119 -1,843 3,870 4,162 | -1,806 3,844 4,212
G -1,856 3,801 3,940 -1,808 3,752 3,967 -1,756 3,696 3,988 | -1,723 3,679 4,047
H -1,956 4,001 4,142 -1,890 3,917 4,134 -1,795 3,775 4,069 | -1,756 3,745 4,116
| -2,077 4,243 4,382 -1,990 4,117 4,333 -1,926 4,036 4,327 N/A N/A N/A
J -1,771 3,631 3,771 -1,698 3,533 3,749 -1,643 3,471 3,763 | -1,612 3,457 3,826
K -2,092 4,273 4,411 -2,011 4,159 4,373 -1,967 4,119 4,408 | -1,929 4,091 4,456
L -1,819 3,726 3,866 -1,742 3,621 3,837 -1,686 3,557 3,849 | -1,637 3,506 3,875
M -2,146 4,380 4,518 -2,082 4300 4,515 -2,003 4,190 4,480 | -1,939 4,110 4,476
N -1,887 3,863 4,002 -1,819 3,774 3,989 -1,750 3,685 3,976 | -1,703 3,639 4,006
0 -2,176 4,441 4,580 -2,076 4,289 4,505 -2,034 4,252 4,544 | -1,983 4,198 4,566
P -1,883 3,854 3,994 -1,827 3,791 4,006 -1,762 3,708 3,999 | -1,709 3,651 4,018
Q -1,846 3,780 3,920 -1,739 3,614 3,830 -1,678 3,541 3,834 | -1,616 3,465 3,834
R -1,841 3,770 3,911 -1,779 3,695 3,912 -1,711 3,606 3,900 | -1,687 3,607 3,979
S -1,754 3,596 3,736 -1,696 3,528 3,744 -1,662 3,509 3,801 | -1,604 3,440 3,808

The overlap designs consistently result in a two class latent class model being the preferred (as
assessed by the BIC). The AIC results are unstable, suggesting that models with four and five
classes are preferred. Given the BIC was consistent, the models with two classes were chosen

for the seven overlap designs. The non-overlap designs are less consistent, with models with
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two to five classes preferred according to the BIC, but with differences between the BIC
recommendations. The BIC results were used to guide the choice of preferred model given its
use in the earlier DCE work reported in this thesis. This meant that for the 12 non-overlap
designs, one (Design M) was estimated with five classes, five (Designs H, I, N, O and R) were
estimated with four classes, four (Designs J, K, L and Q) were estimated with three classes, and

two (Designs P and S) were estimated with two classes.

The model performance indicators suggest that restricting the design in terms of imposing
overlap may also limit the patterns of heterogeneity observed. The designs with no overlap are
considerably more variable indicating that allowing all levels to vary may result in more diverse
preferences within the choices made, where more information about heterogeneity can be

gained from the profile comparisons within each choice set.

Figure 33 reports the two class models for the overlap designs, and Appendix 18 reports the
demographic parameter estimates, with Class 2 as the baseline, and the class shares. Across all
designs, there is one class (ranging between 46% and 80%) with generally strong and ordered
preferences across the five dimensions. The other class demonstrates more evidence of
disordering and coefficient estimates of a much lower magnitude. The respondents in this class
are more likely to be older and generally report not having a long-term health condition. There
is not strong evidence of a class pattern according to design feature. The disordered classes may
not have strong preferences for the dimensions and levels included, or this could be evidence of

lower task engagement (although this is difficult to interpret).
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Figure 33: Latent class models with the lowest BIC (overlap designs)
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Figure 34: Latent class models with the lowest BIC (non-overlap designs)
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Figure 34 reports the favoured class structures for the non-overlapping designs. Appendix 18
reports the demographic class memberships for each of the preferred models. As with the
overlap designs, there is generally evidence for the identification of at least one class with strong
and generally ordered preferences across the dimensions, with the designs with a two class
structure (P and S) having similar characteristics to the overlap designs. The three class models
for designs J, K, Land Q include classes that are generally ordered, but with different preference
patterns across different dimensions. For example, there are classes with strong preferences to
avoid a high level of problems with anxiety or depression, and pain or discomfort. Designs Q and
M include a class with a disordered pattern of preferences with correspondingly large
coefficients which are difficult to interpret (but may be due to instability in the latent class

models).

210



Broadening the measurement and valuation of QoL July 2020

6.14.7. Comparing designs - Assessing preference heterogeneity using mixed logit

Figure 35 to Figure 37 display the results of the mixed logit analysis for the overlap and non-
overlap designs, with the lines representing mean coefficient decrements, and the bars
representing the standard deviation for each parameter, where the larger the standard
deviation, the greater the heterogeneity for that parameter estimated for that design. There is
evidence of more preference heterogeneity for the more severe levels of each dimension, and
a mixed pattern for less severe dimensions. The results do not suggest that one type of design
is more likely to produce models with clear evidence of preference heterogeneity than others
(given that the samples completing each design are generally well matched in terms of

background characteristics).

Differences across the designs were found when comparing the predicted probability of
choosing option A with the observed frequency for each design in terms of percentage
agreement. Regarding the overlap designs, Design A (generator developed) had the lowest level
of agreement at 36% and Design E (SAS with Krabbe priors) had the highest at 58%. Regarding
the non-overlap designs, Design | (also generator developed) had the lowest agreement at 22%,

with Design M (Ngene swapping algorithm with Krabbe priors) having the highest at 70%.
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Figure 35: Mixed logit models (overlap designs)
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Figure 36: Mixed logit models (non-overlap designs H to M)
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Figure 37: Mixed logit models (non-overlap designs N to S)
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6.15. Summary and discussion
The results of DCEs to estimate health state values will be influenced by the design decisions
made in the construction of the experiment. The aim of this study was to focus on a number of
these features that are key to design construction. These were the design construction method,
the level of overlap, the software that implements the selection mechanism, and the value of

the priors used.

The results suggest that there is not one set of features that consistently produces better models
in terms of the indicators studied in this paper. These indicators focused on key issues often
assessed in DCE studies valuing PBMs, including the consistency of coefficient estimates and the

precision of estimates. However, the poolability analysis suggests that there are still differences
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in the scale of the designs despite matching the sample as far as possible in terms of
demographics. There are advantages and disadvantages of the design features tested. Each
feature will be considered in turn, and this is followed by study limitations and suggestions for
further work, and conclusions with tentative recommendations for future DCE studies to

develop value sets.

6.15.1. Overlap of severity levels

Enforcing overlap across dimensions within a choice set by fixing the severity level of a
dimension to be the same across the two options within a choice set has grown in popularity to
lessen the cognitive burden by lowering the amount of information to be considered [44].
However, enforcing overlap does mean that designs will have lower statistical efficiency for
estimating the parameters. This could be an issue for studies with a small sample size. In this
study, the seven designs with enforced overlap have bigger standard errors, but respondents
reported that they were significantly less difficult than those without overlap based on a number
of indicators. Taken together, these results demonstrate the trade-off between statistical and
respondent efficiency. There are advantages to using statistically efficient designs in terms of
the number of choice sets and respondents required. The disadvantage is that more difficult
tasks may encourage respondents to adopt decision making short cuts. One such short cut is
focusing on a subset of domains. However, differences in the use of decision making strategies
was not apparent in responses to the follow-up question about considering the whole health
profile whilst completing the tasks. However other completion strategies are possible (for
example counting severity level indicators, or focusing on the most severe levels only).
Increasing respondent efficiency may be more important for longer PBMs with more dimensions
(such as the cancer specific QLU C10D [144]) or more complex descriptions (such as the SF-6D
[79, 80] and the ASCOT [126]). In the online environment information about respondent
behaviour or efficiency gained by overlap is difficult to measure beyond indicators such as the

time taken, and answers to self-report questions.

The time taken based on the level of overlap is also potentially informative, but possibly
contradictory. The fact that non-overlapping designs are completed faster on average may differ
to what is expected, as the non-overlap desigh may be expected to take longer given the
increased complexity. However it may suggest that respondents are simplifying the task for non-
overlapping pairs by not attending to some dimensions. Where there are overlapping pairs it

may simplify the task sufficiently that respondents can engage more easily. This interpretation
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would imply that response time may not be a good measure of engagement. Qualitative work

could be used to understand engagement based on overlap in more detail

6.15.2. Use of prior information

The use of priors in the design of DCEs has positive and negative impacts on the completion
process and subsequent models produced, and design performance can vary based on the error
in the priors [231]. Priors can either be non-informative or informative in the design process,
and can be taken from the existing literature or previous studies (as in this comparison) or from
pilot data. The benefits of using informative priors are that the design process can use pre-
existing information about the size of the coefficients to maximise the information available
from each choice set. The negative aspects are that using information to design the choice sets
can make them too difficult for respondents and lead to more disordered coefficients, as was
found in a previous design comparison paper valuing EQ-5D-5L [59]. However, there was not a
clear difference between the consistency of the coefficients between the non-informative and
informative priors used in this study. Furthermore, the results may be biased if inaccurate priors
are used (which is possible given sample, design and study differences in earlier work) [257]. In
this study the prior used in the design were not replicated in the field which could be due to
these reasons. The argument for using non-informative priors is to present respondents with a
wider range of comparisons with health states that are further apart in terms of severity to make
the set of tasks easier. This may be particularly useful if larger samples are available to negate

the efficiency gains, and theoretical design methods are favoured.

6.15.3. Theoretical or algorithmic approaches

Both theoretical and algorithmic based approaches have been used extensively in the
development of DCE designs for the valuation of PBMs (see Section 2.9.4). The head-to-head
comparison reported in this chapter has demonstrated that the theoretical generator developed
construction approach employed here produced a generally lower number of inconsistent
coefficients than the algorithmic based approaches, but this is only one indicator used. Both sets
of designs seem to allow for identification of preference heterogeneity, particularly for the more
severe levels of each dimension. Both sets of designs seem to be able to pick up preference
heterogeneity at a similar level, particularly for the more severe levels. Algorithmic based
approaches may be more appropriate if informative non-zero priors are planned or available for

use in the study.
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6.15.4. Impact of different software packages

Many software packages are available to generate designs, particularly for the algorithmic based
approaches, and this study employed four that implement the same algorithmic approaches in
different ways. The results suggest some differences in model performance across the software,
where SAS and a user written implementation in R resulted in more inconsistencies. Ngene and
Stata produce relatively well ordered models. Further work is required to understand and
compare the different implementations of the same underlying algorithms across different

packages.

6.15.5. Are certain designs better for certain models?

The range of models tested here, including those that impose preference homogeneity and
allow for preference homogeneity provide the basis for an assessment of whether the
characteristics of certain designs is more acceptable for certain model applications. The range
of homogeneous and heterogeneous models tested here allow for an assessment of whether
certain designs seem to be more valid with certain model applications. The conditional logit
demonstrates differences in coefficient ordering and significance dependent on the design
tested. The latent class models do seem to differ depending on the level of overlap, where
designs with overlap on two dimensions always results in a two class model (that can be clearly
interpreted) being preferred. The latent class models are less stable for the designs with no
overlap, potentially demonstrating the extent to which a design strategy may influence the
modelling of heterogeneity. The mixed logit models generally demonstrate a similar level of

estimation precision, and more heterogeneity at more severe levels is apparent.

6.15.6. Study limitations and future research

This study has a number of limitations that could be important in the interpretation of the
results, but also offer areas for future research. Although the coefficients were scaled using the
estimated value of 55555, no method of anchoring onto the utility scale was included within or
alongside the DCE. This limited the results as the values could not be directly compared on the
QALY scale. It also meant that more complex designs such as those including continuous
duration alongside categorical health state dimensions could not be compared. It should also be
noted that the designs were developed for the MNL model. In future work, designs developed

to estimate the mix logit model could be developed and compared.
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Using the EQ-5D-5L as the descriptive system valued in this study has both advantages and
limitations. The descriptive system is amenable to testing in this way given that the dimension
descriptions are ordered (from no problems to extreme problems), there are a small number of
dimensions, and the majority of respondents qualitatively understand the increasing severity
levels. Therefore, it provides a useful set of descriptors to test coefficient ordering and
heterogeneity. The applicability of the results to other measures could be questioned, but
aspects of the results can be considered in regard to the valuation of wider and more complex

Qol descriptive systems.

The informative priors used in this study were chosen as they were estimated from a DCE
without duration of the EQ-5D-5L, and there was no clear pattern of differences across the
designs with non-informative and informative priors. However, the appropriateness of the priors
could be questioned given that they were sourced from the population of four countries, but
applied in Australia. This may impact on the applicability of the comparison of the designs across
the different priors, but it can be argued that it is relevant to compare any set of non-informative
and informative priors to understand the impact of providing any prior information to inform
the design. Alternative priors that were considered included values from an Australian DCE with
duration study [57], but this was not used due to the specific methodological issues relating to
the use of DCE with duration. Future work could pilot a design with zero prior to estimate a set

of non-zero priors for use in the development of a further set of designs.

The overall sample size used for this study is at the high end of those collected in the application
of DCE for health state valuation online (See section 3.3.4). However, as the sample was divided
across 19 arms, the sample size is not large, and this could be a limitation in interpreting the
results. This study could not report GMNL models given the small sample size, as exploratory
modelling proved to be unstable. A larger sample could help understand whether certain design
strategies are more amenable to complex models such as the GMNL. However, the sample size

does provide indications of the direction of the findings.
There is also the potential for implausible combinations of EQ-5D-5L dimension levels. However,
no dimension level combinations were excluded from the constructed designs developed in this

study.

6.15.7. Conclusions and recommendations for study designs
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In conclusion, the study reported in this chapter is the first to test a range of DCE design
strategies used to value PBMs. The results provide information about a range of key decision
factors in the development of designs, and will be informative for researchers developing

valuation studies for newly developed measures of QoL.

The results of the study has implications for broadening the valuation of QolL, and allow for some
initial recommendations for the future conduct of PBM valuation studies measuring both HRQoL
and broader QoL outcomes using DCE. Given that respondents report that the overlap designs
were easier to complete, future studies should impose a level of overlap, particularly when
larger samples are available to negate the impact of imposing overlap on statistical efficiency.
Overlap could also support ease of completion when complex QoL descriptive systems are
valued, triplet profiles are used instead of pairs, or a duration anchor is included. Priors should
be considered for use if there is an argument for them having a level of similarity with those
expected from the sample. Dominant pairs and level balance do not seem to lead to substantial
differences in the results and should be considered in light of the ease of task completion for
respondents. There is not clear evidence to suggest that one type of theoretical or algorithmic
design construction method is clearly superior to any other, although by their nature, random
designs could lead to less ordered valuations depending on the designs selected. And if the
inclusion of informative priors is preferred then an algorithmic design would be required.

However overall the design construction method is a choice of the researcher.

219



Broadening the measurement and valuation of QoL July 2020

7. Discussion

7.1 Summary
The overall research question of this thesis investigated how methods for the measurement and
valuation of health and QoL can be used to inform the development of broader and more widely
applicable instruments. The rationale for investigating this question was to understand how to
increase the scope and applicability of utility values used in resource allocation decision making.
There are two ways to increase the applicability of the utility values. First, it is possible to
improve and refine the scope of what is measured, and second it is possible to improve the
valuation process used to estimate utilities for use in decision making. Both of these research
areas were investigated to answer the research question. To do this, three empirical studies and

a structured review were conducted, with five aligned aims and objectives.

The results of the thesis suggest that it is possible to develop innovative broader measures of
health and QoL, and for respondents to value the states that are described. This can be informed
by adapting existing psychometric and preference elicitation methods to be fit for purpose for

the assessment and valuation of broader constructs.

Regarding the measurement of outcomes, the results have demonstrated that broader concepts
relevant to both health and wider QoL can be included in the same measurement framework
using IRT approaches adapted from those used to assess narrower concepts, such as HRQoL. It
was found that the dimensions included within existing PBMs frameworks can be extended to
incorporate further broader dimensions of QoL. It was also found that PBM frameworks can be
extended to provide further information for each dimension included in existing instruments
whilst also providing preference-based information. This was defined as a ‘layered’ approach to
measurement. The advantages, disadvantages and implications of this approach are described

in detail below.

Regarding the valuation of outcomes to generate value sets, the appropriateness of using and
adapting DCE methods for the valuation of broader measures of health and Qol, was
established. The results also added to existing knowledge relating to the application of DCE
methods for the valuation of health and Qol, in particular how to construct the experiment.
Combining the evidence from the empirical work supports the development of a broader

measure of health and QoL that are useful for decision makers in the allocation of scarce
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healthcare resources. The results also support the further development of methods for both the

measurement and valuation of health and QoL that can be used for this purpose.

In this chapter the key findings and issues raised by work conducted in this thesis are explained.
First, the findings relating to broadening the measurement of QoL are highlighted, and then the
implications of these are discussed. This is followed by a discussion of the issues raised for DCE
as a valuation method specifically focusing on the valuation of broad areas of health and Qol,
and the design of DCE studies to elicit accurate preferences. Leading on from this, the limitations
of the work and further potential research areas are highlighted. Key questions raised by the
research are then considered. Finally, the chapter concludes with reference to the overall

research question posed at the beginning of the thesis.

7.2. Broadening the measurement of health and QoL
This thesis builds a case for the benefits of broadening how QoL is measured by proposing two
possible approaches which are then investigated using IRT methods. The first approach
proposed broadens the HRQoL measurement framework to include wider definitions of QoL
measured by broader dimensions. This is a beneficial approach, as using a broader framework
could improve measurement sensitivity in conditions and populations that impact wider areas

of QoL than are included in HRQoL instruments.

The results of the empirical work demonstrated that the measurement of QoL should be
broadened to improve the measurement of important outcomes in different conditions and
populations. This is because there are important and diverse relationships between what is
measured by different instruments developed to assess QolL. However not all of these are
included in the resource allocation decision making process. The results established a dimension
structure incorporating dimensions typically included in HRQoL measures, but also additional
broader concepts of QoL such as mental health, physical functioning, pain, general activities,
wider QoL (social care and capabilities), sleep, dignity, tiredness, role and social functioning,

feelings, positive energy and mental health, and self-care incorporating related issues.

Four of these dimensions (mental health, physical functioning, pain, role and social functioning)
focus on important HRQolL factors, on which impacts are commonly experienced as a result of
many health conditions, and across many populations. Therefore these constructs are widely

measured (taking different approaches) by both generic and condition specific measures. As an
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example, they are aligned, and clearly map to, four of the five dimensions measured by the EQ-
5D and five of the six measured by the SF-6D. These dimensions also cover the key domains
included in many definitions of what ‘health’ is. For example the WHO definition [16] describes
health as “a state of complete physical, mental and social wellbeing”, and NICE [3] define HRQoL
as “A combination of a person’s physical, mental and social wellbeing; not merely the absence
of disease”. Therefore it could be argued that these four domains are essential for inclusion in

any measure of health and QolL.

As a result of the inclusion of these dimensions in existing measures, improvements or
worsening across them as a result of interventions and treatments will be reflected in the utility
values used in the majority of decision making contexts. However, the nature of PBMs as concise
measures of HRQoL with a limited number of dimensions could bias the allocation of resources
towards interventions for conditions where change on these four common dimensions can be
demonstrated at the expense of measuring the benefits of interventions with impacts on wider

domains.

This leads to the question of what other domains of health and QoL could extend the scope and
applicability of the utility values used in decision making. The additional seven dimensions
identified in this thesis suggest areas for the extension of QoL measurement, at least within the
framework of the measures included in this study. These extensions might include wider QoL
(social care and capabilities), sleep, dignity, tiredness, feelings, positive energy and mental

health, and self-care including related issues.

To examine these extensions further, it is worth considering the dimensions that do appear in
either the EQ-5D or SF-6D. Self-care is a single dimension of the EQ-5D (assessing washing and
dressing) that in this study groups with similar concepts from broader measures, for example
appearance and feeding. In contrast, the SF-6D includes an item about bathing and dressing
limitations that is incorporated into the PF dimension. This means that a direct values for self-
care preferences cannot be elicited as it is included in the dimension covering physical
functioning. This demonstrates that different approaches to the measurement of similar
outcomes may change the characteristics of the values used in decision making. Issues regarding
different approaches to how outcomes are measured are returned to below. Broader concepts
may be considered when people respond to general self-care items (for example relating to

looking after appearance), but these are not explicitly included in utility values. This assumption
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could be assessed qualitatively by asking people what they are considering when answering the
guestions. Given that impacts on self-care are likely to be important for more severe conditions,
and in the elderly, it can be argued that it is an important concept of QoL to measure if an

instrument is developed to be applicable across several populations.

The additional SF-6D dimension measures energy. In the study reported in this thesis, energy is
included as part of the positive energy and mental health dimension. That items assessing
mental health and energy using positively worded items load together is important, as it
suggests that the direction of the item wording is important. Energy is not directly measured by
the EQ-5D, and research has suggested that additional dimensions assessing this could be
important [112]. Linked to the positive energy item, a dimension measuring tiredness and
fatigue using items worded in a negative direction was also found. Again this suggests that the
way in which items and dimensions are worded is important. Many conditions impact on energy
levels, and interventions can have both positive and negative effects on this. To broaden the
measurement of Qol, assessing energy, tiredness and/or fatigue using items is important.
Another broader dimension assesses sleep, which appears in neither the EQ-5D nor SF-6D, but

is an important side effect of treatments and conditions, and often impacts other dimensions.

A dimension assessing a broad range of areas of wider QoL with no overlap with the HRQoL
dimensions was identified. This demonstrates the need for the inclusion of broader domains
that are not measured by those focused on HRQoL. The concepts included within the wider
domain are diverse (for example ranging from feelings of control, love and security). In further
development of QoL measurement these domains to be considered as a broader set of
dimensions rather than one overall concept. Further psychometric work could understand the
information provided by these domains in comparison to other QoL concepts to support the

development of broader measures.

An additional dimension assessing positive feelings provides a different broader perspective to
the measurement of mental health as it includes positively framed constructs such as happiness,
friendship and support. This dimension did not fit with the negatively framed mental health
domain that focused on common concerns such as anxiety and depression, which suggests that
positively worded items frame mental health in a different way. This raises questions about the
perspective that measures should take in the assessment of outcomes, and also how to

incorporate these into the same instrument.

223



Broadening the measurement and valuation of QoL July 2020

Finally a dimension measuring dignity was identified. This is an important concept impacting
Qol, particularly, for example, in the elderly or in certain care situations. The measurement of
dignity is challenging as it is a multifaceted concept. It may not be required for all populations

and conditions, and should at least be considered in settings where dignity may be impacted.

The findings of these analyses raise a number of issues and questions linked to the measurement
of health and QoL. First, the results demonstrate how approaches to measuring and describing
similar and overlapping constructs of QoL differ. For example, instruments use single and
multiple items to measure each dimension. This means that different levels of information about
each domain are being elicited dependent on the perspective taken. Taking physical functioning
as an example, the EQ-5D uses a single item to measure this, whereas the SF-36 uses ten items,
of which three inform the SF-6D (including conceptualising self-care as a part of physical

functioning).

Second, there are differences in the way that items are described. For example, different specific
constructs are investigated (including walking, bending/kneeling, and activity level, for
example). The response levels used (for example severity or frequency), and the direction of the
item wording (for example asking about constructs in a negatively or positively framed way) also
influences the characteristics of the information elicited, and the relevance of the items in
different settings. For example consider the measurement of pain. Asking respondents about
the frequency of experiencing any pain is different to asking them about the severity of the pain

they experience.

Nevertheless, the results demonstrate how the domains measured in diverse ways interact with
each other. For example, there is evidence that items using different approaches to measuring
mobility and physical functioning are nevertheless measuring the same underlying construct,
and therefore severity and frequency responses, for example, can be combined to elicit broader
information about the impacts of a condition on a certain dimension. This was investigated
further in the assessment of developing a layered approach to measurement that is discussed

in more detail in the following section.

The results of the dimensionality assessment can be used to guide the future development of

broader QoL instruments, and this is a key outcome of the thesis. This work adds to the literature
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by informing what could be measured and how this could be done using existing measures as
the basis for future developments. It provides a basis to inform broadening the measurement

of QoL outcomes.

7.3. Developing a layered approach to measurement
The second approach tested whether the existing framework of PBMs focused on HRQoL can be
used to provide further information for each dimension already included in the measure. As
described above, this has been defined as a “layered” approach to measurement. Layer 1 is
defined as the preference-based layer that elicits utilities, with Layer 2 providing more detailed
information about each dimension. For example, Layer 1 would consist of the five EQ-5D
dimensions, and Layer 2 would be a further set of items to provide more detail. The rationale
for this approach was to investigate the development of an innovative method of measurement
where both preference-based (Layer 1), and non preference-based profile information (Layer 2)
could be elicited from people completing the instrument using innovative analysis approaches
based on IRT. The work conducted in this thesis adapting IRT methods suggested that the
approach is feasible, and a layered measure based on existing or newly developed items and

domains could be developed.

The dimensions tested in this thesis demonstrate the feasibility of developing a layered
approach to measuring QoL outcomes. The items operationalised as Layer 1 were found to be
items sensitive to the central range of severity for the construct being measured. This means
that they can validly be used as a general indicator of the domain, and directly link to items in
Layer 2 assessing milder and more severe levels of the domain. Taking the physical functioning
dimension as an example — the Layer 1 PBM item assesses severity of walking about on five
levels which cover a broad underlying range of severity. The Layer 2 questions then assess more
detailed constructs of physical functioning focused on different severities of impairment
including, at the milder end, limitations with vigorous activities, and at the more severe end,
limitations with climbing one flight of stairs. This demonstrates the range of information that

can be obtained.

This approach has a number of potential benefits in the extending the measurement of health,
and also for the usefulness of the data collected. PBMs by their nature are limited in the
information that they can provide. This approach could broaden the applicability of the

instruments across a variety of clinical decision making, research focused, and routine outcome
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measurement settings. For example, a single instrument could provide a utility value for use in
resource allocation decision making, and also detailed information for each dimension covering
a wide range of constructs for use in clinical settings to inform treatments. Alongside this, the
detailed information could be scored using an IRT based approach to allow for comparisons
across populations. This would also allow for innovative approaches to administering the
instrument such as CAT. Limits of the approach could be linked to the items available for
inclusion, and potential differences in the usefulness of the approach across different

dimensions (for example those including different numbers of items).

Of potential interest is the use of the EQ-5D-5L items as a preference-based layer in a preference
and profile based approach. This approach could be justified for a number of practical reasons.
The items are simple and broad ranging, and can be answered by the majority of people. It is
also the most widely used PBM internationally, with value sets available in many countries that
could still be applied to the Layer 1 data. The IRT results suggest that the EQ-5D dimensions
provide information across the middle range of the latent severity scale, and therefore could act
as general severity items for a calibrated set of more detailed questions relating to each EQ-5D
dimension. This would enable the estimation of utilities and provide more data about the wider

impacts of a condition on important dimensions of QoL.

The analysis also tested a novel application of the use of IRT methods to inform the validity and
development of QoL outcome measures by applying the approach to a set of measures assessing
a broad range of QoL constructs. As well as informing the potential development of a layered
approach to measurement, the analyses conducted also allow for an investigation of adding
information within an existing PBM framework. IRT methods have been demonstrated to have
the ability to calibrate items from different instruments with different perspectives on
measurement and methods for asking the questions on the same underlying severity scale. The
item calibrations allow for an understanding of the information provided by the items within
each dimension. This was done in the analyses reported in this thesis, and is in line with the
approach employed in the development of PROMIS item banks [204]. However, it extends this
to use IRT in a novel way to consider the development of a layered approach within the

dimension structures tested.

7.4. Using IRT methods in the assessment of PBMs
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The work described in this thesis applies IRT methods to test PBMs, and by doing this contributes
to the literature by demonstrating the use of these methods in a setting where in the past it has
been limited. One parameter IRT has been previously used in the development of condition
specific PBMs from existing profile instruments, and in the assessment of established measures
[85, 192, 193], and the two parameter model has been used to inform the development of a
mental health specific PBM [194]. However, these IRT models have not been used to examine
item pools measuring broad concepts of QoL with the aim to inform the further development of
PBMs. The novel approach taken in this study extends the use of these methods for the
assessment of outcome measures, and demonstrates that the approach is feasible for the

examination of dimensionality and the testing of items within a broader item pool.

The work in this thesis builds on and confirms the findings of other work that has used various
methodological approaches to factor analysis to understand the dimensionality of item pools
taken from HRQoL measures. For example, Finch et al [258]) used principal-component analysis
and CFA to establish the wider dimensionality of an item pool combining PBMs measuring
HRQol and measures of positive wellbeing. The authors found nine possible dimensions that
they defined as psychological symptoms, physical functioning, pain, sleep and energy,
satisfaction, cognition, relationships, hearing, and vision. The overlap in terms of the additional
dimensions across the studies is apparent, even though the inclusion of some different
instruments also explains some of the differences observed. Both studies included mental
health, physical functioning and pain dimensions (which are identified as key domains of health
included in measures of HRQol). Broader dimensions identified in both studies included sleep
and energy, which were combined as one dimension in Finch et al [258], but were identified as
separate dimensions in this study. This could be due to the dimensionality assessment methods
used, or the characteristics of the sample. Other dimensions identified across studies could be

linked to the measures included.

The use of different dimensionality assessment methods resulting in similar outcomes adds a
further level of robustness to the findings. Additional work applying IRT methods to understand
the dimensionality of other item pools would help generate new knowledge regarding the
relationship between dimensions of QoL, and assess how to broaden QoL measurement in a

sample of different populations and patient groups completing overlapping outcome measures.
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7.5. Findings related to the valuation of QoL
A structured review of the application of DCEs for health state valuation conducted as part of
this thesis summarised information about how the methods have previously been used, and the
methodological characteristics of the approaches taken. The empirical valuation studies built on
this evidence to investigate how DCE methods can be applied to value broader measures of
health and QoL. This provided evidence on how people value diverse QoL outcomes. This
evidence can be translated for use in the development of utility value sets for broader measures
for use in resource allocation decision making. The key methodological issue of how to construct
experiments to administer DCEs for health state valuation was also investigated. This was done
to inform the design process to use in future studies valuing PBMs measuring HRQoL, and other
diverse domains of QoL. The issues raised by these two studies for the valuation of health and

Qol are now discussed.

7.6. Using DCE to value broader QoL measures
The key finding of the empirical work valuing combined QoL outcomes on the same utility scale
was that people are willing to trade-off across diverse concepts of Qol as they have different
magnitudes of preferences for different QoL constructs. This has implications for decision
making that relies on a narrow conception of a QALY that focuses on HRQoL, particularly when
many health interventions affect both HRQoL and broader domains of QoL and wellbeing. This
could mean that the benefits of interventions with impacts on the broader areas of QoL are
incorrectly estimated. For example, an intervention with impacts primarily on relationships or
control over daily life will not be accurately valued, and therefore change in QoL will not be
observed, thus leading to bias in decision making towards interventions with impacts on HRQol.
A relevant example from a PBAC decision relates to Icatibant for hereditary angioedema. It was
noted by the PBAC that the benefits related to increased security and control from the
availability of the treatment rather than the health gain from treatment of attacks. These are
factors that were valued in this study alongside HRQoL, and were shown to be important in
people’s preferences. The inclusion of wider dimensions, such as security and control, in
valuations could allow for these to be considered in decision making. To support this, the results
of the empirical work found that control was valued as one of the most important QoL

dimensions (as important as those measuring HRQol).

The results also provided evidence that DCE is a feasible and suitable method to value

descriptive systems including broader concepts of health and QoL. Internationally, there is
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recognition that concepts beyond health are important in resource allocation, but this raises
challenges in valuation. This study contributes to the literature tackling this challenge by
developing methods that provide a feasible approach to developing value sets incorporating
these broader concepts. The findings of this study relate specifically to the valuation of HRQoL
and SCRQolL, but the methods used provide scope to expand such indices to produce values that
are more sensitive to the impacts of care services across a wide range of patient groups and
settings. For example, the preference relationship between HRQoL and wellbeing may be of
interest, and the same framework developed in this study could apply to trade-offs between
generic and condition specific dimensions of QoL to assess preferences in general and patient

populations.

7.7. Testing design construction approaches
The results of the final empirical study provide data regarding the impact of DCE design
construction methods on the values elicited for health states. The study built on the existing
literature reported in the structured review, and included design approaches that have been
previously used for health state valuation, and also approaches that have not previously been
applied. To the author’s knowledge, it is the largest comparison of designs for the specific

valuation of health states conducted in the literature to date.

The results suggested that there was not a clearly superior approach to the construction of a
DCE for the purpose of health state valuation. However, the results do provide crucial
information about a number of methodological choices that are required in the development of
DCE designs. Therefore they provide data to support the development of further valuation

protocols applying DCE to value health and broader QoL outcomes.

The first methodological choice the results inform regards the use of attribute level overlap
(where severity levels are held to be the same for a certain number of dimensions). The results
found that the overlap designs included in the study were easier for respondents to complete.
Therefore they suggest that future studies should consider imposing overlap of attribute levels
to aid ease of completion when complex QoL descriptive systems are valued. However the

number of dimensions on which to impose overlap requires further testing.

The second area of design that can be guided by the findings is the use of priors to inform the

design. The results suggested that both informative and non-informative priors can produce
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logically ordered and comparable values, and there was not clear evidence to suggest that one
type of theoretical or algorithmic design construction method systematically performed better.
Therefore, priors should be considered for use if there is an argument for the values used having
a level of similarity with those expected from the sample. For example, using priors from an
Australian sample when constructing a design that will be applied to value an instrument in

Australia.

This study established that there is no clearly superior approach, and the design used can be
informed by the evidence for the different design features tested in this study, and how they
can influence the characteristics of the values produced. The results therefore provide guidance
that will allow the designer of the experiment to choose between different design features for

the development of DCE studies for the valuation of health and QoL.

7.8. Broadening the measurement and valuation of QoL using existing measures
A key feature of the empirical work conducted in this thesis is the use of existing measures to
investigate broadening the measurement and valuation of health and QolL. This provides one
approach to investigating the research question, and has a number of advantages. For example,
it provides a basis to test methods and the further development of measures using instruments
that have already undergone extensive development and validation. To test the elicitation of
values, existing measures are known provide dimensions that are amenable to valuation.
However, the use of existing QoL instruments also has disadvantages as it limits the wider

applicability of the findings to other measures and datasets.

Regarding testing the broader measurement of QolL, the dimension structure identified in this
study is limited to the instruments included, and other dimensions might have been identified if
different measures had been included. This means that the applicability of the results to newly
developing measures such as the E-QALY [259] requires further investigation. However, the
measures were chosen to cover a range of QoL concepts and did provide clear information about
how additional instruments extend the standard HRQoL frameworks. The analysis could be
repeated including either newly developed or other existing measures, using datasets where

multiple outcomes have been collected [111].
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7.9. Implications of the findings
The results of this thesis have implications for the use of existing PBMs in resource allocation
decision making. They also have implications for the future development and valuation of QoL
measures and inform a number of questions of importance for the research area and wider

policy issues. These questions are posed and possible answers discussed below.

7.9.1. What do the results mean for the concept of Qol, and decision making based on

Qol?
In this thesis, QoL has been described as a multifaceted concept that encompasses, and is
impacted by, broad interrelated domains of an individual’s life. The results of the empirical work
in this thesis focused on measuring QoL outcomes support this descriptive framework. They
show that the concept of QoL includes domains of physical health, emotional health, social
functioning and relationships, and social outcomes that add to an overall interrelated

description of broad Qol.

The valuation work focused on the interaction, and preference relationship between, two
subdomains of this overall conceptualisation (HRQoL and SCRQoL). The empirical valuation work
supports the assertions made about the interaction of different types of Qol, as the results
demonstrate that people express different preferences for, and therefore trade between, these
outcomes. This suggests that different areas of Qol, and population preferences for these
domains, need not be considered separately, and can be conceptualised on the same utility
scale. Therefore a unified approach to linking QoL outcomes on the same scale is needed, and
this thesis provides a template for doing this. This would support the fairer allocation of health
care resources across diverse medical conditions, interventions and patient populations that is
fundamental in achieving better health outcomes for the population. Fair allocation of resources
would also need to consider how priorities might change if a new framework was advocated.
For example, interventions with a health care impact only might be deprioritised (depending on
the magnitude of preferences for health domains in comparison to broader domains). Further

work needs to investigate the implications of changing the values used in practical terms.

It could also be hypothesised that other domains of QoL notincluded in the empirical work, such
as financial wellbeing and living situation, are also important drivers of QoL. Conceptualising QoL
as a single unifying concept with interacting subdomains means that these concepts could also

be used to inform public policy in many different areas. For example, the measurement and
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valuation of QoL could be used to inform policy in housing, transport and the environment as
well as health and social care. This would require sector specific measures to be developed, and
an understanding of how these broader domains interact with health and other QoL outcomes.
To achieve fair allocation of resources, we need to measure all of the QoL outcomes that matter
to the population, and understand population preferences across these different areas of QoL.
This thesis provides methods to broaden the scope of QoL outcomes used in diverse decision

making contexts.

7.9.2. Can decision makers use existing PBMs with confidence?

This research has added to the literature demonstrating that widely used existing PBMs such as
the EQ-5D and SF-6D do not include all of the dimensions of importance to patients [112]. This
is partly driven by the typically preferred structure of PBMs where a short measure amenable
to valuation for the development of value sets are required. There is evidence to suggest that
the EQ-5D and SF-6D are psychometrically valid in many health areas, and do provide utilities
that can inform decision making for health care. Decision makers need to be aware of the health
areas where the measures have a level of validity, and where supporting evidence is not

available.

The results of this thesis demonstrated that there are areas of health care and certain
populations (for example the elderly) where health and social care are closely related, where
these measures do not have the same level of validity. In these settings the standard HRQoL
value sets may not reflect all of the concepts of importance, as key domains are not explicitly
measured, or included in the values used in decision making. This is where a broader instrument
may be useful, and there are real world examples from PBAC decisions that are worth examining
in light of this. For example, PBAC noted the importance of social and psychological impacts for
Poly-L-Lactic Acid for facial lipoatrophy were not captured by the SF-6D (indicating potential
measurement insensitivity). It might be possible that a broader measure of QoL would

demonstrate an increased level of sensitivity.

Across international decision making jurisdictions, different guidelines regarding the sources of
utilities and values are used, and this would impact the use of broader measures. For example,
NICE prefers values to be based on the UK EQ-5D-3L value set as the primary outcome [29],
which could restrict the use of broader measures. In contrast, the Australian PBAC policy is to

accept values from a wider range of sources as long as the source is justified. Therefore, broader
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measures could potentially be justified as a source of values in decision making in Australia.
Broader measures could also be informative outside of reimbursement decision making, for

example in the routine collection of outcomes data and in clinical settings.

7.9.3. Should a broader approach to measuring QoL be advocated?

The results of this thesis suggest that for a more inclusive and holistic approach to
measurement, a broader approach should be advocated. A strong argument can be made for
an instrument including a broad range of QoL domains. This would lead to a more informed
resource allocation process across different types of interventions and broader population

groups.

7.9.4. |If a broader measure of QoL was developed, what format should it take?

There are multiple forms new approaches could take and these are informed by the work
conducted here, and also other research internationally [200,204]. The results of this thesis
suggest that using up-to-date IRT methods for measure development is an informative way to
understand the measurement characteristics of the dimensions and items included. There is also
some support for adapting existing instruments by broadening what is measured. Incorporating
a layered approach to measurement is advocated to increase the usefulness and wider

applicability of any future measure.

7.9.5. Are DCE’s an acceptable method for the valuation of health and QoL?

Past work using DCEs to value QoL (reported in Chapter 3) has generated evidence supporting
the acceptability of the methods for estimating value sets. The work conducted in this thesis
also builds on this to demonstrate that DCE can be used to value broader dimensions of Qol,
and multiple methods of constructing a DCE are valid for the estimation of value sets. They are
also practically valid as they can be administered online to large representative samples of the
population, as demonstrated in the two studies reported here. However, the results suggest
that the values produced are susceptible to different methodological choices that need to be
understood for a given study or approach. Also, it is difficult to determine DCE data quality which
could limit its wider acceptability. In the design comparison work, a repeat choice set was used
to assess consistency, and there was some evidence of respondent not providing consistent
answers. Further work should develop methods for assessing DCE data quality to improve the

wider acceptability of the approach.
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DCE values also differ to those estimated using other valuation methods (such as the TTO). For
example, DCE values often produce a wider range of utility values, and more states valued as
worse than dead (but again this is specific to the valuation method used). However, as there is
no gold standard valuation approach, and we do not know what respondents’ actual values are,

but can only elicit these using indirect methods, the comparison is flawed.

7.9.6. What questions should decision makers and researchers ask when assessing the

results from a PBM?

It is important for researchers and decision makers to understand the characteristics,
advantages and limitations of both the descriptive systems and value sets of PBMs. For
researchers, selecting the right measure will facilitate meaningful data collection and analysis,
and for decision makers it is important to know how the concepts measured and the values
applied can influence their decisions. Users should be aware which concepts are measured by
different instruments, as this gives an indication of the types of impacts the measure and the
value sets will be sensitive too. This thesis provided information to assess the relationship
between broad measures developed for different purposes to demonstrate both overlap and

divergence.

Regarding valuation, it is important for users to understand how the valuation approach used
influences the value set characteristics. For example, different implementations of a DCE can
lead to a wider or shorter value range (as demonstrated in the empirical comparison of designs),
and DCE values can differ to those elicited using iterative approaches such as TTO. This also
means that decision makers need to understand how the characteristics of value sets impact the

results on which they make decisions.

7.10. Limitations of thesis and suggestions for further research
The research conducted in this thesis has a number of limitations that lead to associated
opportunities for further research. As described in Section 7.6 the use of existing QoL
instruments to assess the measurement and valuation of broader QoL has benefits but also
limitations. This criticism could be answered by repeating the analysis on items from newly
developed measures, or other existing generic and condition specific instruments in datasets

where multiple outcomes were collected.
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For the measurement assessment study, the population was recruited to represent some
common conditions, and also include the general population, and therefore the results are
limited to the groups included in this study. The use of an online panel could be criticised given
that the conditions are self-reported rather than diagnosed. It would be beneficial to collect QoL
information from patient groups, but this may have difficulties in terms of recruitment, and the

burden of completing many questions for individuals from certain populations.

It is also worth noting that although IRT and DCE methods have been demonstrated to provide
information about how to broaden the QALY, they are only one set of approaches to
understanding how to do this. Therefore, the results need to be considered alongside other
methods such as qualitative work with patients directly investigating the areas of health and
Qol that are important and relevant to them. There are also other methods for the identification
and assessment of dimensionality (such as CFA) that could be used alongside the approaches

reported in this thesis to extend the evidence regarding the dimension structure.

A general area of potential limitations pertaining to the three empirical studies conducted in this
thesis, but in particular to the DCE studies, is the robustness of online data collection, and the
impact this has on data quality. Although there are indicators of ‘valid’ data that are generally
accepted (e.g. for example sufficient time taken, not always selecting the same option, and
responses to logic checks), DCE researchers have not yet fully established what a ‘valid’ or
‘invalid’ DCE response is. To improve online data collection, researchers should examine what a
valid response is, and the extent to which DCE tasks are ‘cognitively challenging’. This is an area
of further research that requires the consideration of each stage of a DCE (from constructing the
experiment and designing the choice sets through to testing mode of administration issues, and
implementation issues such as the source of respondent recruitment, and respondent behaviour

during the survey) to understand sources of bias on responses.

Regarding robustness and data quality, a particular area of concern is that it is difficult to control
the environment in which the survey is completed, or collect information about this from
respondents. We also do not know how different environments, or choices made in the survey
design process, impact the responses given. Thus there is a need for further work to understand

robustness and data quality in a number of ways.
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First, it is possible to develop and test questions that ask respondents to report on the
environment in which the survey was completed. However this could be influenced by self-
report accuracy issues. Second, to understand environmental impacts on responses, it would be
possible to conduct controlled experiments varying the environmental stimuli. Third, to
understand survey design issues on response, further work investigating choice set
presentation, or designing surveys to increase attention levels (for example imposing a
minimum time for each task that is built into the survey rather than using observed time for
each task for post hoc exclusions), or limiting screen size for which completion is allowed.
Fourth, it might be possible to test controlling the environment in a number of ways, for
example, requesting that respondents complete the survey at home only, or at a certain time of
day. Finally, logic checks such as repeat and dominated tasks have a place in understanding

completion and data quality, and should be considered in the design process.

The impacts of extending the QALY framework on previous resource allocation decisions have
also not been tested using available data, so the practical implications for decision making have
not been identified. This would be a natural extension to understand the implications of
broadening measurement frameworks in more detail. Further work could consider the impact
of using an instrument with a value set based on combined outcomes on previous decisions

using existing clinical data.

7.11.  Conclusions
The overall research question of this thesis asked how methods for the measurement and
valuation of health and QoL can be used to inform the development of broader and more widely
applicable instruments. The results of the thesis suggest that it is possible to adapt existing
psychometric and valuation methods to develop broader measures of health and QolL, and value

them to elicit sensitive and accurate utility values.

Regarding measurement an innovative approach to using IRT that combined multiple measures
and outcomes was used, and the results demonstrate that this can inform potential ways to
broaden the measurement of QoL. Regarding valuation, the results suggest that DCE can be used
to value diverse QoL outcomes on the same scale, and different design strategies are acceptable
for developing value sets. This work is innovative as it is the first attempt to value diverse
outcomes on the same utility scale within the same choice set framework. It also provides the

largest comparison of DCE designs for health state valuation purposes.
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The results of this thesis can be used to inform the development and valuation of broader
measurement systems. They can enhance the applicability, and increase the scope, of QALY
values used in decision making, and therefore have implications for the allocation of scarce

health resources.
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8. Appendices

8.1. Appendix 1: HUI classification systems

Tables 62 and 63 display the HUI-2 and HUI-3 descriptive systems respectively

Table 62: The HUI-2 descriptive system

Dimension Level Description
Sensation 1 Able to see, hear, and speak normally for age
2 Requires equipment to see or hear or speak
3 Sees, hears, or speaks with limitations even with equipment
4 Blind, deaf, or mute
Mobility 1 Able to walk, bend, lift, jump, and run normally for age
2 Walks, bends, lifts, jumps, or runs with some limitations but does not
require help
3 Requires mechanical equipment (such as canes, crutches, braces, or
wheelchair) to walk or get around independently
4 Requires the help of another person to walk or get around and requires
mechanical equipment as well
5 Unable to control or use arms and legs
Emotion 1 Generally happy and free from worry
2 Occasionally fretful, angry, irritable, anxious, depressed, or suffering night
terrors
3 Often fretful, angry, irritable, anxious, depressed, or suffering night terrors
4 Almost always fretful, angry, irritable, anxious, depressed
5 Extremely fretful, angry, irritable, anxious, or depressed usually requiring
hospitalisation or psychiatric institutional care
Cognition 1 Learns and remembers school work normally for age
2 Learns and remembers school work more slowly than classmates as judged
by parents and/or teachers
3 Learns and remembers very slowly and usually requires special educational
assistance
4 Unable to learn and remember
Self-Care 1 Eats, bathes, dresses, and uses the toilet normally for age
2 Eats, bathes, dresses, or uses the toilet independently with difficulty
3 Requires mechanical equipment to eat, bathe, dress, or use the toilet
independently
4 Requires the help of another person to eat, bathe, dress, or use the toilet
Pain 1 Free of pain and discomfort
2 Occasional pain. Discomfort relieved by non-prescription drugs or self-
control activity without disruption of normal activities
3 Frequent pain. Discomfort relieved by oral medicines with occasional
disruption of normal activities
4 Frequent pain; frequent disruption of normal activities. Discomfort
requires prescription narcotics for relief
5 Severe pain. Pain not relieved by drugs and constantly disrupts normal
activities
Fertility 1 Able to have children with a fertile spouse
2 Difficulty in having children with a fertile spouse
3 Unable to have children with a fertile spouse
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Table 63: The HUI-3 descriptive system

Dimension Level Description
Vision 1 Able to see well enough to read ordinary newsprint and
recognise a friend on the other side of the street, without glasses or
contact lenses
2 Able to see well enough to read ordinary newsprint and recognise a
friend on the other side of the street, but with glasses
3 Able to read ordinary newsprint with or without glasses but unable to
recognise a friend on the other side of the street, even with glasses
4 Able to recognise a friend on the other side of the street with or
without glasses but unable to read ordinary newsprint, even with
glasses
5 Unable to read ordinary newsprint and unable to recognise a friend
on the other side of the street, even with glasses
Unable to see at all
Hearing 1 Able to hear what is said in a group conversation with at least
three other people, without a hearing aid
2 Able to hear what is said in a conversation with one other personin a
quiet room without a hearing aid, but requires a hearing aid to hear
what is said in a group conversation with at least three other people
3 Able to hear what is said in a conversation with one other personin a
guiet room with a hearing aid, and able to hear what is said in a group
conversation with at least three other people, with a hearing aid
4 Able to hear what is said in a conversation with one other personin a
qguiet room, without a hearing aid, but unable to hear what is said in a
group conversation with at least three other people even with a
hearing aid
5 Able to hear what is said in a conversation with one other personin a
quiet room with a hearing aid, but unable to hear what is said in a
group conversation with at least three other people even with a
hearing aid
Unable to hear at all.
Speech 1 Able to be understood completely when speaking with strangers or
friends
2 Able to be understood partially when speaking with strangers but able
to be understood completely when speaking with people who know
me well
3 Able to be understood partially when speaking with strangers or
people who know me well.
4 Unable to be understood when speaking with strangers but able to be
understood partially by people who know me well
5 Unable to be understood when speaking to other people (or unable to
speak at all)
Ambulation 1 Able to walk around the neighbourhood without difficulty, and
without walking equipment
2 Able to walk around the neighbourhood with difficulty; but does not
require walking equipment or the help of another person
3 Able to walk around the neighbourhood with walking equipment, but

without the help of another person
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Able to walk only short distances with walking equipment, and
requires a wheelchair to get around the neighbourhood
Unable to walk alone, even with walking equipment. Able to walk
short distances with the help of another person, and requires a
wheelchair to get around the neighbourhood
Cannot walk at all

Dexterity

[EEN

Full use of two hands and ten fingers
Limitations in the use of hands or fingers, but does not require special
tools or help of another person
Limitations in the use of hands or fingers, is independent with use of
special tools (does not require the help of another person)
Limitations in the use of hands or fingers, requires the help of another
person for some tasks (not independent even with use of special
tools)

Limitations in use of hands or fingers, requires the help of another
person for most tasks (not independent even with use of special
tools)

Limitations in use of hands or fingers, requires the help of another
person for all tasks (not independent even with use of special tools)

Emotion

Happy and interested in life
Somewhat happy
Somewhat unhappy
Very unhappy
So unhappy that life is not worthwhile

Cognition

Able to remember most things, think clearly and solve day to day
problems
Able to remember most things, but have a little difficulty when trying
to think and solve day to day problems
Somewhat forgetful, but able to think clearly and solve day to day
problems
Somewhat forgetful, and have a little difficulty when trying to think or
solve day to day problems
Very forgetful, and have great difficulty when trying to think or solve
day to day problems
Unable to remember anything at all, and unable to think or solve day
to day problems

Pain

u b WNPE

Free of pain and discomfort
Mild to moderate pain that prevents no activities
Moderate pain that prevents a few activities
Moderate to severe pain that prevents some activities
Severe pain that prevents most activities
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8.2. Appendix 2: AQoL-8D classification system
Table 64 displays the AQoL-8D classification system

Table 64: How the AQoL-8D items contribute to the descriptive classification

Dimension Item

Independent living How much help do you need with jobs around your place of residence
(e.g. preparing food, cleaning, gardening)?
How easy or difficult is it for you to get around by yourself outside your
place of residence (e.g. to go shopping, visiting)?
How easy or difficult is it for you to move around (using any aids or
equipment you need e.g. a wheelchair, frame or stick)?
How difficult is it for you to wash, toilet, dress yourself, eat or care for
your appearance?

Pain How often do you experience serious pain?
How much pain or discomfort do you experience?
How often does pain interfere with your usual activities?

Senses How well can you see (using your glasses or contact lenses if they are
needed)?
How well can you hear (using your hearing aid if needed)?
How well do you communicate with others (e.g. talking, signing, texting,
being understood by others and understanding them)?

Happiness How content are you with your life?
How enthusiastic do you feel?
How often do you feel happy?
How often do you feel pleasure?

Mental health How often do you feel depressed?
How often do you have trouble sleeping?
How often do you feel angry?
Do you ever feel like hurting yourself?
How often did you feel in despair over the last seven days?
How often did you feel worried in the last seven days?
How often do you feel sad?
Do you normally feel calm and tranquil or agitated?

Coping How much energy do you have to do the things you want to do?
How often do you feel in control of your life?
How much do you feel you can cope with life’s problems?

Relationships How much do you enjoy your close relationships (family and friends)?
How satisfying are your close relationships (family and friends)?
How often do you feel socially isolated?
How often do you feel socially excluded or left out?
How happy are you with your close and intimate relationships?
Does your health affect your relationship with your family?
Does your health affect your role in your community (e.g. residential,
sporting, church or cultural activities)?

Self-worth How much of a burden do you feel you are to other people?
How often do you feel worthless?
How much confidence do you have in yourself?
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8.3. Appendix 3: Structured review search terms

The search terms used to identify published papers reporting studies using DCE methods to
value health states were as follows:

e Preference-based measure AND (Discrete Choice Experiment(s) OR DCE OR conjoint
analysis)

e EQ-5D AND (Discrete Choice Experiment(s) OR DCE OR conjoint analysis)

e Eurogol and (Discrete Choice Experiment(s) OR DCE OR conjoint analysis)

e SF-6D AND (Discrete Choice Experiment(s) OR DCE OR conjoint analysis)

e (Multi-attribute utility instrument OR MAUI) AND (Discrete Choice Experiment(s) OR
DCE OR conjoint analysis)

e Utility measure AND (Discrete Choice Experiment(s) OR DCE OR conjoint analysis)

e Health-related quality of life AND (Discrete Choice Experiment(s) OR DCE OR conjoint
analysis)

e Quality of life AND (Discrete Choice Experiment(s) OR DCE OR conjoint analysis)

e Preferences AND (Discrete Choice Experiment(s) OR DCE OR conjoint analysis)

e Health state valuation AND (Discrete Choice Experiment(s) OR DCE OR conjoint
analysis)

e Valuation AND (Discrete Choice Experiment(s) OR DCE OR conjoint analysis)

242



Broadening the measurement and valuation of QoL July 2020

8.4. Appendix 4: CREATE checklist for reporting valuation studies
Table 65 displays the ‘Checklist for Reporting Valuation Studies of Multi-Attribute Utility-Based
Instruments’ used to assess the quality of the DCE studies included in the structured review.

Table 65: CREATE checklist

Descriptive system

1 The attributes of the instrument are described oo
2 The number of levels in each attribute of the instrument is described o| o
Health states valued

3 The approach to selecting health states to be valued directly is explained oo
4 The number of health states valued per respondent is stated oo
5 Method(s) of assigning the health states to respondents are stated oo
Sampling

6 Sample size/power calculations are stated and rationalised oo
7 Target population is described oo
8 Sampling method is stated and rationalised oo
9 Recruitment strategies are described oo
10 Response rate is reported o| 0o
Preference data collection

11 Mode of data collection is stated oo
12 Preference elicitation technique(s) are described o|o
Study sample

13 Reasons for excluding any respondents or observations are provided oo
14 Characteristics of respondents included in the analysis are described oo
Modelling

15 The dependent variable for each model is stated oo
16 Independent variables for each model are explained oo
17 Model specifications are provided oo
18 Model estimators are described oo
19 Goodness-of-fit statistics for each model are reported oo
Scoring algorithm

20 Criteria for selecting the preferred model are stated oo
21 The scoring algorithm is presented oo
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8.5. Appendix 5: Paper identification process for structured review

Figure 38: Structured review paper identification process
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* Full text papers excluded for reporting the valuation of partial health states; valuing states not
derived from a PBM; reporting qualitative work on a small amount of states; including DCE but

not reporting the results in the paper.
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8.6.

Appendix 6: PRISMA Checklist

Table 66: PRISMA checklist

Reported on page

Section/topic Checklist item #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. | 2/4 (Identified as
structured review)
ABSTRACT
Structured 2 | Provide a structured summary including, as applicable: 2 (review was not
summary background; objectives; data sources; study eligibility criteria, registered)
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is 3-4
already known.
Objectives 4 | Provide an explicit statement of questions being addressed with No interventions
reference to participants, interventions, comparisons, outcomes, compared.
and study design (PICOS). Reference to
qguestions on pg. 4
METHODS
Protocol and 5 | Indicate if a review protocol exists, if and where it can be 4
registration accessed (e.g., Web address), and, if available, provide
registration information including registration number.
Eligibility 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and | 4-5
criteria report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale.
Information 7 | Describe all information sources (e.g., databases with dates of 4
sources coverage, contact with study authors to identify additional
studies) in the search and date last searched.
Search 8 | Present full electronic search strategy for at least one database, Appendix 3
including any limits used, such that it could be repeated.
Study 9 | State the process for selecting studies (i.e., screening, eligibility, 4
selection included in systematic review, and, if applicable, included in the
meta-analysis).
Data 10 | Describe method of data extraction from reports (e.g., piloted 5-6
collection forms, independently, in duplicate) and any processes for
process obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., 6
PICOS, funding sources) and any assumptions and simplifications
made.
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual N/A (review of
individual studies (including specification of whether this was done at the methods)
studies study or outcome level), and how this information is to be used in
any data synthesis.
Summary 13 | State the principal summary measures (e.g., risk ratio, difference N/A
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measures

in means).

Synthesis of
results

14

Describe the methods of handling data and combining results of
studies, if done, including measures of consistency (e.g., I?) for

each meta-analysis.

N/A

Section/topic

Checklist item

Reported on page #

Specify any assessment of risk of bias that may affect the cumulative

Risk of bias 15 12
across studies evidence (e.g., publication bias, selective reporting within studies).
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or N/A
analyses subgroup analyses, meta-regression), if done, indicating which were
pre-specified.
RESULTS
Study 17 | Give numbers of studies screened, assessed for eligibility, and Appendix 5
selection included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.
Study 18 | For each study, present characteristics for which data were Table 1
characteristics extracted (e.g., study size, PICOS, follow-up period) and provide the
citations.
Risk of bias 19 | Present data on risk of bias of each study and, if available, any N/A
within studies outcome level assessment (see item 12).
Results of 20 | For all outcomes considered (benefits or harms), present, for each N/A
individual study: (a) simple summary data for each intervention group (b)
studies effect estimates and confidence intervals, ideally with a forest plot.
Synthesis of 21 | Present results of each meta-analysis done, including confidence N/A
results intervals and measures of consistency.
Risk of bias 22 | Present results of any assessment of risk of bias across studies (see N/A
across studies Item 15).
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or N/A
analysis subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
Summary of 24 | Summarise the main findings including the strength of evidence for 9-10
evidence each main outcome; consider their relevance to key groups (e.g.,
healthcare providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and | 12
at review-level (e.g., incomplete retrieval of identified research,
reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of 9-12
other evidence, and implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other 12
support (e.g., supply of data); role of funders for the systematic
review.
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8.7. Appendix 7: Health Measurement Study - Survey Outline
Health Measurement Survey
Thank you for your interest in the health measurement survey! The survey is been carried

out by the University of Technology Sydney!

In this study we are interested in the health of the Australian public. We are collecting this
data from about 800 people to understand the health of the population in general. The
data will also help us to improve the ways in which this information is collected in studies
that are used to assess the effectiveness of new treatments for a range of health

conditions.

If you agree to participate, we will ask you to complete a series of questions about your
own health, including physical and mental health and wellbeing. Some of the questions
may seem repetitive, but this helps us to understand the best ways to ask about your

health. We would expect the survey to take about 20 minutes.

Your participation in this study is completely voluntary. You are not obliged to participate
and may stop at any time. Your responses to the survey are strictly confidential and at no
time will the answers you give be linked to your identity. The survey has been ethically
approved by the University of Technology Sydney (App no: UTS HREC REF NO.
2015000135).

If you agree to take part, please click on the continue button below.
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Demographics and self-reported health

Please indicate your age group

18-29 | |
30-44 [ |
45-59 [ ]
60-74 | |
75+ [ ]

What is your gender?

Male |:|
Female |:|

In general, would you say your health is?

Excellent |:|
Very good |:|
Good |:|
Fair |:|
Poor |:|

How satisfied are you with your health?

Not at all
0

N I |

© 00 N O U B W N B

10 [ ]

Completely

Do you have any illness, health problem, condition or disability?

Yes EI
No D
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If yes, please tick all that apply:

Tiredness/fatigue

High blood pressure

Pain Heart disease
Insomnia Osteoarthritis
Anxiety/nerves Stroke
Depression Cancer
Diabetes Other

Breathing problems (e.g. asthma,
emphysema)

EQ-5D-5L

By placing a tick in one box in each group below, please indicate which statements best describe

your own health TODAY.
MOBILITY
| have no problems in walking about

| have slight problems in walking about

| have moderate problems in walking about

| have severe problems in walking about

| am unable to walk about

SELF-CARE

| have no problems washing or dressing myself

I have slight problems washing or dressing myself

| have moderate problems washing or dressing myself

| have severe problems washing or dressing myself

| am unable to wash or dress myself

USUAL ACTIVITIES (e.g. work, study, housework,

family or leisure activities)

| have no problems doing my usual activities

| have slight problems doing my usual activities

| have moderate problems doing my usual activities

| have severe problems doing my usual activities

| am unable to do my usual activities

PAIN/DISCOMFORT
| have no pain or discomfort

| have slight pain or discomfort
| have moderate pain or discomfort
| have severe pain or discomfort

| have extreme pain or discomfort

ANXIETY/DEPRESSION
| am not anxious or depressed

| am slightly anxious or depressed
| am moderately anxious or depressed

| am severely anxious or depressed

OOoH OHoo

oot OHoot Oosoo
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| am extremely anxious or depressed |:|
ASCOT
In this survey, we will describe social care related quality of life in a particular way, using a number of
different areas such as control, safety and independence. To familiarise yourself with this approach,
please answer these questions.

Which of the following statements best describes how much control you have over
your daily life?

By ‘control over daily life’ we mean having the choice to do things or have things done
as you like and when you want

| have as much control over my daily life as | want |:|
| have adequate control over my daily life |:|
| have some control over my daily life, but not enough |:|
| have no control over my daily life I:l

Thinking about keeping clean and presentable in appearance, which of the following

statements best describes your situation?
| feel clean and are able to present yourself the way | like

L[]

| feel adequately clean and presentable
| feel less than adequately clean or presentable

| don’t feel at all clean or presentable

LI

Thinking about the food and drink you get, which of the following statements best

describes your situation?
| get all the food and drink I like when | want

| get adequate food and drink at OK times

| don’t always get adequate or timely food and drink

HiNNN

| don’t always get adequate or timely food and drink, and | think there is a risk to my health

Which of the following statements best describes how safe you feel?
By ‘feeling safe’ we mean how safe you feel both inside and outside the home. This

includes fear of abuse, falling or other physical harm
| feel as safe as | want

Generally, | feel adequately safe, but not as safe as | would like
| feel less than adequately safe

| don’t feel at all safe

Hinnn

Thinking about how much contact you have with people you like, which of the

following statements best describes your social situation?
| have as much social contact as | want with people I like

| have adequate social contact with people

| have some social contact with people, but not enough

NN

| have little social contact with people and feel socially isolated
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Which of the following statements best describes how you spend your time?
I’'m able to spend time as | want, doing things | value or enjoy

I’'m able to do enough of the things | value or enjoy with my time

| do some of the things | value or enjoy with my time, but not enough

Hinnn

| don’t do anything | value or enjoy with my time

Which of the following statements best describes how clean and comfortable your
home is?
My home is as clean and comfortable as | want

My home is adequately clean and comfortable

My home is not quite clean or comfortable enough

Hinnn

My home is not at all clean or comfortable

Which of these statements best describes how having help to do things makes you

think and feel about yourself?
Having help makes me think and feel better about myself

Having help does not affect the way | think or feel about myself
Having help sometimes undermines the way | think and feel about myself

Having help completely undermines the way | think and feel about myself

Hinnn

Which of these statements best describes how the way you are helped and treated

makes you think and feel about yourself?
The way I'm helped and treated makes me think and feel better about myself

The way I'm helped and treated does not affect the way | think or feel about myself
The way I'm helped and treated sometimes undermines the way | think and feel about myself

The way I'm helped and treated completely undermines the way | think and feel about myself

RN
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ICECAP-A

Please indicate which statements best describe your overall quality of life at the moment by placing a

tick in ONE box for each of the five groups below.
Feeling settled and secure
| am able to feel settled and secure in all areas of my life
I am able to feel settled and secure in many areas of my life
I am able to feel settled and secure in a few areas of my life
I am unable to feel settled and secure in any areas of my life
Love, friendship and support
| can have a lot of love, friendship and support
| can have quite a lot of love, friendship and support
| can have a little love, friendship and support
| cannot have any love, friendship and support
Being independent
| am able to be completely independent
| am able to be independent in many things
| am able to be independent in a few things
| am unable to be at all independent
Achievement and progress
| can achieve and progress in all aspects of my life
| can achieve and progress in many aspects of my life
| can achieve and progress in a few aspects of my life
| cannot achieve and progress in any aspects of my life
Enjoyment and pleasure
| can have a lot of enjoyment and pleasure
| can have quite a lot of enjoyment and pleasure
| can have a little enjoyment and pleasure

| cannot have any enjoyment and pleasure

oo gt oodtd gdoon 0Ooot
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SF-36v2
1. Ingeneral would you say your health is:
Excellent
Very good
Good
Fair

Poor

HEN

2. Compared to one year ago, how would you rate your health in general now?

Much better now than one year ago
Somewhat better now than one year ago
About the same as one year ago
Somewhat worse now than one year ago

Much worse now than one year ago

NN

3. The following questions are about activities you might do during a typical week day. Does your
health now limit you in these activities? If so how much?

Yes, Yes, No,

limited limited not

alot a little limited
at all

a. Vigourous activities, such as running, lifting heavy
objects, participating in strenuous sports

b. Moderate activities, such as moving a table, pushing a
vacuum cleaner, bowling, or playing golf

c. Lifting or carrying groceries

d. Climbing several flights of stairs

e. Climbing one flight of stairs

f. Bending, kneeling, or stooping

Walking half a kilometre

i.  Walking 100 metres

| |
| |
| |
| |
g. Walking more than one kilometre | |
| |
| |
| |

j.  Bathing or dressing yourself
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4. During the past 4 weeks, how much of the time have you had any of the following problems
with your work or other regular daily activities as a result of your physical health?

All of Most Some Alittle of  None
the of the of the the time of the
time time time time

a. Cut down on the amount of time you spent on
work and other activities

b. Accomplished less than you would like | | | | | |

c. Were limited in the kind of work or other
activities

d. Had difficulty performing the work or other
activities (for example it took extra effort)

5. During the past 4 weeks, how much of the time have you had any of the following problems
with your work or other regular daily activities as a result of any emotional problems (such as
feeling depressed or anxious)?

All of Most Some Alittle of  None
the of the of the the time of the
time time time time

a. Cut down on the_.amount of time you spent on
work and other activities

b. Accomplished less than you would like | | | | | |

c. Did work or other activities less carefully than
usual

6. During the past 4 weeks, to what extent has your physical health or emotional problems

interfered with your normal social activities with family, friends, neighbours or groups?

Not at all l:,
Slightly []
Moderately l:,
Quite a bit l:,

[]

Extremely
7. How much bodily pain have you had during the past 4 weeks?

None
Very mild
Mild
Moderate

Severe

HiN .

Very severe

8. During the past 4 weeks, how much did pain interfere with your normal work (including both
work outside the home and housework)?
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Not at all

A little bit
Moderately
Quite a bit

OO

Extremely

9. These questions are about how you feel and how things have been with you during the past 4
weeks. For each question, please give the one answer that comes closest to the way you have
been feeling. How much of the time during the past 4 weeks...

All of Most Some Alittle of  None
the of the of the the time of the
time time time time

Did you feel full of life? | | | | | | | |

Have you been very nervous? | | | | | | | | |

Have you felt so down in the dumps that
nothing could cheer you up?

Have you felt calm and peaceful?

Did you have a lot of energy?

Did you feel worn out?

Have you been happy?

| || || ||
| || || ||
Have you felt downhearted and depressed? | | | | | | |
| || || ||
| || || ||
| || || ||

Did you feel tired?

10. During the _past 4 weeks how much of the time has your physical health or emotional problems

interfered with your social activities (like visiting friends, relatives, etc.)?

All of Most Some Alittle of  None of
the of the of the the time the time
time time time

|| || || || |

11. How TRUE or FALSE is each of the following statements for you?

Definit Mostly Don’t Mostly Definitely
ely true know false false
true

| seem to get sick a little easier than other
people

| am as healthy as anybody | know | | | | | | | | |

| expect my health to get worse | | | | | | | | |

My health is excellent | | | I | | | | |
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PROMIS-29v2

Please respond to each question or statement by marking one box per row.

Physical Function

1 Are you able to do chores such as vacuuming or yard work?

Without any difficulty
With a little difficulty
With some difficulty
With much difficulty

Unable to do

2 Are you able to go up and down stairs at a normal pace?

Without any difficulty
With a little difficulty
With some difficulty
With much difficulty

Unable to do

3 Are you able to go for a walk of at least 15 minutes?

Without any difficulty
With a little difficulty
With some difficulty
With much difficulty

Unable to do

4 Are you able to run errands and shop?
Without any difficulty

With a little difficulty
With some difficulty
With much difficulty
Unable to do
5 In the past 7 days | felt fearful
Never
Rarely
Sometimes
Often

Always

6 In the past 7 days | found it hard to focus on anything other than my anxiety

Never
Rarely
Sometimes

Often

OO0 ooood dodot godod oo Hn

[N
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Always
7 In the past 7 days my worries overwhelmed me
Never
Rarely
Sometimes
Often
Always
8 In the past 7 days | felt uneasy
Never
Rarely
Sometimes
Often
Always
9 In the past 7 days | felt worthless
Never
Rarely
Sometimes
Often
Always
10 In the past 7 day | felt helpless
Never
Rarely
Sometimes
Often
Always
11 In the past 7 days | felt depressed
Never
Rarely
Sometimes
Often
Always
12 In the past 7 days | felt hopeless
Never
Rarely
Sometimes
Often

Always

OOt oogod doooo oot oo ddooo O
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13 During the past 7 days | feel fatigued
Not at all

A little bit
Somewhat
Quite a bit

Very much

14 During the past 7 days | have trouble starting things because | am tired

Not at all
A little bit
Somewhat
Quite a bit

Very much

15 In the past 7 days how run-down did you feel on average?...

Not at all
A little bit
Somewhat
Quite a bit
Very much
16 In the past 7 days how fatigued were you on average?
Not at all
A little bit
Somewhat
Quite a bit
Very much
17 In the past 7 days my sleep quality was
Very poor
Poor
Fair
Good
Very good
18 In the past 7 days my sleep was refreshing
Not at all
A little bit
Somewhat
Quite a bit

Very much

HiN

OO0 ooood dooon ogodt oo on
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19 In the past 7 days | had a problem with my sleep
Not at all

A little bit
Somewhat
Quite a bit
Very much
20 In the past 7 days | had difficulty falling asleep

Not at all

A little bit
Somewhat

Quite a bit

OOHE Ooooo

Very much
21 | have trouble doing all of my regular leisure activities with others
Never
Rarely
Sometimes

Often

Hn

Always
22 | have trouble doing all of the family activities that | want to do
Never
Rarely
Sometimes

Often

HiNNnN

Always

—

23 | have trouble doing all of my usual work (include work at home
Never

Rarely
Sometimes
Often

Always

HiNE.

24 | have trouble doing all of the activities with friends that | want to do
Never

Rarely
Sometimes

Often

H

Always

25 In the past 7 days how much did pain interfere with your day to day activities?
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Not at all
A little bit
Somewhat

Quite a bit

H

Very much
26 In the past 7 days how much did pain interfere with work around the home?
Not at all
A little bit
Somewhat

Quite a bit

H

Very much
27 In the past 7 days how much did pain interfere with your ability to participate in social activities?
Not at all
A little bit

Somewhat

Quite a bit

N

Very much
28 In the past 7 days how much did pain interfere with your household chores?
Not at all
A little bit
Somewhat

Quite a bit

HiNNnn

Very much
29 In the past 7 days how would you rate your pain on average?

No pain
0

1
2
3
4
5
6
7
8
9

HiNNEE

10 [ ]

Worst imaginable pain
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WEMWABS
Below are some statements about feelings and thoughts. Please tick the box that best describes your
experience over the past 2 weeks

I've been feeling optimistic about the future
None of the time
Rarely
Some of the time
Often
All of the time

I've been feeling useful
None of the time
Rarely
Some of the time
Often
All of the time

I've been feeling relaxed
None of the time
Rarely
Some of the time
Often
All of the time

I’'ve been feeling interested in other people
None of the time
Rarely
Some of the time
Often
All of the time

I’'ve had energy to spare
None of the time
Rarely
Some of the time
Often
All of the time

I’'ve been dealing with problems well
None of the time
Rarely

Some of the time

OO ooood  godon goddt 0ooon Ooooo]

Often

261



Broadening the measurement and valuation of QoL

July 2020

All of the time
I've been thinking clearly
None of the time
Rarely
Some of the time
Often
All of the time
I've been feeling good about myself
None of the time
Rarely
Some of the time
Often
All of the time
I've been feeling close to other people
None of the time
Rarely
Some of the time
Often
All of the time
I've been feeling confident
None of the time
Rarely
Some of the time
Often
All of the time
I’'ve been able to make up my own mind about things
None of the time
Rarely
Some of the time
Often
All of the time
I've been feeling loved
None of the time
Rarely
Some of the time
Often

All of the time

o000 oot 0ooon goddd dooon goooo ol
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I've been interested in new things
None of the time

Rarely

Some of the time

Often

All of the time

I've been feeling cheerful

None of the time
Rarely

Some of the time

Often

All of the time

OOOHE Oooo

ONS-4
Overall, how satisfied are you with your life nowadays?
Not at all

0

HENEEEE

10 [ ]

Completely

Overall, to what extent do you feel the things you do in your life are worthwhile?
Not at all
0

00 N oo b~ W N R

INEINEE .
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o []
10 [ ]

Completely

Overall, how happy were you yesterday?
Not at all
0

HiENEEEE

1
2
3
4
5
6
7
8
9

10 [ |

Completely
Overall, how anxious were you feeling yesterday?

Not at all
0

1
2
3
4
5
6
7
8
9

HiENE N EEE

10 [ ]

Completely

FURTHER DEMOGRAPHICS

We now need to collect some data about you.

What is your country of birth?
Australia

United Kingdom
New Zealand
Italy

Vietnam

I
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Greece
Germany
Philippines
China
Indonesia

Other

DL

If other, please specify

What is the highest level of education you completed?
Primary

Secondary
Trade certificate/Diploma
Bachelor’s degree

Higher degree

HiNNnN

Are you currently studying?
Yes

10

No
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Please indicate which of these categories best matches your gross (before tax) income?
Under $20,000

$20,001-$30,000
$30,001-540,000
$40,001-$50,000
$50,001-$60,000
$60,001-$70,000
$70,001-$80,000
$80,001-$100,000

Over $100,000

NN EEEE .

Prefer not to say

What is your current marital status?
Single

Separated/divorced D

Widowed D

Married/De facto D

How many children or dependents do you have?

None D
: []
2 []
3 or more [:I

Approximately how many times have you seen a family doctor or another GP about your health in the
last 12 months?
TEXT BOX

On how many different occasions were you admitted as a patient to a hospital for an overnight stay
during the last 12 months?
TEXT BOX

266



Broadening the measurement and valuation of QoL

July 2020

8.8. Appendix 8: Orthogonal EFA models

Table 67 and Table 68 report the dimension structure for the orthogonal CF-Varimax and CF-Quartimax models respectively. The blanks indicate

factor loadings below the minimum level of 0.3.

Table 67: EFA Orthogonal CF-Varimax model (Model 3)

Dim 12 Dim 2 Dim 3 Dim 4 Dim 5 Dim 6 Dim 7 Dim 8 Dim 9 Dim 10

Item FL (SE)° FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE)

EQ MO 0.88 (0.00)

EQ SC 0.34 (0.04) 0.78 (0.03) 0.35
(0.02)

EQ UA 0.32(0.03) 0.74 (0.02)

EQPD 0.68 (0.03) 0.39(0.01)

EQ AD 0.07 (0.02)

ASCOT 1 0.38(0.04) 0.48(0.03)

ASCOT 2 0.51(0.04) 0.34(0.04) 0.35
(0.02)

ASCOT 3 0.43(0.05) 0.35(0.04) 0.36
(0.04)

ASCOT 4 0.44 (0.05) 0.43(0.04) 0.36(0.05)

ASCOT 5 0.43(0.04) 0.56(0.03) 0.32 (0.04)

ASCOT 6 0.37(0.04) 0.55(0.04) 0.32 (0.04) 0.30 (0.04)

ASCOT 7 0.32(0.05) 0.36(0.05) 0.31(0.06)

ASCOT 8 0.33(0.05) 0.37 (N/R)

ASCOT9 0.34 (0.06) 0.31(0.08)

ICECAP 1 0.48 (0.04) 0.50 (0.04) 0.39 (0.04)

ICECAP 2 0.40 (0.04) 0.56 (0.05) 0.43 (0.04)

ICECAP 3 0.42 (0.05) 0.41(0.05) 0.37(0.05)

ICECAP 4 0.41(0.04) 0.54 (0.06) 0.42 (0.04)

ICECAP 5 0.46 (0.04) 0.53(0.04) 0.41 (0.04)

SF-363 0.78 (0.03)

SF-364 0.84 (0.02)

SF-36 5 0.83(0.02)

SF-36 6 0.84 (0.02)

SF-367 0.89 (0.02)

SF-36 8 0.82 (0.02)

SF-369 0.90 (0.01)

SF-36 10 0.91(0.01)

SF-36 11 0.88 (0.02)
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SF-36 12
SF-36 13
SF-36 14
SF-36 15
SF-36 16
SF-36 17
SF-36 18
SF-36 19
SF-36 20
SF-36 21
SF-36 22
SF-36 23
SF-36 24
SF-36 25
SF-36 26
SF-36 27
SF-36 28
SF-36 29
SF-36 30
SF-36 31
SF-36 32
PROMIS 1
PROMIS 2
PROMIS 3
PROMIS 4
PROMIS 5
PROMIS 6
PROMIS 7
PROMIS 8
PROMIS 9
PROMIS 10
PROMIS 11
PROMIS 12
PROMIS 13
PROMIS 14
PROMIS 15
PROMIS 16
PROMIS 17
PROMIS 18
PROMIS 19
PROMIS 20
PROMIS 21
PROMIS 22
PROMIS 23

0.33(0.06)
0.32(0.03)
0.39(0.03)
0.31(0.03)
0.34(0.03)
0.50(0.03)
0.54 (0.03)
0.58 (0.03)
0.60 (0.03)

0.36 (0.04)
0.76 (0.03)
0.79 (0.02)
0.53(0.03)

0.78(0.02)
0.45 (0.03)
0.53(0.03)
0.42 (0.04)
0.60 (0.03)

0.31(0.04)
0.75 (0.02)
0.83 (0.02)
0.81(0.02)
0.76 (0.02)
0.77 (0.02)
0.76 (0.02)
0.80 (0.02)
0.78 (0.02)
0.42 (0.02)
0.40 (N/R)
0.50 (0.02)
0.43 (0.03)
0.37(0.03)
0.32(0.03)
0.48 (0.03)
0.55 (0.03)
0.49 (0.03)
0.44 (0.02)
0.39 (0.03)

0.81(0.03)
0.74 (0.03)
0.59 (0.03)
0.77 (0.02)
0.74 (0.02)
0.64 (0.02)
0.53 (0.03)
0.49 (0.03)
0.47 (0.03)
0.68 (0.02)
0.70 (0.02)

0.39(0.03)

0.32(0.04)
0.47 (0.03)
0.79 (0.02)
0.82(0.02)
0.87(0.02)
0.80(0.02)
0.33(0.04)

0.30 (0.03)
0.36 (0.03)

0.31(0.03)
0.34 (0.03)
0.30 (0.02)
0.35 (0.03)
0.34 (0.04)

0.30 (0.04)
0.61 (0.02)

0.62 (0.02)
0.66 (0.02)

0.46 (0.03)
0.42 (0.03)
0.50 (0.03)
0.39 (0.04)

0.34 (0.03)

0.52(0.03)

0.60 (0.03)

0.74 (0.02)
0.73 (0.02)
0.67 (0.02)
0.74 (0.02)

0.35 (0.02)
0.31(0.03)

0.35(0.05)
0.48 (0.07)
0.39 (0.03)
0.38 (0.04)
0.42 (0.03)
0.41 (0.03)
0.35(0.04)

0.52(0.03)
0.56 (0.04)

0.59(0.03)

0.34 (0.03)

0.32(0.02)
0.30 (0.02)

0.42 (0.03)
0.55 (0.03)

0.4 (0.03)
0.40 (0.03)
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PROMIS 24
PROMIS 25
PROMIS 26
PROMIS 27
PROMIS 28
WEMWBS
1
WEMWBS
2
WEMWBS
3
WEMWBS
4
WEMWBS
5
WEMWBS
6
WEMWBS
7
WEMWBS
8
WEMWBS
9
WEMWBS
10
WEMWBS
11
WEMWBS
12
WEMWBS
13
WEMWBS
14

0.48 (0.03)
0.31(0.03)
0.30(0.03)
0.37(0.03)
0.48 (0.03)
0.54 (0.03)
0.56 (0.03)

0.41(0.04)

0.61 (0.03)
0.64 (0.03)
0.56 (0.02)
0.56 (0.02)
0.58(0.02)
0.67 (0.03)
0.48 (0.03)
0.42 (0.04)

0.57 (0.03)

0.60 (0.02)
0.73 (0.02)
0.75 (0.01)
0.71(0.02)
0.76 (0.01)

0.32(0.03)

0.35(0.04)

0.60 (0.03)
0.57 (0.03)
0.54 (0.03)
0.60 (0.03)
0.59 (0.03)
0.51(0.03)
0.45 (0.03)
0.65 (0.02)
0.64 (0.03)
0.62 (0.02)
0.41 (0.03)
0.54 (0.04)
0.57(0.03)

0.65 (0.02)

0.47 (0.04)
0.46 (0.02)
0.38 (0.03)
0.43 (0.02)

2 Dimension; ® Factor loading (standard error); Note: fuller item descriptions in Appendix 9
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Table 68: EFA Orthogonal quartimax model (Model 4)

Dim 12 Dim 2 Dim 3 Dim 4 Dim 5 Dim 6 Dim 7 Dim 8 Dim 9 Dim 10
Item FL (SE)® FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE) FL (SE)
EQ MO 0.74 (0.01) 0.52 (0.03)
EQ SC 0.60 (0.04) 0.58 (0.05) 0.30(0.02)
EQ UA 0.53(0.03) 0.70 (0.03)
EQPD 0.51 (0.03) 0.38(0.02) 0.57(0.03)
EQAD 0.84 (0.02)
ASCOT 1 0.67 (0.04) 0.30(0.04)
ASCOT 2 0.74 (0.04)
ASCOT 3 0.61 (0.05)
ASCOT 4 0.64 (0.05)
ASCOT 5 0.70 (0.03) 0.42 (0.04)
ASCOT 6 0.70 (0.03) 0.41 (0.04)
ASCOT 7 0.57 (0.05)
ASCOT 8 0.33 0.33 (0.05)

(N/R)

ASCOT9 0.35(0.07) 0.30 (0.06)
ICECAP 1 0.77 (0.03) 0.35(0.04)
ICECAP 2 0.69 (0.04) 0.45 (0.05)
ICECAP 3 0.66 (0.04)
ICECAP 4 0.76 (0.03) 0.39 (0.07)
ICECAP 5 0.78 (0.03) 0.37 (0.05)
SF-363 0.72 (0.03) 0.33 (0.05)
SF-364 0.71 (0.03) 0.50 (0.04)
SF-36 5 0.71 (0.03) 0.48 (0.05)
SF-36 6 0.75 (0.03) 0.44 (0.04)
SF-367 0.77 (0.03) 0.49 (0.04)
SF-36 8 0.71 (0.03) 0.46 (0.04)
SF-369 0.79 (0.02) 0.48 (0.03)
SF-36 10 0.80 (0.02) 0.49 (0.04)
SF-36 11 0.74 (0.03) 0.53 (0.04)
SF-36 12 0.65 (0.05) 0.54 (0.06)
SF-36 13 0.55 (0.03) 0.60 (0.03) 0.33 (0.05)
SF-36 14 0.37(0.03) 0.68 (0.03) 0.45 (0.08)
SF-36 15 0.58 (0.02) 0.63 (0.03) 0.37 (0.03)
SF-36 16 0.54 (0.02) 0.68 (0.02) 0.36 (0.04)
SF-36 17 0.41 (0.03) 0.70 (0.02) 0.39 (0.03)
SF-36 18 0.77 (0.02) 0.37 (0.04)
SF-36 19 0.70 (0.03) 0.31(0.04)
SF-36 20 0.81(0.02)
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SF-36 21

SF-36 22

SF-36 23
SF-36 24
SF-36 25
SF-36 26
SF-36 27
SF-36 28
SF-36 29
SF-36 30
SF-36 31
SF-36 32
PROMIS 1
PROMIS 2
PROMIS 3
PROMIS 4
PROMIS 5
PROMIS 6
PROMIS 7
PROMIS 8
PROMIS 9
PROMIS 10
PROMIS 11
PROMIS 12
PROMIS 13
PROMIS 14
PROMIS 15
PROMIS 16
PROMIS 17

PROMIS 18

PROMIS 19

PROMIS 20

PROMIS 21
PROMIS 22
PROMIS 23
PROMIS 24
PROMIS 25
PROMIS 26

0.50(0.03)

0.50(0.03)

0.62 (0.03)
0.70 (0.03)
0.72 (0.02)
0.61 (0.03)

0.35 (0.03)
0.37(0.02)
0.42 (0.03)
0.34(0.03)
0.51(0.02)
0.53 (0.02)

0.41
(0.03)
0.36
(0.03)
0.44
(0.03)
0.34
(0.04)

0.43
(0.03)
0.37
(0.03)

0.45 (0.04)
0.43 (0.02)

0.58 (0.03)
0.65 (0.03)

0.75 (0.03)
0.76 (0.03)
0.86 (0.02)
0.77 (0.03)
0.69 (0.04)
0.88 (0.01)
0.77 (0.02)
0.80 (0.02)
0.74 (0.03)
0.81(0.02)
0.60 (0.03)
0.51(0.04)
0.57 (0.03)
0.65 (0.03)
0.81(0.02)
0.87 (0.02)
0.87 (0.02)
0.86 (0.02)
0.92 (0.01)
0.92 (0.01)
0.92 (0.01)
0.93 (0.01)
0.79 (0.02)
0.74 (0.02)
0.83 (0.01)
0.80 (0.01)
0.71(0.03)

0.71(0.02)
0.72 (0.03)
0.71(0.03)

0.80 (0.02)
0.79 (0.02)
0.77 (0.02)
0.81(0.02)
0.68 (0.03)
0.69 (0.02)

0.48 (0.06)

0.41(0.03)

0.53(0.03)
0.54 (0.02)
0.44 (0.02)
0.53(0.02)
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PROMIS 27
PROMIS 28
WEMWSBS 1
WEMWSBS 2
WEMWSBS 3
WEMWSBS 4
WEMWBS 5
WEMWSBS 6
WEMWBS 7
WEMWBS 8
WEMWBS 9

WEMWSBS 10
WEMWSBS 11
WEMWBS 12

WEMWSBS 13
WEMWSBS 14

0.47 (0.03) 0.35(0.03)  0.72(0.02)
0.55 (0.02) 0.40(0.02)  0.69 (0.02)
0.73 (0.03)
0.82(0.03)
0.84 (0.02)
0.68 (0.03)
0.70 (0.03)
0.81(0.02)
0.80 (0.02)
0.88 (0.01)
0.76 (0.02)

0.87 (0.01)
0.77 (0.02)
0.72 (0.03)

0.72 (0.03)
0.85 (0.02)

0.36
(0.03)

0.31
(0.04)

2 Dimension; ° Factor loading (standard error); Note: fuller item descriptions in Appendix 9
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8.9.

Appendix 9: Item coding and further item description for the measurement chapter

Table 69: Item descriptions for the 91 items included in the IRT analyses

Coding used in results

Further item description

tables

EQ MO Problems with walking around

EQSC Problems with washing or dressing

EQ UA Problems doing usual activities

EQPD Pain or discomfort

EQAD Anxiety or depression

ASCOT 1 Control over daily life

ASCOT 2 Keeping clean and presentable in appearance

ASCOT 3 Thinking about the food and drink you get

ASCOT 4 How safe you feel

ASCOT 5 How much contact you have with people you like

ASCOT 6 How you spend your time

ASCOT 7 How clean and comfortable home is

ASCOT 8 How having help to do things makes you think and feel

ASCOT 9 How the way you are helped and treated makes you think and feel

ICECAP 1 Feeling settled and secure

ICECAP 2 Love, friendship and support

ICECAP 3 Being independent

ICECAP 4 Achievement and progress

ICECAP 5 Enjoyment and pleasure

SF-36 3 Vigorous activity limitations

SF-36 4 Moderate activity limitations

SF-365 Lifting or carrying groceries

SF-36 6 Climbing several flights of stairs

SF-36 7 Climbing one flight of stairs

SF-36 8 Bending, kneeling or stooping

SF-36 9 Walking more than one kilometre

SF-36 10 Walking several hundred metres

SF-36 11 Walking one hundred metres

SF-36 12 Bathing or dressing yourself

SF-36 13 Cut down on the amount of time you spent on work or other activities
as a result of physical health

SF-36 14 Accomplished less than you would like as a result of physical health

SF-36 15 Limited in the kind of work or other activities as a result of physical
health

SF-36 16 difficulty performing the work or other activities as a result of physical
health

SF-36 17 Cut down on the amount of time you spent on work or other activities
as a result of emotional problems

SF-36 18 Accomplished less than you would like as a result of emotional
problems

SF-36 19 Did work or other activities less carefully than usual as a result of
emotional problems

SF-36 20 physical health or emotional problems interfere with normal social
activities

SF-36 21 How much bodily pain

SF-36 22 How much pain interfered with normal work

SF-36 23 Feel full of life

SF-36 24 Been very nervous

SF-36 25 So down in the dumps that nothing could cheer you up

SF-36 26 Felt calm and peaceful
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SF-36 27 Have a lot of energy

SF-36 28 Felt downhearted and depressed

SF-36 29 Feel worn out

SF-36 30 Been happy

SF-36 31 Feel tired

SF-36 32 Physical health or emotional problems interfered with social activities

PROMIS 1 Able to do chores such as vacuuming or yard work

PROMIS 2 Able to go up and down stairs at a normal pace

PROMIS 3 Able to go for a walk of at least 15 minutes

PROMIS 4 Able to run errands and shop

PROMIS 5 Felt fearful

PROMIS 6 Found it hard to focus on anything other than my anxiety

PROMIS 7 Worries overwhelming

PROMIS 8 Felt uneasy

PROMIS 9 Felt worthless

PROMIS 10 Felt helpless

PROMIS 11 Felt depressed

PROMIS 12 Felt hopeless

PROMIS 13 Feel fatigued

PROMIS 14 Have trouble starting things because tired

PROMIS 15 How run-down

PROMIS 16 How fatigued

PROMIS 17 Sleep Quality

PROMIS 18 Sleep was refreshing

PROMIS 19 Problem with sleep

PROMIS 20 Difficulty falling asleep

PROMIS 21 Trouble doing all regular leisure activities with others

PROMIS 22 Trouble doing all family activities

PROMIS 23 Trouble doing usual work (include work at home)

PROMIS 24 Trouble doing all activities with friends

PROMIS 25 How much did pain interfere with day to day activities

PROMIS 26 How much did pain interfere with work around the home

PROMIS 27 How much did pain interfere with ability to participate in social
activities

PROMIS 28 How much did pain interfere with household chores

WEMWABS 1 Feeling optimistic about the future

WEMWABS 2 Feeling useful

WEMWABS 3 Feeling relaxed

WEMWABS 4 Feeling interested in other people

WEMWSABS 5 Energy to spare

WEMWBS 6 Dealing with problems well

WEMWBS 7 Thinking clearly

WEMWABS 8 Feeling good about self

WEMWABS 9 Feeling close to other people

WEMWABS 10 Feeling confident

WEMWBS 11 Able to make up mind about things

WEMWBS 12 Feeling loved

WEMWSBS 13 Interested in new things

WEMWABS 14 Feeling cheerful
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8.10. Appendix 10: Local independence values (all item pairs)
Table 70 to Table 73 report the local dependence Chi Square values for the physical functioning, mental health, pain and activities dimensions

Table 70: Local dependencies Chi Square values across item pairs — Physical functioning dimension?
EQ EQ EQ SF-36 SF-36 SF-36 SF-36 SF-36 SF-36 SF-36  SF-36  SF-36  SF-36  PROMIS  PROMIS  PROMIS

MO SC UA 3 4 5 6 7 8 9 10 11 12 1 2 3
EQ MO -
EQSC 33 -
EQUA 5.0 4.8 -
SF-363 2.0 8.7 0.1 -
SF-36 4 3.7 3.9 2.9 11.7 -
SF-36 5 2.5 1.8 5.1 21 12.7 -
SF-36 6 2.0 53 3.0 53 5.5 0.4 -
SF-367 1.7 11 6.8 4.2 5.0 5.6 7.9 -
SF-36 8 0.8 2.8 2.6 4.0 11 0.1 0.6 0.9 -
SF-369 1.2 6.7 2.0 13 4.4 0.3 0.3 0.4 1.0 -
SF-36 10 3.2 34 1.9 1.4 3.0 0.2 0.3 0.5 0.2 10.4 -
SF-3611 43 0.3 31 5.7 3.9 1.0 1.2 0.3 0.2 0.1 5.8 -
SF-36 12 6.4 14.1 4.5 6.4 15 4.1 1.7 13 0.7 3.9 6.1 6.1 -
PROMIS 1 2.9 21 2.8 4.1 145 12.9 14.9 123 1.7 6.1 6.6 2.5 17.7 -
PROMIS 2 11 0.8 1.8 1.0 17.0 14.1 2.3 17.0 1.9 8.7 4.7 3.8 12.0 7.4 -
PROMIS 3 0.7 1.2 11 4.0 6.5 7.1 3.8 7.7 4.4 6.5 5.4 8.4 4.8 23 3.7 -
PROMIS 4 4.9 1.1 5.3 8.5 6.5 3.1 11.8 5.8 4.2 9.7 6.0 6.0 4.2 5.3 1.9 11.7

aStandardised Chi Square values > 10 could be indicative of local dependency (and are bolded)
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Table 71: Local dependence estimates - Mental health dimension?®
Item EQ-5D-5L SF-36 SF-36 SF-36 SF-36 SF-36 PROMIS PROMIS PROMIS PROMIS PROMIS PROMIS
AD 24 25 26 28 30 5 6 7 8 9 10
EQ-5D-5L AD -
SF-36 24 0.6 -
SF-36 25 1.8 5.9 -
SF-36 26 6.9 13.3 18.7 -
SF-36 28 2.0 4.0 11.5 17.6 -
SF-36 30 5.9 12.0 188  25.7 28.1 .
PROMIS 5 0.7 7.4 6.2 9.7 74 120 -
PROMIS 6 0.1 4.7 3.0 13.4 3.9 6.8 8.6 -
PROMIS 7 5.6 4.2 1.9 7.9 87 120 12.6 6.6 -
PROMIS 8 0.4 3.0 1.8 229 28 15.7 9.0 4.2 3.5 -
PROMIS 9 4.7 5.7 1.2 9.0 1.8 8.1 13.2 11.9 7.0 1.6 -
PROMIS 10 1.8 3.7 24 115 27 105 4.2 7.5 4.8 1.5 8.6
PROMIS 11 0.7 6.9 438 10.7 126 119 9.7 4.1 0.6 1.0 2.6 1.1

@ Standardised Chi Square values > 10 could be indicative of local dependency (and are bolded)

Table 72: Local dependence estimates - Pain dimension®

Item EQ-5D-5L SF-36 21 SF-36 22 PROMIS 1 PROMIS PROMIS 26 PROMIS
PD 25 27
EQ-5D-5L PD -
SF-36 21 18.2 -
SF-36 22 6.2 8.9 -
PROMIS 1 5.3 1.2 1.4 -
PROMIS 25 12.6 0.1 4.7 1.0 -
PROMIS 26 10.8 1.8 13 3.5 6.8 -
PROMIS 27 11.0 4.0 1.4 21 3.6 24
PROMIS 28 11.4 4.4 0.6 4.2 5.9 7.0 4.3

2 Standardised Chi Square values > 10 could be indicative of local dependency (and are bolded)
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Table 73: Local independence - Activities dimension?®

Item EQ-5D-5LPD SF-3620 SF-3632 PROMIS 21 PROMIS 22 PROMIS 23
EQ-5D-5L UA -
SF-36 20 2.2 -
SF-36 32 14 25.8 -
PROMIS 21 1.5 3.6 5.1 -
PROMIS 22 1.5 2.2 2.5 6.0 -
PROMIS 23 0.7 4.6 3.8 3.9 6.8 -
PROMIS 24 2.3 4.3 2.3 6.9 7.4 114
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Appendix 11: One Block of choice sets from the DCE design

8.11.

Table 74: Block of choice sets from the Chapter 5 DCE design

SP AC OC DI

SA

FD

SC UA PD AD CO CL

M
0

Pair

Pair

code

no

50
50
91

91
146
146
173
173

184
184
201
201
206
206
210
210
221
221
263
263
264
264
268
268
272
272
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8.12. Appendix 12: EQ-5D-5L and ASCOT valuation - Survey content

Page 1 - Initial screening demographics
Please indicate your age group

What is your gender?

Male D
Female D
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Page 2 - Survey information

Title: Welcome to the health comparison study

We are inviting you to participate in a study designed to gain an understanding of
people’s opinions about health and social care related quality of life. This will help
decision makers in Australia and internationally to focus on the areas that
Australian’s value the highest. Your responses to hypothetical scenarios will be
used to help us understand what is most important to people in making decisions
about different health care treatments that aim to improve quality of life or length
of life or both. This study is being undertaken by the Centre for Health Economics
Research and Evaluation at the University of Technology Sydney in collaboration
with Curtin University Perth. It has been ethically approved by the University of

Technology Sydney.

Your participation in this study is completely voluntary. You are not obliged to
participate and may stop at any time. Your responses to the survey are strictly
confidential and at no time will the answers you give be linked to your identity. To

complete this survey, we would expect someone to take approximately 15 minutes.
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Page 3 — Survey information cont’d

Title — Survey information

This survey contains four sections

Section A briefly introduces the method we will use to describe health, and asks
you to rate your own health.

Section B contains 15 questions. In each question you will be shown a number of
possible health scenarios. You will then be asked to choose which you would prefer
to experience. These profiles do not represent particular conditions and have been
made up for the purpose of this exercise. Each option is described in terms of how
good your health will be in a number of different areas.

Section C contains questions about you which will allow us to apply the results of
the study to the population as a whole.

Section D is a brief feedback form about the questions you have completed.
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Pages 4 — 16: Self-complete health-related and social related quality of life
questions (EQ-5D-5L)

In this survey, we will describe health in a particular way, using a number of
different areas such as mobility, pain/discomfort and anxiety/depression. To
familiarise yourself with this approach, please answer these questions.

“Under each heading, please tick the ONE box that best describes your health
TODAY”

Mobility

You have no problems in walking about

You have slight problems in walking about

You have moderate problems in walking about
You have severe problems in walking about
You are unable to walk about

Self-care

You have no problems washing and dressing yourself

You have slight problems washing and dressing yourself

You have moderate problems washing and dressing yourself
You have severe problems washing and dressing yourself
You are unable to wash and dress yourself

Usual activities

You have no problems doing your usual activities

You have slight problems doing your usual activities

You have moderate problems doing your usual activities
You have severe problems doing your usual activities
You are unable to do your usual activities

Pain/discomfort

You have no pain or discomfort

You have slight pain or discomfort

You have moderate pain or discomfort
You have severe pain or discomfort
You have extreme pain or discomfort

Anxiety/depression

You are not anxious or depressed

You are slightly anxious or depressed

You are moderately anxious or depressed
You are severely anxious or depressed
You are extremely anxious or depressed
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Self-complete health-related and social related quality of life questions (ASCOT)

In this survey, we will describe social care related quality of life in a particular way,
using a number of different areas such as control, safety and independence. To
familiarise yourself with this approach, please answer these questions.

Which of the following statements best describes how much control you have over
your daily life?

By ‘control over daily life’ we mean having the choice to do things or have things done
as you like and when you want

You have as much control over your daily life as you want

You have adequate control over your daily life

You have some control over your daily life, but not enough

You have no control over your daily life

Thinking about keeping clean and presentable in appearance, which of the following
statements best describes your situation?

You feel clean and are able to present yourself the way you like

You feel adequately clean and presentable

You feel less than adequately clean or presentable

You don’t feel at all clean or presentable

Thinking about the food and drink you get, which of the following statements best
describes your situation?

You get all the food and drink you like when you want

You get adequate food and drink at okay times

You don’t always get adequate or timely food and drink

You don’t always get adequate or timely food and drink, and think there is a risk to
your health

Which of the following statements best describes how safe you feel?

By ‘feeling safe’ we mean how safe you feel both inside and outside the home. This
includes fear of abuse, falling or other physical harm

You feel as safe as you want

You feel adequately safe, but not as safe as you would like

You feel less than adequately safe

You don’t at all feel safe

Thinking about how much contact you have with people you like, which of the
following statements best describes your social situation?

You have as much social contact as you want with people you like

You have adequate social contact with people

You have some social contact with people, but not enough

You have little social contact with people and feel socially isolated

Which of the following statements best describes how you spend your time?
You are able to spend time as you want, doing things you value or enjoy
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You are able to do enough of the things you value or enjoy with your time
You do some of the things you value or enjoy with your time, but not enough
You don’t do anything you value or enjoy with your time

Which of the following statements best describes how clean and comfortable your
home is?

Your home is as clean and comfortable as you want

Your home is adequately clean and comfortable

Your home is not quite clean or comfortable enough

Your home is not at all clean or comfortable

Which of these statements best describes how the way you are helped and treated
makes you think and feel about yourself?

The way you are helped and treated makes you think and feel better about yourself
The way you are helped and treated does not affect the way you think or feel about
yourself

The way you are helped and treated sometimes undermines the way you think and
feel about yourself

The way you are helped and treated completely undermines the way you think and
feel about yourself
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Page 17: Instruction page

Title: Section B — Making choices between options

You will now be presented with 15 questions.

In this set of questions, you will see two different descriptions of health and social
care. Your task is to imagine living with the problems described. Then tell us which

of the descriptions you would prefer to live in.

Please remember that there are no right or wrong answers. Some of the health
descriptions may be difficult for you to imagine - just do the best you can. We are
interested in your views, because it will help us to understand what aspects of

quality of life are most important to people.

Let's start the questions now.
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Pages 18 — 32: Example DCE question (Dimension order is EQ-5D-5L — ASCOT)

Please consider and imagine living with the two health descriptions below. Then
tell us which description you would prefer to live in.

Description A

Description B

You have moderate problems in walking
about

You are unable to walk about

You have severe problems washing and
dressing yourself

You have slight problems washing and
dressing yourself

You have moderate problems doing your
usual activities

You have severe problems doing your
usual activities

You have extreme pain or discomfort

You have slight pain or discomfort

You are severely anxious or depressed

You are moderately anxious or
depressed

You have adequate control over your
daily life

You have some control over your daily
life, but not enough

You feel clean and are able to present
yourself the way you like

You feel clean and are able to present
yourself the way you like

You get adequate food and drink at okay
times

You don’t always get adequate or timely
food and drink, and think there is a risk
to your health

You feel adequately safe, but not as safe
as you would like

You feel adequately safe, but not as safe
as you would like

You have adequate social contact with
people

You have some social contact with
people, but not enough

You don’t do anything you value or enjoy
with your time

You don’t do anything you value or enjoy
with your time

Your home is adequately clean and
comfortable

Your home is adequately clean and
comfortable

The way you are helped and treated
makes you think and feel better about
yourself

The way you are helped and treated
makes you think and feel better about
yourself

Which do you prefer?

Health Description A

| Health Description B
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Pages 18 - 32: Example DCE question (Dimension order is ASCOT — EQ-5D-5L)

Health description A

Health description B

You have adequate control over your
daily life

You have some control over your daily
life, but not enough

You feel clean and are able to present
yourself the way you like

You feel clean and are able to present
yourself the way you like

You get adequate food and drink at okay
times

You don’t always get adequate or timely
food and drink, and think there is a risk
to your health

You feel adequately safe, but not as safe
as you would like

You feel adequately safe, but not as safe
as you would like

You have adequate social contact with
people

You have some social contact with
people, but not enough

You don’t do anything you value or enjoy
with your time

You don’t do anything you value or enjoy
with your time

Your home is adequately clean and
comfortable

Your home is adequately clean and
comfortable

The way you are helped and treated
makes you think and feel better about
yourself

The way you are helped and treated
makes you think and feel better about
yourself

You have moderate problems in walking
about

You are unable to walk about

You have severe problems washing and
dressing yourself

You have slight problems washing and
dressing yourself

You have moderate problems doing your
usual activities

You have severe problems doing your
usual activities

You have extreme pain or discomfort

You have slight pain or discomfort

You are severely anxious or depressed

You are moderately anxious or
depressed

Which do you prefer?

Health description A

| Health description B
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Page 33: Further demographic questions (1)

You have now finished the health description questions. Thank you.

We now need to collect some data about you. This is to ensure we have a good
spread of respondents.

What is your country of birth?
Australia

United Kingdom
New Zealand
Italy

Vietham

Greece
Germany
Philippines
China

Indonesia

Other

HNE NN

If other, please specify

What is the highest level of education you completed?
Primary

Secondary
Trade certificate/Diploma

Bachelor’s degree

HEREN

Higher degree

Are you currently studying?
Yes

No |:|
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Page 34: Further demographic questions (2)

Please indicate which of these categories best matches your gross (before tax)

income?
Under $20,000

$20,001-530,000
$30,001-540,000
$40,001-550,000
$50,001-560,000
$60,001-570,000
$70,001-580,000
$80,001-5100,000
Over $100,000

HREE NN

Prefer not to say

What is your current marital status?

Single D

Separated/divorced D
Widowed D
Married/De facto D

How many children or dependents do you have?
None

1 [ ]
2 [ ]
3 or more D

Do you have experience of serious illness in:
Yes No

Yourself |:| I:I
Your family |:| I:l
Caring for others |:| I:l
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Page 35: Self-report health questions
In general, would you say your health is?
Excellent

Very good D

Good D
Fair D
Poor D

Do you have any illness, health problem, condition or disability?

Yes |:|
No |:|

If yes please tick all that apply:

Tiredness/fatigue High blood pressure
Pain Heart disease
Insomnia Osteoarthritis
Anxiety/nerves Stroke

Depression Cancer

Diabetes Other

Breathing problems (e.g.

asthma, emphysema)

Have you had a health condition requiring hospitalisation in the last five years?

Yes I:l
No |:|
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Page 36: General feedback questions and free-text
Please indicate your level of agreement with the following statements about the

tasks in general

Strongly | Disagree Neither Agree Strongly
disagree agree nor agree
disagree

| found the tasks difficult

| found it difficult to tell the
difference between the
descriptions

| found it difficult to imagine the
scenarios

| considered the whole
description whilst completing the
task

If you want to provide any further comments about the questions or survey in
general, or the answers you provided please do so below.

FREE-TEXT HERE
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Page 37: Final page

Thank you for taking part in the health comparison study

Please click the link to complete the survey
Appendix 13: HRQoL and SCRQol interaction models

8.13.

Table 75: Further exploratory interactions

Parameter Model 51: All interactions of high HRQoL
and SCRQoL and low dimension levels
Coef. (p)

Main Effects

MO2 0.055 0.146
MO3 -0.068 0.142
MO4 -0.418** 0.143
MO5 -0.642%** 0.143
sc2 -0.117* 0.124
SC3 -0.343** 0.124
SC4 -0.613*** 0.128
SC5 -0.634%** 0.127
UA2 -0.025 0.141
UA3 -0.007 0.142
UA4 -0.265** 0.144
UAS5 -0.270** 0.143
PD2 -0.304** 0.120
PD3 -0.304** 0.120
PD4 -0.717*** 0.120
PD5 -0.871%** 0.121
AD2 -0.103 0.143
AD3 -0.261 0.144
AD4 -0.625%** 0.139
AD5 -0.763%** 0.143
co2 -0.523%*x* 0.136
co3 -0.621%** 0.137
Co4 -1.018%*x* 0.137
cL2 0.178 0.132
cL3 0.104 0.132
CL4 0.026 0.132
FD2 -0.101 0.142
FD3 -0.242* 0.142
FD4 -0.316** 0.141
SA2 -0.075 0.131
SA3 -0.145 0.127
SA4 -0.339%* 0.127
SpP2 0.243 0.150
SP3 0.223 0.152
SP4 0.118 0.147
oc2 -0.169 0.134
(o]ex] -0.183 0.131
oc4 -0.323** 0.132
AC2 0.109 0.176
AC3 0.015 0.175
AC4 -0.093 0.174
DI2 -0.171 0.133
DI3 -0.220 0.133
DI4 -0.289* 0.133
Interactions

ASCOT Level 4 -0.140 0.098
MO1 x ASCOT Level 4 0.183 0.145
SC1 x ASCOT Level 4 -0.123* 0.129
UA1 x ASCOT Level 4 -0.008 0.146
PD1 x ASCOT Level 4 -0.039 0.123
AD1 x ASCOT Level 4 -0.059 0.144
EQ-5D Levels 4/5 -0.054 0.101
CO1 x EQ-5D Levels 4/5 -0.388** 0.138
CL1x EQ-5D Levels 4/5 0.326** 0.130
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FD1 x EQ-5D Levels 4/5 0.012 0.145
SA1 x EQ-5D Levels 4/5 -0.008 0.128
SP1 x EQ-5D Levels 4/5 0.271 0.153
0C1 x EQ-5D Levels 4/5 -0.090 0.135
AC1 x EQ-5D Levels 4/5 0.095 0.173
DI1 x EQ-5D Levels 4/5 -0.171 0.134
No Obs 14,625
AIC 17,985
BIC 18,473
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8.14. Appendix 14: Scale testing for demographic variables

Table 76 to Table 78 report the results of the scale testing analysis for gender, age category,

and condition status respectively

Table 76: Conditional logit and pooled models by gender

Parameter Model 52: Male

Model 53: Female

Model 54: Restricted pooled

Coef. (p)* SEb Coef. (p) SE Coef. (p)

MO2 -0.172** 0.065 -0.061 0.066 -0.073* 0.033
MO3 -0.236*** 0.065 -0.267*** 0.066 -0.170%** 0.035
MO4 -0.651%** 0.064 -0.553*** 0.063 -0.408*** 0.045
MO5 -0.847%** 0.070 -0.758*** 0.070 -0.546%** 0.054
Sc2 0.018 0.062 -0.020 0.062 -0.001 0.030
SC3 -0.258%** 0.063 -0.138* 0.063 -0.132%** 0.033
Sc4 -0.455%** 0.061 -0.511%** 0.064 -0.333%%** 0.039
SC5 0.450%** 0.064 -0.588*** 0.066 -0.360%** 0.041
UA2 -0.070 0.067 0.025 0.070 -0.011 0.033
UA3 0.003 0.066 -0.052 0.068 -0.019 0.033
UA4 -0.194** 0.067 -0.362*** 0.070 -0.198%*** 0.036
UAS -0.212%** 0.066 -0.341*** 0.067 -0.191%** 0.035
PD2 -0.242%*** 0.067 -0.317*** 0.070 -0.193*** 0.036
PD3 -0.155* 0.069 -0.361*** 0.072 -0.184*** 0.037
PD4 -0.546%** 0.067 -0.854*** 0.071 -0.492%** 0.048
PD5 -0.741%** 0.064 -0.962*** 0.067 -0.591*** 0.054
AD2 -0.052 0.065 -0.033 0.065 -0.024 0.032
AD3 -0.126 0.068 -0.276*** 0.070 -0.141%** 0.035
AD4 -0.475%** 0.068 -0.678*** 0.067 -0.401%** 0.044
AD5 -0.610%** 0.067 -0.819*** 0.069 -0.496*** 0.049
CcOo2 -0.139 0.059 -0.188** 0.060 -0.114%*** 0.030
Cco3 -0.184%* 0.060 -0.311%*** 0.061 -0.175%** 0.032
co4 -0.581%** 0.059 -0.769*** 0.059 -0.468*** 0.044
CL2 -0.054 0.062 -0.169** 0.063 -0.082** 0.031
CL3 -0.086 0.060 -0.295*** 0.062 -0.138*** 0.031
CL4 -0.184%* 0.062 -0.402%** 0.064 -0.211%** 0.034
FD2 -0.064 0.063 -0.135* 0.064 -0.072* 0.031
FD3 -0.210%** 0.061 -0.306*** 0.062 -0.182*** 0.033
FD4 -0.316%** 0.066 -0.403*** 0.066 -0.251%** 0.037
SA2 -0.037 0.062 -0.081 0.062 -0.042 0.030
SA3 -0.083 0.059 -0.165** 0.061 -0.090** 0.034
SA4 -0.249%** 0.059 -0.412%** 0.060 -0.234%** 0.034
SP2 0.083 0.060 -0.105 0.062 -0.015 0.030
SP3 -0.010 0.064 -0.091 0.065 -0.035 0.031
SP4 -0.053 0.059 -0.243*** 0.059 -0.108*** 0.030
0oc2 -0.107 0.065 -0.057 0.057 -0.054 0.032
0oc3 -0.096 0.061 -0.050 0.063 -0.048 0.031
oc4 -0.212 0.060 -0.260*** 0.061 -0.162%** 0.032
AC2 0.042 0.060 0.022 0.059 0.023 0.030
AC3 -0.083 0.059 -0.040 0.063 -0.037 0.029
AC4 -0.207 0.061 -0.204*** 0.063 -0.138*** 0.032
DI2 0.046 0.056 -0.063 0.059 -0.008 0.028
DI3 0.013 0.061 -0.151* 0.064 -0.051 0.031
Dl4 -0.071 0.059 -0.257*** 0.062 -0.116*** 0.030
Gender 0.237%** 0.047
No obs¢ 7,215 7,410 14,625

LLd -4,512 -4,398 -8,936

AlCe 9,113 8,884 17,962

BICf 9,446 9,219 18,334

2 Coefficient estimate; b standard error; c number of observations; d Log-Likelihood; e Akaike
Information Criterion; f Bayesian Information Criterion; p-values for difference between coefficient
estimate and baseline indicated by stars: ***significant at 0.001, ** significant at 0.01; *significant at
0.05; MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:

accommodation; DI: dignity
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Table 77: Conditional logit and pooled models by age

Parameter Model 55: Under 65 Model 56: 65 or over Model 57: Restricted pooled
Coef. (p)? SE® Coef. (p) SE Coef. (p) SE

MO2 -0.150%* 0.053 0.006 0.098 -0.086* 0.042
MO3 -0.243%** 0.053 -0.281%** 0.098 -0.221%** 0.042
MO4 -0.573%** 0.051  -0.717*** 0.096 -0.538%** 0.042
MO5 -0.723%** 0.056  -1.115%** 0.107 -0.736%** 0.046
sC2 -0.016 0.050 0.051 0.092 0.001 0.039
sC3 -0.181%** 0.051 -0.274%* 0.094 -0.181%** 0.040
Sc4 -0.416%** 0.050  -0.741*** 0.093 -0.450%** 0.040
SCs -0.446%** 0.052  -0.800*** 0.097 -0.482%** 0.042
UA2 -0.053 0.055 0.127 0.103 -0.004 0.043
UA3 -0.068 0.054 0.139 0.100 -0.011 0.043
UA4 -0.287%** 0.055 -0.222% 0.102 -0.242%%* 0.044
UAS -0.269*** 0.053 -0.264%* 0.102 -0.245%** 0.043
PD2 -0.322%** 0.055 -0.097 0.105 -0.230%** 0.044
PD3 -0.291%** 0.057 -0.141 0.107 -0.218%** 0.045
PD4 -0.717%** 0.055  -0.632%** 0.104 -0.615%** 0.046
PD5 -0.906%** 0.053  -0.865%** 0.096 -0.742%** 0.045
AD2 -0.057 0.052 0.015 0.100 -0.036 0.041
AD3 -0.233%** 0.055 -0.099 0.103 -0.170%** 0.044
AD4 -0.570%** 0.054  -0.629*** 0.102 -0.519%** 0.044
AD5 0.672%** 0.054  -0.865*** 0.104 -0.647%** 0.045
c02 -0.130%* 0.048 -0.270%* 0.090 -0.147 0.038
co3 -0.233%** 0.048 -0.277** 0.090 -0.218 0.039
co4 -0.565%** 0.047  -1.015*** 0.090 -0.615 0.039
cL2 -0.120%* 0.050 -0.090 0.095 -0.098 0.040
cL3 -0.126** 0.049  -0.419%** 0.091 -0.186 0.039
cL4 -0.265%** 0.051  -0.422%** 0.095 -0.273 0.040
FD2 -0.103* 0.051 -0.103 0.096 -0.095 0.040
FD3 -0.221%** 0.049  -0.413*** 0.093 -0.245 0.039
FD4 -0.343%** 0.053  -0.477*** 0.099 -0.331 0.042
SA2 -0.019 0.050 -0.169 0.092 -0.058 0.039
SA3 -0.089 0.048 -0.247** 0.089 -0.125 0.038
SA4 -0.311%** 0.048  -0.426*** 0.090 -0.302 0.038
SP2 -0.020 0.049 0.041 0.090 -0.004 0.039
SP3 -0.047 0.052 -0.026 0.095 -0.039 0.041
SP4 -0.091 0.048  -0.315*** 0.088 -0.140%** 0.037
0C2 -0.089 0.052 -0.061 0.099 -0.068 0.042
0c3 -0.051 0.050 -0.162 0.093 -0.070 0.039
oca -0.200%** 0.049  -0.380*** 0.092 -0.222%** 0.039
AC2 0.051 0.049 0.015 0.092 0.029 0.039
AC3 -0.040 0.047 -0.077 0.087 -0.054 0.037
AC4 -0.139%** 0.050  -0.388*** 0.092 -0.196%** 0.039
DI2 -0.045 0.046 0.130 0.087 0.009 0.037
DI3 -0.062 0.050 -0.034 0.094 -0.052 0.040
DI4 -0.148*** 0.049 -0.174* 0.088 -0.142%** 0.038
Age 0.352*** 0.050
No obs¢ 10,995 3,630 14,625

LLe -6,823 -2,056 -8,926

AlCe 13,734 4,201 17,943

BICf 14,086 4,505 18,316

2 Coefficient estimate; b standard error; c number of observations; d Log-Likelihood; e Akaike
Information Criterion; f Bayesian Information Criterion; p-values for difference between coefficient
estimate and baseline indicated by stars: ***significant at 0.001, ** significant at 0.01; *significant at
0.05;; MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:

accommodation; DI: dignity
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Table 78: Conditional logit and pooled models by condition status

Parameter Model 58: No Model 59: Has Model 60:
condition condition Restricted pooled
Coef. (p)* SEb Coef. (p) SE Coef. (p) SE
MO02 -0.156%* 0.061 -0.054 0.071 -0.096* 0.042
Mo3 -0.272%** 0.062 -0.207** 0.071 -0.222%** 0.043
MO4 -0.629%** 0.059 -0.560%** 0.069 -0.541%** 0.044
MO5 -0.758%** 0.065 -0.863%** 0.077 -0.731%** 0.048
sC2 -0.023 0.058 0.023 0.067 0.001 0.040
sc3 -0.208%** 0.059 -0.189%* 0.068 -0.177%** 0.041
sca -0.469%** 0.058 -0.498%** 0.068 -0.439%** 0.042
SC5 -0.481%** 0.061 -0.562%** 0.070 -0.473%** 0.043
UA2 -0.055 0.063 0.034 0.074 -0.014 0.044
UA3 -0.023 0.062 -0.031 0.072 -0.022 0.043
UA4 -0.267%** 0.064 -0.294%** 0.073 -0.254%** 0.044
UAS -0.239*** 0.062 -0.315%** 0.072 -0.252%*+* 0.043
PD2 -0.296%** 0.064 -0.241%** 0.074 -0.247%** 0.045
PD3 -0.343%** 0.066 -0.144 0.076 -0.225%** 0.046
PD4 -0.654%** 0.064 -0.751%** 0.074 -0.636%** 0.047
PD5 -0.882%** 0.061 -0.820%** 0.070 -0.770%** 0.046
AD2 -0.036 0.060 -0.039 0.071 -0.036 0.042
AD3 -0.182%* 0.064 -0.216%* 0.074 -0.183%** 0.045
AD4 -0.537%** 0.063 -0.626%** 0.073 -0.528*** 0.045
AD5 -0.644%** 0.064 -0.788*** 0.074 -0.655*** 0.046
co2 -0.119* 0.055 -0.213%** 0.065 0.148%** 0.039
co3 -0.260%** 0.056 -0.223%** 0.065 -0.222%** 0.039
co4 -0.560%** 0.055 -0.822%** 0.064 -0.616%** 0.040
cL2 -0.081 0.058 -0.165* 0.068 -0.103** 0.040
cL3 -0.117* 0.057 -0.293%** 0.066 -0.179%** 0.039
CL4 -0.250%** 0.059 -0.367%** 0.068 -0.273%** 0.041
FD2 -0.120* 0.060 -0.086 0.068 -0.093* 0.041
FD3 -0.206%** 0.057 -0.342%%* 0.066 -0.243*%* 0.040
FD4 -0.374%** 0.062 -0.356*** 0.071 -0.330*** 0.043
SA2 -0.096 0.058 0.003 0.066 -0.047 0.040
SA3 -0.167** 0.056 -0.074 0.064 -0.112%* 0.039
SA4 -0.381%** 0.056 -0.262%** 0.064 -0.296*** 0.039
SP2 -0.027 0.057 0.012 0.066 -0.007 0.039
sP3 -0.014 0.060 -0.095 0.070 -0.045 0.042
SP4 -0.090 0.055 -0.221%%* 0.064 -0.138*** 0.038
oc2 -0.059 0.061 -0.119 0.071 -0.077 0.042
oc3 -0.021 0.058 -0.138* 0.067 -0.071 0.040
oc4 -0.186%** 0.057 -0.310%** 0.066 -0.221%%* 0.039
AC2 0.081 0.057 -0.034 0.066 0.026 0.039
AC3 -0.037 0.055 -0.093 0.063 -0.053 0.038
AC4 -0.120* 0.058 -0.311%** 0.067 -0.191*** 0.040
DI2 -0.016 0.054 0.012 0.063 -0.004 0.037
DI3 -0.021 0.058 -0.114 0.068 -0.061 0.040
DI4 -0.114* 0.056 -0.222%%* 0.066 -0.150*** 0.039
Condition status 0.188*** 0.046
No obs¢ 8,160 6,465 14,625
LLe -5,062 -3,852 -8,941
AlCe 10,212 7,792 17,972
BICf 10,551 8,121 18,344

2 Coefficient estimate; b standard error; c number of observations; d Log-Likelihood; e Akaike
Information Criterion; f Bayesian Information Criterion; p-values for difference between coefficient
estimate and baseline indicated by stars: ***significant at 0.001, ** significant at 0.01; *significant at
0.05;; MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:

accommodation; DI: dignity
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8.15. Appendix 15: Time taken sensitivity analysis

The task subset exclusion models are displayed in Figure 39. Task subset 1 excludes 602 (4.1%)
task completions, with 591 (4.0%) completed in less than 4 seconds, and 11 (<0.01%) completed
in more than 30 minutes. Therefore, the subset includes 14,023 tasks and has the lowest number
of inconsistent coefficient estimates (3). This demonstrates that removing the outliers at each
end of the completion time scale may increase model validity. Task subset 2 excludes 1,312
(9.0%) of the tasks with 591 (4.0%) completed in less than four seconds, and 721 (4.9%)
completed in more than 92 seconds. This model is based on 13,313 task completions, and results
in five inconsistencies. Subset 3 removes 7,344 (50.2%) of the tasks with 3,808 (26.0%)
completed in less than 9 seconds, and 3,536 (24.2%) completed in more than 37 seconds. This
model results in four inconsistencies. Subset four is based on the 7,334 observations excluded
for set 3. This model results in eight inconsistencies which suggests that tasks completed in a
shorter and longer time overall contribute to increased disordering across coefficient levels.

Figure 39: Sensitivity analysis of time taken per task
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Figure 40 displays the impact on the estimates of removing respondents based on the overall
time taken to complete the survey. Respondent subset 1 excludes 98 (10.1%) respondents

completing the survey in below 8 minutes (48; 4.9%), or above 66 minutes (50; 5.1%). Therefore,
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the model includes 877 (90.0%) respondents and results in five inconsistencies. Subset 2
removes 477 (48.9%) respondents completing the survey in below 13 minutes (242; 24.8%) or
above 32 minutes (235; 21.1%). The model therefore includes 498 (51.1%) respondents
completing the survey in between 25% and 75% of the overall time taken, and results in three
inconsistencies. Subset 3 includes the 477 (48.9%) respondents removed from set two, and
results in nine inconsistencies. This is a similar pattern to the exclusions based on task time in
that respondents completing the survey in a shorter or longer time overall contribute to
increased disordering across coefficient levels.

Figure 40: Sensitivity analysis of time taken to complete survey
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Differences in preference patterns based on the time taken to complete the tasks and the survey
were also assessed using scale testing. Table 79 reports the results of the conditional logit model
for two subsamples divided by the median time taken to complete the tasks, as well as the
pooled scale model. The model including tasks completed in less than the median time (7,344
(50.2%) observations) resulted in 12 inconsistencies, in comparison to the model including the
7,281 (49.2%) of tasks completed in more than the median time which resulted in five
inconsistencies. The LR statistic is 96.6, which is higher than the critical value (61.7) meaning
that the null hypothesis of preference homogeneity is rejected, and scale differs according to

the time taken to complete the tasks.
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Table 80 includes the models based on dividing the sample based on the overall median
completion time. The model including the 488 (50.1%) completing the survey in less than the
median time resulted in seven inconsistencies, in comparison to the model including the 487
(49.9%) above the median which resulted in three. In contrast to the task time model, the LR

statistic was 58.2, so below the critical value meaning that the null hypothesis of preference

homogeneity is accepted.

Table 79: Conditional logit and pooled models by median time per task

Parameter Model 61: Less Model 62: Above Model 63: Restricted
than median median pooled
Coef. (p) SE Coef. (p) SE Coef. (p) SE

MO02 -0.120 0.064 -0.075 0.069 -0.027 0.015
MO03 -0.310%** 0.064 -0.185%* 0.070 -0.070%** 0.016
MO4 -0.563%** 0.062 -0.663%** 0.067 -0.184%** 0.022
MO5 -0.724%** 0.067 -0.944%** 0.076 -0.261%** 0.028
sC2 -0.027 0.061 -0.020 0.065 -0.005 0.014
sc3 -0.152* 0.061 -0.309*** 0.067 -0.071%** 0.015
SC4 -0.382%** 0.060 -0.678*** 0.067 -0.168*** 0.020
SC5 -0.317%** 0.062 -0.806*** 0.070 -0.184%** 0.021
UA2 0.056 0.066 -0.105 0.073 -0.012 0.015
UA3 0.028 0.064 -0.079 0.072 -0.011 0.015
UA4 -0.127 0.067 -0.441%%* 0.072 -0.099*** 0.018
UAS -0.083 0.064 -0.517*** 0.071 -0.108*** 0.017
PD2 -0.214%** 0.065 -0.312%%* 0.075 -0.085*** 0.017
PD3 -0.276%** 0.068 -0.262%** 0.075 -0.080%** 0.018
PD4 -0.491%** 0.065 -0.957*** 0.075 -0.235*** 0.026
PD5 -0.718%** 0.063 -1.035%** 0.069 -0.271%%* 0.028
AD2 -0.025 0.062 -0.060 0.070 -0.014 0.015
AD3 -0.186** 0.066 -0.289*** 0.074 -0.071%** 0.017
AD4 -0.368*** 0.065 -0.812%** 0.072 -0.194*** 0.023
AD5 -0.537*** 0.065 -0.973*** 0.074 -0.241%%* 0.026
co2 -0.070 0.057 -0.271%%* 0.065 -0.057*** 0.014
co3 -0.125% 0.058 -0.374%** 0.065 -0.082*+** 0.015
co4 -0.430%** 0.055 -0.960*** 0.064 -0.226*** 0.024
cL2 -0.052 0.061 -0.173** 0.066 -0.040** 0.014
cL3 -0.025 0.060 -0.389*** 0.063 -0.077*** 0.015
cL4 -0.071 0.062 -0.542%%* 0.066 -0.113*** 0.017
FD2 -0.141* 0.061 -0.027 0.067 -0.021 0.015
FD3 -0.191%** 0.060 -0.324*** 0.064 -0.082*** 0.016
FD4 -0.272%** 0.066 -0.418*** 0.068 -0.109*** 0.018
SA2 0.005 0.059 -0.139* 0.067 -0.025 0.014
SA3 -0.044 0.058 -0.232%%* 0.064 -0.047*** 0.014
SA4 -0.126* 0.057 -0.579%** 0.065 -0.123*** 0.017
SP2 -0.077 0.059 0.084 0.065 0.007 0.014
sP3 -0.042 0.061 -0.038 0.070 -0.013 0.015
SP4 -0.010 0.056 -0.273%** 0.062 -0.054*** 0.014
oc2 -0.017 0.063 -0.114 0.069 -0.024 0.015
oc3 0.037 0.061 -0.191%** 0.065 -0.032* 0.014
oc4 -0.054 0.058 -0.453%** 0.066 -0.091*** 0.015
AC2 0.045 0.059 0.002 0.064 0.008 0.014
AC3 -0.000 0.057 -0.165** 0.061 -0.029* 0.013
AC4 -0.090 0.060 -0.370%** 0.067 -0.077*** 0.015
DI2 0.002 0.055 -0.006 0.062 -0.000 0.013
DI3 -0.009 0.060 -0.116 0.067 -0.021 0.014
DI4 -0.035 0.059 -0.319*** 0.064 -0.064*** 0.014
Time 0.709%** 0.051
No obs 7,344 7,281 14,625

LL -4,731 -4,057 -8,836

AIC 9,550 8,202 17,763

BIC 9,884 8,536 18,136

2 Coefficient estimate; b standard error; c number of observations; d Log-Likelihood; e Akaike
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Information Criterion; f Bayesian Information Criterion; p-values for difference between coefficient
estimate and baseline indicated by stars: ***significant at 0.001, ** significant at 0.01; *significant at
0.05;; MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:

accommodation; DI: dignity

Table 80: Conditional logit and pooled models by median overall completion time

Parameter Model 64: Less Model 65: Above Model 66:
than median median Restricted pooled
Coef. (p)* SEb Coef. (p) SE Coef. (p) SE
MO02 -0.085 0.063 -0.130 0.068 -0.086* 0.036
Mo3 -0.260%** 0.064 -0.223%** 0.068 -0.184%** 0.037
MO4 -0.505%** 0.062 -0.701%** 0.066 -0.473%** 0.038
MO5 -0.722%** 0.068 -0.882%** 0.072 -0.623%** 0.044
sC2 -0.093 0.060 0.101 0.064 0.014 0.034
sc3 -0.231%** 0.062 -0.176%* 0.065 -0.150%** 0.035
sca -0.476%** 0.060 -0.503%** 0.065 -0.374%** 0.037
SC5 -0.400%** 0.062 -0.661*** 0.068 -0.419%** 0.038
UA2 0.051 0.066 -0.099 0.071 -0.025 0.037
UA3 -0.025 0.065 -0.017 0.069 -0.016 0.037
UA4 -0.194 0.066 -0.369 0.071 -0.225%** 0.039
UAS -0.128 0.065 -0.429 0.069 -0.232%** 0.037
PD2 -0.264%** 0.066 -0.282%** 0.072 -0.213%** 0.039
PD3 -0.219*** 0.069 -0.301%** 0.073 -0.206%** 0.040
PD4 -0.579%** 0.066 -0.836*** 0.072 -0.556*** 0.042
PD5 -0.746%** 0.063 -0.960*** 0.068 -0.665*** 0.042
AD2 -0.038 0.063 -0.041 0.067 -0.029 0.036
AD3 -0.110 0.066 -0.302%** 0.072 -0.164*** 0.038
AD4 -0.382%** 0.065 -0.789*** 0.070 -0.468*** 0.040
AD5 -0.525%** 0.066 -0.919%** 0.071 -0.571%** 0.041
co2 -0.191%** 0.058 -0.141* 0.061 -0.122%%* 0.033
co3 -0.233%** 0.058 -0.275*** 0.063 -0.193*** 0.034
co4 -0.583%** 0.057 -0.762%** 0.061 -0.522%%* 0.037
cL2 -0.061 0.061 -0.162* 0.065 -0.093** 0.035
cL3 -0.114* 0.059 -0.277*%* 0.063 -0.158*** 0.034
CL4 -0.215%** 0.062 -0.385*** 0.065 -0.239%** 0.035
FD2 -0.133* 0.062 -0.061 0.065 -0.067 0.035
FD3 -0.263%** 0.060 -0.258%** 0.063 -0.197*** 0.035
FD4 -0.359%** 0.064 -0.366*** 0.068 -0.276*** 0.038
SA2 -0.068 0.060 -0.049 0.064 -0.044 0.035
SA3 -0.140* 0.058 -0.115 0.062 -0.096** 0.033
SA4 -0.256%** 0.058 -0.421%%* 0.062 -0.267*** 0.034
SP2 -0.063 0.060 0.047 0.063 0.002 0.034
sP3 -0.021 0.062 -0.068 0.067 -0.036 0.036
SP4 -0.071 0.058 -0.224%** 0.060 -0.122%%* 0.033
oc2 -0.090 0064 -0.071 0.067 -0.061 0.036
oc3 -0.011 0.061 -0.178%** 0.064 -0.074* 0.034
oc4 -0.158%* 0.059 -0.323*** 0.063 -0.195*** 0.034
AC2 0.087 0.059 -0.020 0.063 0.020 0.034
AC3 -0.047 0.057 -0.059 0.060 -0.041 0.032
AC4 -0.123* 0.060 -0.201*** 0.065 -0.165*** 0.035
DI2 0.019 0.056 -0.020 0.060 -0.003 0.032
DI3 0.020 0.061 -0.150* 0.065 -0.059 0.035
DI4 -0.006 0.058 -0.318*** 0.063 -0.142%%* 0.033
Time 0.428%** 0.048
No obs¢ 7,320 7,305 14,625
LLe -4,654 -4,222 -8,906
AlCe 9,397 8,533 17,903
BICf 9,731 8,867 18,276

2 Coefficient estimate; b standard error; c number of observations; d Log-Likelihood; e Akaike
Information Criterion; f Bayesian Information Criterion; p-values for difference between coefficient
estimate and baseline indicated by stars: ***significant at 0.001, ** significant at 0.01; *significant at
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0.05;; MO: mobility; SC: self-care; UA: usual activities; PD: pain/discomfort; AD: anxiety/depression; CO:
control; CL: cleanliness; FD: food and drink; SA: safety; SP: social participation; OC: occupation; AC:
accommodation; DI: dignity
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Table 81: Three class latent class model (Model 67)

Appendix 16: Latent class models with between three and six classes

Parameter Class 1 Class 2 Class 3
MO2 -0.096 -0.120 -0.110
MO3 -0.123 -0.019 -0.712
MO4 -0.497 -0.215 -1.281
MO5 -0.434 -0.302 -1.934
SC2 0.231 0.005 -0.126
Sc3 -0.094 -0.121 -0.568
SC4 -0.235 -0.134 -1.367
SC5 -0.544 0.104 -1.430
UA2 -0.241 -0.031 0.063
UA3 -0.092 0.051 -0.054
UA4 -0.874 0.030 -0.349
UAS -0.784 0.083 -0.450
PD2 -0.849 -0.196 -0.134
PD3 -0.907 -0.148 -0.075
PD4 -2.080 -0.152 -0.594
PD5 -2.417 -0.354 -0.550
AD2 -0.423 0.000 0.219
AD3 -0.756 -0.008 -0.081
AD4 -2.037 0.137 -0.491
AD5 -2.265 -0.093 -0.610
Cco2 -0.208 -0.109 -0.310
co3 -0.300 -0.218 -0.288
co4 -0.975 -0.276 -1.247
CL2 -0.312 -0.076 -0.100
CL3 -0.301 -0.045 -0.413
CcL4 -0.455 -0.134 -0.513
FD2 -0.075 -0.156 -0.064
FD3 -0.247 -0.196 -0.419
FD4 -0.415 -0.333 -0.448
SA2 -0.083 0.097 -0.278
SA3 -0.359 0.124 -0.372
SA4 -0.617 -0.007 -0.689
SP2 -0.061 0.124 -0.113
SP3 -0.137 0.044 -0.115
SP4 -0.464 0.082 -0.239
oc2 -0.223 0.012 -0.190
0oc3 -0.219 0.039 -0.180
oc4 -0.202 -0.032 -0.646
AC2 0.166 -0.019 0.096
AC3 -0.231 -0.069 0.104
AC4 -0.254 -0.154 -0.231
DI2 -0.035 -0.014 0.006
DI3 -0.274 0.027 -0.026
DI4 -0.314 0.036 -0.287
Demographic
Age Cat (18-60 and 60+) -0.693 -1.477 0
Gender 0.107 -0.72 0
Has Long-term Condition -0.034 -0.185 0
Class Share 0.309 0.330 0.361
N Obs? 14,625
LLb -8,607

2 Number of observations; ® Log-Likelihood; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:

social participation; OC: occupation; AC: accommodation; DI: dignity;
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Table 82: Four class latent class model (Model 68)

Parameter Class 1 Class 2 Class 3 Class 4
MO2 -0.221 0.297 -0.768 -0.072
MO3 -0.147 -0.725 -1.20 0.015
MO4 -0.697 -0.669 -2.760 -0.133
MO5 -0.691 -1.532 -3.715 -0.181
SC2 0.151 0.022 -0.801 0.035
Sc3 0.032 -0.589 -0.932 -0.104
Sca -0.418 -1.690 -1.576 -0.160
SC5 -0.623 -1.955 -1.508 0.078
UA2 -0.130 0.231 -0.834 0.041
UA3 -0.120 0.077 -0.564 0.077
UA4 -0.871 -0.065 -1.534 0.077
UAS -0.763 -0.169 -1.728 0.144
PD2 -0.918 0.347 -0.854 -0.169
PD3 -0.918 0.184 -0.972 -0.078
PD4 -2.093 -0.535 -0.667 -0.131
PD5 -2.406 -0.406 -1.157 -0.289
AD2 -0.445 0.492 0.092 0.047
AD3 -0.802 -0.201 -0.038 0.064
AD4 -1.857 -0.726 -0.336 0.126
AD5 -2.086 -1.203 -0.007 -0.106
Cco2 -0.233 -0.284 -0.148 -0.121
co3 -0.233 -0.156 -0.771 -0.188
co4 -0.915 -1.950 -0.696 -0.333
CL2 -0.258 -0.156 -0.272 -0.084
CL3 -0.244 -0.565 -0.827 0.003
CL4 -0.482 -0.524 -0.656 -0.143
FD2 -0.028 -0.141 -0.400 -0.111
FD3 -0.201 -0.816 -0.187 -0.215
FD4 -0.348 -0.605 -1.018 -0.296
SA2 -0.001 -0.679 0.059 0.060
SA3 -0.259 -0.744 -0.041 0.151
SA4 -0.529 -1.225 -0.428 -0.002
SP2 -0.046 -0.295 0.180 0.117
SP3 -0.060 -0.346 0.110 0.006
SP4 -0.337 -0.696 0.289 0.011
0oc2 -0.221 -0.171 -0.375 -0.008
0oc3 -0.197 -0.164 -0.526 0.018
oc4 -0.181 -1.039 -0.515 -0.094
AC2 0.143 0.045 0.181 -0.024
AC3 -0.225 0.017 0.455 -0.086
AC4 -0.119 -0.585 0.076 -0.261

DI2 -0.062 -0.250 0.140 0.015
DI3 -0.262 -0.407 0.338 0.019
Dl4 -0.318 -0.655 0.118 -0.001
Demographic
Age Cat (18-60 and 60+) 0.578 1.867 1.205 0
Gender 0.727 0.994 0.045 0
Has Long-term Condition 0.086 0.131 -0.416 0
Class Share 0.341 0.194 0.131 0.333
N Obs? 14,625
LLb -8,862

2 Number of observations; ® Log-Likelihood; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:
social participation; OC: occupation; AC: accommodation; DI: dignity
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Table 83: Five class latent class model (Model 69)

Parameter Class 1 Class 2 Class 3 Class 4 Class 5
MO2 0.229 -1.318 -0.016 -0.791 0.223
MO3 0.135 -0.991 0.073 -1.056 -0.668
MO4 -0.187 -1.819 -0.045 -2.350 -0.790
MO5 -0.208 -1.580 -0.068 -3.256 -1.588
SC2 0.420 -0.403 0.029 -0.559 -0.029
Sc3 0.452 -0.936 -0.074 -0.693 -0.744
SC4 0.006 -1.223 -0.173 -1.017 -1.820
SC5 -0.455 -0.424 0.034 -1.067 -2.051
UA2 -0.412 0.644 0.033 -0.675 0.201
UA3 -0.105 0.004 0.055 -0.421 0.002
UA4 -1.137 -0.308 0.158 -1.265 -0.110
UAS -1.008 -0.121 0.189 -1.426 -0.207
PD2 -0.732 -0.955 -0.134 -0.825 0.258
PD3 -0.861 -0.550 -0.067 -0.895 0.151
PD4 -2.020 -2.155 -0.045 -0.814 -0.575
PD5 -2.198 -2.822 -0.245 -1.270 -0.472
AD2 -0.671 0.368 -0.001 -0.021 0.512
AD3 -0.897 -0.795 0.084 -0.178 -0.141
AD4 -2.125 -1.864 0.191 -0.374 -0.703
AD5 -2.304 -2.341 -0.075 -0.088 -1.182
Cco2 -0.321 -0.083 -0.115 -0.126 -0.269
co3 -0.640 0.544 -0.188 -0.637 -0.077
co4 -1.379 -0.236 -0.300 -0.607 -1.876
CL2 -0.191 -0.488 -0.103 -0.110 -0.205
CL3 -0.416 0.422 0.004 -0.692 -0.581
CL4 -0.637 0.027 -0.168 -0.439 -0.525
FD2 0.124 -0.502 -0.138 -0.295 -0.112
FD3 -0.074 -0.587 -0.202 -0.240 -0.744
FD4 -0.429 -0.302 -0.330 -0.777 -0.548
SA2 -0.128 0.624 -0.020 0.111 -0.577
SA3 -0.404 0.131 -0.097 -0.093 -0.649
SA4 -0.605 -0.371 -0.038 -0.450 -1.093
SP2 0.204 -0.050 0.110 -0.027 -0.333
SP3 0.006 0.323 -0.048 0.004 -0.314
SP4 -0.269 -0.408 -0.002 0.128 -0.646
0oc2 -0.093 -0.303 -0.011 -0.286 -0.238
0oc3 -0.303 -0.147 0.060 -0.403 -0.155
oc4 -0.163 -0.229 -0.101 -0.383 -1.046
AC2 -0.140 0.799 -0.044 0.271 0.039
AC3 -0.494 0.119 -0.091 0.325 0.095
AC4 -0.582 0.358 -0.244 0.119 -0.472

DI2 0.324 -1.322 0.067 0.105 -0.240
DI3 -0.179 -0.834 0.062 0.314 -0.369
Dl4 -0.201 -0.964 0.023 0.161 -0.585
Demographics
Age Cat (18-60 and 60+) -0.803 -3.353 -1.775 -0.631 0
Gender -0.215 -0.858 -1.112 -0.894 0
Has Long-term Condition -0.019 0.116 -0.180 -0.618 0
Class Share 0.241 0.110 0.286 0.160 0.203
N Obs? 14,625
LLb -9,006

2 Number of observations; ® Log-Likelihood; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:
social participation; OC: occupation; AC: accommodation; DI: dignity;
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Table 84: Six class latent class model (Model 70)

Parameter Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
MO2 -0.679 0.485 0.466 -0.045 0.104 -0.718
MO3 -0.496 -0.280 -0.484 0.107 0.066 -1.923
MO4 -1.569 -0.161 -0.482 -0.091 0.376 -4.050
MO5 -1.688 0.535 -1.576 -0.213 0.267 -4.485
SC2 -0.039 0.597 -0.220 -0.091 0.925 -0.907
SC3 -0.108 -0.076 -0.235 -0.087 -0.257 -1.604
SC4 -0.636 0.435 -1.341 -0.087 -0.232 -3.606
SC5 -0.721 0.122 -1.914 0.033 -0.022 -2.445
UA2 -0.196 -0.104 0.133 0.001 0.073 -0.222
UA3 -0.384 0.424 0.218 0.138 0.229 -1.143
UA4 -1.189 -0.272 -0.432 0.047 -0.143 -0.390
UAS5 -1.038 -0.254 -0.405 0.123 -0.038 -0.334
PD2 -0.989 -0.304 -0.079 -0.237 -0.113 0.060
PD3 -1.006 -0.173 0.006 -0.145 -0.258 -0.362
PD4 -2.243 -1.540 -0.942 -0.193 -0.154 1.179
PD5 -2.394 -2.101 -0.920 -0.338 0.067 -0.710
AD2 -0.447 0.342 0.208 0.124 -0.552 1.030
AD3 -0.545 -1.224 -0.304 0.155 -0.934 0.799
AD4 -1.003 -4.264 -0.799 0.266 -1.004 -0.287
AD5 -1.134 -4.944 -1.182 0.060 -1.484 0.646
Cc0o2 -0.317 -0.557 -0.086 -0.080 -0.486 0.223
Cco3 -0.283 -0.746 -0.150 -0.157 -1.178 -0.405
Co4 -0.760 -1.486 -1.581 -0.133 -2.635 -0.056
CL2 -0.192 0.274 -0.342 -0.205 0.190 -0.495
CL3 -0.205 0.206 -1.060 -0.067 -0.229 0.032
CL4 -0.561 0.404 -0.599 -0.079 -0.872 -0.081
FD2 -0.026 -0.267 -0.423 -0.054 0.298 -0.698
FD3 -0.193 -0.007 -1.010 -0.107 -0.680 -0.192
FD4 -0.255 -0.129 -0.939 -0.208 -0.571 -1.811
SA2 0.186 -0.136 -0.423 0.162 -1.015 -1.024
SA3 -0.125 -0.599 -0.508 0.206 -0.863 -0.269
SA4 -0.434 -0.543 -0.808 0.134 -1.586 -0.760
SP2 -0.209 0.385 -0.244 0.140 0.437 -0.050
SP3 0.079 0.056 -0.368 0.145 -0.020 -0.910
SP4 -0.242 -0.269 -0.940 0.154 0.171 -0.255
0C2 0.049 -0.033 -0.289 0.083 -0.308 -0.842
0cC3 -0.096 0.160 -0.261 0.016 -0.303 -0.600
0oc4 0.167 -0.465 -1.279 -0.090 -0.496 -0.746
AC2 0.205 0.696 0.069 -0.018 0.165 -0.499
AC3 -0.121 0.291 0.089 0.035 -0.714 -0.322
AC4 0.088 -0.168 -0.647 -0.072 -0.576 -0.998

DI2 0.029 -0.858 -0.126 0.042 0.214 0.257
DI3 -0.156 -0.322 -0.416 0.071 -0.321 0.464
DI4 -0.203 -0.256 -0.418 0.132 -0.140 -0.533
Demographic
Age Cat (18-60 and 60+) -0.498 -0.572 0.765 -1.621 0.122 0
Gender 0.681 0.819 1.427 0.049 0.736 0
Has Long-term Condition 0.318 0.309 0.830 0.212 0.142 0
Class Share 0.281 0.100 0.189 0.246 0.098 0.086
N Obs? 14,625
LLP -8,963

2 Number of observations; ® Log-Likelihood; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:
social participation; OC: occupation; AC: accommodation; DI: dignity;
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Appendix 17: Further exploratory mixed logit models

Table 85: Mixed Logit models — Combining EQ-5D-5L and ASCOT as random parameters
(overall level)

Model 71: Overall
dimension (1)

Model 72: Overall
dimension (2)

Model 73: Overall
dimension (log-

Model 74: Overall
dimension (correlated)

normal)

Parameter Coef.? SDP Coef. SD Coef. SD Coef. SD
MO -0.271***  0.296***  -0.276***  0.316*** -1.815***  1.036*** -0.221*** 0.282%**
SC -0.193***  (0.254***  .0.204***  0.278*** -2.179***  1.036*** -0.166*** 0.247***
UA -0.132***  0.115***  -0.140***  0.161*** -2.255*%**  (,589*** .0,107*** 0.149%**
PD -0.273***  0.272%**  -0.294***  0.296*** -1.728***  1.080*** -0.232%** 0.276***
AD -0.275***  0.326***  -0.281***  (0.349*%** _2.072***  1.392%** .0.216%** 0.319%**
Cco -0.251***  0.316*** -0.264***  0.330*** -1.806***  1.057*** -0.234%** 0.302%**
CL -0.124***  0.025 -0.130***  0.077 -2.181***  0.249 -0.110*** 0.105***
FD -0.151***  (0.125***  -0.160** 0.140%* -2.284**%*  (0.844%**  _0.137*** 0.173%**
SA -0.114***  0.161***  -0.121***  (0.181*** -2.841*%**  1.127*** .0.104*** 0.198%***
SP -0.062***  0.098** -0.064***  (0.147*** -3, 507***  1,172%** -0.051*** 0.130***
ocC -0.086***  (0.075*** -0.088***  (0.187*** -3,299***  1.331*** .0.076*** 0.174%**
AC -0.092***  0.043 -0.095***  0.103 -2.392**%*  0.298 -0.086*** 0.159%***
DI -0.086***  0.081* -0.090***  0.126** -2.888**%*  (0.846*%** -0.074%** 0.182**
N obs¢ 14,625 14,625 14,625 14,625

LLe -8,818 -8,760 -8,799 -8,959

AlC® 17,647 17,572 17,651 18,016

BICf 17,862 17,788 18,866 18,421

2 Coefficient estimate; ® standard deviation; ¢ number of observations; ¢ Log-Likelihood; ¢ Akaike
Information Criterion; f Bayesian Information Criterion; p-values indicated by stars: ***significant at
0.001, ** significant at 0.01; *significant at 0.05;; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:
social participation; OC: occupation; AC: accommodation; DI: dignity

307



Broadening the measurement and valuation of QoL July 2020

Table 86: Further exploratory models with all parameters, EQ-5D-5L and ASCOT as random

Model 75: All Model 76: EQ-5D-5L Model 77: ASCOT

dimension levels dimensions vary dimensions vary
Parameter Coef.? SDP Coef. SD Coef. SD
MO2 -0.176** 0.234 -0.123* 0.041 -0.140%* N/A
MO3 -0.344***  0.011 -0.267*** 0.119 -0.282%*** N/A
MO4 -0.834***  0.443*** -0.663***  (0.386*** -0.683*** N/A
MO5 -1.099***  0.805*** -0.915***  (0.686*** -0.890*** N/A
SC2 -0.013 0.053 -0.011 0.091 -0.010 N/A
SC3 -0.228***  (0.499*** -0.218***  (.337*** -0.226*** N/A
SC4 -0.658***  0.469*** -0.537***  (0.360*** -0.531*** N/A
SC5 -0.718***  0.816*** -0.590***  (0.558*** -0.564*** N/A
UA2 -0.065 0.208 -0.038 0.203 -0.042 N/A
UA3 -0.036 0.290* -0.021 0.057 -0.037 N/A
UA4 -0.398***  0.204 -0.315***  0.108 -0.318*** N/A
UAS -0.389***  (0.295** -0.310***  0.055 -0.309%** N/A
PD2 -0.367***  0.298 -0.303***  0.012 -0.304%** N/A
PD3 -0.349*%**  0.040 -0.285***  0.058 -0.280*** N/A
PD4 -0.939%**  0.650*** -0.778***  (0.438*** -0.758%** N/A
PD5 -1.158***  0.766*** -0.958***  (.589*** -0.926%** N/A
AD2 -0.052 0.398***  -0.031 0.342%** -0.056 N/A
AD3 -0.288***  0.377** -0.222*%**  0.136 -0.232%** N/A
AD4 -0.799%**  0.782***  -0.629***  (0.454*** -0.657*** N/A
AD5 -1.002%**  (0.821*** -0.773%** 0.346** -0.792%** N/A
CO2 -0.170%** 0.106 -0.172%** N/A -0.143** 0.028
COo3 -0.321%**  0.347** -0.274%** N/A -0.255%** 0.237*
CO4 -0.891%**  (0.791*** -0.728%** N/A -0.748%** 0.709%***
CL2 -0.148%** 0.096 -0.126* N/A -0.117%* 0.024
CL3 -0.253%**  (0.324** -0.216%** N/A -0.205%** 0.262*
CL4 -0.388***  (0.295* -0.320%** N/A -0.314%** 0.081
FD2 -0.153** 0.319** -0.109* N/A -0.118* 0.072
FD3 -0.337*%**  0.235 -0.279*** N/A -0.287*** 0.173
FD4 -0.486*%**  0.311 -0.390*** N/A -0.403*** 0.336**
SA2 -0.077 0.222 -0.060 N/A -0.063 0.276**
SA3 -0.164%** 0.087 -0.134** N/A -0.140** 0.039
SA4 -0.451%**  (0.364*** -0.357*** N/A -0.361%*** 0.187
SP2 -0.013 0.174 -0.011 N/A -0.012 0.244*
SP3 -0.065 0.192 -0.051 N/A -0.058 0.026
SP4 -0.216***  (0.355*** _Q,175%*** N/A -0.159*** 0.245*
0C2 -0.113 0.262 -0.091 N/A -0.091 0.133
0c3 -0.126* 0.292 -0.089 N/A -0.090 0.321***
oc4 -0.317***  0.482*** -0.253*** N/A -0.271%** 0.463***
AC2 0.033 0.108 0.036 N/A 0.028 0.025
AC3 -0.078 0.368*** -0.056 N/A -0.074 0.265**
AC4 -0.274***  0.285* -0.217*** N/A -0.232%** 0.210
DI2 -0.015 0.295** -0.008 N/A -0.011 0.112
DI3 -0.080 0.069 -0.061 N/A -0.077 0.043
Dl4 -0.208***  0.437*** -0.170*** N/A -0.175%** 0.315%**
N obs® 14,625 14,625 14,625
LLd -8,809 -8,944 -8,904
AlC® 17,852 17,902 17,998
BIC 18,626 18,432 18,601

2 Coefficient estimate; ® standard deviation; c number of observations; d Log-Likelihood; e Akaike
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Information Criterion; f Bayesian Information Criterion; p-values indicated by stars: ***significant at
0.001, ** significant at 0.01; *significant at 0.05;; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:
social participation; OC: occupation; AC: accommodation; DI: dignity

Table 87: Mixed logit models — Further exploratory combinations of parameters in random

Model 78: Most Model 79: Top 20 Model 80: Top 10 Model 81: Top 5 from

severe levels from M 23 from M 23 M 23
random

Parameter Coef.? SD® Coef. SD Coef. SD Coef. SD
MO2 -0.155** N/A -0.159** N/A -0.154** N/A -0.149** N/A
MO3 -0.293*** N/A -0.316*%** N/A -0.297***  N/A -0.282*** N/A
MO4 -0.705*** N/A -0.765***  (0.349** -0.727***  N/A -0.678*** N/A
MO5 -0.968***  (0.754*** -1.032*** (0.804*** -0.989*** (0.750*%** -0.926***  (0.704***
SC2 -0.019 N/A -0.020 N/A -0.019 N/A -0.010 N/A

SC3 -0.236*%**  N/A -0.257**  0.392**  -0.249*** N/A -0.224***  N/A

SC4 -0.570*** N/A -0.614** 0.501***  -0.588*** (0.464*** -0.543*** N/A

SC5 -0.633***  (0.710*** -0.665*** 0.747*** -0.641*** (0.718*** -0.598***  (.674***
UA2 -0.052 N/A -0.049 N/A -0.054 N/A -0.047 N/A

UA3 -0.038 N/A -0.034 N/A -0.037 N/A -0.036 N/A

UA4 -0.342%** N/A -0.362 N/A -0.357***  N/A -0.325*** N/A

UAS -0.345*** 0.242%* -0.354 N/A -0.343***  N/A -0.316*** N/A

PD2 -0.320*** N/A -0.340***  0.241 -0.321***  N/A -0.312*** N/A

PD3 -0.305%** N/A -0.327*** N/A -0.307*** N/A -0.294*** N/A

PD4 -0.801*** N/A -0.863*** (0,537*** .0.826*** (0.558*** -0.769*** N/A

PD5 -1.022%** 0.694***  _1.084*** (0.732*** -1.041*** 0.706*** -0.962*** N/A

AD2 -0.063 N/A -0.053 0.262 -0.057 N/A -0.058 N/A

AD3 -0.254*** N/A -0.267***  0.299 -0.256***  N/A -0.239*** N/A

AD4 -0.685*** N/A -0.745***  0.696***  -0.720*** 0.706*** -0.676*** 0.680***
AD5 -0.872*** 0.691*** -0.933*** (. 770*** -0.892*** (.772%** -0.841*** 0.704***
CO2 -0.149** N/A -0.169***  N/A -0.164***  N/A -0.158*** N/A

Cco3 -0.268*** N/A -0.303*** N/A -0.282***  N/A -0.264*** N/A

Cco4 -0.778*** 0.745%**  .0.830*** (0.740*** -0.798*** (0.730*** -0.743*** 0.708***
CL2 -0.139** N/A -0.139** N/A -0.144** N/A -0.123** N/A

CL3 -0.232*** N/A -0.239***  0.274* -0.241***  N/A -0.229%** N/A

CcL4 -0.344*** 0.119 -0.364*** N/A -0.358***  N/A -0.338*** N/A

FD2 -0.121* N/A -0.128* N/A -0.122* N/A -0.120*** N/A

FD3 -0.296*** N/A -0.311*** N/A -0.293***  N/A -0.276*** N/A

FD4 -0.427*** 0.318* -0.452*** 0,299 -0.435***  (0.338** -0.402*** N/A

SA2 -0.060 N/A -0.064 N/A -0.060 N/A -0.060 N/A

SA3 -0.137** N/A -0.146** N/A -0.139** N/A -0.133** N/A

SA4 -0.380*** 0.194 -0.398*** N/A -0.387***  N/A -0.372%** N/A

SP2 -0.024 N/A -0.019 0.271* -0.020 N/A -0.029 N/A

SP3 -0.062 N/A -0.069 N/A -0.064 N/A -0.070 N/A

SP4 -0.180*** 0.291** -0.196***  0.230 -0.189***  N/A -0.174*** N/A

0C2 -0.097 N/A -0.094 N/A -0.091 N/A -0.086 N/A

0C3 -0.110* N/A -0.096 0.331** -0.101* N/A -0.091 N/A

0oc4 -0.281*%** 0.493*** _0,291*** (.521*** -0.276*** 0.510*** -0.263*** N/A

AC2 0.025 N/A 0.032 N/A 0.031 N/A 0.033 N/A

AC3 -0.074 N/A -0.067 N/A -0.071 N/A -0.069 N/A

AC4 -0.242%** 0.175 -0.250***  N/A -0.241***  N/A -0.218*** N/A

DI2 -0.012 N/A -0.018 N/A -0.015 N/A -0.006 N/A
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DI3 -0.075 N/A -0.077 N/A -0.073 N/A -0.064 N/A
Dl4 -0.185*** 0.326*** -0.205*** (0.330** -0.188***  N/A -0.176*** N/A
N obs¢ 14,625 14,625 14,625 14,625
LLe -8,853 -8,949 -8,332 -8,861
AlC® 17,821 17,776 17,773 17,820
BIC 18,293 18,306 18,220 18,226

a Coefficient estimate; b standard deviation; c number of observations; d Log-Likelihood; e Akaike
Information Criterion; f Bayesian Information Criterion; p-values indicated by stars: ***significant at
0.001, ** significant at 0.01; *significant at 0.05;; MO: mobility; SC: self-care; UA: usual activities; PD:
pain/discomfort; AD: anxiety/depression; CO: control; CL: cleanliness; FD: food and drink; SA: safety; SP:
social participation; OC: occupation; AC: accommodation; DI: dignity
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Appendix 18: Latent class demographic parameters (design comparison study)

Table 88: Latent class demographic parameters (overlap designs A to D)

Design A Design B Design C Design D

Parameter C12 C2 Cl C2 Cl C2 Cl C2
Class proportion (%) 68.3 31.7 65.7 34.3 21.2 78.8 69.0 31.0

Gender (1=M; 2=F) 0.364 0 0.494 0 -0.314 0 1.041 0

Age cat (1=<65; 0.934 0 1.100 0 -0.912 0 0.587 0

2=>=65)
Condition -0.140 0 -0.028 0 -0.279 0 -0.599 0
Constant -0.870 0 -1.422 0 0.398 0 -1.199 0

Table 89: Latent class demographic parameters (overlap designs E to G)

Design E Design F Design G

Parameter Cl C2 Cl C2 Cl C2
Class proportion (%)  80.5 19.5 60.0 40.0 53.2 46.8

Gender (1=M; 2=F)  0.573 0 -0.318 0 -0.471 0

Age cat (1=<65; 1.534 0 0.386 0 -0.487 0

2=>=65)
Condition -0.104 0 -1.025 0 -0.061 0
Constant -1.195 0 0.886 0 1.490 0

Table 90: Latent class demographic parameters (non-overlap designs H to 1)

Design H Design |
Parameter Cl Cc2 Cc3 C4 C1 C2 C3 C4
Class proportion (%) 22.5 30.3 15.1 32.1 44.4 24.1 13.3 18.2
Gender (1=M; 2=F)  -2.012 -1.930 -0.066 0 -0.211  -1.110 -0.012 0
Age cat (1=<65; 0.695 -3.468 0.582 0 1.529 0.173 1.833 0
2=>=65)
Condition -1.147  0.296 -0.491 0 0.225 0.473 0.168 0
Constant 2,226  6.685 -1.188 0 -0.725 1.525 -2.639 0

Table 91: Latent class demographic parameters (non-overlap designs J to K)

DesignJ Design K

Parameter C1 C2 Cc3 C1 C2 Cc3
Class proportion (%)  36.5 37.2 26.4 442 36.6 19.2

Gender (1=M; 2=F)  -0.454  0.530 0 -0.083 -0.085 0

Age cat (1=<65; -0.154  0.075 0 -1.087 -0.960 0

2=>=65)
Condition -0.497 -0.137 0 0.417 -0.155 0
Constant 1.405 -0.525 0 2,171 2.122 0
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Table 92: Latent class demographic parameters (non-overlap designs L to M)

Design L Design M

Parameter C1 C2 C3 C1 C2 C3 ca C5
Class proportion (%) 45.9 33.7 20.4 29.9 9.1 24.3 29.7 7.0
Gender (1=M; 2=F) 0.606  -0.725 0 1335 0.567 1.101 0.330 0

Age cat (1=<65; -1.179 -2.224 0 1.423 1.536 2.459 1.917 0
2=>=65)
Condition 1.315 1.780 0 -1.193 -1.697 -0.635 -1.133 0
Constant 0.933 3.653 0 -1.486 -1.432 -2.973 -0.605 0

Table 93: Latent class demographic parameters (non-overlap designs N to O)

Design N Design O

Parameter Cl C2 C3 C4 Cl C2 C3 C4
Class proportion (%) 16.0 17.0 46.0 21.0 20.5 18.3 35.2 26.0
Gender (1=M; 2=F)  0.113  0.123  0.612 0 1.032 0.286 -0.154 0

Age cat (1=<65; -0.448 -0.187 0.179 0 -1.592 -0.614 0.365 0
2=>=65)
Condition 0.812 0.741 0.062 0 0.541 0.564  0.285 0
Constant -0.297 -0.528 -0.402 0 -0.253 -0.302 -0.115 0

Table 94: Latent class demographic parameters (non-overlap designs P to S)

Design P Design Q Design R Design S

Parameter C1 Cc2 C1 Cc2 Cc3 C1 C2 Cc3 (o} C1 Cc2
Class proportion (%)  31.4 68.6 19.9 29.7 50.4 23.6 15.1 56.4 14.9 35.0 65.0

Gender (1=M; 2=F)  0.391 0 -0.335 -1.290 0 -0.010 -0.588 0.923 0 -1.137 0

Age cat (1=<65; -0.734 0 -0.009 -2.230 0 -1.662 -0.402 -0.862 0 -1.110 0

2=>=65)
Condition -0.053 0 0.024  0.204 0 -0.114 -0.719 -0.816 0 0.352 0
Constant -0.438 0 -0.397 3934 0 2,707 1.791 1314 0 2.295 0
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