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Objective. The main aim of this article is to test monotonicity in life duration. Previous findings suggest that, for
poor health states, longer durations are preferred to shorter durations up to some threshold or maximum endurable
time (MET), and shorter durations are preferred to longer ones after that threshold. Methods. Monotonicity in dura-
tion is tested through 2 ordinal tasks: choices and rankings. A convenience sample (n = 90) was recruited in a series
of experimental sessions in which participants had to rank-order health episodes and to choose between them, pre-
sented in pairs. Health episodes result from the combination of 7 EQ-5D-3L health states and 5 durations. Monoto-
nicity is tested comparing the percentage rate of participants whose preferences were monotonic with the percentage
of participants with nonmonotonic preferences for each health state. In addition, to test the existence of preference
reversals, we analyze the fraction of people who switch their preference from rankings to choices. Results. Monotoni-
city is frequently violated across the 7 EQ-5D health states. Preference patterns for individuals describe violations
ranging from almost 49% with choices to about 71% with rankings. Analysis performed by separate states shows
that the mean rates of violations with choices and ranking are about 22% and 34%, respectively. We also find new
evidence of preference reversals and some evidence—though scarce—of transitivity violations in choices. Conclusions.
Our results show that there is a medium range of health states for which preferences are nonmonotonic. These find-
ings support previous evidence on MET preferences and introduce a new ‘‘choice-ranking’’ preference reversal. It
seems that the use of 2 tasks with a similar response scale may make preference reversals less substantial, although it
remains important and systematic.
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Highlights

� Two procedures based on ordinal comparisons are used to elicit preferences: direct choices and rankings.
Our study reports significant rates of nonmonotonic preferences (or maximum endurable time [MET]–type
preferences) for different combinations of durations and EQ-5D health states.

� Analysis for separate health states shows that the mean rates of nonmonotonicity range from 22% (choices)
to 34% (rankings), but within-subject analysis shows that nonmonotonicity is even higher, ranging from
49% (choices) to 71% (rankings). These violations challenge the validity of multiplicative QALY models.

� We find that the MET phenomenon may affect particularly those EQ-5D health states that are in the middle
of the severity scale and not so much the extreme health states (i.e., very mild and very severe states).

� We find new evidence of preference reversals even using 2 procedures of a similar (ordinal) nature.
Percentage rates of preference reversals range from 1.5% to 33%. We also find some (although scarce)
evidence on violations of transitivity.
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This article investigates, in a very basic and fundamental
way, two empirical phenomena that challenge the multi-
plicative relationship assumed in quality-adjusted life-
year (QALY) calculations, namely, nonmonotonicity in
life span and related preference reversals. In the simplest
case, QALYs are computed by adjusting life-years
(denoted as t) by the utility (v) attached to the health
state (q) in which they are spent, that is, u(q, t) = v(q) �t,
with u a QALY utility function over outcomes q and t,
both embedded within a health episode (q, t), and v a
utility function that assigns a value to every possible
health state. The correction of t by factor v(q) is called
the linear QALY model,1,2 since the utility u is linear in

duration. If the linearity assumption is dropped, then the
multiplicative QALY model3–5 follows; that is, u(q,
t) = v(q) �w(t), where w is the function that values life
duration.

In QALY calculations, the utility of any health state
is assumed to be constant, irrespective of the time spent
in that state. This means that for a health state valued as
better than death (BTD) (i.e., a positive state), with v(q)
. 0, longer durations will be preferred to shorter dura-
tions; thus, QALY utility u(q, t) will increase monotoni-
cally with duration t. On the other hand, if a health state
is regarded as worse than death (WTD) (i.e., a negative
state), with v(q) \ 0, the number of QALYs will
decrease monotonically with duration.

On the contrary, if for a health state q preferences for
life duration are nonmonotonic, then v(q) is no longer
constant and becomes v(q, t), in such a way that the joint
utility function u(q, t) cannot be decomposed into a prod-
uct of separable factors, falsifying multiplicative QALY
models.6–9 The phenomenon, known as maximum endur-
able time (MET),10 is the paradigmatic example of non-
monotonicity, according to which poor health states can
become intolerable to people, in such a way that when
confronted with such poor conditions, individuals would
like to have a little more time, say weeks or months, to
stay alive and say ‘‘goodbye’’ to life, but not much longer.
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Put in graphical terms, the MET preference pattern can
be depicted by an inversed U-shaped QALY utility func-
tion with a single peak at a time point (i.e., the MET),
beyond which the health state is seen as increasingly
intolerable.11

Nevertheless, and despite that the findings reported
by many studies11–15 have been commonly interpreted as
supporting the hypothesis of the existence of the MET,
there are still various issues that must be elucidated.
First, as noted before, MET preferences are just one
example of nonmonotonic preferences. Consider, instead
of the typical curved pattern of MET preferences, with
first upward and next downward sloping sections, just
the opposite pattern: that described by a U-shaped curve.
This nonmonotonic pattern was predominant among the
respondents who were found to violate monotonicity in a
study.16 About 30% of the sample valued WTD increas-
ingly over time, which is contradictory to the conven-
tional MET. Thus, it is worthy to delve deep inside the
‘‘map’’ of diverse nonmonotonic preferences, which is
one of the aims of this article.

Second, the disparity between results such as those we
have just described above and those found by the major-
ity of the remaining studies ‘‘may be due to differences in
the way in which MET is assessed across studies’’16

(p. 400). Most studies11–14 have tested MET preferences
by means of the comparison of just 1 direct choice
between health episodes of type (q, t1) and (q, t2), with
t1 \ t2, and the implied choice derived from time trade-
off (TTO) assessments for the same episodes. A prefer-
ence reversal typically arises from this comparison:
respondents prefer the episode with the shorter duration
when asked directly but assign with the TTO more utility
to the episode with the longer duration.

Faced with this disparity, researchers14 concluded that
the preference reversal ‘‘hides the MET preferences when
values are assessed with the time trade-off task’’ (p. 495).
The explanation given to this preference reversal is
attributed to a ‘‘rule of thumb’’ followed by respondents
when answering TTO questions, called the proportional
heuristic.11,12 In short, this heuristic means that respon-
dents choose a duration in full health as a fixed propor-
tion of the duration in the poor health state. Therefore,
health state utility remains roughly constant irrespective
of the duration used as a stimulus in TTO measurements,
seemingly confirming the QALY model, as if respon-
dents’ preferences were time independent.13 According to
several authors,11–13 the use of this heuristic is driven by
scale compatibility. This compatibility effect states that
respondents weigh more heavily the stimulus attribute
that is more compatible with the response scale,17 and it
is one of the explanations to the so-called ‘‘choice-

matching’’ discrepancy.18,19 As in the TTO, if individuals
provide life-years as a response, then life duration will
receive a larger weight than that for the health state,
which could lead to neglect that, because of the poor
health state, fewer years should be preferred to more.
This fact has led to the claim11 that, at least for severe
health states, the usage of the TTO is not appropriate.

For all the reasons mentioned, this article has 3
objectives: 1) to test unambiguously nonmonotonic pre-
ferences by means of a variety of direct choices encom-
passing an ample set of different health episodes,
including death. Since various health episodes are used,
we also analyze possible intransitive preference orderings
by inspection of the series of direct choices made by
respondents. Furthermore, participants in the study also
rank the same health episodes, which provides a parallel
way to check nonmonotonic patterns. (2) To verify
whether the nonmonotonic patterns are a function of
severity and/or the type of task used. (3) To test whether
preference reversals, in the presence of nonmonotonic
patterns, may arise even if no matching task is used. The
use of choices and rankings allows us to test potential
preference reversals across both tasks. Note that the
response scale of the 2 procedures is similar (i.e., choose
1 episode over another or rank an array of them), so
scale compatibility should not provoke a discrepancy
between both.

The article is structured as follows. The next section
describes the experiment conducted to test failures in
monotonicity and potential preference reversals between
direct choices and rankings of the same set of chronic
health outcomes. Results are provided in the third sec-
tion. A discussion closes the paper.

The Experiment

Participants and Experimental Sessions

Participants were 90 economics undergraduate students
who participated for course credits. They were recruited
by means of a participation call posted in the teaching
digital platform of the University of Murcia. No addi-
tional incentives were provided, apart for the course
credits.

Each participant attended 3 experimental sessions, 1
to rank-order chronic health episodes (ranking session)
and the other 2 to choose between them (choice ses-
sions). The tasks asked in each session were administered
by paper-based booklets. The sessions were run by one
of the authors in small groups with at most 5 subjects at
a time in a behavioral laboratory at the University of
Murcia. To avoid order and memory effects, tasks within
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sessions were randomly assigned to participants, and ses-
sions were separated by 1 wk each. Each session lasted at
most 40 min.

Chronic Health Episodes

We used 7 health states based on the EQ-5D-3L classifica-
tion system.20 According to this system, health states are
described by means of 5 dimensions, each of which can
take 1 level out of 3 possible. Table 1 shows the description
of the health states, anonymously labeled T–Z.

The health states were chosen to cover the range of
the value set generated by the EQ-5D-3L algorithm for
Spain.21 According to this algorithm, the values attached
to each of the health states are 0.91, 0.54, 0.43, 0.25,
20.14, 20.44, and 20.65 for states T(11112), U(11113),
V(11312), W(12223), X(13332), Y(33232), and Z(33333),
respectively. Our selection encompasses 1 ‘‘very mild’’
state (11112), 2 ‘‘mild’’ states (11113 and 11312), 1 ‘‘mod-
erate’’ state (12223), 2 ‘‘severe’’ states (13332 and 33232),
and the worst possible state that the EQ-5D-3L system
can describe (the ‘‘pits’’ state 33333).22

From the combination of each health state with dura-
tions 0, 13, 24, 38, and 57 y, respectively, we obtained
the 5 health episodes per state presented to participants.
Previous studies investigating MET preferences that have

used EQ-5D-3L health states included in their designs
durations up to a maximum of 20 y.15 Scalone et al.23

argued in favor of using a longer time horizon. For this
reason, we included longer durations with a maximum
duration of 57 y, so as not to exceed the life expectancy
of participants (mean age 20 y). In addition, we inten-
tionally avoided using ‘‘round’’ durations (e.g., 10, 20,
30 y) in an attempt to enhance respondents’ deliberation
to compare the different episodes.

Tasks

Prior to the first experimental session, subjects were
introduced to the EQ-5D system. In addition, at the
beginning of each session, the participants made choices
and rankings that could mean preferring less to more
years in the same health state. The questionnaires began
with a trial question that was checked with participants
before starting the experiment.

Seven rankings (1 per health state) of 5 possible dura-
tions were obtained from each participant. So, for exam-
ple, for state T episodes (T, 0 y), (T, 13), (T, 24), (T, 38),
and (T, 57) are ranked. Episodes were printed on a set of
cards that, to avoid order effects, were distributed at ran-
dom. Each episode was described by means of a short
sentence, for example, ‘‘You are living 38 more years in

Table 1 Description of the EQ-5D Health States

STATE T
1 No problems in walking about
1 No problems with self-care
1 No problems with performing usual activities
1 No pain or discomfort
2 Moderately anxious or depressed

STATE U
1 No problems in walking about
1 No problems with self-care
1 No problems with performing usual activities
1 No pain or discomfort
3 Extremely anxious or depressed

STATE V
1 No problems in walking about
1 No problems with self-care
3 Unable to perform usual activities
1 No pain or discomfort
2 Moderately anxious or depressed

STATE W
1 No problems in walking about
2 Some problems washing or dressing myself
2 Some problems with performing usual activities
2 Moderate pain or discomfort
3 Extremely anxious or depressed

STATE X
1 No problems in walking about
3 Unable to wash or dress myself
3 Unable to perform usual activities
3 Extreme pain or discomfort
2 Moderately anxious or depressed

STATE Y
3 Confined to bed
3 Unable to wash or dress myself
2 Some problems with performing usual activities
3 Extreme pain or discomfort
2 Moderately anxious or depressed

STATE Z
3 Confined to bed
3 Unable to wash or dress myself
3 Unable to perform usual activities
3 Extreme pain or discomfort
3 Extremely anxious or depressed
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health state T.’’ To avoid response errors, participants
were asked to confirm their rankings. If they did not con-
firm it, they could change the ordering. We repeated the
process until participants did agree with the orderings
revealed. After that, participants were asked to fill in a
table, where they had to write, for each health state, the
position 1 to 5 that corresponded to each duration, from
most to least preferred episode.

In the choice sessions, participants were asked to
make choices between 2 chronic health episodes. As
there are 5 different durations, 10 pairs of health epi-
sodes for each EQ-5D health state follow. Overall, each
participant made 70 choices (i.e., 10 pairs 3 7 health
states), evenly distributed across the 2 questionnaires
administered in each session. The order in which choices
were presented within each questionnaire was random.
To avoid response errors, participants were asked to
confirm their choices by filling in a table, where they had
to write down their choice for every pairwise compari-
son. The table was made of 4 columns, the first 2 show-
ing the 2 options for each pairwise comparison, under
the headings ‘‘Alternative 1’’ and ‘‘Alternative 2’’ (e.g.,
24 y in health state U v. 38 y in health state U). The
other 2 columns offered 2 possibilities to participants: ‘‘I
choose Alternative 1’’ and ‘‘I choose Alternative 2.’’
Respondents had to tick the chosen option. This addi-
tional task forced them to check earlier responses.

Analyses

As noted in the introduction, multiplicative QALY mod-
els imply that preferences should satisfy monotonicity in
duration, which means that for all (q1, t1), (q1, t2) with
t2 . t1, either (q1, t2) is ‘‘strictly preferred to’’ (henceforth
denoted by the individual strict preference relation �)
(q1, t1), that is, increasing monotonicity, or (q1, t1) � (q1,
t2), that is, decreasing monotonicity. Likewise, it is also
assumed that preferences satisfy transitivity; that is, if
(q1, t1) � (q1, t2) and (q1, t2) � (q1, t3), then (q1, t1) � (q1,
t3), with � denoting the weak preference relation ‘‘at least
as preferred as.’’ Since rankings force pairwise compari-
sons to be consistent while simple choices do not, viola-
tions of transitivity were analyzed in the choice task only.

To achieve the first objective of this article, the inci-
dence of nonmonotonic and intransitive preferences was
analyzed in 2 ways. On one hand, participants’ responses
were classified into one of the different preference patterns
observed in the data. That is, we counted the number of
participants with nonmonotonic or intransitive preferences
for each health state qi and procedure (i.e., choices and
rankings). Participants whose preferences were nonmono-
tonic for at least 1 health state (e.g., a respondent with
monotonic preferences for, say, 4 states and nonmonotonic

for the remaining 3 states) were classified as nonmonotonic
subjects. MET patterns and opposite nonmonotonic pat-
terns (i.e., those revealing that shorter durations in a given
health state are ranked as WTD, that is, (T, 0 y) � (T, x
y), and longer durations as BTD, that is, (T, x y) � (T,
0 y), were differentiated where applicable as nonmono-
tonic MET preference patterns and other ones. Those
respondents who exhibited monotonic preferences for all
the states were classified as exclusively increasing, exclu-
sively decreasing, or both increasing and decreasing mono-
tonic ones. Subjects with intransitive preferences for 1 or
more states were classified as intransitive ones.

In addition, we also calculated both the percentage
rate P(m) of participants for whom preferences were
monotonic and the percentage rate P(non-m) of partici-
pants with nonmonotonic preferences, for each health
state qi and task. The magnitude of P(non-m) in regard
to P(m) gives, in this way, an idea of its relative fre-
quency. The same was done to inspect intransitive cycles
in the choice task: percentage rate P(t) of participants for
whom preferences were transitive and percentage rate
P(i) of participants with intransitive preferences are cal-
culated for each health state as well.

To verify if monotonicity is the most frequent pattern
(i.e., the ‘‘modal’’ one), we tested, for each health state qi
and task, whether P(m) . P(non-m) holds. Those parti-
cipants who exhibited intransitive preferences in the
choice task for any of the health states were excluded
from the test of monotonicity. Monotonocity was tested
by using the goodness-of-fit chi-squared test.

To fulfill the second objective (i.e., whether nonmono-
tonic patterns change depending on the severity and/or
the type of task used), we also tested whether the prob-
ability of exhibiting nonmonotonic preferences depended
on the task by using the nonparametric McNemar test
and/or if they depended on the health status by the non-
parametric Cochran Q test.

Lastly, the existence of preference reversals (third aim
of the article) was analyzed by calculating the percentage
rate of preference reversals for each health state as the
fraction of people who switch their preference from rank-
ings to choices. That is, respondents who, in a direct
choice, preferred the health state with duration ti over
the same outcome with a duration tj but ranked a tj dura-
tion above a ti duration in the rank-ordering task for the
same health state. The rates were computed both with
and without participants who yielded any intransitivity.

Results

With regard to the first aim of the article (i.e., to test
nonmonotonicity in duration), only 6 participants in the
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choice task and 1 participant in the ranking task dis-
played increasing monotonic preferences for all health
states. The pattern is ‘‘mixed’’ (i.e., increasing monotonic
preferences for some health states and decreasing mono-
tonic preferences for others) for 20 participants in the
choice task and 22 in the ranking. It was also found that
most participants displayed nonmonotonic MET prefer-
ences for at least 1 health state. As can be seen in Table
2, 43 participants (47.8% of participants) behaved
according this pattern in the choice task and 64 (71.1%)
in the ranking task. There were only 4 participants (1 in

the choice task and 3 in the ranking task) describing, for
some health state, a nonmonotonic pattern contradictory
with MET predictions, reported in Table 2 as the cate-
gory ‘‘Other.’’ Subjects included in this category were
dropped from subsequent analyses.

Twenty participants made intransitive choices in the
choice task at some point. After removing these partici-
pants, the percentage rates of nonmonotonic MET pre-
ferences in ranking and choice tasks were similar, that is,
66% and 62%, respectively.

Four main points arise from the inspection of Figures
1 and 2. First, percentage rates of nonmonotonic MET
preferences ranged from 1.1% (state 11112) to 42.7%
(state 13332) under the choice task and from 10.3% to
49.4% (for the same states) under the ranking task. Sec-
ond, the percentage rate of nonmonotonic MET prefer-
ences increased with severity, reaching its maximum for
health state 13332. Third, we observe that percentages of
nonmonotonic MET preferences were lower for choices
than for rankings. Fourth, percentage rates of intransi-
tivities were relatively small. They ranged from 1.1% for
health state 11113 to 9% for health state 12223.

It can be seen that as the severity of health states
increases, the number of subjects who prefer longer over
shorter durations decreases. In the case of very severe health
states (33232 and 33333), preferences are negatively mono-
tonic, since a shorter duration is preferred to longer ones.

After excluding participants with intransitive respon-
ses,i we observed that, under the choice task, the rate of
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11112 11113 11312 12223 13332 33232 333333

Increasing monotonic Decreasing monotonic Non-monotonic Intransi�ve

Figure 1 Preference patterns for separate health states, choice task (percent rate) (N = 89)*
*one participant who showed non-monotonic, non-MET, preferences for state 12223, is omitted.

Table 2 Preference Patterns for Individuals in Choice and
Ranking

Preference Pattern Choice Ranking

Exclusively increasing monotonic 6 1
Exclusively decreasing monotonic — —
Both increasing and decreasing monotonica 20 22
Nonmonotonic METb 43 64
Intransitivec 20 —
Otherd 1 3

aPreferences are increasing monotonic for some health states and

decreasing monotonic for others.
bPreferences are nonmonotonic for at least 1 health state (only 1

participant displayed nonmonotonic preferences for all health states)

according to the maximum endurable time (MET) pattern.
cPreferences are intransitive for 1 or more health state.
dPreferences are nonmonotonic but do not follow the MET pattern.
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monotonic preferences was significantly higher than the
rate of nonmonotonic MET preferences in all cases
except for health state 13332 (chi-square, P = 0.093);
thus, nonmonotonicity is, for that state, almost as likely
as monotonicity (39.1% v. 60.9%). Furthermore,
although for the remaining states discrepancies between
monotonic and nonmonotonic MET percentage rates
are statistically significant in the direction predicted by
monotonicity, there are important rates of nonmono-
tonic preferences for health states 12223 and 33232 (i.e.,
27.5% and 34.8%).

Results from the ranking task show more robust evi-
dence, contrary to monotonicity in duration. In particu-
lar, we did not find significant differences between
monotonic and nonmonotonic MET rates for health
states 12223, 13332, and 33232 (chi-square, P = 0.337,
P = 0.471, and P = 0.092, respectively). The percentage
rates of nonmonotonic MET preferences for these states
were re 43.5%, 44.9%, and 39.1%, respectively. They
were also high for health states 11113 (29%) and 11312
(34.8%), although monotonicity could not be rejected.

With respect to the second objective of this article
(i.e., to verify if nonmonotonic patterns are a function of
severity and/or task), it is apparent in Figures 1 and 2
that monotonicity was more frequently violated with
rankings than with choices. Indeed, we found that the
probability of exhibiting nonmonotonic MET preferences
was significantly higher in ranking than in choice for
health states 11113, 11312, and 12223 by the McNemar

test (P \ 0.001 in the 2 first cases; P \ 0.05 in the third
case). In addition, it seems that the probability of occur-
rence of nonmonotonic MET preferences was not inde-
pendent of health status (Cochran Q test, P \ 0.0001 for
both ranking and choice tasks). The percentage rate of
nonmonotonic MET preferences increased with severity
level from health state 11112 to state 13332, for which the
highest rate was reached. Moreover, the inspection of
individual responses suggested that the most preferred
duration was shorter as the severity increased. In this
way, the observation of rankings directly provided by the
respondents revealed that 57 y is the most preferred dura-
tion for almost 93% of them in the state 11112, decreas-
ing to 71% for state 11113, 65% for state 11312, 45% for
state 12223, less than 19% for state 13332, and 7.2% and
1.4%, respectively, for states 33232 and 33333. In parallel,
preference for the null duration (i.e., the death) went up
as long as severity did, being the most preferred duration
for more than 84% of the respondents for state 33333. In
other words, the MET moved to the left (i.e., shorter
durations) as severity increased.

Lastly, regarding our third objective (i.e., to test pre-
ference reversals across tasks), the proportion of prefer-
ence reversals between the rank ordering and choice
tasks was 1.5%, 19%, 24.9%, 33%, 22%, 13.5%, and
6.2% for health states 11112, 11113, 11312, 12223,
13332, 33232, and 33333, respectively. On average,
intransitivities explain less than 5% of these reversals.
After excluding intransitive subjects, most of the
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Figure 2 Preference patterns for separate health states, ranking task (percent rate) (N = 87)*
*three participants who showed non-monotonic, non-MET, preferences for states 11112 and 12223, are omitted.
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preference reversals occurred because participants pre-
ferred a higher over a lower duration in choices (e.g.,
57 y � 38 y) but a lower to a higher duration (e.g., 38 y
� 57 y) in rankings. That was the rule for all the health
states, ranging from 84.6% of the preference reversals
involving state 11312 to 58.8% for state 33232, except
for state 13332, for which the most frequent discrepancy
across the 2 tasks was the opposite one, explaining up to
52.5% of the total reversals.

If we go deeper into this general picture, distinguishing
between the different preference patterns behind the 2
tasks, we find that the pattern involving monotonically
increasing preferences in choices (i.e., 57 � 38 � 24 �
13 � 0) and MET preferences in rakings (e.g., 38 � 24 �
13 � 0 � 57) was the most frequent one for the less
severe states 11112, 11113, and 11312, giving place to
more than 77% of the preference reversals. Although this
pattern was also the prominent one for state 12223, it
explained less than 50% of the preference reversals. Prefer-
ence reversals patterns were, in contrast, quite varied for
states 13332 and 33232. In this way, the most frequent pat-
tern for the former (i.e., monotonic increasing preferences
in choices versus monotonic decreasing preferences in rank-
ings) concerned only 22% of all the reversals, whereas the
corresponding prominent pattern for the later (i.e., MET
preferences in choices versus monotonic decreasing prefer-
ences in rankings) was shared by 23.5% of the sample. Type
of preference reversals, on the contrary, were more homoge-
neous for state 33333, so the contrast of MET preferences
in choices and monotonic decreasing preferences in rank-
ings account for almost 41% of the preference reversals.

In line with the observation noted before that the
MET moves to the left as severity increases, the number
of respondents judging a health state as WTD in one of
the tasks (or in both) also increased, ranging from only 2
for state 11112 to 67 for state 33333, but was distributed
asymmetrically between the 2 tasks, which contributes to
explaining many of the preference reversals. On average,
the frequency with which a health state is regarded as
WTD in rankings was 39% higher than in choices. The
duration most frequent for which the health state went
from being considered better to WTD moved from 57 y
(i.e., 38 � 24 � 13 � 0 � 57) for state 11112 to 38 y for
state 11113 and 11312, 24 y for states 12223 and 133332,
and 13 y for states 33232 and 33333.

Discussion

Main Findings

We used 2 different procedures to elicit preferences:
choices and rankings. We found that monotonicity was

frequently violated in the sense predicted by the MET
phenomenon, that is to say, that longer durations were
preferred to shorter ones until a switching point (i.e., the
MET) was reached. Preference patterns for individuals
revealed that violations of monotonicity ranged from
about 48% with choices to 71% with rankings. Analysis
of separate health states showed that the rate of viola-
tions for some health states was near 50% in the ranking
task. We observed that violations of monotonicity
increased with severity and were higher for the states
12223 and 13332 than for more severe states, such as
33232 and 33333. Therefore, the MET phenomenon
appears to affect intermediate health states, rather than
extreme states in our study.We found new evidence of
preference reversals with 2 choice-based procedures. Per-
centage rates of preference reversals ranged from 1.5%
for health state 11112 to 33% for state 12223. Finally,
we also found some (although scarce) evidence on viola-
tions of transitivity.

Previous Related Studies

Dolan24 estimated the EQ-5D tariff based on VAS valua-
tions for 42 EQ-5D states and 3 different durations. The
utility estimate for a given health state is a decreasing
function of both its severity and its duration, in such a
way that even for milder states, utility decreases with
duration. This finding contrasts with recent estimations
of QALY utilities for different health episodes23,25 that
showed that utility declines with duration for severe
problems but not for milder and extreme problems, for
which utility increases (or disutility decreases) but at a
decreasing pace. Our results are in line with these studies,
suggesting that extremely bad states are negative over the
duration range, just as very good states are positive EQ-
5D states, whereas there is a medium range of health
states (i.e., moderate and severe ones) throughout prefer-
ences that are frequently nonmonotonic.

We found that the percentage rates of nonmonotoni-
city for health state 13332 were close to those reported by
Dolan and Stalmeier13 for EQ-5D state 21223, the single
state they considered. On the contrary, our results sug-
gest that rates of nonmonotonic preferences for health
states 12223, 13332, 33232, and 33333 are higher than
those reported by other studies11,12 that used only 1
direct choice and 2 TTO questions to test monotonicity
in preferences. All of these authors reported preference
reversal rates that were significantly higher (ranging from
74% to 86%) than those we found across choices and
ranking comparisons. Hence, it seems that the use of 2
tasks with a similar response scale may make preference
reversals less substantial although it remains important
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and systematic. This finding is a novelty in the domain of
health outcomes, using health episodes entirely riskless,
that adds to previous evidence reported by studies also
using choice-based procedures but applied to risky health
outcomes.26,27

Robinson and Spencer16 reported a majority of viola-
tions of monotonicity with patterns opposite to that pre-
dicted by MET. This evidence comes from the
observation of utility estimates for different combina-
tions of durations with EQ-5D health state 23323. Utili-
ties for health episodes were elicited by applying a
modified TTO procedure, initially called a ‘‘life profile’’
approach, which later became known as the ‘‘lead time’’
TTO method.28 As described before, the presence of
nonmonotonic patterns distinct from those consistent
with MET preferences are scarce in our data. The only 4
violations of monotonicity reported in this article in a
direction contrary to that predicted by MET seem to be
respondents’ mistakes rather than true preferences.
Therefore, previous MET findings are consistently sup-
ported by the data analyzed here, with the added value
that they have been checked via simple preference ques-
tions, without using any variant of the TTO. Moreover,
the evidence reported in this article encompasses a wide
severity range, including 7 different EQ-5D states and
not only 1 state, as Robinson and Spencer16 used.

The study conducted by Stalmeier et al.15 is, to the
best of our knowledge, that closest to ours. The authors
used 2 series of direct choices to test MET preferences:
on one hand, choices between a health state of a speci-
fied duration and death, and, on the other hand, choices
between 2 identical states of different duration. Propor-
tions of individuals with preferences consistent with
MET predictions were similar with both types of choices,
occurring more frequently for severe health states. The
percentage rates of nonmonotonic preferences reported
in their article did not exceed 30% for any of the 5 EQ-
5D states they considered, whereas we found rates higher
rates for some states. Nevertheless, the qualitative pic-
ture is similar in the 2 studies, although nonmonotonic
preferences were more frequent in our data. Note that
experimental protocols, the nature of the sample, and
the set of health states were different in both studies.

As Miyamoto et al.3 asserted, the phenomenon of
MET for a given health state constituted a basic counter-
example to the multiplicative QALY model. Our data
clearly show that the time point of the MET moves to the
left as the severity increases, therefore indicating that
QALY utility functions for life durations have a different
curvature with respect to different health states, something
that contradicts mutual utility independence between life
duration and quality of life. A complementary result was

reported by Attema and Brouwer,9 who found stronger
discounting of WTD states than BTD states, which also
contradicts the multiplicative QALY model.

Preference reversals observed in this article are partic-
ularly troubling, because they cannot be explained by
compatibility effects, such as those concerning the usual
‘‘choice-matching’’ discrepancy reported between direct
choices and TTO responses.11 Thus, a choice-ranking dis-
crepancy arises from our data, similar to that previously
identified by Bleichrodt and Pinto26 for risky treatments.
The different domain of the health outcomes used in their
study (risky) and ours (riskless) makes that explanation
to preference reversals hypothesized by these authors
(i.e., anticipation of disappointment and elation in risky
choice) not valid for our data. Although intransitive pre-
ference ordering has been suggested as an explanation for
the classical choice-matching discrepancy,29 later evi-
dence suggests that intransitivity is likely to explain only
10% to 20% of the phenomenon.30 Our data also sup-
port this observation for preference reversals between
choice and ranking, since intransitivity hardly explains
5% of them.

A possible explanation for our findings can be the so-
called evaluability hypothesis.31 According to this
hypothesis, the way in which attributes are evaluated,
separately or jointly, provides different information to
subjects, which may lead to preference reversals. In our
experiment, the durations for each health state are com-
pared together (joint evaluation) in rankings whereas
they are compared head to head (something closer to a
separate evaluation) in pairwise choices; thus, a prefer-
ence reversal might arise between these 2 different ‘‘eva-
luation’’ modes. The joint evaluation of health episodes
can make respondents more conscious of the interaction
between duration and health state, whereas a separate
evaluation can obscure that relationship, making dura-
tion more salient. In this way, nonmonotonicity would
be more frequent in ranking than in choice, as our results
reveal.

Limitations

This study is not exempted from limitations. First,
assuming that, in general, students are in good health,
their perception of the severity of a hypothetical poor
health state may differ from that of older (i.e., less
healthy) people because they never experienced adapta-
tion to a health problem. Other objections may concern
the sample size used, although it is larger than others
used in some previous studies.12–14,32 Participants in our
experiment did not receive financial compensation.
Instead, participation in the experimental sessions was
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rewarded with course credit. Although it would be inter-
esting to check if results are robust to changes in com-
pensation, we do not believe that financial motivation
may change our findings.33 On another note, indiffer-
ences between outcomes were not allowed. Hence, some
choices might be forced, and this might yield random
error. However, with random choices, one would expect
a 50% rate of nonmonotonic preferences for mild and
severe health states alike. On the contrary, we found that
violations of monotonicity depend on the severity of the
health status.

Another objection could be that the health episodes
used were too simple, inducing easily salience-based deci-
sion. However, if this had been the case, we believe that
there would not have been so many violations of mono-
tonicity as we observed. Likewise, it could be argued that
participants in our experiment might have found it hard
to perceive living for very long durations. For this rea-
son, analyses were carried out after leaving out the 57-y
duration. Rates of nonmonotonicity decreased for all
health states, although nonmonotonic preferences per-
sisted systematically. Lastly, we cannot discard that the
inclusion of (positive) durations shorter than 13 y, say
1 y or even just a few months, could have led to a larger
rate of MET preferences. In this respect, the evidence
reported in this article might be seen as a lower bound of
the phenomenon of nonmonotonicity in life duration.

Implications

From our study, it can be inferred that the MET phe-
nomenon may particularly affect those EQ-5D health
states that are in the middle of the severity scale. There-
fore, it may be necessary to explore the role of nonmulti-
plicative models to describe nonmonotonic interactions
between duration and health quality. Furthermore, in a
line similar to previous studies suggesting how proble-
matic the TTO can be in the presence of MET prefer-
ences,11,13,34 our findings signal that this method may be
unable to deal with those intermediate health states for
which more nonmonotonicity is observed. Very severe
states seem to be often perceived as WTD for durations
such as those used in this study, so the ‘‘negative’’ fram-
ing of the TTO (or also the ‘‘lead time’’ TTO) can reflect
the underlying preference of the individuals. However, it
cannot be equally suitable for moderate states, for which
respondents’ preferences are not uniform but rather
switch with the duration.

Our findings on preference reversals are troubling
because choices and rankings have many similar fea-
tures.19,35 However, in our data, nonmonotonic prefer-
ences seem to be more likely in rankings than in choices.

We hypothesize that this choice-ranking discrepancy may
be due to the different evaluation mode (joint v. separate)
induced in each task. So, future research should test this
hypothesis by, for example, comparing a choice-based
ranking task,26 according to which respondents are asked
to choose the most preferred health episode, next the sec-
ond one, and so on, to a conventional ranking. In addi-
tion, it would be interesting to confront respondents with
their choices and rankings and ask them the reasons why
they have performed such preference orderings and,
moreover, which of the 2 tasks best represented their pre-
ference ordering.36
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