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Pliskin, Shepard, and Weinstein identified three preference conditions that ensure that
quality-adjusted life years (QALYs)  represent preferences over gambles over chronic
health profiles. This paper presents an experimental test of the descriptive validity of
two of these preference assumptions: utility independence and constant proportional
tradeoff. Eighty students at the Stockholm School of Economics and 92 students at
Erasmus University Rotterdam participated in the experiment. The results of the ex-
periment support the descriptive validity of constant proportional tradeoff: both within
groups and between groups constant proportional tradeoff could not be rejected. The
results are less supportive of the.descriptive validity of utility independence. Within-
groups utility independence was rejected. Between-groups utility independence could
not be rejected, but this may have been due to a lack of statistical power. Analysis of
the individual responses revealed that without adjustment for imprecision of preference,
39 respondents (22.8%) satisfied constant proportional tradeoff. Twenty-three respon-
dents (13.4%) satisfied utility independence without adjustment for imprecision of pref-
erence. However, because of the relative unfamiliarity of the respondents with both
the health states to be evaluated and the methods of health-state-utility measurement,
it is likely that the respondents’ preferences were imprecise. Adjusted for imprecision
of preference, the upper estimates of the proportions of respondents who satisfied
constant proportional tradeoff and utility independence, respectively, were 90.1% (155
respondents) and 75.8% (130 respondents). Pliskin et al. further derived that if an
individual’s preferences satisfy both constant proportional tradeoff and utility indepen-
dence, then these preferences can be represented by a more general, risk-adjusted
QALY model. Without adjustment for imprecision of preference, ten respondents
(5.8%) satisfied both constant proportional tradeoff and utility independence. Adjusted
for imprecision of preference, the upper estimate of the proportion of respondents who
satisfied both constant proportional tradeoff and utility independence was 88.8% (118
respondents). The results of this study indicate that constant proportional tradeoff holds
approximately. The evidence is much weaker for utility independence, however. This
has important implications for the use of QALY-type measures in medical decision
making. Key words: QALYs; health utility measurements; medical decision making:
individual preferences. (Med Decis  Making 1996;17:21-32)

In health care, as in other areas of social policy, de-
cisions have to be made with respect to the alloca-
tion of scarce resources. Cost-utiliy analysis, in
which quality-adjusted life years (QALYs)  are used as
the outcome measure, is intended to guide health-
care policy making. Over the past decade, QALY-
based decision making has become increasingly
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popular. QALYs provide a straightforward way to
combine the two main outcomes of health-care pro-
grams, quantity of life and quality of life, into a single
index measure. A further advantage of using QALYs
is that they have intuitive appeal. However, ever
since the introduction of QALYs, their theoretical
properties have been a matter of concern. Pliskin,
Shepard, and Weinstein’ were the first to provide an
axiomatic analysis of QALYs. These authors show
that, given an individual preference relation over
gambles involving quantity of life and constant qual-
ity of life that satisfies the axioms of expected utility
theory, three conditions have to be imposed on this
preference relation to ensure that it can be repre-
sented by the QALY model. These conditions are re-
ferred to as “(mutual) utility independence,” “con-
stant proportional tradeoff,” and “risk neutrality on
life years.” Pliskin et al. have further derived that
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imposing utility independence and constant propor-
tional tradeoff, but not risk neutrality on life years,
ensures that the individual preference relation can
be represented by a general QALY model in which
life years do not enter linearly, but are adjusted for
risk attitude.

Identifying the preference conditions on which
the QALY model depends allows an assessment of
both the extent to which it is rational for an individ-
ual to behave according to the model (i.e., the nor-
mative validity of the model) and the extent to which
the model actually describes individual preferences 
(i.e., the descriptive validity of the model). Empirical
evidence for the descriptive validity of the QALY as-
sumptions is fairly scarce. In a review of the litera-
ture available to that date, Loomes and McKenzie’
drew rather negative conclusions, but examined
only whether the conditions hold exactly. They did
not allow for imprecision in respondents’ prefer-
ences. Miyamoto and Eraker3 tested utility indepen-
dence of quantity of life from quality of life. Their
results support this condition. With respect to the
tradeoff between quality of life and quantity of life,
several authors have observed that increasing pro-
portional tradeoff (i.e., an individual is willing to sac-
rifice relatively more remaining life years when the
number of remaining life years is greater) is more
consistent with individual preferences than is con-
stant proportional tradeoff.“* Moreover, in some
studies it was observed that for short time durations
individuals were not willing to trade any life years
for an improvement in quality of life.3,4 Apparently,
individual preferences are lexicographic for short
time durations: individual choices are fully deter-
mined by the number of life years remaining.

More evidence is available with respect to risk
neutrality. Studies that directly tested risk neutrality
on life years by assessing utility functions over life
years typically reject risk neutrality.5-8 The one ex-
ception is the study by Miyamoto and Eraker9 that
found risk neutrality to hold for the hypothetical
“average respondent.” Even in that study, however,
there were few respondents whose preferences ac-
tually satisfied risk neutrality on life years.

A disadvantage of the characterization of the QALY
model by Pliskin et al. is that it applies only to health
profiles of a constant quality. More general charac-
terizations of the QALY model exist that allow quality
of life to vary over time.““” An advantage of the char-
acterization by Pliskin et al. is that utility indepen-
dence and constant proportional tradeoff are di-
rectly related to two commonly used methods of
estimating quality weights for health states: the stan-
dard gamble and the time tradeoff, respectively.
These relationships allow straightforward tests of
utility independence and constant proportional
tradeoff in an experimental, design. We report the

results of an experiment aimed at testing constant
proportional tradeoff and utility independence of
quality of life from quantity of life. To the best of our
knowledge, the latter condition has not been tested
before. Miyamoto and Eraker3 tested the converse:
whether quantity of life is utility-independent from
quality of life. The importance of testing whether
constant proportional tradeoff and utility indepen-
dence hold simultaneously follows from the rejec-
tion of risk neutrality on life years in various studies.
The results of these studies challenge the descriptive
validity of the risk-neutral QALY model. The ques-
tion then emerges whether the more general risk-
adjusted QALY model performs better in describing
 individual preferences. As explained above, the risk-
adjusted QALY model is characterized by ‘constant
proportional tradeoff and utility independence. Test-
ing these two conditions provides insight in the de-
scriptive validity of the risk-adjusted QALY model.

Testing constant proportional tradeoff and utility
independence separately is also interesting in its
own right. Constant proportional tradeoff ensures
that time tradeoff weights are independent of the
time horizon used in the assessment. Utility inde-
pendence ensures that standard-gamble weights are
independent of the time horizon used in the assess-
ment. Utility independence also allows the estima-
tion of another generalization of the risk-neutral
QALY model, in which risk neutrality and constant
proportional tradeoff are re1axed.l1

The structure of the paper is as follows. In the
next section we explain in more detail the theory of
QALYs. Then the experimental methods and results
are discussed. Finally, the results and the implica-
tions of our findings for the use of QALYs in medical
decision making are discussed.

Theoretical Analysis of QALYs
We confine ourselves to an analysis of preferences

over health profiles of constant quality. Let (Q, T)
denote a health profile consisting of T years in qual-
ity of life level Q. Let a typical gamble over quality of
life and quantity of life in which health profile (Qi,
TJ occurs with probability pi be denoted by [p,, (Ql,
TJ; pz, (42, T,); . . . . ; pn, (Qn,  TJI. All quality-of-life
levels are assumed to be more attractive than death.
Further, all Ti 1 0, all pi 2 0, and z pi = 1. We
assume that an individual preference relation over
gambles involving quality of life and quantity of life
satisfies the axioms of von Neumann-Morgenstern
(vNM1 expected-utility theory.” Then a real-valued,
cardinal, utility function U(Q,  Tl exists, the expected
value of which represents individual preferences
over gambles involving quality of life and quantity of
life.

Pliskin et al. have derived that QALYs are a valid
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FIGURE 1. The utility function for life years under mutual utility FIGURE 2. The utility function for life years under constant pro-
independence. portional tradeoff.

vNM utility function if in addition to the vNM axioms
three other conditions are imposed on the individ-
ual preference relation: (mutual1 utility indepen-
dence, constant proportional tradeoff, and risk neu-
trality on life years. We consider each in turn.

UTILITY INDEPENDENCE

When we fix one of the two attributes in the utility
function over health profiles at a particular value,
utility independence imposes that preferences with
respect to gambles over the other attribute do not
depend on the particular value chosen. Formally,
utility independence implies that lp,, (Q1, TJ; pZ,
(42, TJ; . . . . ; pn, (Qn, TJI is preferred to Erl, tQ1,  TJ;
r,, (Q2, ‘TJ;  . . . . ; r,, tQn, TJI if and only if Zpl, (Q1,
T2);  ~2,  (42, T2);  . . . . ; pn, (Qn, T211 is preferred to lrl,
(Q1, T,); r2, (Q2, T,); . . . . ; r,, (Q,,,  T,)l for all T,, TZ. A
similar expression holds when Q is held fixed and
T varies. Denote by W(Q) a utility function over qual-
ity of life and by V(T) a utility function over quantity
of life. Keeney and Raiffa13 have shown that utility
independence implies that U(Q, Tl is either multi-
plicative, i.e., W(Q)  *V(T),  or additive, i.e., W(Q) +
V(T).* The additive  model depends on a condition
Pliskin et al. refer to as “marginality.” Pliskin et al.
and Miyamoto and Eraker3,9 provide arguments why
the additive model is not realistic in the medical
context. The additive model can be excluded by add-
ing an entirely plausible condition to the model: that
for a time duration of zero life years the individual
is indifferent between all quality-of-life levels.? If the
additive model is discarded, utility independence
can be shown to imply: UtQ,, T11/U(Q2,  T,) = UtQl,

T21/U(Q2,  T21.S If we plot UtQ,  Tl against T, holding
quality of life fixed, then utility independence guar-
antees that the shape of UtQ, Tl is the same regard-
less of the level at which quality of life is held fixed.
This is illustrated in figure 1 for life durations up to
ten years, where, for convenience, full health is se-
lected as quality-of-life level Q2. If utility indepen-
dence holds, then for all health states the fraction
of the utility of full health is independent of the time
horizon. In figure 1, for instance, the utility of health
state Q, is 0.5 of the utility of full health for all time
horizons.

‘Utility independence facilitates the determination
of standard-gamble quality weights. The standard
gamble determines the quality weight of a health
state by comparing a specific number of years in this
health state with a gamble with a probability (pl of
the same number of years in full health and a com-
plementary probability (1 - p) of immediate death.
The probability of full health (p) is varied until the
individual is indifferent between the alternatives.
Suppose W(Q) is scaled such that W(full  health1 = 1
and W(death) = 0. The quality weight of the health
state is then set equal to p”, where p* is the proba-
bility for which the individual is indifferent. Thus,
the standard gamble measures the utility of a health
state as the fraction of the utility of full health. By
utility independence, this fraction does not depend
on the number of years used in the measurement.
The only restriction is that the number of life years
be the same for the certain health state and for full
health. In figure 1, the standard-gamble quality
weight for Q1 is equal to 0.5 regardless of the time
horizon used in the assessment.

*As one of the referees reminded us, this holds only when V
and W are rescaled in line with U. For more details see Keeney
and Raiffa13 (pp.  289-91).

?A proof of this result has been provided elsewhere.14

*U(Q1,  T$‘U(Q~, T,) =  Tw(Q,).V(T,)u[w(Q1).V(T,)l  = WtQ&
WtQ,) = @NtQJ  ~V(TJl/&V(Q,)  *V(T,)I  = UCQ,,  T&U(Q2,  TJ. A sim-
ilar argument shows that UCQ, T,MJtQ,,  TJ = UCQ,,  T1MJtQ2,
T,).
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CONSTANT PROPORTIONAL TRADEOFF

Constant proportional tradeoff imposes that if an
individual is indifferent to a choice between T years
in health state Q1 and olT years (0 5 OL 5 1) in a
more attractive health state Q2, then this individual
should also be indifferent between PT years (j3 2 01
in Q, and j3olT  years in Q2. The proportion “years
in Q1 divided by years in Q2” is constant by the con-
dition of constant proportional tradeoff (in the above
choice situation this proportion is equal to l/o).
Constant proportional tradeoff is illustrated in figure
2, where the individual is willing to sacrifice 50% of
his remaining life span in Q1 to improve his health
to Q2, which is set equal to full health for conven-
ience. By constant proportional tradeoff, this pro-
portion holds for any time horizon. Thus, as can be
seen from figure 2, the individual is indifferent be-
tween six years in 4% and three years in full health,
but also between four years in Q1 and two years in
full health.

The only situation in which the standard gamble
and the time tradeoff will, at least in theory, elicit
identical quality weights is the situation in which
r = 1, i.e., the situation in which the individual is
risk-neutral with respect to life years. This situation
characterizes the QALY measure most frequently
used in cost-utility analysis. Risk neutral@  with re-
spect to life years implies a utility function for life
years that is linear in life years. Figure 3 illustrates
a risk-neutral utility functions both for full health
and for a health state Q1.  In figure 3, both the time-
tradeoff weight and the standard-gamble weight are
equal to 0.5.

Methods

RESPONDENTS

Constant proportional tradeoff facilitates the as-
sessment of time-tradeoff quality weights. The time
tradeoff determines the quality weight of a health
state by comparing T years in the health state with
X years in full health. The number of years in full
health (Xl is varied until the individual is indifferent
between the alternatives. The quality weight of the
health state is then set equal to X/T. The time trade-
off thus measures quality weights as the equivalent
fractions of healthy years. By the assumption of con-
stant proportional tradeoff, this fraction will be in-
dependent of the time horizon used in the assess-
ment.

The respondents were 80 students at the Stock-
holm School of Economics and 92 students at Eras-
mus University Rotterdam. All were undergraduates
recruited from courses in economics, statistics, and
health policy. Each was paid approximately $15 for
participating. The experiment was carried out in 17
sessions lasting approximately one hour with, on av-
erage, ten respondents per session. The procedure
in each session was to explain a specific task to the
respondents, obtain their responses to this task, and
then move on to the next task. A “master” version
of the experiment was designed in English. This
“master” version was subsequently translated into
Swedish and Dutch. Before drafting the final ver-
sion, we tested the questionnaire extensively both in
Stockholm and in Rotterdam, using faculty staff
members as respondents.

HEALTH  STATES

Denote the time tradeoff weight by W,(Q) and the The health states included in the questionnaire
standard-gamble weight by W,(Q). Pliskin et al. have were taken from the Maastricht Utility Measurement
shown that if both utility independence and constant Questionnaire, an adaptation of the McMaster
proportional tradeoff hold, individual preferences Health Utility Index,15”6 and correspond to com-
can be represented by a risk-adjusted QALY model: monly occurring types of back pain and rheuma-

[T *W,(Q)]’  = TWJQ). The parameter r in this equa-
tion reflects the individual’s attitude to risk with re-
spect to survival duration. It is clear from the equa-
tion that both standard gamble and time tradeoff
can be used to determine quality weights for the
calculation of the number of risk-adjusted QALYs.
However, in general they will not give identical qual-
ity weights. Time-tradeoff weights have to be ad-
justed by the risk parameter to arrive at standard-
gamble weights.

RISK NEUTRALITY ON LIFE YEARS
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tism. Each health state consisted of four dimensions:
general daily activities, self-care, leisure activities,
and pain. The health states were described on a set
of cards that were handed out to respondents at the
beginning of each session. Health states B and D,
relevant for the analysis reported in this paper, are
presented in table 1; state B is clearly more attractive
than D.

QUESTIONNAIRE

The first two tasks consisted of the ranking and
placing on a rating scale calibrated from 100 (full
health) to 0 (immediate death) of six health states.
There were two versions of the questionnaire, each
administered in different sessions. For reasons not
related to the present study, two of the six health
states varied per version. The two health states var-
ied in version 1 were less attractive than the two
varied in version 2. For every respondent, however,
health states B and D were included. The possibility
exists that the inclusion of different health states in
the two versions affected the results of our experi-
ment. We return to this possibility after the descrip-
tion of the experimental tests.

Constant proportional tradeoff was subsequently
tested. Time-tradeoff quality weights for health
states B and D were determined. The respondents
were instructed to indicate first the values of X, the
number of healthy years, for which they definitely
preferred to be in health states B and D, respectively,
then the values of X for which they definitely pre-
ferred to be in full health, and finally those values
of X for which they found it hard to choose between
the alternatives. The respondents were explicitly told
that all profiles would result in death after the in-
dicated number of years. The general introduction

Table 1 l Health States B and D

B

l Able to perform a l l  tasks at home and/or at work, albeit with
some difficulties

l Able to perform all self-care activities (eating, washing, dress-
ing) without help

l Unable to participate in certain types of leisure activities

l Often light to moderate pain and/or other complaints

D

l Unable to perform some tasks at home and/or at work

l Able to perform all self-care activities (eating, washing, dress-
ing), albeit with some difficulties

l Unable to participate in many types of leisure activities

l Often moderate to severe pain and/or other complaints

to the time-tradeoff questions can be found in ap-
pendix A. It was pointed out to the respondents both
in the text and in the oral explanation of the task
that they could indicate a range of values for X for
which they found it hard to choose between the al-
ternatives. The response strategy we suggested to
the respondents is likely to lead to an interval of
indifference values. When respondents first mark all
the values for which they have clear preferences for
one of the alternatives, they end up with a range of
values for which they are not certain which alter-
native to prefer. We told the respondents to mark
these values with the symbol for indifference. This
format was adopted to allow for the fact that re-
spondents are likely to have imprecise preferences.”
Respondents are unfamiliar both with the health
states to be assessed and with the idea of trading off
life years. As a result, their preferences may be im-
precise. In our format, we attempted to take this
imprecision into account. Where respondents indi-
cated ranges of values for which they could not
choose between the options, we interpreted these
ranges of values as their personal confidence inter-
vals (PCIS).

Both versions of the questionnaire contained
three time-tradeoff questions. Version 1 presented a
time-tradeoff question for ten years in health state
D (DlO), followed by a question for 30 years in health
state D (D30) and a question for 30 years in health
state B (B30). The sequence in version 2 was Bl0,
B30, D30. This setup allowed a test of constant pro-
portional tradeoff at the individual level. For version
1, we compared the responses to questions Dl0 and
D30. For version 2, we compared the responses to
questions Bl0 and B30.

In section 4, utility independence of quality of life
from quantity of life was tested.5 Standard-gamble
quality weights for health states B and D were de-
termined. Again, the respondents were explicitly in-
formed that all health profiles would be followed by
death. Probability elicitation was by means of a line
of values for the probability of successful treatment
(full health). Next to this line a line was drawn with
the complementary probability of failure of treat-
ment (immediate death). This display was chosen in
an attempt to control for a potential framing bias:
displaying only the probability of successful treat-
ment might induce an individual to focus on suc-
cessful treatment, not sufficiently taking into ac-
count the probability of failure of treatment.
Psychological evidence of the influence of reference
effects on choice is abundant.” As with the time

$In  the remainder of this paper we for convenience use the
term “utility independence” when we mean utility independence
of quality of life from quantity of life.
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tradeoff question, an attempt was made to take im-
precision of preferences into account. First, the re-
spondents were asked to indicate those values of p, ,
the probability of successful treatment, for which
they definitely preferred the certain option, then
those values of p for which they definitely preferred
the treatment option (gamble), and finally those val-
ues of p for which they found it hard to choose be-
tween the options. The general explanation of the
standard-gamble questions can be found in appen-
dix B. Again, it was pointed out to the respondents
both in the description of the task and in the oral
explanation that they were allowed to indicate
ranges of values of p for which they found it hard
to choose between the options. These ranges of val-
ues were then interpreted as their PCIs  for p.

Section 4 was also administered in two versions.
In version 1, the sequence of the questions was Dl0,
D30, B30; in version 2, the sequence of the questions
was Bl0, B30, D30. Utility independence was tested
by comparing the responses to questions Dl0 and
D30 in version 1 and to Bl0 and B30 in version 2.

Personal confidence intervals should not be con-
fused with statistical confidence intervals, but the
idea behind them is somewhat similar. A PCI indi-
cates a range of values for which an individual ex-
presses indifference and which cannot be distin-
guished from the “true” indifference value. Our
interpretation of PCIs is similar to the interpretation
of statistical confidence intervals: if PCIs of two val-
ues overlapped, we interpreted the difference be-
tween the values as not significant in terms of the
individual’s PCI. When the PCIs did not overlap, the
difference was interpreted to be significant.

In the Results section, we present the responses
both with and without adjustment for imprecision
of preferences. For those respondents who indi-
cated PCIs we used this interval to adjust for impre-
cision of preference. For those respondents who did
not indicate a PCI, we constructed an artificial PCI
by adjusting for the median imprecision of prefer-
ence, computed from the responses of those re-
spondents who had indicated PCIs. For comparison
we also present the results when no artificial PCIs
were constructed. These results interpret the re-
sponses of those respondents who did not indicate
a PCI as being precise. It should be emphasized
here that we find it hard to believe that these re-
spondents were indeed certain of their responses,
given the unfamiliarity of the health states and of the
tasks they were requested to perform. We return to
this in the final section of the paper.

Two types of biases may have affected the data.
First, asking the questions for ten and 30 years in
fixed sequence may have caused responses to be an-
chored. For example, respondents may adopt a pro-
portional heuristic in answering the time-tradeoff

questions. That is, they simply state a fixed percent-
age of the remaining lifetime, even though their
preference relation does not actually satisfy constant
proportional tradeoff: In answering the standard-
gamble questions, respondents may likewise simply
give the same indifference probability to minimize
cognitive effort. To control for the possibility of an
anchoring strategy, we included between-subjects
tests of constant proportional tradeoff and utility in-
dependence, which are not affected by anchoring:
the mean weights for B30 in version 1 were com-
pared with the mean weights for Bl0 in version 2.
Similarly; the mean weights for D30 in version 2
were compared with the mean weights for Dl0 in
version 1. Some inferences with respect to the effect
of anchoring can be drawn from a comparison of
the responses to B30 and D30 between the two ver-
sions. For example, given increasing proportional
tradeoff, one would expect the time-tradeoff weight
for D30 to be higher in version 1, in which Dl0 was
also included. If the individual preference relation
satisfies increasing proportional tradeoff, Dl0 will in
general be higher than D30. However, anchoring has
the effect of making Dl0 and D30 equal. Therefore,
if Dl0 is asked first, given increasing proportional
tradeoff, anchoring will induce an upward bias on
D30.v Obviously, the upward bias of anchoring will
occur only with version 1, because in version 2 Dl0
was not included in the questionnaire. Therefore,
we expect D30 to be higher in version 1 if anchoring
is a problem. By a similar line of reasoning, B30 can
be expected to be higher with version 2, given in-
creasing proportional tradeoff. This test assumes a
random distribution of preferences in the two sam-
ples. We have no reason to believe that this assump-
tion does not hold. Respondents were allocated ran-
domly to the versions, and we have no indication
that significant bias was introduced by the allocation
process.

The second bias may have been introduced by the
fact that the versions differed in the six health states
that were evaluated. As explained above, version 1
contained more severe health states than version 2.
This may have made health states B and D appear
more attractive, and may thus have resulted in
higher weights for health states B and D, in version
1. Two points are worth making with respect to this
possible bias. First, it will affect only our between-
subjects tests. Within subjects obviously the same
version was used and we can still compare the an-
swers. Second, if this bias indeed affects our data,
we would expect it to be stronger for health state B

YObviously,  under decreasing proportional tradeoff and an-
choring the opposite pattern holds: D30 will be lower in ver-
sion 1.
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than for health state D because health state D was
still the worst health state in both versions. This was
reflected by the ranking exercise: all but two (ver-
sion 2 )  respondents ranked health state D as the
worst health state. Analysis of the rating-scale valu-
ations confirmed this expectation. The rating-scale
valuations for health state B differed significantly
across versions, but the difference between the rat-
ing scale valuations was not significant for health
state D. Therefore, if the two versions differed sig-
nificantly in the weights for health state B, but to a
smaller extent in the weights for health state D, we
interpret this response pattern as an indication that
the inclusion of different health states has produced
a bias in the responses.

Statistical Analysis
Mean values within samples were compared by

means of two-tailed paired t-tests. The paired t-test
assumes normality of differences, but is fairly ro-
bust. To be on the safe side, when normality was
rejected by a Kolmogorov-Smirnov test, we tested
for equality of means by the nonparametric Wil-
coxon matched-pairs signed-rank sum test. Mean
values between samples were compared by two-
tailed independent-samples t-tests. The indepen-
dent-samples t-test is robust for non-normality if the
hypothesis of equal variances in the two samples
cannot be rejected. We therefore first tested equality
of variances by means of an F-test. If equality of var-
iances was rejected, the nonparametric Mann-
Whitney test was used to analyze the data.

Given the size of our sample, at a significance level
of 5%,  the paired t-test is able to detect a difference
of 0.25 times the standard deviation with a power of
over 90%. Given that standard deviations for time-
tradeoff and standard-gamble quality weights re-
ported in the literature rarely exceed 0.2,11 the prob-
ability of detecting a true difference of 0.05 by the
paired t-test is higher than 90%. The power of the
independent-samples t-test to detect a difference of
0.25 times the standard deviation at a significance
level of 5% is 45%. The power to detect a difference
of 0.5 times the standard deviation is higher than
90%.

Hypotheses with respect to proportions were
tested by calculating x2 values from the resulting
2 X 2 contingency tables, which were compared
with 1 degree of freedom. Continuity corrections
‘were made both in the case where proportions
come from the same population and in the case
where proportions come from different populations.
The method used to test hypotheses with respect to

l/Most  standard deviations in our study were also less than 0.2.

proportions uses the continuous normal distribu-
tion as an approximation of the discrete binomial
distribution. The normal distribution corresponds
better to the binomial distribution when a correc-
tion is made to the observed frequency to allow for
the fact that variables can take only integer va1ues.l9

To examine whether a systematic relationship ex-
ists between satisfying constant proportional trade-
off and satisfying utility independence, we used a
binary choice model. We took the O-l variable “sat-
isfying constant proportional tradeoff yes/no” as the
variable to be explained. This variable takes the
value 0 if a respondent does not satisfy constant pro-
portional tradeoff and 1 if a respondent does satisfy
constant proportional tradeoff. The O-l variable
“satisfying utility independence yes/no” was taken as
the explanatory variable. This variable takes the
value 0 if a respondent does not satisfy utility inde-
pendence and 1 if a respondent does satisfy utility
independence. For this analysis, we could choose
between a probit  model, in which the error terms
are distributed according to the standard normal
distribution, and a logit model, in which the error
terms are distributed according to the logistic dis-
tribution. Because we estimated a univariate dichot-
omous model, it is hard to distinguish between the
two methods.“’ However, the logistic distribution has
slightly heavier tails, and, because we could not ex-
clude the possibility that responses to the constant
proportional tradeoff and utility independence ques-
tions would be concentrated in the tails, we decided
to use the logit  model. Model performance was as-
sessed by the likelihood-ratio test.

Results
We present the results for the two samples com-

bined. Separate results for the Swedish and Dutch
samples are not reported, because the results were
not significantly different. Separate results for the
two samples are available from the authors upon
request.

ANALYSIS OF INDIVIDUAL RESPONSES

We comment on the aggregated data only, be-
cause no significant difference was found between
the two versions in the individual analyses.

Constant proportional tradeoff The first three
lines of table 2 show the results of the test of con-
stant proportional tradeoff on the basis of the indi-
vidual data. Individuals whose choices exactly satisfy
constant proportional tradeoff are in category C
(22.7% of respondents). The proportion of respon-
dents in category C is slightly distorted, because
three respondents were not willing to trade any life
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Table 2 l Numbers of Time-tradeoff (TTO)  and Standard-
gamble (SG)  Responses per Category*

Version(s) n A B C D E

Time tradeoff 1 87 5 31 18 30 5
Time tradeoff 2 85 5 27 23 28 2
Time tradeoff 1 and 2 172 10 58 39 58 7

Standard gamble 1 87 18 38 8 17 10
Standard gamble 2 85 12 44 15 10 4
Standard gamble 1 and 2 172 28 80 23 27 14

*The categories:
A = weight 10 years > weight 30 years and no overlap of personal

confidence intervals (PCls).
6 = weight 10 years z weight 30 years, but overlap of PCls.
C = weight 10 years = weight 30 years.
D = weight 10 years < weight 30 years, but overlap of PCls.
E = weight 10 years -Z weight 30 years and no overlap of PCls.

Table 3 l Numbers of Respondents Satisfying Constant
Proportional Tradeoff (CPT) and Utility
Independence (UI) Simultaneously,
Unadjusted and with Adjustment for
Imprecision of Preference

n CPT + UI WT.,,  + Ulaa

Version 1 87 3 54
Version 2 85 7 84
Versions 1 and 2 172 10 118

years at all for an improvement in health. Contrary
to previous studies,4  table 2 shows no indication that
increasing proportional tradeoff is a more com-
mon response pattern than decreasing proportional
tradeoff.

These results do not take into account that re-
spondents’ preferences are probably somewhat im-
precise. For those respondents who indicated per-
sonal confidence intervals, we used these intervals
to examine overlap. However, such confidence in-
tervals were given for only 92 responses.** The ar-
tificial confidence interval estimated on the basis of
the median imprecision of preference?? resulted in
a personal confidence interval of [TTO - 0.075; TT0
+ 0.0751.

The respondents in categories B and D had over-
lapping personal confidence intervals. If the differ-
ence between the TTO valuations is interpreted as

**The fact that this number is equal to the number of re-
spondents in the Dutch survey is pure coincidence.

TtAdjusting  for the mean imprecision of preference resulted
in slightly larger personal confidence intervals: [TTO - 0.09; TTO
+ 0.091. However, using the mean imprecision of preference to
construct artificial  personal confidence intervals hardly affected
the results: both in version 1 and in version 2 one individual no
longer violated constant proportional tradeoff with imprecision
adjustment.

not significant, these respondents are counted as
satisfying constant proportional tradeoff. The re-
spondents in categories A and E had non-overlap-
ping personal confidence intervals. Their choices
violate constant proportional tradeoff even after ad-
justment for imprecision of preference.

Table 2 shows that the majority of time-tradeoff
responses satisfied constant proportional tradeoff
with imprecision adjustment (90.1%). The differ-
ences between the proportions satisfying increasing
proportional tradeoff and decreasing proportional
tradeoff are not significant in both versions. If re-
sponses are only partially adjusted for imprecision
of preference (i.e., no artificial personal confidence
intervals are constructed) 37.0% of the respondents
satisfy constant proportional tradeoff.

Utility independence. The last three lines of table
2 show that the overall proportion of respondents
who exactly satisfy utility independence, the respon-
dents in category C, is 13.4%. The proportion of re-
spondents in categories A and B is significantly
higher than the proportion of respondents in D and
E 1x2(1)  > 10.8; p C 0.00 in both versions]. This in-
dicates that the utilities of health states B and D as
fractions of the utility of full health decrease with
the time horizon used in the assessment. Utility in-
dependence predicts that these fractions should be
constant.

The artificial personal confidence interval con-
structed for those respondents who did not indicate
a personal confidence interval is equal to: [SG -
0.05; SG + 0.0513 Table 2 shows that after adjust-
ment for imprecision of preference majorities of the
respondents in the various groups satisfy utility in-
dependence. However, the proportion of respon-
dents who satisfy utility independence (75.6%) is
lower than the proportion of respondents who sat-
isfy constant proportional tradeoff. If only a partial
adjustment is made for imprecision of preference,
the proportion of respondents in categories B, C,
and D increases only slightly, to 18.0%.

Constant proportional tradeoff and utility indepen-
dence. Pliskin et al.’ have derived that constant pro-
portional tradeoff and utility independence guaran-
tee that individual preferences over lotteries on
chronic health profiles can be represented by the
risk-adjusted QALY model. In table 3, the column
CPT + UI shows the number of respondents who
satisfy both constant proportional tradeoff and utility
independence when no adjustment is made for im-
precision of preference. The column CPTadj + UIadj

shows the number of respondents who satisfy both

$$The  mean imprecision of preference was approximately the
same: 0.052. Using personal confidence intervals estimated on
the basis of the mean imprecision of preference did not affect
the results.
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constant proportional‘tradeoff and utility indepen-
dence when responses are adjusted for imprecision
of preference. Table 3 shows that, unadjusted for
imprecision of preference, only 5.8% of the respon-
dents satisfy the two conditions simultaneously. Af-
ter adjustment for imprecision of preference@
68.6% of the respondents satisfy the risk-adjusted
QALY model. Partial adjustment for imprecision of
preference only marginally increases the proportion
of respondents who satisfy both constant propor-
tional tradeoff and utility independence: the propor-
tion rises from 5.8% to 10.5%.

Table 3 does not show whether a systematic re-
lationship exists between constant proportional
tradeoff and utility independence. Is a respondent
who satisfies utility independence also more likely
to satisfy constant proportional tradeoff? We esti-
mated logistic regressions to examine the existence
of such a systematic relationship. Denote the prob-
ability that a respondent has a value i on the con-
stant proportional tradeoff variable given that this
respondent has a value j on the utility independence
variable by P(CPT  = ilU1 = j). For example, the
probability that a respondent satisfies constant pro-
portional tradeoff given that he or she satisfies utility
independence is denoted by P(CPT = 11 UI = 1).

Table 4 lists the results of the estimation proce-
dure. Results are reported only for the situation
where no adjustment for imprecision of preference
was made. Information about whether or not a re-
spondent satisfies utility independence does not im-
prove the model significantly if imprecision adjust-
ment is applied. This is caused by the unequal
distribution of observations over cells, which in turn
is a consequence of the fact that with imprecision
adjustment most respondents satisfy both constant
proportional tradeoff and utility independence. Ta-
ble 4 shows that in every situation respondents who
satisfy utility independence are more likely to satisfy
constant proportional tradeoff. The contribution of
the model is significant in all but one case.

GROUP ANALYSIS

Constant proportional tradeoff Column four of ta-
ble 5 shows the mean values for time tradeoff.
Within groups, constant proportional tradeoff pre-
dicts equality between Dl0 and D30 in version 1 and
between Bl0 and B30 in version 2. The difference in
the weights between Dl0 and D30 and Bl0 and B30
is in both cases not significant, and the null hypoth-
esis of no difference-cannot be rejected. The aggre-

$$For  respondents who did not indicate a personal confi-
dence interval, we used the same artificial personal confidence
intervals as before to adjust for imprecision of preference: [no
- 0.075; l-TO + 0.0751 and (SG - 0.05; SG + 0.051.

Table 4 l Results of the Logistic Regression Estimation
without Adjustment for Imprecision of
Preference*

Version 1

Version 2

P(CPT = P(CPT =
1 IUI = 0) 1 IUI = 1)

18.5% 37.5%

22.9% 48.7%

Model
X2

1.81
(NS)

3.27
(p = 0.0708)

Versions 1 19.5% 43.5% 5.78
and 2 (p = 0.0182)

* P(CPT = 11 UI = 0) denotes the probability that a respondent satisfies
constant proportional tradeoff (CPT) given that he or she does not satisfy
utility independence (UI). The model x2 has been calculated by the like-
lihood-ratio test.

Table 5 0 Mean Time-tradeoff and Standard-gamble
Weights (Standard Errors in Parentheses)

Health
State*

Time Standard
n Tradeoff Gamble

Version 1 D, 10 years 87 0.5901 0.7017
(.0194) (.0249)

Version 1 D, 30 years 87 0.5893 0.8784
(.0201) (.0258)

Version 1 B, 30 years 87 0.8045 0.8851
(.0155) (.0181)

Version 2 B, IO years 85 0.7947 0.8972
(.0189) (.0145)

Version 2 B, 30 years 85 0.7841 0.8507
(.0179) (.0191)

Version 2 D, 30 years 85 0.5684 0.8597
(.0273) (.0282)

*See table 1.

gate pattern is consistent with constant proportional
tradeoff. We observe no indication of anchoring: the
null hypothesis that the weights for B30 and D30 are
equal in the two versions, cannot be rejected.

The between-groups test also provides support for
constant proportional tradeoff. We compared the
version 1 responses to Dl0 with the version 2 re-
sponses to D30 and the version 1 responses to B30
with the version 2 responses to Bl0. In both com-
parisons the null hypothesis of equal weights cannot
be rejected.

Table 5 does not indicate that a bias has been
introduced by the fact that different health states
were included in the two versions since the weights
for B30 and D30 are not significantly different be-
tween the versions. Recall from the argument out-
lined in the Methods section that if a bias had been
introduced, we would expect the weights for both
B30 and D30 to be higher with version 1. Moreover,
we would expect the difference to be more pro-
nounced for B30.
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Utility independence. The last column of table 5
shows the standard-gamble weights. The results of
the within-groups analysis do not provide support
for utility independence. Utility independence pre-
dicts equality between Dl0 and D30 in version 1 and
between Bl0 and B30 in version 2. However, the
weight for 10 years is significantly higher than the
weight for 30 years, both for health state B (p <
0.001) and for health state D (p < 0.05). There is no
indication of anchoring: the weights for B30 and D30
do not differ significantly between the versions.

The between-groups test of utility independence
also suggests violation of utility independence. Both
Dl0 and Bl0 are higher than D30 and B30, respec-
tively, which confirms the pattern observed within
groups. However, the differences are not significant.
This may be due to the lower power of the inde-
pendent-samples t-test.?!

There is no indication that a bias has been intro-
duced by the difference in included health states in
the two versions. The weights for B30 and D30 are
higher in version 1, but the difference is not signif-
icant and, contrary to expectation; the difference is
more pronounced for health state D than for health
state B.

Discussion
We have experimentally tested two of the prefer-

ence conditions that underlie the QALY model in the
derivation by Pliskin et al.‘: utility independence and
constant proportional tradeoff. The results suggest
that constant proportional tradeoff is a condition
that describes individual preferences reasonably
well. The group analysis revealed that both within-
and between-groups constant proportional tradeoffs
could not be rejected. The analysis of the individual
responses showed that 22.8% of the respondents sat-
isfied constant proportional tradeoff without adjust-
ment for imprecision of preference. Deviations from
constant proportional tradeoff are not systematic:
increasing proportional tradeoff and decreasing
proportional tradeoff were observed with approxi-
mately equal frequencies. After adjustment for im-
precision of preference, which is likely to have oc-
curred given the respondents’ relative unfamiliarity
both with the health states and with the methods of
utility measurement, the proportion of respondents
whose choices satisfy constant proportional tradeoff

lInThis  may appear somewhat surprising because D30 in ver-
sion 2 is lower than D30 in version 1, for example, and their
standard errors are approximately equal. However, within ver-
sions the paired t-test is used, in which correlation between Dl0
and D30 is taken into account. Between-versions independence
of valuations is assumed. The independence assumption results
in larger standard errors and therefore lower t-values.

increased to 90.1%. With partial adjustment for im-
precision of preference, this proportion increases
up to 37.0%.

Our results provide less support for utility inde-
pendence. Within groups, the fraction of the utility
of full health decreased rather than staying constant
as predicted by utility independence. The between-
groups analysis also suggested violation of utility in-
dependence. However, in this case the violations
were not statistically significant, and we could not
reject utility independence, probably due to the
lower power of the independent-samples t-test. The
analysis of the individual responses showed that
13.4% of the respondents satisfied utility indepen-
dence without adjustment for imprecision of pref-
erence. After adjustment for imprecision of prefer-
ence, this proportion increased to 75.6%. With
partial adjustment for imprecision of preference,
this proportion increased only marginally, to 18.0%.

Pliskin et al.’ have derived that imposing both
constant proportional tradeoff and (mutual) utility
independence ensures that individual preferences
over lotteries over chronic health profiles can be
represented by a risk-adjusted QALY model. In our
study, 5.8% of the respondents satisfied both con-
stant proportional tradeoff and utility independence
(of quality of life from quantity of life) when no ad-
justment was made for imprecision of preference.
When adjustment was made for imprecision of pref-
erence, this proportion increased to 68.6%. With
partial adjustment, the proportion increased to
10.5%.

Adjustment for imprecision of preference turns
out to have an important influence on the results of
the individual analysis. It should be remembered
that for those respondents who did not indicate a
personal confidence interval, a personal confidence
interval had to be estimated. Estimation of a per-
sonal confidence interval is necessarily an arbitrary
exercise. However, in our opinion it is unlikely that
the actual personal confidence intervals are wider
than the estimated personal confidence intervals for
these respondents. The fact that exact responses
were given even though the possibility of indicating
personal confidence intervals had been pointed out
to the respondents suggests that these respondents
may have had reasonably precise preferences.

We therefore believe that our estimates with ad-
justment for imprecision of preference should be
considered to be maximum estimates. The partially
adjusted results (in which no artificial personal con-
fidence intervals have been constructed and only re-
ported personal confidence intervals have been
used) should in our interpretation be considered
minimum estimates.

The fact that a large proportion of the respon-
dents did not indicate a personal confidence interval
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even though we encouraged them to do so is some-
what surprising. This may have been due to the fact
that we did not require the respondents to indicate
personal confidence intervals, but only included this
as an option. Indicating an interval is not necessarily
easier than indicating one value. Indication of an
interval requires careful thinking about upper and
lower bounds. The respondents who did not state
an interval may have found the cognitive effort to
provide just one value less demanding. Due to the
uncertainty about the personal confidence intervals
for the respondents who did not indicate an interval,
our results about the proportion of respondents sat-
isfying the preference conditions after adjustment
for imprecision of preference need to be interpreted
with great care. To get more definite results, it may
be necessary in future research to require that re-
spondents indicate personal confidence intervals.

These results indicate that constant proportional
tradeoff holds approximately. Constant proportional
tradeoff has clear implications only if quality of life
and quantity of life are utility independent. However,
the evidence is much weaker for utility indepen-
dence. More research aimed both at testing constant
proportional tradeoff and utility independence in
different experimental settings and at developing al-
ternative utility models in health remains necessary.

The authors are grateful to Eddy ban Doorslaer, Peter Wakker,
John Miyamoto, the editor, and two anonymous referees for
their comments on previous drafts; to Maureen Rutten-van
MUken  for helpful suggestions with respect to the selection of
the health states; and to Jaco van Rijn for assistance in running
the experimental sessions.
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Instructions for the Time-tradeoff Questions

ample, if you consider 20 (=X1 years in health state A to
In the time-tradeoff method you are confronted with a be equivalent to 15 years in full health, then your Y value

choice between two health profiles: is equal to 15.

X years in a specific health state followed by death

Y years in full health followed by death

The value for X has been given. You are requested, given
this value of X, to indicate on a line for what value(s)  of Y
you consider the two profiles to be equivalent. For ex-

One way to answer the time-tradeoff questions is by
indicating with a - sign those values of Y for which you
definitely prefer the first profile (X years in the given
health state) and with a + sign those values of Y for which
you definitely prefer the second profile (Y years in full
health). Finally, indicate with an * sign those values of Y
for which you find it hard to choose between the profiles.
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APPENDIX B

Instructions for the Standard-Gamble Questions

A standard gamble consists of two alternatives:

X years in a specific  health state for certain followed by
death

Treatment with two possible outcomes. If treatment is
successful you will be in full health for X years followed
by death. If treatment fails you will die immediately.

You are requested to indicate on a line with probabilities
of successful treatment p for which value of p you con-
sider the two alternatives to be equivalent. For example,
if you consider treatment with a probability of success of

60% to be equivalent to X years in the specific health state
for certain then p is equal to 60%.

One way to answer the standard-gamble question is to
indicate with a - sign those values of p for which you
definitely prefer the certain health state and with a + sign
those values of p for which you definitely prefer the treat-
ment option. Finally indicate with a * sign those values of
p for which you find it hard to choose between the two
profiles.

Next to the line with probabilities of successful treat-
ment, a line has been drawn that shows the correspond-
ing probabilities of failure of treatment. This has been
done in order to remind you what your choices imply in
terms of the probability of failure of treatment.
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