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Methodological Issues of Patient Utility Measurement
Experience From Two Clinical Trials
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This article explores various methodological issues of patient utility meas-
urement in two randomized controlled clinical trials involving 85 patients
with fibromyalgia and 144 with ankylosing spondylitis. In both trials one
baseline and two follow-up measurements of the patients’ preferences for
their own health state and several hypothetical states were performed using
the rating scale and the standard gamble methods.

It was confirmed that standard gamble scores are consistently higher than
rating scale scores for both the experienced and the hypothetical states. The
3-month test-retest reliability for hypothetical states measured by intraclass
correlation coefficients ranged from 0.24 to 0.33 for the rating scale and from
0.43 to 0.70 for the standard gamble. Although the reproducibility is not high,
the group mean scores are fairly stable over time. Mean standard gamble
scores tend to differ depending on the way the measurements are under-
taken. Utilities elicited with chained gambles were significantly higher than
utilities elicited with basic reference gambles. At the individual level some
inconsistent responses occurred. However, more than 70% of these fell
within the bounds of the measurement error, which ranged from 0.11 to 0.13
on the standard gamble (0-1 scale) and from 8 to 10 on the rating scale (0100
scale). The large number of negative utilities for the severe hypothetical
state, which was used as an anchor point in the chained gambles, and the
magnitude of these negative utilities (down to -19) calls for intensified re-
search efforts to handle these responses in utility calculations. Key words:
utility; methodology; standard gamble; rating scale; trials; outcome. (Med
Care 1995;33:922-937)

Decisions regarding the allocation of re-
sources to health care interventions ideally
should be based on the relative costs and
benefits of the alternatives. This requires an
assessment of the societal value of the out-
comes (i.e., various health states) achieved by

these interventions, which can be done by
means of utility measurement. When utility
measurement is applied in clinical trials, pa-
tients are asked to assign a single value to a
health state on a scale ranging from 0 (usu-
ally death) to 1 (usually perfect health), by
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balancing the positive treatment effects
against the negative side effects.! A utility
can be seen as an inclusive, generic quality
of life measure, which reflects the net effect
of treatment. It is designed to allow a broad
comparison of the effects of health care in-
terventions across patient populations.
When such comparisons are made in the
context of cost-utility analyses, utilities
often are used as weights to compute “qual-
ity adjusted life years.” Years of life are multi-
plied by utility weights for the health status
during those years, thus adjusting these life
years for their quality.

In general, two different approaches to
utility measurement have been used in clini-
cal trials.? In the first approach, patients are
asked a number of questions about their
functioning. Their answers are used to rate
them on the various quality of life dimen-
sions of a particular utility measurement in-
strument. Combining these dimensions re-
sults in descriptions of patients’ overall
health states, to which preference values are
assigned. These values are obtained in a dif-
ferent population, usually the general popu-
lation. The majority of utility analyses fol-
lowing this approach have used the health
state preference values that were obtained
by the original developers of the utility in-
struments.? The most commonly used pre-
packaged utility measurement instru-
ments for this approach are Rosser’s
Disability Distress scale,* Kaplan’s Quality
of Wellbeing scale,® and Torrance’s Health
Utility Index.6

In contrast to the use of prepackaged sys-
tems, the second approach to utility meas-
urement is to ask patients to assign a single
preference value to their overall quality of
life. This self valuation by patients has not
been widely undertaken in the past, but ap-
pears to be increasingly used.? The Aura-
nofin trial in rheumatoid arthritis patients is
a well-known example of this approach.”8 It
has yet to be established whether one of
these two approaches or any of the available
utility instruments is superior.

ISSUES IN UTILITY MEASUREMENT

In the two studies in patients with fibro-
myalgia and ankylosing spondylitis, de-
scribed in this article, we opted for the sec-
ond approach. It seems very appealing to us
to incorporate patients’preferences in evalu-
ating a therapy, because only they know the
true implications of a particular health state
from firsthand experience, and their prefer-
ences reflect the relative desirability of dif-
ferent health states to those who should
benefit from the services provided.’

Utilities can be elicited by a number of
techniques of which the rating scale, stand-
ard gamble, and time trade off are the major
ones. A comprehensive description of these
techniques is given by Torrance.’? In our
study only the rating scale and the standard
gamble were used: the first because it is a
very simple technique in which a subject
provides his preference values explicitly by
placing health states on a scale with clearly
defined endpoints (eg, best imaginable
health state and worst imaginable health
state); the second because it is the only tech-
nique that is well-founded on an economic
theory, the Von Neumann and Morgenstern
expected utility theory.’’ We did not con-
sider using the time trade off technique be-
cause, on the one hand, it seems more diffi-
cult than the rating scale and, on the other
hand, it is not founded on a particular the-
ory. Furthermore, for practical reasons the
number of techniques had to be limited. A
fuller description of the rating scale and
standard gamble techniques is given in the
methods section.

A review by Froberg and Kane of meas-
urement issues related to obtaining utilities,
indicated there was a considerable lack of
knowledge about the accuracy of utility
measurement techniques.’>-1® This article
attempts to make a contribution to over-
coming parts of this deficiency by focusing
on those methodological issues of patient
utility measurement that became apparent
in our studies. In the methods section we
will provide a brief description of the pa-
tients and the studies in which the utility
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measurements were incorporated, and the
methodology of utility measurement that
was used. The main body of this article con-
tains four separate sections on methodo-
logical issues. In the first section, a compari-
son is made between rating scale and
standard gamble utilities, whereas in the
second section the reliability of both tech-
niques is compared. The third section con-
cerns the internal consistency of the standard
gamble, and the fourth section addresses
health states valued worse than death. Some
issues, such as the observed differences be-
tween the rating scale and standard gamble
methods,16-1? inconsistent responses, and
the differences between basic reference
gambles and chained gambles?2! have been
addressed before, but usually not in the con-
text of clinical trials. Reliability data are
scarcely reported in the existing literature
and little has been reported empirically on
the occurrence of negative utilities.

Methods
Patients and Studies

Utility measurements were performed in
the context of two randomized controlled
clinical trials in rheumatic patients. These
trials and their results are described in more
detail elsewhere.??23 Patients were recruited
for both studies from outpatient clinics. In
the first study, 85 women with fibromyalgia
(criteria of Wolfe et al)2! were divided ran-
domly into a standardized fitness training
program (n = 35), a biofeedback training pro-
gram (n = 31), and a control group (n = 19).
Their mean + SD age was 44 + 8 years; 82%
were married, 27% employed, and 66% had
a low educational level. At the 6-months fol-
low-up 12 patients dropped out: 6 in the fit-
ness group, 5 in the biofeedback group, and
1 in the control group, all for reasons unre-
lated to their disease.? The baseline charac-
teristics of the dropouts did not differ sig-
nificantly from those of the patients who
completed the study.
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In the second study, 144 patients (21%
women) with ankylosing spondylitis (modi-
fied New York criteria, 1984)% were assigned
randomly to receive either (1) self-adminis-
tered unsupervised individual physical exer-
cise at home (n = 68); or (2) weekly sessions
of group physical therapy in addition to the
same individual physical exercise at home (n
= 76). Their mean + SD age was 43 £ 10
years, and 67% were married, 72% were
employed, and 35% had a low educational
level. By the 9-months follow-up, 9 pa-
tients had withdrawn (8 in the experimen-
tal and 1 in the control group): 4 because of
the inability to exercise individually, 4 owing
to other diseases or pregnancy, and 1 who
had moved. Their baseline characteristics
did not differ significantly from those who
did not withdraw.?®

Because the focus of this article is on
methodological issues, it is not our intention
to address the effectiveness of the thera-
pies.?223 The trial data are used only to illus-
trate some methodological issues.

Methods of Utility Measurement

In the fibromyalgia study, patients were
seen for utility measurement at an outpa-
tient clinic at baseline and at the 3- and 6-
months follow-ups, whereas in the ankylos-
ing spondylitis study utility measurements
were scheduled at baseline, 3-, and 9-
months follow-ups. The measurements were
done by means of the Maastricht Utility
Measurement Questionnaire, a translated
and slightly adapted version of the McMas-
ter Health Utility Index.2627 This instrument
is administered by a trained interviewer and
takes about 30 minutes to complete.

All patients were asked to provide utilities
for three hypothetical reference health
states describing mild, moderate, and severe
impairment in quality of life as well as for
their own health state. The description of
each health state covers 6 dimensions: (1)
activities of daily living, (2) self-care func-
tions, (3) anxiety and depression, (4) leisure
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activities, (5) pain and discomfort, and (6)
side effects from treatment. Each patient de-
scribed his or her own health state by ticking
off one of the 5 functional levels within each
dimension (1 being the best functional level
and 5 being the worst functional level). For
all health states, duration was specified as
“’the rest of your life.”The reference states help
patients to determine the position of their
own health state on the spectrum of possibili-
ties.28 Because the reference states remain
the same throughout the study, they also en-
able the calculation of the test-retest reli-
ability of the utility measurement instru-
ment at the repeated follow-ups.?

As part of the Maastricht Utility Measure-
ment Questionnaire, utilities were elicited
using both the rating scale and the standard
gamble method. In the first part of the base-
line and follow-up interviews, patients rank
the reference health states and their own
health state by preference on a rating scale
with the endpoints of perfect health (100)
and the severe reference state (0). They are
asked to do this in such a way that the dis-
tances between the states represent the dif-
ferences in their preferences. The baseline
interview then continues with standard
gamble questions 1, 2, and 3 as shown in Ta-
ble 1. The first 80 ankylosing spondylitis pa-
tients coming to the 9-months follow-up
were asked an additional fourth question in
which they valued their own current health
state using perfect health and death as out-
comes of the gamble. At the 3- and 9-

TABLE 1.

ISSUES IN UTILITY MEASUREMENT

months follow-up, all patients with ankylos-
ing spondylitis who found that the severe
reference state was worse than death were
asked a fifth question to assess the magni-
tude of the negative utility for the severe ref-
erence state. Throughout this article we will
refer to the question numbers in Table 1.

The standard gamble sometimes is seen
as the gold standard for utility measure-
ment, because it is based directly on the
axioms of the Von Neumann and Mor-
genstern expected utility theory.!! This
theory consists of a number of axioms for
rational decision-making under risk. One
of these axioms specifies the standard
gamble approach to utility measurement.
In each standard gamble question, a pa-
tient is offered a choice between certain
continued life in the health state being
evaluated (hi), and a gamble with chance P
to gain the best outcome of the gamble
(perfect health) and chance 1-P of attain-
ing the worst outcome of the gamble. The
health state being valued must be inter-
mediate between the two outcomes of the
gamble in terms of preference. Chance P
is varied systematically until the patient is
indifferent between continued life in state
hi and taking the gamble. In our studies P
was varied in steps of 10% (P/1-P: 100/0,
90/10, 10/90, 80/20, 20/80, etc). When the
indifference point has been found, the
utilities of the health states (U,;) are calcu-
lated using the following expected utility
equation:

Standard Gamble Questions at Baseline (1, 2, and 3) and at Follow-up (1,2,3,4,5,6)"

Qutcomes of the Gamble

Standard Gamble Question Health State Being Valued Best (P) Worst (1-P)
1 Mild reference state Perfect health Severe reference state
2 Own health state Perfect health Severe reference state
3 Severe reference state Perfect health Death
4 Own health state Perfect health Death
5 Death Perfect health Severe reference state

“Question 4 was only put to 80 ankylosing spondylitis patients at 9 months follow-up; question 5 only at 3- and
9-months follow-up to ankylosing spondylitis patients who found the severe state worse than death.
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Upi =pUy+ (1 -p )Y,
where P is the indifference probability, Ux
is the utility of the best outcome of the
gamble and U, is the utility of the worst
outcome of the gamble.*

Standard gambles with perfect health and
death as potential outcomes are called basic
reference gambles. Because by definition the
utility of perfect health is 1 and the utility of
death is 0, the utility of the health state be-
ing valued in a basic reference gamble is
equal to P.1 + (1-P).0 = P, the indifference
probability. Generally, the more undesirable
the health state being valued, the greater the
willingness to take a risk to escape that
health state, the lower the indifference
probability P, and thus the lower the utility
for that state. Thus, the standard gamble
provides an implicit valuation of a health
state relative to the two possible outcomes
of the gamble.

The worst (or best) outcome of the gam-
ble can be replaced by any other health state
as long as it is worse (or better) than the
health state being valued.?? Such gambles
are called chained gambles, because they
have to be chained to a basic reference gam-
ble that assesses the utility of that other
health state. In our studies, the severe refer-
ence state was substituted for death, to
avoid using death in a gamble that involved
a chronically ill patient’s own health state.
Including death could upset them. More-
over, in the period covered by our studies,
death was unlikely to be a relevant outcome
in the rheumatic disease patient groups we
studied. When the severe reference state is
used as the worst outcome of the gamble (as
in standard gamble question 1 and 2), the
utility for the health state being valued can
be calculated using the same equation as

*The indifference probability is defined as the mid-
point of the two probabilities of perfect health between
which the preference shifts from the gamble to the sure
state. For example, if a patient prefers a gamble with
probabilities 90/10 to the sure health state, but prefers the
sure health state to a gamble with probabilities 80/20, the
indifference probability is 0.85.
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above, where U, is the utility of the severe
reference state, a utility that is measured in
basic reference gamble 3.

In general, when the severe reference
state was considered worse than death, a
utility of 0 was assigned to that state, be-
cause the magnitude of the negative utilities
was not known. Standard gamble question
5, which assesses the magnitude of a nega-
tive utility, was asked of patients with anky-
losing spondylitis only at the 3- and 9-
months follow-up. When indifference is
reached in standard gamble question 5, the
magnitude of the negative utility is calcu-
lated as -P/(1 - P), where P is again the indif-
ference probability.!? Although calculated,
these negative utilities were not used in the
chained gambles.

To facilitate the patients’understanding of
the standard gamble questions, a probability
wheel was used as a visual aid.!® This is an
adjustable disk with two different colored
sectors that reflect the probabilities of get-
ting the two outcomes of the gamble. The
outcomes of the gamble are described on
cards that have the same color as the sectors.
The size of the sectors is changed according
to the change in probability.

Statistical Analysis

Results will be presented using means
and associated standard errors. However,
because the negative utilities of the severe
reference state elicited in standard gamble
question 6 included a number of extremely
negative values, we present the 5% trimmed
mean and the 5% trimmed standard devia-
tion for these results. This means that the
upper and lower 5% of all observations were
excluded when calculating the mean and
standard deviation, thus removing the influ-
ence of the outlier values that caused the
distribution of negative utilities to be
skewed heavily to the left.®0 Within-patient
analyses by means of paired ¢ tests were per-
formed (1) to compare rating scale with
standard gamble scores, (2) to compare
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chained gambles with the basic reference
gamble, and (3) to test for differences be-
tween reference state scores over time. Pear-
son product moment correlations are re-
ported as measures of association between
rating scale and standard gamble scores. A
logistic regression analysis was performed
to test for differences between patients who
did and those who did not give inconsistent
responses. Intra-class correlation coeffi-

cients were calculated to examine test-retest -

reliability.3! Reliability was assessed further
in terms of the precision of an individual
measurement. This precision, expressed as
G, is the standard deviation of the measure-
ment error, also called the standard error of
measurement.3? It is calculated as the square
root of the mean square error (MSE), which
is given by an analysis of variance.?! It also
can be calculated as ¢ V(1-R), where o is the
standard deviation of all measurements and
R is the test-retest reliability coefficient.32

Resulits

1. Comparing Rating Scale
and Standard Gamble Utilities

Although the standard gamble method
sometimes is seen as the gold standard, the
rating scale method is far more frequently
used, probably because it is less time con-

ISSUES IN UTILITY MEASUREMENT

suming and easier to apply. In our studies
Pearson product moment correlations be-
tween rating scale and standard gamble
scores for various health states were found
to range between 0.31 and 0.48 (P < 0.001).
However, highly significant correlations can
coexist with systematic differences between
the methods. As can be seen in Table 2, the
mean utilities of the patients’ own health
states assessed via the standard gamble
method were significantly higher than the
utilities assessed via the rating scale
method. This pattern, which also was found
for the mild reference health state, is consis-
tent with earlier findings.16-1?

In ankylosing spondylitis, we found a dif-
ference of somewhat less than 5% between
the methods, and in fibromyalgia we found
a difference of more than 10%. Such differ-
ences might considerably affect the results
of a cost-utility analysis and alter the con-
clusions drawn. Whether this happens de-
pends on the sensitivity of the decisions to
the observed range of variation. Some cost
utility ratios may be very robust to the mag-
nitude of the utility, whereas others may
change as a result of only a very small
change in utility. The variability of responses
among patients is somewhat greater for the
standard gamble method than for the rating
scale method. Several phenomena might ex-

TABLE2. Mean (SE) Rating Scale and Standard Gamble Values for the Patient’s Own Health State

Rating Scale” Endpoints:  Standard Gamble Outcomes:
N Perfect Health—Severe (SE)  Perfect Health—Severe (SE) pb

Fibromyalgia

Baseline 85 0.54 (0.020) 0.67 (0.028) < 0.001

3 months 76 0.57 (0.023) 0.76 (0.023) <0.001

6 months 73 0.60 (0.022) 0.76 (0.025) <0.001
Ankylosing spondylitis

Baseline 144 0.72 (0.013) 0.75 (0.018) 0.095

3 months 137 0.74 (0.012) 0.78 (0.016) 0.009

9 months 133 0.75 (0.013) 0.79 (0.015) 0.002

SE, standard error.
Rating scale preferences were divided by 100.
bPaired Student’s ¢ test.
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plain the differences between rating scale
and standard gamble preferences. Three of
them are discussed below.

Response Spreading. The first is called
“response spreading” on the rating scale.
This means that patients tend to distribute
the health states over the entire scale, even
if the true values were bunched at one
end.733 The mean baseline rating scale
scores of 26.8, 54.1, and 72.6 assigned by the
fibromyalgia patients to the moderate refer-
ence health state, their own health state,
and the mild reference health state, respec-
tively, may indicate a tendency to use the
whole scale. In ankylosing spondylitis these
baseline scores were 36.7, 80.0, and 76.5.
Utilities are cardinal measures, reflecting
not only the ranking of various health states
relative to perfect health and death, but also
the magnitude of the difference between
these different health states.26 If response
spreading occurs, then the rating scale gives
an indication of ordinal rankings and the in-
tensity of the preferences, but it does not
provide interval-scale utilities.

Risk Attitude. A second explanation for
the significant difference between mean rat-
ing scale and mean standard gamble scores
may be the patients’attitudes toward risk it-
self. Rating scale scores are measured under
certainty and do not capture the respon-
dent’s attitude toward risk. In contrast,
the standard gamble approach incorporates
the respondent’s risk attitude, which may be
risk averse, risk neutral, or risk seeking, If
subjects are not risk neutral, differences can
be expected between rating scale and stand-
ard gamble values. If they are risk averse,
their indifference probability increases, thus
increasing the utility of the health state be-
ing valued. Kahneman and Tversky have
shown that people generally acted as if they
were risk averse when choices were framed
in terms of potential gains and as risk seek-
ing when choices were framed in terms of
potential losses.3* According to their “pros-
pect theory” the displeasure of a loss is gen-
erally greater than the pleasure associated
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with an equivalent gain.® If the patients in
our studies have focused more on the nega-
tive outcome of the gamble, risk-averse be-
havior may have been stimulated. As a result
of this behavior, the standard gamble utili-
ties would be biased upward compared with
rating scale values.?

Standard gamble utilities also may be bi-
ased upward because people tend to over-
weight sure outcomes relative to outcomes
that are highly probable. This is called the
certainty effect, but it also is referred to as
the Allais paradox.2034 Kahneman and Tver-
sky’s “prospect theory” assumes a decision
weight function that over-weights small
probabilities and under-weights moderate
and high probabilities. If, in our studies,
moderate and high probabilities were
under-weighted, this might have contrib-
uted to the relative attractiveness of the sure
outcome, even when the probability of gain-
ing perfect health was rather high. Over-
weighting a small chance of ending up in
the severe reference state might have rein-
forced the attractiveness of the sure out-
come. Moreover, the fact that patients knew
from experience that they had been able to
adapt to their illness before may have di-
minished both the severity of the health
state being valued and the relative value of
the therapeutic pay-off from treatment
gambles,36

Cognitive and Emotional Factors.
Other explanations for the difference be-
tween rating scale and standard gamble val-
ues are all related to the previous explana-
tions. Such explanations might include
differences in cognitive processes such as re-
calling and taking account of past events,
life goals, family circumstances, and the se-
lection of reference points against which
consequences are evaluated.!’

Cognitive factors play an important role in
Loomes and Sugden’s alternative to expected
utility theory, called “regret theory.”37:38 Ac-
cording to that theory, the value a person as-
signs to a health state depends not only on
that health state but also on how that health
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state compares with the health state the per-
son might have had if he or she had made a
different choice. If what is obtained is better
than what might have been, feelings of re-
joice may increase the utility; if what comes
is worse than what might have been, regret
may reduce the utility. In standard gambles
where patients are asked explicitly to make
a choice, feelings of regret and rejoice may
be anticipated, whereas such feelings are
absent in the choiceless rating scale valu-
ation process. Subjects may shy away from
the gamble choice in the standard gamble
because of regret aversion (regret may occur
if they “lose” the gamble and end up with the
worst outcome). By means of experiments,
Loomes and colleagues have shown that re-
gret theory is able to explain why observed
preference reversals may have occurred.®

2. Reliability of the Rating Scale
and the Standard Gamble

Test-Retest Reliability. The reproduci-
bility of the rating scale and standard gam-
ble methods has been scarcely reported in
the literature. O’Connor reported a Pearson
product moment correlation of 0.77 and 0.80
for the one-week test-retest reliability of the
rating scale and the standard gamble,
whereas Torrance reported product moment
correlations of 0.49 and 0.53 for the one-
year test-retest reliability of these meth-
ods.18 In our studies reproducibility was as-
sessed by calculating 3-month intra-class
correlation coefficients (ICC) for the values

ISSUES IN UTILITY MEASUREMENT

assigned to the reference health states. The
results are given in Table 3.

Although the reproducibility of the stand-
ard gamble is somewhat higher than that of
the rating scale, the ICCs of the scores as-
signed to the reference states generally are
not very high. This may point at difficulties
in valuing abstract, hypothetical health
states that have never been experienced.
There are good reasons why it may be diffi-
cult to envision the well-being associated
with a hypothetical health state. One is the
inevitable gap between imagination and the
actual experience of a health state. Individu-
als may overestimate or underestimate their
ability to accommodate or to cope with ad-
versity.16

Although the reproducibility is not high,
Table 4 shows that—despite the occurrence
of some slight but statistically significant
changes in the preferences for the mild ref-
erence state in fibromyalgia and the se-
vere reference state in ankylosing spon-
dylitis—the mean scores are fairly stable
over time. This stability may point at the
usefulness of aggregated scores for group
decision making.

A patient’s true preference may change over
3 months and the preference at one time may
not be representative of the patient’s long-
term preference.#! This hypothesis is sup-
ported by the higher reliabilities that were
found when the first 15 fibromyalgia patients
from the control (no intervention) group to re-
port for the 6-months follow-up were asked
to return for a 4-week test-retest reliability

TABLE3. Test-Retest Reliability: Three Months IntraClass Correlation Coefficients

Rating Scale Standard Gamble
Reference States Fibromyalgia Ankylosing Spondylitis Fibromyalgia Ankylosing Spondylitis
Mild 0.33 043 0.50
Moderate® 0.24 — —
Severe” - 0.70 0.65

The moderate reference health state was not valued by means of the standard gamble.
bThe severe reference health state was not valued by means of the rating scale.
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TABLE4. Mean (SE) Utilities of the Reference Health States

0 months 3 months 6/9 months? p? pY
(SE) (SE) (SE) 0-3 (SE) 3-6/9 (SE)
Fibromyalgia
Rating scale
Moderate 27.3 (1.55) 29.1 (1.68) 304 (1.54) 0.382 0.388
Mild 72.6 (1.54) 79.7 (1.26) 76.8 (1.28) 0.000 0.035
Standard gamble
Mild 0.83 (0.02) 0.85 (0.02) 0.85 (0.02) 0.366 0.851
Severe 0.42 (0.04) 0.35 (0.04) 0.31 (0.04) 0.083 0.095
Ankylosing Spondylitis
Ratings scale
Moderate 36.7(1.14)  39.0(1.28) 39.1 (1.37) 0.116 0.909
Mild 76.5 (0.83) 77.3 (0.70) 77.5 (0.90) 0.346 0.888
Standard gamble
Mild 0.84 (0.02) 0.85 (0.01) 0.86 (0.01) 0.777 0453
Severe 0.33 (0.03) 0.31 (0.03) 0.39 (0.03) 0.449 0.014

2The second follow-up measurement was scheduled at 6 months in fibromyalgia and at 9 months in ankylosing

spondylitis.
bpajred Student’s ¢ test.

assessment.?2 In this assessment, rating scale
ICCs of 0.56 and 0.67 were found for the pa-
tient’s own health state and the mild reference
state, respectively. The ICC of the standard
gamble utilities was 0.66 for the patient’s own
health state, 0.74 for the mild, and 0.94 for the
severe reference state. The generally higher
ICCs for the severe reference state are partly
owing to the fact that negative utilities for the
severe reference state were recoded to zero.
Standard Error of Measurement. Another
way of looking at the reliability of our utility
measurements is to look at the measurement
error.183132 Each single patient’s preference
measurement contains some measurement
error, which causes part of the variance among
the scores. The standard error of measure-
ment, which is the standard deviation of the
measurement error, was calculated to be 0.13
for the standard gamble (scale from 0-1) in fi-
bromyalgia and 0.11 for the standard gamble
in ankylosing spondylitis. For the rating scale
method (scale from 0-100), the standard de-
viation of the measurement error was 10 in fi-
bromyalgia and 8 in ankylosing spondylitis.
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These figures suggest that both methods
contain considerable measurement error,
implying relative instability of an individual
patient’s preferences. This supports the
notion that utilities may be less useful for
individual decision-making than for group
decision-making, as was indicated by the rela-
tive stability of preferences over time shown in
Table 4.

3. Internal Consistency
of the Standard Gamble

Basic Reference Gambles Versus Chained
Gambles. According to the axioms of ex-
pected utility theory, the outcomes of the
gamble should not influence a patient’s util-
ity for a particular health state. The patients
are supposed to adjust their indifference
probability to allow for alterations in the
gamble outcomes. At the 9-months follow-
up, 80 consecutive ankylosing spondylitis
patients were asked to value their own
health state both in comparison with perfect
health and death and in comparison with
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perfect health and the severe reference state.
The latter was the first of a chained pair of
gambles. According to expected utility the-
ory, there should be no difference in utilities
elicited by a basic reference gamble or a
chained gamble. However, the mean utility
value of 0.83 in the case of the basic refer-
ence gamble was statistically significantly
lower than the mean utility of 0.87 when the
severe reference state was used as a gamble
outcome in a chained pair of gambles
(paired t test; P = 0.018). This is in accord-
ance with earlier findings.?3 A majority of
the patients (75%) assigned lower utilities in
the basic reference gamble than in the
chained gambles. Table 5 gives an example
of this phenomenon for one patient.

The fact that the chained gambles re-
sulted in higher utilities than the basic refer-
ence gamble does not imply that patients
took a smaller risk when death was replaced
by the severe reference state. On the con-
trary, generally, patients took a greater risk
in the gamble where the severe reference
state was the worst outcome than in the
gamble where death was the worst out-
come. The eventually higher utilities in the
chained gamble resulted from a combina-
tion of relatively small differences between
the indifference points in the chained and
basic reference gamble and the relatively
high utilities assigned to the severe refer-
ence state (see example in Table 5). This
finding is in contrast with the findings of
Llewellyn-Thomas et al, who found that rat-
ers were prepared to take a greater risk in
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gambles when death was the worst out-
come.?! This difference may be explained by
the fact that Llewellyn-Thomas et al elicited
utilities from cancer patients, to whom
death usually is a real risk, whereas death to
fibromyalgia or ankylosing spondylitis pa-
tients is not or is only a remote issue.
Because the standard gamble method
seems to be susceptible to the characteristics
of the worst outcome of the gamble, Hellin-
ger and Llewellyn-Thomas concluded that
this method is internally inconsistent.202!
However, when a change of focus or a
change of reference point occurs as a result
of a change in gamble outcomes, the prefer-
ence shifts are not necessarily illogical.
Inconsistent Responses. Respondents
are expected to provide preferences that are
consistent with the natural underlying order
of our health state descriptions. In other
words, dominance violations should not oc-
cur. For the standard gamble as applied in
our studies, dominance implies that when a
patient’s own health state is compared with
the mild reference state and all 6 dimensions
indicate a better (worse) or equal functional
level, the utility the patient assigns to his or
her own health state should be higher
(lower) or equal to the utility of the mild ref-
erence state. However, seven fibromyalgia
patients—each only once—did not provide
preferences in accordance with this expecta-
tion. In ankylosing spondylitis, dominance
was violated by 17 patients on the standard
gamble. On the total number of questions
this number of dominance violations is

TABLES. Difference Between a Chained and a Basis Reference Gamble

SG Question Health State Being Valued Gamble Outcomes” pb Ui
2 (chained) Own Perfect health (1) 0.75 0.89
severe ref. state (0.55)
5 (basic) Own Perfect health (1) 0.85 0.85
death (0)
SG, standard gamble.

a(Jtilities for outcomes in parentheses.
bIndifference probability for gamble.
cUtility for a patient’s own health state.
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rather low. Moreover, in 17 of the 24 (71%)
inconsistent answers, the difference be-
tween the utilities of the two compared
health states was smaller than the standard
deviation of the measurement error re-
ported in the previous section. Thus, most
of the inconsistent responses fell within
the bounds of the measurement error of
0.13 in fibromyalgia and 0.11 in ankylosing
spondylitis.

It would also be expected that, if death is
regarded as worse (better) than or equal to
the severe reference state, the indifference
probability of the patient’s own health state
when compared with perfect health and
death should be higher (lower) than or
equal to its indifference probability when
compared with perfect health and the severe
reference state. This was checked for the 80
ankylosing spondylitis patients who were
asked the additional fifth standard gamble
question. Twelve of them (15%) gave an in-
consistent response. Almost all of these in-
consistent responses fell within the bounds
of the measurement error.

Extreme Risk Averse Behavior: Assign-
ing a Utility of 0.95 to Each Health State.
Eight of 85 (9%) patients with fibromyalgia
reached the same indifference probability of
0.95 for all health states being valued in the
first three standard gamble questions on at
least one of the measurement times. Eleven
of 144 (8%) patients with ankylosing spon-
dylitis assigned a value of 0.95 to all three
health states at least once. One fibromyalgia
patient and one ankylosing spondylitis pa-
tient did this consistently at baseline and at
each follow-up measurement. When con-
trolling for other patient characteristics, fi-
bromyalgia patients in which this phenome-
non was found tended to be somewhat older
than the patients in which this was not
found. However, this difference was not sta-
tistically significant (logistic regression;
Wald statistic = 2,975; P = 0.08).

Apparently these patients were never
willing to take a larger than 10% risk of get-
ting the worst outcome, irrespective of the
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severity of illness in the health state being
valued. This behavior can be explained by a
general aversion to gambling.1¢ Such a re-
luctance to comply with the standard gam-
ble questions reflects either reluctance to
face the reality of the decision problem, re-
luctance to bear decision-making responsi-
bility or inability to grasp hypothetical, un-
representative experiments presented in a
necessarily simple and abstract way. It may
have been too difficult for these patients to
imagine well-being associated with a hypo-
thetical health state, or they may have un-
derestimated their ability to cope with the
severe reference state.

It is also possibie that the probability
steps of 10%, from 100/0 to 90/10, etc, have
been too large. Changes of 5% (100/0, 95/5,
90/10, etc) or even 1% (100/0, 99/1, 98/2, etc)
could have produced a difference in utilities
between the different health states. How-
ever, findings by Kahneman and Tversky
suggest that probabilities of less than 0.1
and greater than 0.9 are difficult for people
to handle.34

4. A Health State Worse Than Death

In standard gamble question 3, the severe
reference health state is valued against per-
fect health and death. Some 41 of the 85 fi-
bromyalgia patients (48%) and 78 of 144
(54%) ankylosing spondylitis patients indi-
cated at least once that the severe reference
state was worse than death. This means that
they were prepared to accept a 100% risk of
dying to avoid this state. Eighteen fibromy-
algia patients and 20 ankylosing spondylitis
patients preferred death to the severe refer-
ence state at all 3 measurements. When
asked explicitly, all these patients confirmed
that they would rather die than live in the
severe reference state.

As mentioned before, when patients indi-
cated that the severe reference state was
worse than death, a utility of zero was as-
signed to this state. To actually measure the
magnitude of a negative utility, Torrance has
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suggested a slight modification of the usual
standard gamble question.!® In this modi-
fied question, patients are offered a choice
between a sure death or a gamble with
chance P of perfect health and chance 1-P of
living irreversibly in the severe reference
state. This question is presented by asking
patients to imagine that they suffer a rapidly
progressing terminal disease, which—if left
unattended—will lead to death. However, if
treated there is a chance of gaining perfect
health or of becoming like the severe refer-
ence health state for the remainder of their
life. The utility of the severe reference state is
calculated, from the indifference probability,
as -P/(1 - P).

At the 3- and 9-months follow-ups all the
ankylosing spondylitis patients who indicated
that the severe reference state seemed worse
than death (51 at 3 months and 36 at 9
months) were asked this standard gamble
question. At the 3-months follow-up, the 5%
trimmed mean utility of the severe reference
state was -0.16 with a 5% trimmed standard
deviation of 0.19; at the 9-months follow-up
the 5% trimmed mean utility of the severe ref-
erence state was -0.18 with a 5% trimmed
standard deviation of 0.34. The mean and
standard deviation were trimmed 5% because
the distribution of the answers to standard
gamble question 3 was skewed heavily to the
left. The standard gamble to assess the magni-
tude of a negative utility can result in utilities
smaller than -1, thus causing the upper end of
the utility scale (from 0 to 1) to be shorter than
the lower end of the scale (from 0 to -19 or
less, depending on the size of the probability
increments in the measurement instrument).
At the 3-months follow-up, 1 patient assigned
a utility of -3.00, and at the 9-months follow-
up 3 patients assigned a utility lower than -1
(-1.86, -3.00, and -19.00) to the severe refer-
ence state.

The finding that for so many patients
death was not the worst imaginable out-
come has led some authors to conclude
that death is not the logical zero point for
a utility scale.** To some extent, the de-
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scriptive validity of negative utilities may be
questioned, because probably few people
would act in accordance with their state-
ment that they would be better off dead.
However, we certainly recognize the exist-
ence of health states valued worse than
death. At the same time, we recognize the
limitations of the standard gamble method
in handling these states. Particularly, the
occurrence of utilities below -1 is prob-
lematic. Thus, there is a need to intensify
the search for methods to calculate and
handle these negative utilities. Given the
current methodological problems, we
think that for chained gambles it is better
to use an anchor point that is not consid-
ered worse than death, to avoid unneces-
sary complication of the chained gambles.
Using death as the worst outcome of the
gamble may increase the comparability of
utilities measured in different patient
groups and in different studies.

Conclusions and Discussion

Table 6 provides an overview of the most
important findings, possible explanations,
and preliminary implications reported in the
previous sections.

In the introduction of this article, two dif-
ferent approaches to utility measurement in
clinical trial settings were distinguished.
One can either use prepackaged systems
(eg, the Quality of Wellbeing scale, Rosser’s
Disability Distress scale, or the recently de-
veloped EuroQol*) or directly elicit prefer-
ences from patients. When using prepack-
aged systems, one needs to acquaint oneself
with the method on which the underlying
utilities were based. As has been reported
before and reconfirmed in our studies,
standard gamble preference scores for a par-
ticular health state are significantly higher
than rating scale preference scores for that
same health state. Hence, because the Qual-
ity of Wellbeing scale, the EuroQol, and
Rosser’s Disability Distress scale are based
on rating scales, these prepackaged instru-
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TABLE 6. Summary Table

Most Important Findings

Possible Explanations Implications

1. Comparing RS and SG utilities

SG utilities significantly higher
than RS utilities

2. Reliability of RS and SG

The ICC’s of the reference health
states were higher for the SG
than for the RS, but low for
both methods

Mean scores of both methods
were rather stable

The standard error of measurement

was about 0.12 for the SG
(0-1 scale) and about 9 for the
RS (0-100 scale)

3. Internal consistency G

Chained gambles resulted in
higher utilities than basic
reference gambles

About 21% of all patients gave at
least 1 inconsistent response

About 70% of the inconsistent
responses fell within the
bounds of the standard error of
measurement

Almost 10% of all patients
assigned a utility of 0.95 to
three very different health
states; they were not willing
to take any risk

4. A health state worse than death

About 50% of the patients valued
the severe reference state used
in the chained gamble as worse

than death on at least 1 occasion

Negative utilities smaller than
-1 occurred

Response spreading on the RS

Risk attitude incorporated in the SG

Cognitive and emotional factors
(eg, regret theory)

Prepackaged utility measurement
instruments based on the SG are
bound to produce higher utilities

Costs per QALY will be sensitive
to the method of utility

measurement used

Limited use of utilities for individual
decision making in clinical
decision analysis

More confidence in the use of
utilities for program evaluation

Need to undertake repeated
measurements

Instability of intra-individual
valuations due to difficulties
in valuing hypothetical states,
but stability of mean values at
the group level

Substantial measurement error
inherent to utility measurement

Precision decreases as choice
is introduced

Outcomes of the gamble influence
an individual patient’s utility
for a particular health state

Inconsistent responses are
to a large extend due
to measurement error

General aversion to gambling

Inability to understand hypothetical,
abstract questions

Risk may seem higher from an
individual than from a group
perspective

Probability increments of 10%
are too large

Difficuity of SG method

Health state descriptions cover
too many dimensions

Costs per QALY depend on the
outcomes used in the G

Repeated measurements may
reduce inconsistency

SG not suited for everyone

Recognition of the existence of
health states worse than death
Low validity of the response

An appropriate way to incorporate
negative utilities is needed

Searching for alternative ways
to calculate negative utilities

The anchor point in chained gambles
should not be worse than death

RS, rating scale; SG, standard gamble; QALY, quality adjusted life year.
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ments would be expected to produce lower
scores than the McMaster Health Utility In-
dex, which is based on the standard gamble.
When measuring preferences directly, one
again has the choice between preference
rankings or choice-based methods. More-
over, if one decides to use the standard gamble
one also can choose between various ways
of taking the measurements, ie, between ba-
sic reference gambles or chained gambles. It
was found in our studies that these different
versions of the same method resulted in sta-
tistically significant utility differences.
Chained gambles resulted in higher utilities
than the basic reference gamble.

Utilities are proposed as a decision aid in
two different contexts: (1) where choices
have to be made between alternative thera-
pies for the same individual,?® and (2) where
choices have to be made between alterna-
tive ways of allocating limited resources
among different health care activities serv-
ing the same or different patient groups.¢
There is cause for misgivings regarding the
use of utilities for clinical decision analysis
in the first context. For example, a number of
inconsistencies were found in the responses
of single patients to different standard gam-
ble questions. It is likely that these reflect
the underlying measurement error in taking
a single preference measure. Our study indi-
cates that the standard deviation of the
measurement error ranged from 0.11 to 0.13
for the standard gamble and from 8 to 10 for
the rating scale. Overall, more than 70% of
the inconsistent responses fell within the
bounds of the measurement error. The rela-
tively poor stability of measurements from
an individual patient limits the use of utili-
ties based on a single measurement only for
individual decision-making. This increases
the need to undertake the measurements re-
peatedly to average out the measurement
noise within the individual.

Even though the 3-months test-retest re-
liability was not very high, the relative sta-
bility of the mean utilities over time on the
group level gives some confidence in the use
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of utilities for program evaluation in cost-
utility analysis. However, because generally
only a single estimate of utility is used in
cost-utility analysis, this analysis may be
very sensitive to the method used to elicit
utilities. Recently Hornberger has shown
that the effect of different methods on the fi-
nal cost-utility may be considerable.4’ It is
as yet premature to suggest a preferred
method of utility measurement. Neither the
rating scale nor the standard gamble
method seems superior. As to the rating
scale, there remain fundamental doubts
about the interval properties of the scale.*8
Moreover, the repeatability of this method
was found to be lower than that of the
standard gamble. As to the standard gamble,
it would be interesting to determine to what
extent the observed difference between ba-
sic reference gambles and chained gambles
influences the final results of cost-utility
analysis.

Many of the inconsistencies and re-
sponses that seem to violate expected utility
theory, which we found, may be associated
with the description of the severe reference
state used as the worst outcome in the first
and as the certain outcome in the second of
a chained pair of standard gambles. The dif-
ficulties patients had in valuing that health
state is reflected in the fact that many pa-
tients changed their opinions as to whether
the severe state was better or worse than
death. Overall about 50% of the patients in-
dicated at least once that the severe refer-
ence state was worse than death. When at-
tempting to measure how much worse than
death, a small number of highly negative
utilities occurred that greatly influenced the
mean utility. These methodological prob-
lems, particularly with regard to handling
extreme negative utilities may argue in fa-
vor of using an anchor point in a chained
pair of gambles that is not considered
worse than death. However, in an era
where the public tolerance of self-deter-
mination at the end of the life is growing,
the problem of negative utilities calls for
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intensified research efforts to handle these
responses in utility calculations.

Because preference scores elicited by the
standard gamble seem to be susceptible to
the way questions are presented and to the
endpoints used, doubts may be raised about
the validity of expected utility theory. How-
ever, because there is no evidence that less
formal procedures to guide individual ther-
apy decisions and resource allocation deci-
sions are any less susceptible to the effects
of different methods of presentation and
various biases, it is not appropriate to reject
utilities as useful outcome measures. More-
over, as Torrance and Feeny point out, ex-
pected utility theory may be regarded as
normative as opposed to behavioral.?® This
theory describes how an individual should
behave if he or she wished to act rationally
to maximize the expected utility. It does
not describe how an individual actually
makes a decision under uncertainty. Per-
haps patients would have made more ra-
tional responses if they had been better in-
formed about the meaning of their
responses and the consequences of their
choices. Furthermore, many of the ob-
served inconsistencies or preferences that
do not seem to fit expected utility theory
are not necessarily illogical. Some of the
alternatives to expected utility theory, such
as prospect theory and regret theory, may
help to explain several of the seemingly
inconsistent answers from a more behav-
ioral perspective. The challenge is to ex-
plore the potential contribution of such
theories to utility measurements in health
care decision settings.
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