Chapter 9.4

ESTIMATING HEALTH STATE VALUATIONS
USING A MULTIPLE-METHOD PROTOCOL

JosHuUA A. SALOMON AND CHRISTOPHER J.L. MURRAY

INTRODUCTION

In any summary measure of population health such as healthy life expect-
ancy (WHO 2000), disability-adjusted life years (Murray 1996), quality-
adjusted life expectancy (Kaplan and Erickson 2000) or health-adjusted
life expectancy (Rosenberg et al. 1999), one essential data input is a set
of valuations that assign weights to health states that are worse than ideal
health. These health state valuations provide the critical link between
information on mortality and information on non-fatal health outcomes.
In order to serve as the basis for the combination of these two types of
information, health state valuations must provide a cardinal measure of
the value placed on time spent in a particular health state, relative to time
spent in ideal or full health. It is important that any discussion of health
state valuations in summary measures begins with a clear understanding
of this requirement. As Essink-Bot and Bonsel point out in chapter 9.1,
much of the confusion in the research on health state valuations has re-
sulted from the failure to recognize that strategies for measuring these
valuations may differ depending on their intended use.

A range of different methods for eliciting health state valuations have
been proposed and used widely, including the standard gamble, time trade-
off, visual analogue scale and person trade-off (Froberg and Kane 1989;
Nord 1992). Thus far, there has been little agreement as to which method
is most appropriate, stemming in part from the lack of clarity regarding
the need to tailor the approach to the application. Arguments for and
against different methods have been based on ethical grounds (Arnesen and
Nord 1999), economic theory (Torrance 1976), and comparisons of psy-
chometric properties (Krabbe et al. 1997). Many of the proponents of
different approaches, however, have implicitly acknowledged that perhaps
none of the available approaches is ideal.

In a number of empirical studies in which multiple methods have been
used, the different methods have yielded different valuations for the same
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set of states (Dolan et al. 1996; Torrance 1986), although high correla-
tions between the different measures have been observed. In some stud-
ies, mathematical relationships between responses on different types of
valuation questions have been estimated (Dolan and Sutton 1997). This
strategy is motivated by the assumption that one of the available meth-
ods must be selected for practical purposes, and it may be useful to de-
velop a convenient function that would allow the transformation of
valuations obtained using another method to the equivalent valuations that
would be expected from the chosen method. Yet, if in fact none of the
available measurement techniques provides the cardinal valuation mea-
sure that is required for summary measures of population health, it is
worth considering whether transformations from one to another of these
techniques is the most appropriate way to proceed.

In this paper, we propose an alternative, which acknowledges that none
of the available methods gives us the exact quantity of interest, but that
each of them produces responses from which this quantity may be imputed.
By formalizing our understanding of how each of the valuation techniques
captures other values or sources of bias in addition to the value of the
health state itself, we aim to recover the underlying health value function
from responses to four different types of valuation questions applied to a
range of different health states.

This paper presents our approach to estimating health state values using
a multiple-method exercise and describes the design, implementation and
analysis of a first study of this approach.

METHODS

HEALTH STATE VALUATION EXERCISE

A multiple-method health state valuation exercise was implemented among
a convenience sample of 69 public health professionals from 28 different
countries.

Twelve health states were selected to span a range of different severity
levels. The states were described by brief labels and standardized descrip-
tions of levels on six dimensions of health (mobility, self-care, usual ac-
tivities, pain/discomfort, anxiety/depression and cognition) based on the
modification of the EuroQol EQ-5D classification system that increases
the number of levels in each domain from three to five and includes cog-
nition as an additional domain (Brooks 1996; Krabbe et al. 1999).

The exercise consisted of 5 different tasks:

¢ ordinal ranking of the 12 states with the aid of index cards;

¢ valuation of the 12 states using a visual analogue scale (VAS) anchored
by the best imaginable health state at 100 and death at 0, and with 100
equally-spaced tick marks, labelled at every even number;
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¢ valuation of the 12 states using a time trade-off (TTO) question and
self-completed worksheets, followed by the opportunity to examine and
revise all 12 TTO valuations;

¢ valuation of the 12 states using a standard gamble (SG) question and
self-completed worksheets, followed by the opportunity to examine and
revise all 12 SG valuations; and

¢ valuation of the 12 health states using a person trade-off (PTO) ques-
tion and self-completed worksheets, followed by the opportunity to
examine and revise all 12 PTO valuations.

The format of each of the valuation tasks was as follows:

1. Ordinal ranking. Respondents were asked to consider each health state,
imagining what it would be like for them to live in that health state.
They were asked to assume that the life expectancy in each health state
would be the same (10 years). They were then asked to rank them from
the most desirable to the least desirable state.

2. Visual analogue scale. Respondents again were asked to imagine what
it would be like for them to live in each of the health states for a dura-
tion of 10 years. The instructions reminded them to try to use the ac-
tual distances on the scale in a meaningful way, such that states that
are similarly attractive would be placed close together while states that
are very different would be placed far apart. They were asked to indi-
cate the exact point on the scale where they would place each state,
relative to the best imaginable health, death and all of the other states.

3. Time trade-off. Respondents were asked to imagine that they were liv-
ing in the health state with a life expectancy of ten years, and faced a
choice between 2 options: (1) to remain in that health state for the 10
remaining years of life; or (2) to be restored to perfect health but live
for a shorter period of time. A worksheet for each health state guided
the respondents through a series of trade-offs in which the number of
years of shortened life expectancy in return for improved health was
varied. The worksheet was designed to help respondents determine their
indifference point, which consisted of the number of years in perfect
health that would make the two options equally attractive.

4. Standard gamble. Respondents were again asked to imagine that they
were living in the health state with a life expectancy of 10 years, but
this time the choice was between: (1) remaining in that health state with
100% certainty for the 10 remaining years of life; or (2) accepting a
risky procedure that offers some probability of being raised to perfect
health for the remaining 10 years but also carries some risk of imme-
diate death. A similar worksheet was used in which the respondents
answered a number of different trade-offs with varying levels of risk,
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in order to identify the indifference point where the risky option would
be equally attractive as the certain option.

5. Person trade-off. Respondents were asked to imagine that they were
decision-makers facing a difficult choice between two different
programmes, with only enough money to fund one of them. The first
programme would prevent the deaths of 100 perfectly healthy individu-
als, thereby extending their lives for 10 years, while the second
programme would prevent the onset of some health problem in a cer-
tain number of healthy people, thereby improving their health expect-
ancy from 10 years in a state worse than perfect health to 10 years lived
in perfect health. A worksheet was provided to help respondents iden-
tify their indifference point, where the number of cases of prevented
health problems would balance the prevention of 100 deaths.

Before beginning each task, basic instructions were given, and two
volunteers were led through examples. After the instruction, individuals
were allowed to complete each task for the 12 states. For the time trade-
off, standard gamble and person trade-off, once respondents had com-
pleted the exercise for all 12 states, they were presented with their
responses for all 12 conditions and allowed to revise any of the values if
they wished to do so.

ANALYSIS

The goal of the analysis was to use the entire collection of responses for
each individual to impute the health state values required in the construc-
tion of summary measures. In order to achieve this goal, the first step was
to formalize the relationship between responses on each type of measure-
ment method and the underlying values of interest using flexible paramet-
ric forms.

For each of the four measurement methods—visual analogue scale, time
trade-off, standard gamble and person trade-off—we assumed that re-
sponses were described by an increasing function of the underlying value
for the state (i.e. more severe states would be ranked as such by all meth-
ods), with specification of the functional form guided by relevant theo-
retical and empirical findings. We describe these functions briefly in this
section and include complete mathematical details in the Technical
Appendix.

For each measurement method, at least one auxiliary parameter was
needed to describe the transformation from the underlying value function
to the response function:

* Based on the common observation that the standard gamble reflects
both strength of preference for a health state and an individual’s atti-
tude towards risk, we modelled standard gamble responses as a func-
tion of the underlying valuation and a risk aversion parameter. We
examined several different formulations including exponential, loga-
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rithmic and power functions, based on the theoretical framework pre-
sented in Bell and Raiffa (1998).

¢ For the person trade-off, proponents have recognized that responses
depend both on the level of health in a particular state and on distri-
butional concerns (Arnesen and Nord 1999). In responding to person
trade-off questions, some individuals may be reluctant to choose to
prevent large numbers of non-fatal health outcomes when the option
of preventing deaths is available. We have therefore modelled the per-
son trade-off responses using similar functions as those used for the
standard gamble, but allowing for a distinct parameter to capture this
“rule of rescue” (Hadorn 1991).

¢ For the visual analogue scale, a long-standing result from psychophys-
ics suggests that individual perceptions of sensory stimuli of varying
intensities tend to follow a power function transformation of the true
intensity levels (Stevens 1957). We have based the model for the VAS
responses on this finding, including a coefficient that determines the
amount of curvature in the power function.

® For the time trade-off, responses will vary depending on the degree of
time preference that individuals exhibit. If individuals have non-zero
discount rates, then the two streams of life that are compared in the time
trade-off (e.g. 10 years in state X and § years in perfect health) must
first be translated into their equivalent present values in order to com-
pute the implied health state value. We have assumed an exponential
discounting model, with a single parameter to capture the discount rate.

Given the specification described above, the model included a total of
16 parameters of interest: 12 health state values, plus 4 auxiliary param-
eters.

We used maximum likelihood methods to estimate the parameters in
the model. It was assumed that the stochastic component of the model
followed a truncated normal distribution constrained between 0 and 1.
Inspection of the distributions of responses on the different measures
suggested strong heteroskedasticity, which was confirmed in regressions
of the standard deviation of responses by the mean values for each method.
We therefore specified the variance of the truncated normal distribution
as a linear function of the expectation, and allowed the slope and inter-
cept of the function to differ by valuation method.

In order to represent the uncertainty around the model estimates, we
undertook numerical simulations of the results by sampling from the joint
distribution of the estimated parameters obtained from the maximum like-
lihood estimation, and recalculating the quantities of interest for each set
of sampled parameters. This approach allowed us to develop bounds
around the estimated strength of preference values and auxiliary param-
eters in the model that reflected important estimation uncertainties.
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RESULTS

Responses from the four different measurement methods are summarized
in Figure 1.

Overall, the visual analogue scale tends to give the lowest values for a
given health state, with the smallest variance across respondents. Time
trade-off values tend to be slightly higher than VAS values, followed by
standard gamble and finally, person trade-off. For severe states, the stan-
dard gamble and person trade-off methods both produce considerably
higher variance across respondents than either the time trade-off or visual
analogue scale.

Figure 2 plots the mean valuations against the standard deviations for
each of the different methods. As this figure illustrates, there are system-
atic differences in the standard deviations for the four different methods.
Furthermore, the standard deviations appear to be strongly associated with
the mean level, especially for the time trade-off, standard gamble and

Figure | Mean response and interquartile range across 69 respondents
for 12 states and 4 valuation methods
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BKA: Below the knee amputation.
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person trade-off. This relationship formed the basis for the heteroskedastic
formulation of the stochastic model in the estimation procedure.

Table 1 lists the estimated severities for the 12 states in this study, along
with the approximate 95% confidence interval for each estimate. The rank
order of the estimated severities is consistent with the rankings from the
four measurement methods. Because the methods have distinguished the
effects of risk aversion and equity concerns from the severity of the health
state, mild health states have a lower rating than the valuations in previ-

Figure 2 Mean valuations and standard deviations by method and state
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Table | Estimated health state valuations and ranges based on
multiple-method protocol using visual analogue scale, time
trade-off, standard gamble and person trade-off techniques
State Severity Range*
Quadriplegia 0.29 0.23-0.37
Active psychosis 0.31 0.24-0.39
Major depression 0.36 0.28-0.44
Hemiparesis 0.43 0.35-0.52
Below the knee amputation, both legs 0.45 0.36-0.54
Blindness 0.50 0.40-0.59
Two broken arms 0.49 0.41-0.59
Below the knee amputation, one leg 0.60 0.50-0.68
Deafness 0.71 0.62-0.79
Chronic bronchitis 0.77 0.68-0.84
Watery diarrhoea 0.84 0.76-0.89
Vitiligo on face 0.89 0.83-0.94

a. 95% confidence interval.
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ous studies (Murray 1996). This has important implications for the eco-
nomic analysis of preventive and curative health interventions.

The estimated values for the auxiliary parameters (Table 2) imply that
the respondents are strongly risk averse and have preferences consistent
with strong distributional concerns. The results point to a moderate de-
gree of scale distortion in VAS responses. For the TTO, the model results
indicate negative time preference. The unusual finding of a negative dis-
count rate would imply that individuals consider a unit of health in the
future as more valuable than a unit of health today. While this finding has
been demonstrated in other empirical studies of individual discount rates
(Dolan and Gudex 1995; Ganiats et al. 2000; van der Pol and Cairns
2000), it runs against conventional health economics wisdom. It would
be possible to add further constraints to the model, for example that only
non-negative time preference would be allowed, but the results presented
here are for the unconstrained model. Consideration of alternative func-
tional forms for each of the different measurement methods remains an
important area for further research.

Based on the maximum likelihood estimates of the underlying health
state valuations for the 12 states and the auxiliary parameters, we have
estimated predicted responses for each of the 12 states using the four dif-
ferent methods. The predicted responses fit the observed distributions of
responses quite closely (Figure 3).

DiscussioN

In this paper, we have demonstrated that it is possible to explain responses
to the standard gamble, time trade-off, person trade-off and visual ana-
logue scale based on a consistent set of health state valuations for a range
of states. None of these methods provides a pure measure of strength of
preference, but we may explicitly model the process by which individuals
respond to different types of measurement techniques given the underly-
ing valuation of a health state. The multiple-methods approach presented
here also allows the measurement of levels of risk aversion, time prefer-

Table 2 Maximum likelihood estimates of auxiliary parameters’
State Estimate Standard error
Risk attitude (SG)® 26 0.43
Distributional concerns (PTO) 2.9 0.44
Discount rate (TTO) —-0.089 0.039

Scale distortion (VAS)* 0.83 0.10

a. See Appendix for complete description of parameters.

b. A number > 0 indicates risk aversion. The parameter for distributional concerns in the PTO has a similar
interpretation.

¢. A number < | indicates a convex curve.
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ence, visual analogue scale distortion and distributional concerns in a
group of respondents. One important benefit of this approach is that it
will facilitate the mapping between different measurements and the un-
derlying health state valuations that may be needed for comparison of
different studies.

With wider use of summary measures of population health and eco-
nomic appraisal of health interventions, there is considerable interest in
the extent of cultural variation in valuations of health states (e.g. Ustiin
et al. 1999). Variation across individuals in responding to different types
of questions may be due to at least three different factors: different inter-
pretation of the health state description; differences in risk aversion, time
preference, distributional concerns or visual analogue scale distortion; or
differences in the valuation assigned to the same health state.

One important component of the current research agenda on health
state valuations is to improve the mode of description of health states as
stimuli for valuation. In the study described here, each of the state descrip-
tions included domain levels from a standardized descriptive system. There
may be some doubts, however, as to how much of this information was
actually reflected in the valuations; the extent to which individuals sub-
stitute their own preconceptions about health states for the descriptions
that are provided is an important concern. In ongoing studies, we are
experimenting with alternative modes of description, including the use of
respondents’ own ratings of each health state on a range of domains.

Using a multiple-methods approach as outlined here, it should be pos-
sible to disentangle cultural or individual variation in factors such as risk
aversion or time preference from variation in the value assigned to a health
state. This will require larger datasets and the elaboration of the statisti-

Figure 3 Underlying health state valuations and predicted responses
for 12 states using 4 different valuation methods
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cal model used here to allow for variation in the health state values and
auxiliary parameters. One implication is that observed cross-cultural
variation in the results from one method such as the VAS or TTO should
be interpreted with caution, as it does not necessarily indicate cultural
variation in the health state valuation itself.

A number of limitations in this preliminary study are worth noting.
First, it is important to recognize that different results might be obtained
depending on the functional form of the models that are used. We have
selected models based on previous theoretical and empirical work, but
other plausible alternatives should be considered. As other model formu-
lations are explored, it will be necessary to examine the sensitivity of the
results to the choice of models. The model used for the time trade-off may
require particularly careful inspection. Other methodological advances
may be fruitful, for example, in using Bayesian statistical methods for
incorporating additional prior information into the estimation framework.
The nature of measurement error in the application of these methods also
merits further examination. While the truncated normal distribution im-
proves on the traditional assumption of normality by accounting for the
natural constraints of the data, more work is required before the most
appropriate choice of error distributions is clear.

Despite these limitations, the results of this study suggest that new
approaches to health state valuations may hold promise. We are hopeful
that wider application of these methods can lead to significant improve-
ments in the development of valid, reliable and comparable health state
valuations for use in summary measures of population health and evalu-
ations of the benefits of health interventions.

TECHNICAL APPENDIX

Each measurement technique produces a response for each state, x, on a
scale particular to that method:

Method Response Units and Scale Interpretation

VAS s 0 to 100 Rating of health state x

TTO y years, 0 to 10 Years of perfect health equivalent to 10 years
in state x

SG p risk, 0 to 100% Risk of death at which treatment is equivalent

to certainty in state x

PTO n persons, 100 to o0° Number of averted cases of x equivalent to
100 deaths averted

a. In principle, n may be less than 100, which would imply that preventing cases of health state x is preferred
to preventing deaths of individuals in ideal health. In practice, all respondents indicated values greater than
100 for all states.
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These responses may be rescaled such that each one ranges from 0 to 1,
with 1 being the highest valuation:

SG, =1-p
PO, =1- 1%
n
VAS, = ——
100
TTO, = 2L
10

We then assume that each one of these rescaled responses is an increas-
ing function of the underlying value for the health state v_and an auxil-
lary parameter.

The standard gamble has one parameter 6, that represents an
individual’s risk aversion. The formulation is derived from utility theory,
as described by Bell and Raiffa (1998).

-60v

- U 41

SG, =——
e 41

The person trade-off formulation is parallel to the standard gamble for-
mulation, but in this case the parameter 6, represents aversion to decisions
resulting in loss of life, the so-called “rule of rescue” (Hadorn 1991).

—e ™%V 41

PTO, == —
—e 2+

The visual analogue scale is a power function with one parameter 6,.
This formulation is based on results from psychophysics experiments
(Stevens 1957) and has been suggested by Torrance (1976) in modelling
the functional relationship between VAS and SG.

VAS, =1-[1-v1"

The function for the time trade-off is derived from the following rela-
tion, in which 6, characterizes an individual’s rate of time preference:

1 i(e-weJTox )
L _6 0,
* 1 1 ( —1094)
———e
0, 6,
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If people have some rate of time preference, then both alternatives in
the TTO should be converted to their present values, so the formula for
discounting a continuous stream of life is applied. The function for the time
trade-off simply solves the above equation for TTO .
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