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The notations in brackets that follow each Online Appendix title identify the section and
approximate page number of the main text in Chapter 7 to which each online appendix
corresponds. Several appendices correspond to more than one section in the main text.
Acknowledgments and related exposition are found in Neumann et al. (2016). The Online
Appendices are meant to be read in conjunction with the main text of Chapter 7.
Online Appendix 7.1. Brief Description of Major Generic Preference-Based Multi-attribute
Measures Used in Cost-Effectiveness Analysis [Section 7.1.3, p. 169]
The following is meant to provide a brief description and evaluation of the usefulness of
four major generic preference-based measures that have been widely used in cost-effectiveness
analyses: EuroQol 5D (EQ-5D), the Health Utilities Index (HUI), the Quality of Well-Being
Scale (QWB) and the Short-Form 6D (SF-6D). More extensive descriptions of these measures
and their measurement properties can be found in a number of sources including Brazier et al.
(2007); Drummond et al. (2005); Feeny (2005a); Feeny (2005b); Hawthorne and Richardson
(2001); and Rowen and Brazier (2011). For each measure a basic description of the measure and
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its use will be presented, evidence on its measurement properties and scoring function will be
reviewed, and a summary of its advantages and disadvantages will be provided. Finally, a brief
description of the most recent version of the disability weighting system used in the 2010 Global
Burden of Disease Study to estimate disability-adjusted life years (DALYs) will be provided.
The performance of the four major generic preference-based measures tends to vary by
clinical context. In general, there is substantial evidence for the construct validity of each of
these measures. Further, in general, there is evidence of the responsiveness of these four
measures in a wide variety of applications. Typically these four measures are of the same order
of magnitude of responsiveness as other generic measures of health status and generally less
responsive than disease- and condition-specific measures (Guyatt et al. 1999; Wiebe et al. 2003).
EQ-5D. The EQ-5D was developed collaboratively in multiple languages by investigators
from a number of European countries. The original version of the EQ-5D included five attributes
(mobility, self-care, usual activities, pain/discomfort, anxiety/depression) with three levels for
each (no problem, moderate problem, severe problem). The EQ-5D has been widely used in
clinical studies and population health surveys, including the US Medical Expenditure Panel
Survey (https://meps.ahrq.gov/mepsweb/) 2000, 2001, and 2002 (Sullivan et al. 2005), and two
other nationally representative surveys in the United States (Fryback et al. 2007; Luo et al.
2005). The original three-level version is subject to substantial ceiling effects and attenuated
responsiveness (Brazier et al. 2004; Insinga and Fryback 2003; Longworth and Rowen 2013;
Turner et al. 2013).
The new five-level version was designed to improve EQ-5D’s performance (Pickard et al.
2007). Indeed, evidence is emerging that indicates that the 5L system is less subject to ceiling
and floor effects than the 3L version (see, e.g., Buchholz et al. 2015; Janssen et al. 2013; Jia et al.
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2014; Lee et al. 2013; Pickard et al. 2007). Using an interim scoring system for the 5L system
(van Hout et al. 2012), Jia et al. (2014) and Lee et al. (2013) provide some initial evidence that
the 5L system enhances responsiveness. Efforts are underway to create scoring functions for the
5L system (Oppe et al. 2014). As the 5L scoring functions emerge, and as experience using the
5L system accumulates, evidence on its measurement properties will become available.
A disadvantage of the EQ-5D is its poor coverage of problems with vision and hearing
(Tosh et al. 2012) and many mental health problems (Brazier 2010; Richardson et al. 2015). As
noted in Online Appendix 7.4, there is a substantial body of evidence that indicates that there are
important interactions in preferences among attributes in the EQ-5D system and that therefore
the widely used linear additive scoring functions for EQ-5D may be less than ideal. In addition,
there is evidence that the 10-year time horizon used to elicit the preference scores used for the
estimation of many EQ-5D scoring functions may introduce distortions (Heintz et al. 2013; van
Nooten et al. 2009; van Nooten et al. 2014). An advantage of the EQ-5D is the availability of a
scoring function based on time-tradeoff scores elicited in the United States (Shaw et al. 2005).
Health Utilities Index Mark 2 (HUI2) and Mark 3 (HUI3). HUI3 is the most widely used
of the HUI suite of instruments. HUI3 includes eight attributes (vision, hearing, speech,
ambulation, dexterity, emotion, cognition, and pain/discomfort) with five or six levels per
attribute (Feeny et al. 2002; Furlong et al. 2001; Horsman et al. 2003; Torrance et al. 1996).
HUI3 has been widely used in clinical studies and population health surveys, including four in
the United States (Fryback et al. 2007; Luo et al. 2005; National Institute on Aging n.d;
Sanmartin et al. 2004).
In population health surveys HUI3 is subject to modest ceiling effects relative to the
QWB and SF-6D but considerably less than the EQ-5D-3L. An advantage of HUI3 is its
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inclusion of vision (cataracts, macular degeneration), hearing (cochlear implants), speech (stroke,
stuttering), cognition (stroke, dementia, Alzheimer’s disease), and dexterity (arthritis, stroke). A
characteristic of HUI3 is that its health-status classification system does not include social
interaction, although it does include attributes for which impairments are often associated with
limitations in social interaction (vision, hearing, speech, cognition, and emotion). HUI3 seems to
be free of floor effects. The HUI3 multiplicative scoring function is based on visual analog
scores and standard gamble scores elicited from a representative community sample in Hamilton,
Ontario, Canada. HUI2 was originally developed to assess health-related quality of life in
children with cancer but has also been widely used in studies of adults. Because of its focus on
child health, it continues to be used in a number of pediatric settings.
Quality of Well-Being Scale (QWB). The QWB was the first widely used multi-attribute
measure (Kaplan and Bush 1982; Patrick et al. 1973). Subsequently the QWB was revised
(Kaplan and Anderson 1996). The revised system includes three attributes (mobility, physical
activity, social activity) with three levels each and a 27-item symptom/problem complex that
covers a wide range of symptoms and problems, often providing rich detail on health status. The
QWB has been widely used in clinical studies and population health surveys, including two in
the United States (Fryback et al. 1997; Fryback et al. 2007). The QWB seems to be free of both
floor and ceiling effects. The linear additive QWB scoring function is based on visual analog
scores.
The Short-Form 6D (SF-6D). SF-6D includes a health-status classification system and
multi-attribute scoring function based on the widely used Short-Form 36 (Brazier et al. 2002)
and Short-Form 12 questionnaires (Brazier and Roberts 2004). Role Physical and Role Emotion
were combined to form Role Limitation in SF-6D; the other five attributes are Physical Function,
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Social Functioning, Pain, Mental Health, and Vitality, with four to six levels per attribute for the
system based on SF-36 and three to five for the system based on SF-12. Selim et al. (2011)
provide a scoring function for the RAND 12-item questionnaire used by the US Veterans
Administration. The SF measures have been widely used in clinical studies and population health
surveys in the United States, including Fryback et al. (2007). The linear additive scoring function
was estimated using standard gamble scores from a community sample in the United Kingdom.
There are ongoing efforts to create a scoring system based on US preferences (Craig et al. 2013).
An advantage of SF-6D is that it seems to be free of ceiling effects. Another advantage of SF-6D
is its inclusion of vitality. In a head-to-head longitudinal study of patients with chronic epilepsy
that included EQ-5D, HUI2, HUI3, and SF-6D, Langfitt and colleagues (2006) concluded that
SF-6D is preferred because it includes more of the attributes affected by epilepsy than do the
other measures. Interestingly, Fiest and colleagues (2014), in a study of surgical interventions for
epilepsy, found that HUI3 was more responsive than SF-36 but less responsive than the diseasespecific measure, the Quality of Life in Epilepsy (QOLIE). A disadvantage of SF-6D is
widespread reports of floor effects (Brazier et al. 2004; Brazier et al. 2010; Feeny et al. 2003;
Fisk et al. 2005; Harrison et al. 2009; Hatoum et al. 2004; Mortimer and Segal 2008; O’Brien et
al. 2003; Turner et al. 2013).
Disability Weights for 2010 Global Burden of Disease Study. The disability weights are
used to quantify the non-fatal health losses in the estimation of disability-adjusted life-years
(DALYs). The elicitation of preferences to estimate the disability weights was based on a paired
comparison approach (discrete choice) (Salomon et al. 2012). Data were collected in face-to-face
interviews in Bangladesh, Indonesia, Peru, and Tanzania; in telephone interviews in the United
States; and in an open-access web-based survey. Data were then analyzed using probit regression
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based on a random utility model. As experience with these new disability weights accumulates,
information on the measurement properties of the system will emerge.
Online Appendix 7.2: Practical and Ethical Limitations of the QALY Approach [Section
7.2, p. 172]
Several practical and ethical limitations to the QALY approach should be noted. First,
QALYs may not accurately reflect the burden of short-lived but intense experiences. For
instance, extreme pain experienced briefly during a dental procedure might be a tiny fraction of
the overall time period and thus, regardless of how low the utility score was, would have little
influence on the overall estimate of QALYs. Such experiences might nonetheless be regarded by
patients as being very important and may influence decision making. The path-state approach
discussed in Section 7.1.4 of the main text is one approach for handling this problem. Second, a
number of important objections to QALYs have been discussed in the literature, including the
issue of whether or not QALYs discriminate against the disabled and that conventional QALYs
can favor interventions that provided marginal gains to many people at the expense of
interventions that would provide substantial gains to a smaller number of people. Some have
argued that treating those with highly impaired health should be valued more highly than treating
those with good baseline health. Many are troubled by the inter-personal comparisons of utility
implicit in calculating QALYs. For instance, the German health technology assessment agency,
the Institute for Quality and Efficiency in Health Care, rejects the use of QALYs to make
comparisons across therapeutic areas due to concerns “regarding solidarity, equity, and fairness”
(Institute for Quality and Efficiency in Health Care 2009, p. 3). These issues are explored in
Chapter 12 of the main text [“Ethical and Distributive Considerations”].
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Online Appendix 7.3: Are QALYs Utilities? [Section 7.2, p. 172]
If QALYs were utilities, then the maximization of QALYs gained subject to a budget
constraint would be consistent with the maximization of expected utility and using welfare
theory from economics (see Chapter 2 of the main text [“Theoretical Foundations of CostEffectiveness Analysis in Health and Medicine”]). Under rather restrictive assumptions the
QALY can be interpreted as a utility (Drummond et al. 2005; Torrance and Feeny 1989). These
assumptions include: that the quantity and quality of life are mutually utility independent (i.e.,
the preference for one of these attributes is independent of the level for the other attribute); that
there is a constant proportional tradeoff (i.e., the proportion of remaining life span that one
would trade for a specified quality improvement is independent of the remaining duration of
life); and that the utility function for additional life years is linear with time. There is substantial
empirical evidence on people’s preferences that does not support these assumptions (see, e.g.,
Attema and Brouwer 2012; Beresniak et al. 2015; Loomes and McKenzie 1989; Spencer 2003;
and Treadwell 1998). Many analysts do not regard QALYs as utilities and instead view them as
an “index” number that is monotonically related to utility (Garber et al. 1996). These analysts
regard QALYs as a useful measure of health and gains in health. The maximization of QALYs
gained subject to a budget constraint can been regarded as an appropriate objective for health
policy.
Online Appendix 7.4: Disability-Adjusted Live Years [Section 7.2, p. 172]
DALYs share several of the key features of QALYs, in that they are summary measures
of population health that combine information on mortality with information on non-fatal
outcomes; that the unit of account is time, which is what provides commensurability between
mortality and non-fatal outcomes; and that the latter are incorporated in the measures using
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weights that are measured on a continuum between ideal health and states equivalent to dead.
The primary application of DALYs is in quantifying the burden of disease, and for this reason
DALYs are quantified in terms of health losses. Although primarily developed to measure
disease burden, DALYs are also commonly used as the metric for measuring health benefits
from interventions (in terms of reductions in burden expressed as DALYs averted), particularly
in analyses in low- and middle-income countries. Both the World Health Organization, and more
recently recommendations for the Gates Foundation Reference Case, have specified DALYs as
the metric in cost-effectiveness analyses.
Two key value choices in DALYs that have attracted considerable attention and provided
contrasts to QALYs are the weighting of health outcomes differentially depending on the age at
which they are experienced, and the “disability weights” attached to different non-fatal
outcomes. In the case of the former, until recently the standard formulation of DALYs included
an “age weighting” function that resulted in years lived at young adult ages being more heavily
weighted than years lived either in childhood or at the oldest ages, but in the most recent iteration
of the Global Burden of Disease Study, there has been a move to uniform age weights (Murray et
al. 2012). With regard to the disability weights assigned to every non-fatal outcome, the
approach used in the Global Burden of Disease Study has evolved. In the most recent revision,
weights are based on a large empirical data collection effort that has included household surveys
in nine countries and a large open-access Internet survey, with a total respondent sample of more
than 60,000 people worldwide (Salomon et al. 2012; see also Online Appendix 7.1). The primary
basis for estimating weights in this study comes from survey responses to paired comparison
questions in which respondents consider two hypothetical persons described briefly in terms of
levels of functioning on key dimensions of health and any other salient symptoms of a particular
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condition, and then indicate which of the two people they would regard as being healthier. The
analytic techniques for translating these ordinal responses into cardinal weights are described in
Online Appendix 7.9.
A number of earlier criticisms of DALYs remain relevant (Gold et al. 2002). First, in the
QALY approach the focus is on the value attached to the health state, not the value attached to
the burden associated with a disease. Second, to date DALYs do not handle comorbidities. Yet in
the context of healthcare interventions, many of those treated suffer from more than one chronic
condition (Tinetti et al. 2012). Further, DALYs, in general, do not capture the side effects of
treatments, an important omission in many clinical contexts. Finally, the estimation of the
disability weights is based on the person tradeoff approach, to which some analysts have
objected. A potentially useful application of DALYs is in the evaluation of interventions
involving disease prevention, providing estimates of the DALYs avoided.
Online Appendix 7.5: How to Estimate Multi-Attribute Utility Functions (MAUFs) to
Provide Utility Scoring Systems [Section 7.4, p. 173]
As noted in the chapter, one major approach for obtaining utility scores based on
community values is to employ a generic preference-based multi-attribute instrument. Patients
complete a questionnaire based on the health-status description system of an instrument. The
health states are then valued using the scoring system based on a multi-attribute utility function
(MAUF) estimated for that instrument. The resulting scores then reflect the self-reported health
status of patients valued using the preferences of members of the general population.
Recall that in the multi-attribute approach health status is comprised of a number of
attributes. For instance, for the Health Utilities Index Mark 3 (HUI3) there are eight attributes
(vision, hearing, speech, ambulation, dexterity, cognition, emotion, and pain and discomfort)
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with five or six levels per attribute ranging from highly impaired (“so unhappy that life is not
worthwhile”) to normal or unimpaired (“happy and interested in life”). The health status of an
individual at a point in time is then described as an n-element (8-element for HUI3) vector with
one level for each of the attributes.
This appendix provides a summary of the methods used to estimate MAUFs for these
multi-attribute measures. Three major functional forms have been used to estimate MAUFs: the
linear additive; the multiplicative; and the multi-linear (Keeney 1988; Keeney and Raiffa 1993).
The linear additive is the simplest and most easily estimated functional form. But it makes the
strongest assumptions about the structure of preferences among the attributes, namely that there
are no preference interactions among the attributes. (We will discuss relevant empirical evidence
on this issue below.) The multiplicative functional form includes an omnibus preference
interaction term; the attributes are all preference complements or all preference substitutes. The
multi-linear functional form allows for pairs of attributes to be preference complements, other
pairs to be preference substitutes, and other pairs for which there are no preference interactions.
These much less restrictive assumptions come at the cost of considerably more challenges for
empirical estimation.
Multi-attribute utility theory (MAUT) provides guidance on the choice of functional
form. Within that framework there have been two major estimation approaches: the decomposed
approach and the statistical inference approach. The first step in the decomposed approach is to
estimate single-attribute utility functions for each attribute by eliciting preferences for each level
within each attribute. Then respondents are asked to evaluate multi-attribute corner states, states
in which the attribute in question is at its worst level, while all the other attributes are at their
best level; the resulting score provides an indication of the weight attached to that attribute.
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Simultaneous equations are solved to provide an estimate of the magnitude and sign of the
omnibus preference interaction term.
In contrast, the statistical inference approach relies on more familiar linear regression
models in which directly elicited utility scores for various health states are the dependent
variable and the levels within the attributes in that system serve as independent variables. In
practice, frequently additional ad hoc terms have also been included. Some investigators have
used experimental designs to select that health states for which valuations will be obtained
(Brazier et al. 2002); in many cases the experimental design was chosen to be able to identify all
of the parameters of a linear additive function.
Recently a number of investigators have used Bayesian approaches for the estimation of
MAUFs. For example, Kharroubi and colleagues (2007) estimated a linear additive scoring
function for the Short-Form 6D using the Bayesian approach; see also Kharroubi et al. (2013).
Similarly, Kharroubi and McCabe (2008) have estimated a MAUF for the HUI2 system using a
Bayesian approach. The authors argue that the non-parametric Bayesian approach often results in
lower prediction error. In practice the Bayesian non-parametric approach has demonstrated some
advantage, but the reliance on the linear additive framework has attenuated some of its potential
advantages.
To date the most frequently used approach for the estimation of MAUFs has been the
statistical inference approach based on the linear additive functional form. The decomposed
approach based on the multiplicative model has also been frequently used.
Empirical Evidence on Functional Form. It is important to examine the empirical
evidence on how well the widely used functional forms, the linear additive and the
multiplicative, perform. A more detailed exposition appears in Online Appendix 7.6. Briefly,
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there is substantial evidence that there are important interactions in preferences across attributes.
This evidence calls into question the validity of linear additive functions that assume that there
are no interactions in preferences among the attributes.
Transforming Visual Analog Scores into Standard Gamble or Time-Tradeoff Scores. In a
number of scoring function projects, standard gamble (or time-tradeoff) scores were collected for
only a subset of the health states being evaluated, while visual analog scale scores were obtained
for all of the health states. Examples of this approach include HUI1 (Torrance et al. 1982), HUI2
(Torrance et al. 1996), and HUI3 (Feeny et al. 2002). Torrance and colleagues (2001) report
results from a number of studies that used the power function to transform visual analog scores
into standard gamble scores. In the HUI3 project, the power function more accurately predicted
directly measured standard gamble scores than did a spline function. In contrast, McCabe and
colleagues (2004) report that a cubic function out-performed the power function. The criterion
used here is agreement between directly measured scores and transformed scores. The method
used to transform scores typically will have an important impact of the performance of the
MAUF.
Assessment of the Performance of MAUFs. A wide variety of techniques have been used
to assess the internal and external validity (out-of-sample predictive validity) of estimates of
MAUFs. Various measures of goodness-of-fit, depending on the estimation method used, have
been used to evaluate the results of regression analyses.
With respect to internal and external validity, investigators have examined within-sample
(internal validity) and out-of-sample (external validity) accuracy in predicting directly measured
utility scores. Mean absolute differences between predicted and observed scores have been
calculated (see, e.g., Dolan 1997 and Shaw et al. 2005); similarly, mean error and root mean
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square error have been calculated. In the HUI3 scoring function project respondents were
randomly allocated to the modeling survey that provided the information for estimating the HUI3
MAUF or the direct survey. In the direct survey, standard gamble scores were obtained for 73
HUI3 health states; none of these scores was used to estimate the MAUF. Out-of-sample
prediction was then assessed by calculating agreement for the 73 health states for scores
predicted by the MAUF and directly measured scores; the intra-class correlation coefficient was
0.88 (Feeny et al. 2002), indicating a very good level of agreement between predicted and
directly measured scores (Altman 1991).
A related approach to assessing the performance of MAUFs is to compare scores for a
respondent’s current health derived from them to directly obtained time-tradeoff or standard
gamble scores for the respondent’s current health obtained at the same time. In one prospective
study, patients waiting for or undergoing elective total hip arthroplasty were asked to complete
the questionnaire for HUI2 and HUI3 and at the same time to provide a standard gamble score
for their current health (Feeny et al. 2003). Mean standard gamble, HUI2, and HUI3 scores
across all assessments were 0.65, 0.66, and 0.55, respectively. At the group level there was
substantial agreement between directly measured standard gamble and HUI2 scores, while HUI3
scores were systematically lower. It is also worth noting that agreement at the individual level
was, in general, poor.
Similar results were observed in a long-term follow-up of teenaged survivors of
extremely low birth weight and a control group of full-term births (Feeny et al. 2004). Mean
standard gamble, HUI2, and HUI3 scores were 0.91, 0.92, and 0.84, respectively. Again at the
group level, standard gamble and HUI2 scores were very similar, while HUI3 scores were
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systematically lower. At the individual level, agreement between standard gamble and HUI
scores was fair.
The Generalizability of MAUFs. General population samples as well as other more
focused samples have been used to estimate MAUFs for widely used generic preference-based
measures. How generalizable are these functions? Do scoring functions based on community
preferences for the same instrument differ among countries? The evidence is mixed. For the
Quality of Well Being Scale (QWB), the original estimates from the early 1970s were based on
community preferences in San Diego, California. Estimates derived from preference elicitation
from patients with arthritis in the northeastern United States (Balaban et al. 1986) and estimates
derived from a community sample in Trinidad and Tobago (Hector et al. 2010) are very similar
to the original San Diego results; see also Kaplan (1994). Similarly, estimates for HUI2 based on
a community sample are very similar to estimates based on a sample of parents of children with a
life-threatening cancer (Wang et al. 2002). The UK (McCabe et al. 2004) and Canadian
(Torrance et al. 1996) HUI2 scoring functions are similar. Estimated scoring functions for HUI3
based on results in Canada (Feeny et al. 2002), the Netherlands (Raat et al. 2004), France (Le
Galès et al. 2002), and Spain (Ruiz et al. 2003) are very similar. Salomon and colleagues, in a
study that elicited preference scores from more than five countries, note that “we have reported
compelling evidence that contradicts the prevailing hypothesis that assessments of disability
must vary widely across samples with diverse cultural, educational, environmental, or
demographic circumstances” (Salomon et al. 2012, p. 2139).
In contrast, there often appear to be important differences in scoring functions for the
EQ-5D estimated in different countries (Knies et al. 2009; Xie et al. 2014; Oremus et al. 2014;
Norman et al. 2009). For instance, while there is some agreement in time-tradeoff scores for

14

mildly impaired states when comparing results from UK and US studies, there is considerable
divergence in scores for more severely affected states (Johnson et al. 2005). Furthermore, the UK
(Dolan 1997) and US (Shaw et al. 2005) scoring functions for EQ-5D differ in a number of
important ways. For instance, the score for the all-worst EQ-5D state using the UK scoring
function is -0.59, while the score for the same state based on the US scoring function is -0.11.
The UK and Japanese functions also differ importantly (Tsuchiya et al. 2002). Similarly, Badia
and colleagues (2001) report important differences in the UK and Spanish scoring functions.
The conventional wisdom is that, all other things being equal, it would be desirable to
employ a scoring function based on community preferences from the country in which the results
of the cost-effectiveness analysis will be used. In practice, for many instruments, experience to
date indicates that results would probably not differ importantly if a scoring function from
another country were used (HUI2, HUI3, QWB), while for other instruments results probably
would differ importantly (EQ-5D-3L). Further, the use of country-specific scoring functions
(sometime of uneven quality) reduces the scope for transnational comparisons of study results.
The consistent use (at least in a sensitivity analysis) of the scoring system for an instrument
based on a high-quality study would enhance the comparability among studies conducted in
different countries.
Online Appendix 7.6: Empirical Evidence on Functional Form [Section 7.4, p. 174]
The linear additive functional form has been employed to estimate a number of multiattribute utility functions (MAUFs) for the EQ-5D system (Badia et al. 2001; Dolan 1997;
Greiner et al. 2003; Shaw et al. 2005). In all of these cases the investigators found that adding ad
hoc terms substantially improved fit. For example, for the estimation of a scoring function for
EQ-5D based on community preferences in the United Kingdom, Dolan (1997) added an ad hoc
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term for any level other than Level 1 and an ad hoc term for any attribute at Level 3. Similarly,
Brazier and colleagues (2002) and Brazier and Roberts (2004) for the SF-6D add a term when
any attribute was at its most severe level.
That investigators found that adding ad hoc additional terms enhanced the fit is indirect
evidence that suggests that the linear additive functional form may be inappropriate. This
inference is consistent with the results reported by Busschbach and colleagues (1999), who used
the multiplicative functional form to estimate a MAUF for the EQ-5D-3L system. Their results
rejected the linear additive form and found that the attributes were preference complements.
Brazier and colleagues (2011) and Yang and colleagues (2014) also present evidence that is
inconsistent with the linear additive model.
As noted earlier, the linear additive form is a special case of the multiplicative. Results
from the estimation of the HUI1 (Torrance et al. 1982), HUI2 (McCabe et al. 2004; Torrance et
al. 1996; Wang et al. 2002), HUI3 (Feeny et al. 2002; Le Galès et al. 2002; Raat et al. 2004; Ruiz
et al. 2003), Assessment of Quality of Life (AQoL) (Hawthorne and Richardson 2001;
Hawthorne et al. 2001), and more recent AQoL-8D (Richardson et al. 2015) all reject the linear
additive functional form in favor of the multiplicative and report preference complementarity
among the attributes included in their systems (see also Montejo et al. 2011; Salomon et al.
2003). Similar results rejecting the linear additive in favor of the multiplicative are reported for a
number of condition-specific MAUFs (Beusterien et al. 2005; Lo et al. 2006; Revicki et al.
1998a; Revicki et al. 1998b). These studies reporting on results for four generic preference-based
multi-attribute measures and four condition-specific preference-based multi-attribute measures
call into question the validity of the reliance on the linear additive functional form. In the context
of estimating utility functions based on data from discrete-choice experiments, van der Pol and
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colleagues (2014) present evidence that non-linear specifications fit the data better than the linear
additive functional form.
Online Appendix 7.7: Technical Details of Direct Utility Measurement Approaches [Section
7.5, p. 174]
Importance of Visual Aids in Direct Elicitation Tasks. There has been an increased
understanding of the importance of visual aids in assisting respondents in the valuation task.
(Figures depicting the standard gamble, time-tradeoff, and visual analogue scale and a number of
sample visual aids can be found in Drummond et al. 2005; Feeny 2005a; Feeny 2005b; and
Furlong et al. 1990.) The usefulness of visual aids in improving understanding of small
probabilities was demonstrated in the early 2000s through research on contingent valuation
(Corso et al. 2000). The importance of visual aids is also supported by more recent research by
Zikmund-Fisher and colleagues (2014) that demonstrates the need for visual aids to overcome
many respondents’ low numeracy skills. Early standard gamble surveys were typically
administered face-to-face using chance boards to assist respondents in conceptualizing the
choices. Now such surveys are often conducted via computer either face-to-face using a tablet or
over the Internet; both of these approaches can support the inclusion of visual aids to assist
interpretation of the presented choices.
Violation of Constant Proportional Tradeoffs. For the time-tradeoff technique, research
conducted since the original Panel has demonstrated an effect of time preference on timetradeoff scores (Attema and Brouwer 2010; Bleichrodt and Johannesson 1997; van der Pol and
Roux 2005). In other words, the amount of time traded has not been shown to be proportional
when different lengths of time are used as the denominator tradeoff amount (e.g., 10 years, 20
years, or 40 years), which results in different utility scores. Further, it has been noted that the
17

time-tradeoff question confounds preferences for the health states themselves with time
preference; this is because the years of life that are “sacrificed” in the time-tradeoff come at the
end of the life span and, therefore, may be valued less (because they are farther into the future).
A method of correcting for time preference in the analysis of time-tradeoff data has been
suggested (Johannesson et al. 1994), but has seldom been used.
Reliability and Validity of Direct Measurement Approaches. Relatively little additional
research has examined the measurement properties (reliability, validity) of direct elicitation
methods. Earlier work demonstrates that test-retest reliability for these methods ranges from 0.63
to 0.8 (Froberg and Kane 1989; Nease et al. 1995). Recent studies report similar levels of
reliability. Recent evidence has also suggested that the standard gamble and time-tradeoff
methods have ceiling effects for mild health conditions.
Chronic and Temporary Health States. Chained approaches use a modification of either
the standard gamble or time-tradeoff in which the lower or upper bound is an intermediate state
instead of perfect health or dead. The resulting value is then transformed onto the 0 to 1 utility
scale by asking an additional “chaining” question, in which the respondent values the
intermediate health state on the “perfect health” to “being dead” scale. The waiting tradeoff was
designed to assess states associated with diagnostic testing; in it the utility score is derived from
the respondent’s waiting time for an ideal test compared with not waiting for the actual test. The
sleep tradeoff, in which the “dead” state is replaced by a “dreamless sleep,” and modified timetradeoff, in which the conventional time-tradeoff is combined with an open-ended response, were
developed to improve respondents’ understanding of the task. Further research is needed to
measure the performance of these techniques and to guide the selection of methods when
traditional elicitation methods are difficult to apply.
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States Worse than Dead (WTD). In light of challenges around states WTD, additional
alternatives for analyzing time-tradeoff data continue to emerge, such as strategies focusing on
median rather than mean valuations (Lamers 2007; Li and Fu 2009; Shaw et al. 2010) or
regression-based approaches that lead to alternative estimators under the rubric of “episodic
random utility” (Craig and Busschbach 2009), but consensus on an ideal approach remains
elusive. Under these circumstances, other research has focused on revised time-tradeoff question
formats such as the “lead-time approach” (e.g., Buckingham and Devlin 2006; Devlin et al.
2011; Robinson and Spencer 2006).
Special Populations: Eliciting Preference Scores from Children. Direct elicitation
approaches also pose additional methodological challenges for children’s health. Briefly, schoolage children and adolescents older than 12 years may be able to respond to standard gamble and
time-tradeoff questions (Juniper et al. 1997). However, younger children require proxy
respondents, and the natural proxy respondent, a parent, may not be able to serve as an unbiased
respondent. There are other challenges, such as how or whether it is possible to include aspects
of child health that do not represent easily defined domains, such as the opportunity for normal
growth and development, or a change in the preference attached to a domain as a child ages.
Moreover, existing health state utility instruments may be used for valuing pre-teen or adolescent
health until new instruments, such as the EQ-5D-Y or CHU 9D, are available for use. An
additional consideration is that for community-perspective ratings, the community would ideally
also include children; however, it will not be feasible to include children of younger ages. For
children, the appropriate valuation approach should be determined by the age of the child,
whether existing instruments adequately cover the anticipated domains of the specific state of
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health or change in health being considered for valuation, and the feasibility of collecting
primary data.
Psychophysical Approaches. This section provides additional details on the approach and
psychometric properties for utility measurement methods derived from the psychophysical
tradition: the paired-comparison approach, and rating scale methods. Alternative methods, such
as magnitude scaling, have not been frequently used and are not discussed here.
Intra-rater reliability of rating scale techniques has ranged from 0.70 to 0.94 (Froberg and
Kane 1989). Correlation of test-retest reliability at 1 week using a rating scale approach has been
reported as 0.77 (O’Connor et al. 1987); at 1 year, another study reported a correlation of 0.49,
comparing unfavorably with test-retest reliability of the time-tradeoff technique (Torrance 1976).
Schunemann and colleagues (2007) report test-retest reliability of 0.86 for the Feeling
Thermometer.
Rating scale methods are highly familiar to most people from a variety of everyday
experiences in which they are asked to provide information on an array of experiences (e.g.,
sporting events, movies, levels of pain) using this technique. It has been suggested that the
cognitive burden for respondents is lower than with other techniques. However, empirical work
has shown that people have difficulty directly assigning a number to feelings about health states
(Patrick et al. 1994). In addition, some investigators have found that individuals are unable to
provide an explanation of the relationship of their responses on a rating scale to the concepts of
welfare or utility that would be the foundation of decisions about resource allocation (Richardson
1994).
Issues include end-of-scale aversion and context effects (Streiner and Norman 1995;
Torrance et al. 2001). Rating scale methods typically yield health utility scores that are “closer to
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the middle of the range” and that can be lower or higher than scores elicited using standard
gamble or time-tradeoff methods. Category scaling is considered to be limited by its use of a
fixed number of categories in the scaling task; people are held to be capable of making much
more accurate judgments of the relative magnitude of stimuli than category scales permit
(McDowell and Newell 1996).
Online Appendix 7.8: Collecting Ordinal Information [Section 7.5.2, p. 174]
There are a variety of different types of ordinal information corresponding to different
modes of data collection, including:
•

Discrete choice data are elicited by asking respondents to choose between two or
more alternatives (health states) typically described by their levels along several
dimensions. In the context of the health valuations, these choices are stated choices
by which respondents indicate their selection from amongst a set of alternatives. The
framing of the choice may be in terms of which state the respondent would choose to
live in for some defined amount of time, or in terms of a judgment as to which state is
associated with the best health level overall. Discrete choices may take the form of
paired comparison, in which respondents indicate the preferred option between the
two alternatives, or they may be presented as choices of the most preferred alternative
amongst a choice set including more than two alternatives.

•

Respondents may be asked to provide a complete rank ordering of a set of health
states from the best to the worst (or vice versa). This information may be elicited
either through an open-ended sorting task, or through a more structured interview
protocol.
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•

Less commonly used in health valuations for cost-effectiveness analysis, ordered
categorical response scales constitute an alternative data collection mode, although
this type of information differs from rankings or paired comparisons in that no direct
comparison is made between health states. Instead, respondents are asked to rate each
health state individually in terms of how good or bad they regard the level of health
associated with that state overall, using a defined set of response categories. For
example, respondents may be asked to characterize the overall health associated with
a particular state as excellent, very good, good, fair, or poor.

The starting point for imputing interval-scale (cardinal) scores from ordinal information
is an assumption that choices over sets of items are related to latent cardinal values that are
distributed around the mean levels for each item. Under this framework, a person may choose an
item with a lower mean value than another item due to individual variability or random error.
The frequency of these reversals is related to the proximity of the mean values for different items
on the latent scale. Mean values that are far apart, in other words, will produce greater agreement
in preferences than mean values that are close together.
A similar logic applies to a complete ordering of states if we regard this ordering as
resulting from a series of discrete choices. For example, the ordering of three items, A, B, and C,
may be regarded as a sequence of discrete choices, either through paired comparisons (A over B,
A over C, and B over C) or choices within subsets (A from the set {A, B, C}, then B from the set
{B, C}). The key assumption that allows this translation is called Luce’s choice axiom, or
independence from irrelevant alternatives, which we will discuss further in Online Appendix 7.9.
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Online Appendix 7.9: Alternative Approaches for Estimating MAUFs: Based on Ordinal
Data [Section 7.5.2, p. 175]
As described above, there has been a recent increase in interest in estimating health
valuations from ordinal data, such as those collected from ranking or discrete-choice exercises.
As with data collected using more conventional elicitation methods such as the standard gamble
and the time trade-off, ordinal data collection techniques may also be used in an overall
estimation framework for MAUFs. In such a case, discrete choice and ranking exercises could
take as stimuli health states described using generic descriptive systems such as EQ-5D, HUI,
QWB, or SF-6D, but could also take other stimuli, e.g., condition-specific health-state
descriptions. If stimuli are described by a standardized system with multiple dimensions, then
modeling choices as a function of these dimensions allows estimation of scoring functions for the
descriptive system, as described in Online Appendix 7.5. Modeling approaches to estimating
MAUFs based on ordinal data are typically based on the random utility model, attributed to Luce
(1959) and McFadden (1974). This model has two components: (1) a statistical model that
describes the probability of ranking a particular health state higher than another, given the
(unobserved) cardinal utility associated with each health state; and (2) a valuation function that
relates the mean utility for a given health state to a set of explanatory variables. The latter is
analogous in models of interval-scale data to the MAUFs described above. Readers are referred
to several studies in the literature which describe the modeling approach in detail (e.g., McCabe
et al. 2006; Salomon et al. 2003). A prominent example of the use of this approach in developing
a MAUF is the recent work to develop a scoring system for the five-level version of the EQ-5D
(Oppe et al. 2014).
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Online Appendix 7.10: Alternative Approaches for Estimating Utility Scores [Section 7.8,
p. 181]
There are situations in which the analyst cannot rely on multi-attribute measures as the
source for utility scores. Many cost-effectiveness studies do not include the collection of primary
data for the valuation of health outcomes. Further, in some cases the analyst has evidence from
previous studies that generic preference-based measures do a poor job of distinguishing
differences in health-related quality of life by severity (or other factors) and/or were not
responsive in that clinical context.
A variety of alternative approaches have been developed to generate utility scores in
these situations. There are two broad categories of approaches: (1) mapping or cross-walks and
(2) the development of condition-specific preference-based measures (discussed above).
The Mapping Approach. The mapping approach involves imputing scores for a generic
preference-based measure on the basis of information from a non-preference based measure.
Mappings have been developed both for generic and condition-specific measures. In order to
create the mapping algorithm based on the statistical association between the two measures, the
analyst uses one or more data sets that include both measures. For instance Fryback and
colleagues (1997), using data from the Beaver Dam Health Outcomes Study, created a
regression-based equation to impute Quality of Well Being (QWB) scores from Short-Form 36
(SF-36) data. Similarly, Nichol and colleagues (2001) imputed HUI2 scores from SF-36 data.
Revicki and colleagues (2009) developed a regression-based model to predict EQ-5D scores
from patient-reported outcomes measurement information system (PROMIS) global items. A
number of systematic reviews and examinations of the methodologies of mapping studies have
been published (Ades et al. 2013; Brazier and Tsuchyia 2010; Brazier et al. 2010; Chan et al.
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2014; Lin et al. 2013; Longworth and Rowen 2013; Mortimer and Segal 2008; Payakachat et al.
2014; Petrou et al. 2015).
A variation is the “bolt on” approach, in which a relevant attribute is added to an existing
generic preference-based measure to accommodate its importance in that clinical context (Yang
et al. 2015). This requires the development of a new augmented scoring function, typically based
on a linear additive MAUF. An example is the addition of sleep to the EQ-5D system (Yang et
al. 2014). Interestingly, the inclusion of sleep had little effect on the MAUF. Brazier and
colleagues (2011) suggest that the “bolt on” approach works only if the underlying scoring
function is linear additive. They report on an effort to add a pain and discomfort attribute to a
condition-specific asthma measure and note that the effect of adding the new attribute to the
overall scores was “not simply additive in its impact on health state values” (p. 250). In a more
recent study, Yang et al. (2015, p. 58) conclude that “therefore an additive model to incorporate
the bolt-on is likely to be inadequate.”
A number of generalizations emerge from these reviews of mapping approaches. First, it
is important to have strong empirical evidence that generic preference-based measures perform
poorly in this context. An expert evaluation of content validity is not sufficient evidence to
justify developing a mapping algorithm. Second, a key is the extent of overlap in attributes
between the non-preference-based measure and the target preference-based measure. If there is
little overlap between the two measures, the accuracy of predicted preference-based utility scores
is compromised. In particular for mappings based on condition-specific measures, the fact that
those measures typically do not reflect the side effects of treatment or burdens of comorbidities,
can be a serious drawback.
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Brazier and colleagues (2010, p. 220) summarize the role of mapping algorithms as
follows: “the use of mapping functions is always a second-best solution to using a preferencebased generic measure in the first place (or arguably using a preference-weighted conditionspecific measure), but is often necessary for pragmatic reasons.”
Online Appendix 7.11: Alternative Approach Based on the Item-Response Theory
Approach to Assessing Health Status and the Patient Reported Outcomes Measurement
Information System (PROMIS) Project [Section 7.8, p. 181]
Recent applications of the item-response theory (IRT) approach to the assessment of
health status, especially when linked to computer adaptive testing, provide the potential for
highly efficient and precise assessments of health status that involve little burden for
respondents. IRT has been widely used in educational testing for decades and has recently been
applied to the assessment of health status. IRT describes in probabilistic terms “the relationship
between a person’s response to a survey question and his or her level of the ‘latent variable’
being measured by the scale” (Reeve and Fayers 2005, p. 55). The latent variable, in the present
context, is the domain or attribute of health status being assessed.
With computer adaptive testing, a respondent who, for instance, indicates that she is able
to walk a block on flat ground without any difficulty need not be asked if she can walk from her
bedroom to her front door. Instead, the respondent would be asked about her ability to participate
in more strenuous activities in order to assess her level of physical function.
IRT models are unidimensional; that is, “the set of items measure a single continuous
latent construct” (Reeves and Fayers 2005, p. 62). Begun in 2004, PROMIS
(http://www.nihpromis.org/?AspxAutoDetectCookieSupport=1#1) has been applying IRT
methods to develop item banks and scales for a broad array of domains or attributes, including
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anger, anxiety, depression, applied cognition-abilities, applied cognition-general concerns, painbehavior, pain-interference, physical function, satisfaction with participation in social roles,
fatigue, and sleep disturbance (Cella et al. 2010). As evidence on the test-retest reliability, crosssectional construct validity, and responsiveness of the PROMIS scales accumulates, it should
become clearer whether or not the PROMIS system provides an effective and efficient way to
collect data on health status. Further, techniques for multi-dimensional IRT and other advanced
methods are being developed and are beginning to be applied in health assessment (Reise and
Revicki 2015).
Of course, to use such data in cost-effectiveness analysis, the analyst would need to link a
preference-based scoring system to PROMIS data. There are a number of ongoing projects to
develop preference-based scoring systems for various PROMIS scales (Craig et al. 2014a; Craig
et al. 2014b). Revicki and colleagues (2009) have developed a regression-based model to predict
EQ-5D-3L scores from PROMIS global items. The use of PROMIS scales linked to preferencebased scoring systems will likely provide another useful approach for assessing and valuing
outcomes for cost-effectiveness analyses. Krabbe (2013) describes an elegant model to combine
the IRT and multi-attribute utility paradigms.
Online Appendix 7.12: Use of Patient-Derived Data Outside of Cost-Effectiveness Analysis
[Section 7.9.2, p. 183]
The Health-Related Quality-of-Life Measurement Tradition. Health measurement outside
of the field of cost-effectiveness analysis has focused almost exclusively on patient-reported
outcomes. Within the field of “health-related quality of life” or “patient-reported outcomes”
measurement, it is taken as given that patients are the experts in reporting how disease and
treatments have affected their health (Feeny et al. 1990; Guyatt et al. 1993; Streiner and Norman
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1995). To the extent to which the “source of valuation” question is discussed within this
tradition, the question that arises is whether any source other than patients can be used reliably.
For interventions involving children or the elderly, proxy respondents are sometimes used, and
there is a significant literature evaluating the concordance between proxy and patient respondents
(Epstein et al. 1989; Naglie 2007; Neumann et al. 2000; Rothman et al. 1991). Thus, it is
important to note that the major research tradition in outcomes research starts from a position
almost diametrically opposed to the mainstream view in cost-effectiveness analysis, and places
patients’ reports regarding their own health at the center of the health measurement and valuation
enterprise. Of course, that patients are often better informed about the health states associated
with their condition and its treatment does not imply that their values are different or more valid.
The Growing Role of Patient Preferences in Clinical and Social Decision Making.
Bensing (2000) has argued that patient-centered medicine is one of the two paradigms that has
dominated modern medicine. The trend toward patient-centered medicine is characterized by an
increased emphasis on patient experience rather than the patient’s disease, and an increased role
for patients in decision making. The establishment of the Patient Centered Outcomes Research
Institute (PCORI) in the United States and the increasing number of journals (e.g., The Patient),
academic societies (International Shared Decision Making Conference), and publications
devoted to content and methods associated with patient choice, patient preference measurement,
and the growing role of patient preferences within the clinical practice guideline movement all
testify to the increasing role that patients’ values and preferences are playing within the field of
clinical decision making.
With respect to decision making for health systems, the role of patients is also growing.
Many health technology assessment (HTA) agencies, for example, have expanded the role of

28

patient and consumer participation. First, HTA agencies are increasingly gathering direct
information about patient perspectives. This can take the form of soliciting input from patients or
patient groups regarding their experiences (see, e.g., National Institute for Health and Care
Excellence [NICE] 2013). Or it may take the form of formal reviews of published qualitative and
quantitative studies of patients’ experiences (Brooker et al. 2013). Second, HTA agencies are
increasingly attempting to bring patients into the entire process of technology evaluation, starting
with scoping the problem, gathering evidence, assessing value, appraising the evidence,
developing recommendations, and ensuring dissemination of findings (Facey et al. 2010; Hailey
and Nordwall 2006). In the Hailey and Nordwall (2006) survey of 37 HTA agencies conducted
in 2005, the authors found that 57% already involved consumers/patients in some way and 83%
intended to involve consumes in the future. Involvement included topic formulation, preparation
of assessments, preparation of summaries of HTA results, and dissemination.
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