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Abstract

Purpose—The aim of this study was to test whether the ordering of item labels in EQ-5D
instruments disagrees with the preferences of US adults.

Methods—A preference inversion occurs when “worse” health along a scale or score is
preferred. As a sub-study of the 2013 United States Measurement and Valuation of Health Study,
we tested for 33 EQ-5D preference inversions using paired comparisons with unique samples of
50 or more US adults, aged 18 or older. Specifically, we tested whether health preferences
contradicted ordering of EQ-5D labels.

Results—The EQ-5D-3L and EQ-5D-Y item labels had no significant preference inversions. The
EQ-5D-5L version had preference inversions between Levels 4 and 5. For example, 30 out of 59
respondents (51 %) preferred being “extremely” over “severely anxious or depressed,” contrary to
the ordering of labels for that item.

Conclusions—~Preference inversions between Levels 4 and 5 on the EQ-5D-5L were tested and
confirmed; therefore, valuation studies may find that Levels 4 and 5 have the same value. To
mitigate such inversions, labels could be revised or a 4-level version could be considered.
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Introduction

The EQ-5D is perhaps the most widely used measure of health-related quality of life

(HRQoL). This 5-item instrument now exists in three versions: (1) the initial version—now

called EQ-5D-3L—consists of five health dimensions described at three levels
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corresponding roughly to no, some, and extreme problems; (2) a more recent version—
EQ-5D-5L—with five levels; and (3) the EQ-5D-Y (youth version), which is a three-level
version intended for adolescents aged 7-12 years. An important challenge in designing any
HRQoL measure is the selection of labels that describes the extent of problems along each
dimension.

A preference inversion is when a respondent states a preference that contradicts the ordering
of labels in an item. A high prevalence of preference inversions within a valuation study can
lead to indifference between levels (i.e., coefficients equal zero) or even an increase in value
(i.e., positive coefficient sign). For instance, such a high prevalence conceivably occurred
along the dimension of cognition for the Health Utilities Index Mark 2/3 between Level 2
and 3 based on the coefficient estimates [1]. Evidence of indifference may have affected the
UK valuation of the SF-6D, where lack of statistical significance and/or the sign of
coefficient estimates for certain models were important criteria in eventual model selection
[2]. Subsequently, the US SF-6D valuation study bounded the coefficients to be nonzero due
concerns of preference inversions [3].

Based on the many EQ-5D-3L valuation studies that have been conducted [4, 5], there is
substantial evidence to indicate that EQ-5D-3L item labels are ordered and few (if any)
preference inversions occur. On the other hand, EQ-5D-5L valuation studies to date indicate
that general population respondents appear to assign similar values to Levels 4 and 5 of
several items; and it has been suggested that the labels used to describe Levels 4 and 5—
“severe” and “extreme” problems, respectively—may be too similar in magnitude to work
well. For example, Xie et al. [6] found that the Level 4 on anxiety/depression has nearly the
same value as Level 5 (0.244 and 0.254, respectively). In fact, the study found that Level 4
was higher than Level 5 for Usual Activities (0.129 and 0115, respectively; i.e., value
inversion). The lack of preference evidence at the time of EQ-5D-5L item labeling may also
have contributed to these suspicions of EQ-5D-5L preference inversions, which motivated
this study.

Successful integration of psychometric and econometric methods is a fundamental challenge
within outcomes research [7-9]. To be fit for purpose, HRQoL measures should be precise
and decision relevant. In psychometrics, item responses from a validated instrument describe
a health domain (e.g., depression) commonly under the assumption that “better” health
outcomes are preferred (even with little or no supporting evidence). In econometrics,
HRQoL instruments are evaluated based on whether they measure decision relevant
outcomes, not based on their measurement properties. These fields must integrate their
methods for each to succeed. After items and labels are proposed, preference inversion
studies can be conducted using a variety of valuation approaches such as discrete choice
experiments (DCE). These experiments (Fig. 1) basically show respondents' two alternative
outcomes and ask, “Which do you prefer?” For example, is “severely anxious or depressed”
preferred over “extremely anxious or depressed”?

In this study, we exemplify this process by examining whether the item labels in EQ-5D
instruments disagreed with the preferences and whether US adults are indifferent to “worse”
health along each item. This was accomplished by conducting a sub-study as part of the

Qual Life Res. Author manuscript; available in PMC 2016 November 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Craig et al.

Methods
EQ-5D

Page 3

2013 United State Measurement and Valuation of Health Study (2013 US MVH), in which
we examined 33 EQ-5D preference inversions using unique samples of 50 or more US
adults (i.e., each respondent answered only one preference inversion paired comparison).

The EQ-5D is a generic measure of HRQoL that has been widely used in clinical and
economic evaluations of health care as well as to capture the health of populations [10]. The
original version included three levels (EQ-5D-3L); however, two more recent versions were
released: a youth-friendly 3-level version (EQ-5D-Y) and a 5-level version (EQ-5D-5L) [11-
14]. In each version, the measure included five items: Mobility, Self-Care, Usual Activities,
Pain/Discomfort, and Anxiety/Depression. Each version was designed for self-completion,
has a low respondent burden, and has been administered using a variety of modalities (e.g.,
postal surveys, online).

A preference inversion is when a respondent states a preference that contradicts the ordering
of labels in an item (i.e., prefers a loss or decrement in health). For the EQ-5D items, health
worsens with each step up the scale (e.g., 1-2, 2-3). The EQ-5D-3L and EQ-5D-Y versions
each have ten 1-step and five 2-step decrements (e.g., 1-2 and 1-3, respectively). The
EQ-5D-5L has 20 1-step, 15 2-step, ten 3-step, and five 4-step decrements. Excluding those
decrements that include “no problems” or that are more than 2 steps, the 3 versions have a
total of 35 decrements. Two decrements (moderate to extreme on Anxiety/Depression and
Pain/Discomfort) are the same for the EQ-5D-3L and EQ-5D-5L; therefore, the 3 versions
have 33 decrements (see Tables 1, 2). The purpose of this study is to test whether health
preferences contradict ordering of EQ-5D labels for each of the 33 decrements.

2013 US MVH study

Between November 22, 2013, and December 22, 2013, 5,672 US adults, aged 18 and older,
were recruited from a nationally representative panel to participate in a 25-min online
survey. This study protocol was approved by the University of South Florida Institutional
Review Board (USF #8236), and funding was subsidized through Dr. Craig's support
account, a EuroQol Group grant, and the PROMIS valuation study (NCI;
1R01CA160104-01) [15]. The survey instrument had four components: Screener, Health,
Paired Comparison, and Follow-up. Each respondent completed all items of the three
versions of the EQ-5D in random order as part of the Health component prior to completing
the paired comparisons. After viewing 3 examples, the respondent completed 30 pairs. Each
pair was randomized in sequence, and attributes were randomized horizontally (i.e., left/
right). Each pair had 50 respondents or more following 18 demographic quotas (all
combinations of 2 genders, 3 age groups, 3 race/ethnicity groups) to promote concordance
with the 2010 US Census. Further details about 2013 US MVH are provided online [16].

Sampling for preference inversion sub-study

As a sub-study of the 2013 US MVH, 2113 respondents were randomly selected and
assigned 1 of the 33 preference inversion pairs; of those respondents, 1904 (90 %)
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completed the survey (Tables 1, 2). Figure 1 provides an example of a preference inversion
paired comparison. In addition, 347 of the 1904 respondents completed 1 of 6 version-
comparison pairs (Table 3). No adjustments to the significance level were required because
each respondent completed only 1 preference inversion pair; therefore, the samples are
completely independent. These six pairs assessed the relationship between labels at the
worst level across versions to investigate potential changes in the EQ-5D-5L that may
mitigate preference inversion.

Econometrics

Results

Tables 1, 2, and 3 show the pair-specific sample sizes, /N, and the proportion (P) who prefer
the “better” health (P= N4/(N4 + Npg)) for each of the 39 pairs. The 1-sided Pvalues [i.e., @
((P-O)/sqrt(A(1 — AIN))] indicate whether each proportion is greater than median among the
39 proportions (C = 54/55 = 98.18 %).

Table 1 shows the proportions of respondents whose preferences agreed with ordering of
EQ-5D-Y and EQ-5D-3L labels. The proportions ranged from 98 to 100 %. In each pair-
specific sample of 53-64 respondents, 1 respondent, at most, preferred the worst statement
over the better statement. According to these EQ-5D-3L and EQ-5D-Y results, we found no
evidence of preference inversion.

Table 2 shows the proportions for the items of the EQ-5D-5L version. Like Table 1, we
found no evidence of preference inversions, except for EQ-5D-5L pairs between Levels 4
and 5. For these pairs, we found significant evidence of preference inversion (i.e., > 0.98).
For the pair comparing “severely” and “extremely anxious or depressed,” we were unable to
reject indifference (P=0.5; Fig. 1).

Table 3 examines the relationship between the label at the worst level in Mobility, Pain/
Discomfort, and Anxiety/Depression across the three versions. In all pairs, we rejected
indifference; however, we found preference inversion between three of the six pairs at a
significance level of 0.05. Specifically, some respondents prefer being “severely” or
“extremely anxious or depressed” over being “very worried, sad, or unhappy.” In addition,
some respondents preferred being “confined to bed” over being “unable to walk about.” The
results show that the EQ-5D-3L version measured worse mobility than the EQ-5D-5L and
that the EQ-5D-5L version measured worse Anxiety/Depression and Pain/Discomfort than
the .

Discussion

Overall, the EQ-5D-3L and EQ-5D-Y versions of the EQ-5D displayed no significant
preference inversions. However, preference inversions were observed on the EQ-5D-5L
version between Levels 4 and 5, and we failed to reject indifference between “severely
anxious or depressed” vs. “extremely anxious or depressed” (Fig. 1).
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Item levels may disagree with changes along a latent domain due to issues with the labels
attached to the scale [17]. Instruments commonly include labels as written descriptions of
ordinal responses (i.e., adjectival scales). These labels may contradict order within the
domain from the perspective of respondents; therefore, the responses fail to capture changes
along the latent domain. One approach to test for the appropriate ordering of labels is to
utilize item response theory and to examine the calibration of step-order labels, which was
conducted and supported in a prototype of the EQ-5D-5L version [9]. For example, it may
be unclear to some respondents whether “extreme” represents more depression than
“severe,” because the former relates more to an individual extrema and the latter seems more
clinically relevant.

Likewise, changes along a latent domain may disagree with preferences. As a working
definition for preference inversion, “worse” health along a latent domain may be preferred.
There may be a wide variety of reasons for such an inversion to occur, ranging from inter-
individual differences in the social interpretation of labels (e.g., stigma) to systems-based
policy reasons for individuals that motivate preferences for a certain label over another due
to external incentives (e.g., to qualify for parking spaces). For example, “unable to walk
about” may be preferred to “severe problems walking about,” because of perceived benefits
of motorized assistive devices and the possibility that a certain level of disability triggers
health insurance benefits. Scales that agree with the latent domain and disagree with
preferences may be clinically or prognostically informative (e.g., suicidal tendencies);
however, such instruments fail to aggregate the burden of losses in HRQoL from the
stakeholders' perspective for use in outcomes research.

The case of severity and extremum

The relatively high proportion of severe—extreme preference inversions indicates that the two
terms are perceived as describing quite similar magnitudes along the latent domain or that
the two terms are qualitatively different. The term “extreme” is a relatively value-neutral
description of magnitude, and in that, it can be used to describe both good and bad
phenomena. In contrast, “severe” indicates both magnitude and value—it tells us that we are
dealing with something bad, something difficult, something that implies negative, and
potentially grave consequences. This difference between “severe” and “extreme” could be
more noticeable or salient in conjunction with specific health dimensions, such as anxiety/
depression.

In complement to the paired comparisons, the survey included an open-text box and asked
respondents, “Please enter any comments and/or suggestion you have regarding this survey.”
In this open-text box, one respondent noted, “In terms of wording choice for intensity when
measuring conditions, | felt that extreme was greater with pain and physical issues, but
severe was greater for mental health-related issues.” Another stated, “The difference
between ‘severe’ and ‘extreme’ as adjectives is difficult to differentiate for some of the
questions. | could go either way on an answer.” Although this is anecdotal evidence, a
handful of additional respondents made similar comments.

It is important to note that the small, perceived magnitude difference between “severe” and
“extreme” is an issue likely to affect health valuation, as opposed to how people rate their
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own health. When respondents rate their health, their response is informed by the scale (i.e.,
the location of the label between the ends of the scale). When a respondent chooses between
alternative health descriptions, the scale is not shown and respondents have nothing but the
written descriptions to go by. Without a scale, their perception is limited to their own
individual interpretation of how good and bad “severe” and “extreme” are. Therefore, labels
along a scale may measure well, but describe poorly. In the case of severe—extreme
preference inversions, there is good reason to believe that respondents rating their health
problems as “extreme” are really in worse health than those rating their problems as
“severe,” yet the difference in value between the two levels could be zero (i.e., indifference).

Optimally, “better” health along any EQ-5D item is preferred by all respondents. To mitigate
preference inversion between Levels 4 and 5 in the EQ-5D-5L version, one option would be
to revise the labels. For example, evidence from Table 3 suggests that replacing “unable to
walk about” with “confined to bed” would decrease preference inversions in mobility. A
more drastic solution to the problem would be to discard one level, rendering an EQ-5D-4L
with better discrimination between all levels. A 4L version would have the added advantage
of being less cognitively taxing, because it would essentially describe three levels of
problems in addition to no problems—a setup easier to conceptualize and remember than the
current EQ-5D-5L.

Perhaps, the most pragmatic solution would be to adjust the EQ-5D-5L valuation studies.
Such studies may place the same value on Levels 4 and 5 (i.e., constraining the difference
between “severe” and “extreme” to be nonnegative), essentially allowing a 4-level tariff.
Another approach might be to add graphical or numeric labels. For example, which do you
prefer? Level 4: severely anxious or depressed or Level 5: extremely anxious or depressed.
Incorporating ordinal labels may prevent preference inversion; however, these labels may
further confuse respondents who prefer “extreme” over “severe” outcomes.

The primary limitation of this study is that respondents completed the three versions of the
EQ-5D prior to completing the paired comparisons. By showing them the items and labels in
advance, the design has a downward bias against the prevalence of preference inversions.
Furthermore, this study included only labels that are in the English versions of the EQ-5D
instruments and did not explore preferences on alternative labels or translations, which limits
the interpretation of the results. Given many EQ-5D translations and potential differences in
interpretation, even among English-speaking populations and cultures, further evidence of
the generalizability of these results is warranted.

In summary, we found support that the labels on the EQ-5D-3L and EQ-5D-Y versions were
consistent with US preferences; but preference inversions between Levels 4 and 5 on the
EQ-5D-5L were tested and confirmed, particularly for the anxiety/depression item.
EQ-5D-5L valuation studies may find that Levels 4 and 5 have the same value; therefore,
their QALYs may not account for differences between “severe” and “extreme” anxiety/
depression. Options for mitigating the issue of EQ-5D-5L preference inversions include
revising the wording for items and labels where inversion occurs or developing a 4-level
version. The most important lesson is that future development of HRQoL measures should
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integrate psychometric and econometric methods in the assessment of items and labels in a
manner that takes into account the perspective of the intended population.
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Severely anxious or depressed

Starting today, 30 days with health problems:  Starting today, 30 days with health problems:

Which do you prefer?

Extremely anxious or depressed

Fig. 1. Example of preferenceinversion paired comparison
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Proportion of respondentswho prefer the better statement: EQ-5D-3L and EQ-5D-Y

Better statement (A) Wor se statement (B) P(A>B) N p>0.982
EQ-5D-3L, Level 2 to Level 3
Some problems in walking about Confined to bed 1.00 56 1.00
Some problems performing usual activities ~ Unable to perform usual activities 0.98 63 0.56
Some problems washing or dressing self Unable to wash or dress self 0.98 58 0.52
Moderate pain or discomfort Extreme pain or discomfort 0.98 55 0.50
Moderately anxious or depressed Extremely anxious or depressed 0.98 58 0.52
EQ-5D-Y, Level 2 to Level 3
Some problems walking about A lot of problems walking about 1.00 64 1.00
Some problems doing usual activities A lot of problems doing usual activities 1.00 58 1.00
Some problems washing or dressing self A lot of problems washing or dressing self ~ 1.00 60 1.00
Some pain or discomfort A lot of pain or discomfort 1.00 52 1.00
A bit worried, sad, or unhappy Very worried, sad, or unhappy 0.98 54 0.49

For example, all 56 respondents prefer “some problems in walking about” over “confined to bed” (P (A > B) = 1.00)

aOne-sided Pvalues for a ttest on whether the proportion is >0.98. Sample size varied (52-64) due to sampling. Each respondent completed only 1

pair (no missingness)
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Table 2

Proportion of respondentswho prefer the better statement: EQ-5D-5L

Better statement (A) Wor se statement (B) P(A>B) N p>0.982
Level 2 to Level 3
Slight problems in walking about Moderate problems in walking about 0.98 59 0.53
Slight problems doing usual activities Moderate problems doing usual activities 0.92 53 0.06
Slight problems washing or dressing self Moderate problems washing or dressing self ~ 0.97 60 0.26
Slight pain or discomfort Moderate pain or discomfort 0.97 61 0.26
Slightly anxious or depressed Moderately anxious or depressed 1.00 58 1.00
Level 2 to Level 4
Slight problems in walking about Severe problems in walking about 0.95 63 0.14
Slight problems doing usual activities Severe problems doing usual activities 0.98 54 0.49
Slight problems washing or dressing self Severe problems washing or dressing self 1.00 55 1.00
Slight pain or discomfort Severe pain or discomfort 0.98 63 0.56
Slightly anxious or depressed Severely anxious or depressed 1.00 59 1.00
Level 3to Level 4
Moderate problems in walking about Severe problems in walking about 0.98 59 0.53
Moderate problems doing usual activities Severe problems doing usual activities 0.98 56 0.51
Moderate problems washing or dressing self ~ Severe problems washing or dressing self 0.97 62 0.27
Moderate pain or discomfort Severe pain or discomfort 0.98 54 0.49
Moderately anxious or depressed Severely anxious or depressed 1.00 53 1.00
Level 3to Level 5
Moderate problems in walking about Unable to walk about 1.00 54 1.00
Moderate problems doing usual activities Unable to do usual activities 0.97 60 0.26
Moderate problems washing or dressing self ~ Unable to wash or dress self 1.00 59 1.00
Moderate pain or discomfort Extreme pain or discomfort 0.98 55 0.50
Moderately anxious or depressed Extremely anxious or depressed 0.98 58 0.52
Level 4to Level 5
Severe problems in walking about Unable to walk about 0.88 57 0.01
Severe problems doing usual activities Unable to do usual activities 0.89 57 0.02
Severe problems washing or dressing self Unable to wash or dress self 0.91 56 0.03
Severe pain or discomfort Extreme pain or discomfort 0.84 55 <0.01
Severely anxious or depressed Extremely anxious or depressed 0.49 59 <0.01

Page 11

1duosnuen Joyiny

For example, 29 out of 59 respondents prefer “severely anxious or depressed” over “extremely anxious or depressed” (P (A > B) = 0.49)

aOne-sided Pvalues for a ttest on whether the proportion is >0.98. Sample size varied (53-63) due to sampling. Each respondent completed only 1
pair (no missingness)
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Table 3

Proportion of respondentswho prefer the better statement: a comparison of levels across
EQ-5D-3L, EQ-5D-Y, and EQ-5D-5L

Better statement (A) Wor se statement (B) P(A>B) N p>00982

Severe problems in walking about Confined to bed 0.96 55 024

(EQ-5D-5L Mobility, Level 4) (EQ-5D-3L Mobility, Level 3) ’ )

A lot of pain or discomfort Severe pain or discomfort 0.96 56 024

(EQ-5D-Y Pain/Discomfort, Level 3) (EQ-5D-5L Pain/Discomfort, Level 4) ' )

Very worried, sad, or unhappy Severely anxious or depressed 0.90 60 0.2

(EQ-5D-Y Anxiety/Depression, Level 3)  (EQ-5D-5L Anxiety/Depression, Level 4) )

Unable to walk about Confined to bed 092 59 003

(EQ-5D-5L Mobility, Level 5) (EQ-5D-3L Mobility, Level 3) ’ )

A lot of pain or discomfort Extreme pain or discomfort 1.00 62 1.00

(EQ-5D-Y Pain/Discomfort, Level 3) (EQ-5D-5L Pain/Discomfort, Level 5) '

For example, 53 out of 55 respondents prefer “severe problems in walking about” over “confined to bed” (P (A > B) = 0.96)

aOne-sided Pvalues for a ftest on whether the proportion is >0.98. Sample size varied (55-62) due to sampling. Each respondent completed only 1

pair (no missingness)
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