ORIGINAL ARTICLE

Choice Defines QALYs
A US Valuation of the EQ-5D-5L

Benjamin M. Craig PhD* and Kim Rand, PhDf#

Background: The 5-level version of the EQ-5D (EQ-5D-5L) was
introduced as an improvement on the original 3-level version (EQ-
5D-3L). To date, 6 country-specific value sets have been published
for EQ-5D-5L and 9 US value sets have been published for other
instruments. Our aims were to (1) produce EQ-5D-5L values on a
quality-adjusted life year (QALY) scale from the perspective of US
adults and (2) compare them with US EQ-5D-3L values and the
other country-specific EQ-5D-5L values.

Methods: In 2016, 8222 US respondents from all 50 states and
Washington, DC completed an online survey including a discrete
choice experiment with 20 paired comparisons. Each comparison asked
respondents, “Which do you prefer?” regarding a pair of alternatives
described using EQ-5D-5L and lifespan attributes. On the basis of more
than 50 choices on each of the 3160 pairs, we estimated EQ-5D-5L
values on a QALY scale and compared them with the US EQ-5D-3L
values and the other country-specific EQ-5D-5L values.

Results: Ranging from —0.287 (55555) to 0.992 (11121) on a
QALY scale, the estimated EQ-5D-5L values were similar to the US
EQ-5D-3L values. Compared with the US EQ-5D-3L values, the
values exhibited greater sensitivity and specificity and higher
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correlation with the EQ-5D-5L values of other countries, particularly
England.

Conclusions: Like previous US valuation studies, this study pro-
duced nationally representative EQ-5D-5L values on a QALY scale.
The results further demonstrate the advantages of the EQ-5D-5L
over its 3-level predecessor as a preference-based summary measure
of health-related quality of life from the perspective of US adults.

Key Words: quality-adjusted life years, patient preference, choice
behavior, health valuation, cost-utility analyses, value of life, quality
of life, patient reported outcome measures
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linical trials often conduct surveys with patient-reported

outcome (PRO) instruments to measure health-related
quality of life (HRQOL) as a primary or secondary endpoint.
However, treatment effects on HRQOL can be difficult to
summarize using distributions of PRO responses or scores
alone. To summarize PRO evidence better, preference re-
searchers sometimes present PRO response patterns to
stakeholders and ask about their preferences between these
outcomes.! That is, each item response on each PRO domain
is translated into an adjectival statement describing a health
attribute, so that stakeholders can better express the value that
they place on each outcome. The stakeholders are also told
who will experience each outcome and for how long (ie,
lifespan attribute). Using evidence from health valuation
studies, we can summarize treatment effects on HRQOL as
values from the perspective of stakeholders.

The 5-level version of the EQ-5D (EQ-5D-5L) is one
of the most commonly used PRO instruments for the measure-
ment of HRQOL in clinical trials and health technology
assessments.>® Using health preference evidence from a na-
tionally representative sample of US respondents (Supplementary
Fig. 1, Supplemental Digital Content 1, http:/links.lww.com/
MLR/B557), this study produced EQ-5D-5L values on a quality-
adjusted life-year (QALY) scale, with O representing the value
“immediate death” and 1 representing the value “1 year with no
health problems then die.”! Like other country-specific value set
of the EQ-5D-5L, these results (Appendix, Supplemental Digital
Content 4, http:/links.Iww.com/MLR/B560) will aid in the
summary of HRQOL evidence in clinical trials and health
technology assessments from the perspective of US adults.”8

In health valuation, preference-elicitation tasks may col-
lect choices, rankings, or ratings.”!° In this study, respondents
were asked, “Which do you prefer?” of 2 alternatives (ie, paired
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Which do you prefer?
Starting today, 10 years with health problems.
Moderate problems in walking about

Starting today, 7 years with no health problems
No problems in walking about

Unable o wash or dress self No problems washing or dressing self
Unable to do usual actities No problems dong usual actvibes
Moderate pain or discomfort No pain or dscomfort

Moderately anxious or depressed Not anxious or depressed

Then die (10 years from loday) Then die (7 years from today)

FIGURE 1. Paired comparison.

comparison; Fig. 1). By contrast, a time trade-off (TTO) is a
matching algorithm in which respondents complete an iterative
procedure composed by series of consecutive and adapted
choices (ie, ping-pong) adjusting the lifespan attribute of one
alternative until indifference is achieved (ie, match). To date, 7
US valuation studies have been published covering a wide
variety of PRO instruments [TTO: 3-level version of the EQ-5D
(EQ-5D-3L; 3 value sets); Paired Comparison (6 value sets):
Short-Form Six-Dimension Health Index (SF-6D), the Patient-
Reported Outcomes Measurement Information System 29-item
Profile (PROMIS-29), the child-friendly version of the EQ-5D
(EQ-5D-Y), the Behavioral Problems Index (BPI), the National
Survey of Children with Special Health Care Needs (NS-
CSHCN), and the Patient-Reported Outcomes version of the
Common Terminology Criteria for Adverse Events (PRO-
CTCAE)].4’9’1 1-19

The first EQ-5D valuation study conducted in the
United States used an interviewer-based TTO task, replicating
earlier protocols.!®?% In the original paper, the authors arbi-
trarily transformed a quarter of the TTO responses (ie, all
responses lower than immediate death) to improve the face
validity of the estimated EQ-5D values. Subsequently, the
original authors and others proposed alternative estimation
techniques that avoid data manipulation,'>'3?! but these did
not address the limitations inherent to the TTO task.!> Since
then, paired-comparison and ranking tasks were introduced as
an alternative to the TTOQ.!#%1115-18.22-25 A< an attempt to
compromise, hybrid models were introduced that merged
discrete-choice and TTO responses.'?

Using paired comparison evidence from a large
nationally representative survey (N =8222; Supplementary
Fig. 1 and Table 1, Supplemental Digital Content 1, http://
links.Iww.com/MLR/B557), our aims were to (1) produce
EQ-5D-5L values on a QALY scale from the perspective of
US adults and (2) compare these value with US EQ-5D-3L
values and the other country-specific EQ-SD-5L values. The
comparative analysis included the EQ-5D-5L values from
the first aim as well as a published outcomes dataset® with
EQ-5D-3L and EQ-5D-5L responses and a series of published
EQ-5D-3L and EQ-5D-5L value sets.263! The valuation
evidence also served as the basis for an econometrics com-
petition on the predictive validity of alternative modeling
approaches, which was recently published.3>33

METHODS
Aim 1: US Valuation of the EQ-5D-5L

As the largest health valuation study ever conducted, with
8222 respondents, this study was intentionally over-powered so
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that it could demonstrate differences in modelling approaches in
health valuation. In total, this survey collected 164,440 paired
comparison responses (Fig. 1; ie, 20 pairsx8222 respondents).
Further details of the survey instrument, choice sets, recruitment,
and quota sampling can be found on the study web site and
related publications.3>33

Like previous US valuation studies, respondents were
recruited from each US state and Washington, DC (Supple-
mentary Fig. 1 and Table 1, Supplemental Digital Content 1,
http://links.lww.com/MLR/B557) using a nationally repre-
sentative panel.>* Each of the 3160 pairs had 50 or more
respondents following 18 demographic quotas: [Men,
Women]x[Age 18-34, 35-54, 55+]x[Hispanic, non-Hispanic
black or African American, non-Hispanic, white, other]. To
better understand the demographic and socioeconomic rep-
resentativeness of the sample, the respondent characteristics
are provided in Supplementary Table 1 (Supplemental Digital
Content 1, http://links.lww.com/MLR/B557).

The Effect of EQ-5D-5L and Lifespan Attributes
on Value

The EQ-5D-5L instrument was introduced as an im-
provement on the original 3-level version for HRQOL
measurement and valuation.>>>% Specifically, it was de-
signed to increase sensitivity and reduce the ceiling effect and
gaps in the value sets. Its descriptive system includes 5
problems: Mobility, Self-Care, Usual Activities, Pain/Dis-
comfort, and Anxiety/Depression. Each problem is charac-
terized as being at one of 5 levels: none (level 1), slight,
moderate, severe, unable/extreme (level 5). In shorthand no-
tation, these attributes are shown as vectors of 5 numbers
(eg, Fig. 1 includes 35533 and 11111). Aside from health
attributes, the lifespan attribute is shown in days, weeks,
months and years and ranging from “immediate death” to
20 years (eg, Fig. 1 includes 10 and 7 years).

Value is a function of EQ-5D-5L and lifespan attributes
and expressed on a QALY scale. A previous analysis dem-
onstrated that the relationship between value and these at-
tributes may be best represented by a power function (ie,
value = VxLifespan®, where o < 1). For example, if V(33333)
is 0.75 (see below for details) and the power, a, is 0.5 (square
root), then the values of 33333 for 3 months, 1 year, and
4 years are 0.375, 0.75, and 1.5 QALYs, respectively. Like
the previous study, the value function includes different
power parameters depending on the temporal unit of lifespan
(days, months, weeks, or years).

Econometric Analysis

Each respondent completed 20 paired comparisons
(Fig. 1); therefore, the responses are not fully independent.
Instead of fully parameterizing their correlation (ie, random-
effects), we estimated the parameters by maximizing likelihood
with clusters [ie, maximize, cluster (respondent identifier)]. This
clustered maximization process does not assume any particular
specification for within-cluster correlation, yet it relaxes the
assumption of independence within clusters.

For each paired comparison, the likelihood of a choice
is described with a Zermelo-Bradley-Terry (ZBT; Technical
Appendix 1, Supplemental Digital Content 2, http://links.
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US EQ-5D-51L Values

Ilww.com/MLR/B558) cumulative density function (CDF), P
(A > B) =Dg/(Da+Dg), where Dy represents the opportunity
cost of choosing B over A and D4 represents the opportunity
cost of choosing A over B (eg, longer lifespan vs. relief of
health problems). For comparison, a logit CDF assumes that
the log odds [ie, In(P(A > B)/P(B > A)] is proportional to the
difference in opportunity costs (ie, Dg—Dj,). Unlike logit
CDF, the opportunity costs, Da and Dg, in a ZBT CDF are
always non-negative (ie, there is no such thing as a free
lunch); otherwise, the choice would be deterministic [ie, P
(A>B) is bounded by 0 and 1]. Under both CDFs, the
likelihood of choosing A over B decreases with the cost of A
(Dp) and increases with the cost of B (Dg).

In Figure 1, Dg=V({I1111)x(10°-7%) and Ds=(V
(1T111)-V(35533))x7°. If V(35533) is 0.75 and the power, a,
is 1, Dg=1x(10-7)=3 and D, =(1-0.75)x7=0.25x7 =1.75;
therefore, the likelihood is 3/(3+1.75), or 0.63, favoring the
longer lifespan (A; left). However, if the power, a, were 0.5
(square root), Dp=I1x(10""-7"=0.52 and Dy=(I-
0.75)x7%° =0.25x7%> = 0.66; therefore, the likelihood would
be 0.52/(0.52+0.66), or 0.44, favoring relief of health problems
(B; right). If power, a, was erroneously constrained to be 1
(ie, constant proportionality), the model would poorly predict
choices and produce biased estimates, compressing the range
(ie, mild outcomes would become more severe and severe
outcomes would become more mild).

Two regression models were estimated to produce EQ-
5D-5L values (eg, V(33333)). The first model included only
the 20 effect-coded dummy variables, which is the standard
approach to modeling the EQ-5D-5L. Each coefficient rep-
resents the loss in EQ-5D-5L value incurred by an increase of
1 level-increment in a domain [eg, going from level 2 (slight
problems) to level 3 (moderate problems) on mobility]. For
example, V(33333) equals 1 minus the sum of the first 2
coefficients of each domains. The second model included the
same 20 effect-coded dummy variables along with counts of
the number of domains with levels > 1, 2, 3, and 4. A pos-
itive (negative) coefficient of a level count implies that the
sum of its problems is worse (better) than its parts.

We hypothesized that each of the 20 effect-coded co-
efficients is positive (ie, worse health reduces value) with and
without level counts, and that each of the 4 powers (days,
weeks, months, years) is <1, rejecting the constant pro-
portionality assumption.

Aim 2: Comparisons of EQ-5D-3L and EQ-5D-5L
Values

Do the EQ-5D-5L Values Discriminate Better than
the EQ-5D-3L Values?

To assess discrimination and convergent validity, we
used a published dataset of US respondents who completed
the EQ-5D-5L and EQ-5D-3L instruments as well as self-
reported health status on a 5-point scale (excellent, very good,
good, fair and poor) and a 0—100 numerical visual analog
scale (VAS).? This online survey used a similar recruitment
strategy of the US general population (N =2619), and showed
that health problems are more common, but less severe when
measured using EQ-5D-5L. In the current study, we compare

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

the values of 2 “known groups” (297 with fair and 75 with
poor self-reported health) and estimated the association
between values and VAS by instrument.

Sensitivity is defined as the likelihood that the equiv-
alence in means between respondents in fair and poor health
is rejected at a significance of 0.01. For each of 10,000 iter-
ations, we randomly drew samples (of 25-75 respondents)
from each strata with replacement and tested for equivalence
in means.

Specificity is defined as the likelihood of failing to re-
ject equivalence in means of 2 randomly drawn samples with
equal number of respondents in fair and poor health at a
significance of 0.01. After combining these 2 samples, we
split the respondents into 2 new samples that were perfectly
balanced in terms of fair and poor health. Then we tested for
equivalence in means. We hypothesized that the EQ-5D-5L
values have higher sensitivity and specificity, and thus dis-
criminate better than the EQ-5D-3L values.

Do the Values Change When You Switch From the
EQ-5D-3L to EQ-5D-5L?

The comparison between the EQ-5D-3L and EQ-5D-5L
value sets is challenging because some of the differences are
due to measurement and others are due to values. However,
among the 3125 possible combinations (5°) of EQ-5D-5L
attributes, 72 are identical to those of the EQ-5D-3L de-
scriptive system. For example, the description for EQ-5D-5L
35533 (Fig. 1) is the same as that for EQ-5D-3L 23322. These
72 common descriptions illustrate differences among the
value sets. Furthermore, the EQ-5D-5L values were compared
to the crosswalk values provided by the EuroQol Foundation
as an interim value set and based on the US EQ-5D-3L
values.? For the 72 EQ-5D-3L and 3124 crosswalk values,
we estimated their unadjusted association with the EQ-5D-5L
values by Pearson correlation, Spearman correlation, and Lin
concordance coefficient.

Do the EQ-5D-5L Values Change When You Switch
Between Countries?

We compared the EQ-5D-5L values from this study to
the values of 6 countries (Table 2; Appendix, Supplemental
Digital Content 4, http:/links.lww.com/MLR/B560).26-3! In
addition to comparing their ranges, we applied each value set
to the published dataset of US respondents (297 fair and 75
poor self-reported health) and showed the difference in
means. Furthermore, we estimated their unadjusted associa-
tion between country-specific values (Pearson correlation,
Spearman correlation, and Lin concordance coefficient).

EQ-5D-5L value sets will generally display high cor-
relation because they are based on the same descriptive sys-
tem and not because of the values themselves (ie, descriptive
system bias; Supplementary Fig. 2; Supplemental Digital
Content 1, http://links.lww.com/MLR/B557, Technical Ap-
pendix 2, Supplemental Digital Content 3, http://links.lww.
com/MLR/B559). Using the combined value sets from the 7
countries, we regressed the EQ-5D-5L value on the descrip-
tive system (ie, misery index) and 8 country-specific in-
dicators (8 parameters) and examined the association between
the country-specific residuals and the US residuals. These
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adjusted measures of association may be more informative
that the unadjusted ones, because they describe the correlation
and concordance between country-specific values after con-
trolling for their common descriptive system.

RESULTS
Aim 1: US Valuation of the EQ-5D-5L

Table 1 shows the parameter estimates for the models
without and with the level counts. In both models, the effect-
coded coefficients are positive and each of the 4 powers is
> 1, letting us reject the constant-proportionality assumption.
Power increases with temporal unit (ie, respondents had
shorter time horizons when lifespan was expressed in days
rather than years). The confidence intervals are smaller than
those of the EQ-5D-3L valuation study, which failed to show
significant differences between levels in each domain.

The effect of shifting from none to unable/extreme on
value varies by domain and is similar with and without the
level counts. Relief of pain/discomfort is the most valuable
domain (0.369 and 0.324, respectively), and the largest pa-
rameter is the shift from moderate to severe pain/discomfort
(0.218 and 0.204, respectively). The level-count coefficients
are nonzero individually (7 tests) and together (Wald test) at a
significance level of <0.01, favoring their inclusion. There-
fore, the EQ-5D-5L values shown in the Appendix, Supple-
mental Digital Content 4 (http://links.lww.com/MLR/B560),
are based on the 28-parameter model.

Aim 2: Comparisons of EQ-5D-3L and EQ-5D-5L
Values

Figure 2 shows the sensitivity and specificity of the EQ-
5D-5L and EQ-5D-3L values by sample size. A sample size
of 50 would be sufficient to reject the equivalence in means
between respondents in fair and poor health 87% and 84% of
the time, respectively (P-value <0.01). If the fair-health
patients were evenly mixed into both groups, a sample size of
50 patients would be sufficient to fail to reject equivalence in
means 99.4% and 99.3% of the time, respectively. Compared
with EQ-5D-3L values, EQ-5D-5L values are more correlated
with self-reported health on a VAS (Pearson p, 0.500 vs.
0.503; Spearman p, 0.478 vs. 0.504). Although the
differences in sensitivity, specificity, and convergent
validity are modest (<0.05), this evidence shows that the
EQ-5D-5L discriminates between fair and poor health better
and concords with VAS better than the EQ-5D-3L.

Figure 3A illustrates the relationship between the EQ-
5D-5L and EQ-5D-3L values on the 72 common descriptions.
Three noteworthy patterns emerged. First, the EQ-5D-3L
values display a large gap at the top and a shorter range: the
EQ-5D-3L values range from -0.102 (33333) to 0.86
(11211), and the EQ-5D-5L values range from -0.287
(55555) to 0.992 (11121). Second, there appears to be a
series of shifts corresponding to the level counts. The EQ-5D-
3L value set is partly based on a count of level 3 (ie, N3
term), and the EQ-5D-5L values are based on 4 level counts.
Nevertheless, the EQ-5D-5L and EQ-5D-3L values are highly
correlated (unadjusted Pearson p, 0.96; Spearman p, 0.98;
Lin p, 0.81).

4 | www.lww-medicalcare.com

TABLE 1. Models of 5-Level Version of the EQ-5D Values
Without Level Counts With Level Counts’

8222 US
Respondents  Coefficient 95% CI  Coefficient 95% CI
Mobility
Level 1-2 0.014 0.012 0.016 0.021 0.017 0.024
Level 2-3 0.016 0.013 0.018 0.012 0.009 0.015
Level 34 0.131 0.120 0.142 0.036 0.030  0.043
Level 4-5 0.084 0.070  0.097 0.042 0.031 0.053
Self-Care
Level 1-2 0.018 0.015 0.020 0.023 0.018 0.027
Level 2-3 0.032 0.027 0.037 0.021 0.017  0.026
Level 34 0.123 0.111 0.135 0.023 0.015  0.030
Level 4-5 0.104 0.090 0.119 0.056 0.044  0.069
Usual Activities
Level 1-2 0.011 0.009 0.013 0.016 0.013  0.020
Level 2-3 0.016 0.013 0.018 0.009 0.006 0.013
Level 34 0.110 0.100 0.119 0.020 0.015 0.026
Level 4-5 0.061 0.050 0.073 0.027 0.017 0.037
Pain/Discomfort
Level 1-2 0.009 0.007 0.011 0.014 0.011 0.018
Level 2-3 0.016 0.014 0.019 0.011 0.008 0.014
Level 34 0.218 0.203 0.233 0.090 0.080  0.099
Level 4-5 0.126 0.109 0.144 0.070 0.056 0.084
Anxiety/Depression
Level 1-2 0.022 0.019 0.024 0.025 0.021  0.029
Level 2-3 0.020 0.017 0.022 0.013 0.009 0.016
Level 34 0.164 0.152 0.176 0.052 0.045  0.060
Level 4-5 0.041 0.033 0.049 0.011 0.004 0.018
Level counts
Count of — — — -0.006  -0.010 -0.003
levels > 1
Count of — — — 0.008 0.005 0.011
levels >2
Count of — — — 0.114 0.104 0.124
levels >3
Count of — — — 0.023 0.014 0.031
levels >4
Power (a)
Lifespan in 0.158 0.142 0.173 0.138 0.124  0.153
days
Lifespan in 0.185 0.167 0.202 0.164 0.147 0.181
weeks
Lifespan in 0.228 0.206 0.249 0.209 0.189 0.229
months
Lifespan in 0.335 0.304 0.365 0.304 0.277 0.332
years

“Without the level counts, experiencing the worst possible EQ5L description for
1 year (55555) equals the loss of 1.336 quality-adjusted life years (sum of all 20 effects-
coded coefficients). With level counts, this loss decreases to 1.287 quality-adjusted life
years (sum of all 20 effects-coded coefficients plus 5 times the level-count coefficients).
Regardless, experiencing the worst possible EQ-5L description for 1 year (55555) is
worse than “immediate death” (ie, —0.336 and —0.287, respectively).

"For example, the value of 1 year in 22211 equals 1—(0.021+0.023+0.016—0.006x3)
based on the model with level counts.

CI indicates confidence interval.

The comparison between the EQ-5D-5L and crosswalk
values (Fig. 3B)* show 2 other noteworthy patterns. First, the
crosswalk values also have a shorter range than the EQ-5D-5L
values, but they have a wider range than the EQ-5D-3L values:
—0.109 (55555) to 0.888 (11211). Second, the EQ-5D-5L
and crosswalk values are also correlated (unadjusted Pearson p,
0.88; Spearman p, 0.88; Lin p, 0.80).

This valuation of EQ-5D-5L from the perspective of US
adults was compared with the value vets from 6 other
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FIGURE 2. Discrimination of the EQ-5D-5L and EQ-5D-3L values on a quality-adjusted life year scale*. *Sensitivity is the likelihood
that the equivalence in means between respondents in fair and poor health is rejected at a significance of 0.01. Specificity is the
likelihood of failing to reject equivalence in means of 2 randomly drawn samples with equal number of respondents in fair and poor
health. EQ-5D-3L indicates 3-level version of the EQ-5D; EQ-5D-5L, 5-level version of the EQ-5D.

countries (Table 2; Supplementary Fig. 2, Supplemental
Digital Content 1, http://links.lww.com/MLR/B557; Appen-
dix, Supplemental Digital Content 4, http:/links.lww.com/
MLR/B560).26-3! Japan and Korea have the narrowest ranges
in values (0.920 and 0.949). The Netherlands and the United
States have the widest ranges (1.364 and 1.279). Among the
United States and the 6 other countries, there are large dif-
ferences between the lowest values (from —0.399 the Neth-
erlands to —0.066 Korea) and the highest (0.883 Korea to
0.992 the United States); however, the differences in max-
imum, minimum, and range do not explain why the United
States mean value for fair and poor health is greater than
those of the other countries.

At first glance, EQ-5D-5L value sets appears highly
correlated. After the country-specific ceiling effects and de-
scriptive system bias are controlled for, however, the values

of US adults appear more similar to the values of England. In
fact, the concordance between the United States and England
(Lin p, 0.814) is greater than the concordance between Canada
and England (0.780), Canada and the Netherlands (0.640), and
the Netherlands and England (0.782), even though these 3
countries used the same interview-based TTO approach.

DISCUSSION

This study produced EQ-5D-5L values (Appendix,
Supplemental Digital Content 4, http://links.Iww.com/MLR/
B560) that are representative of US adults, on a QALY scale,
and may be directly implemented by researchers interested in
the summary EQ-5D-5L evidence in clinical trials and health
technology assessments to inform resource allocation deci-
sions. On the basis of the Aim 2 comparative results, the
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FIGURE 3. Comparison of EQ-5D-5L, EQ-5D-3L*, and crosswalk values. *The EQ-5D-3L values are shown only for the 72 de-
scriptions shared with the EQ-5D-5L. EQ-5D-3L indicates 3-level version of the EQ-5D; EQ-5D-5L, 5-level version of the EQ-5D.
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TABLE 2. Relationship Between the 5-Level Version of the EQ-5D Values of the United States and 6 Other Countries

Japan Korea Uruguay The Netherlands Canada England USA

QALYs

Lowest value -0.025 —-0.066 -0.264 -0.399 —-0.148 -0.281 —-0.287

Highest value 0.895 0.883 0.978 0.965 0.929 0.951 0.992

Fair health” 0.700 0.729 0.841 0.713 0.729 0.740 0.860

Poor health 0.545 0.574 0.690 0.477 0.544 0.537 0.672
Measures of association, unadjusted (N=3124)"

Pearson p 0.924 0.943 0.947 0.935 0.972 0.974 —

Spearman p 0.920 0.940 0.949 0.929 0.973 0.972 —

Lin p 0.817 0.847 0.925 0.762 0.868 0.876 —
Measures of association, adjusted for ceiling effects and descriptive system bias (N =3124)

Pearson p -0.120 0.282 0.625 0.665 0.752 0.823 —

Spearman p —-0.126 0.255 0.606 0.663 0.742 0.816 —

Lin p —0.099 0.274 0.620 0.636 0.697 0.814 —

*The mean values of US respondents in fair and poor self-reported health (N =297 and 75, respectively) are shown by country-specific value set. Regardless of country, the

differences in mean value between fair and poor health is positive (P <0.01).

"The EQ-5D-5L descriptive systems contains 5 domains with 5 levels (5° =3125). We excluded the value for 11111 from the measures of association, because its value is constant

(ie, V(11111)=1 QALY) across all descriptive systems, except for Canada (0.949 QALYs5).

QALYs indicates quality-adjusted life years.

EQ-5D-5L values were similar to the EQ-5D-3L values, ex-
cept with smaller SE, no large gap near full health, and a
wider range. The results demonstrated the advantages of the
EQ-5D-5L values over its 3-level predecessor in terms of
discrimination and convergent validity.

The Aim 1 analysis showed that all 20 effect-coded
parameters were significantly positive, which was a concern
because of evidence on preference inversions between level 4
and 5 on anxiety/depression.>* Its results also confirmed that
the count of level influences the EQ-5D-5L values (inter-
action effects) and that the power parameters on lifespan were
<1 (rejecting the constant proportionality assumption; P <
0.01) and varied by temporal unit.

The Aim 2 analysis showed that, after adjustments for
ceiling effects and descriptive system biases, US values were
highly correlated with the values of England and Canada.
Although the valuation studies of the Netherlands, England,
and Canada applied similar interview-based TTO protocol,
the concordances among these 3 countries are lower than the
concordance between the English and US values. This sug-
gests that similarity in language (English) may be more im-
portant than protocols.

Recent Innovations in Health Valuation

In this study, we applied 3 recent innovations in health
valuation. First, the initial paired comparison studies (A vs. B;
Fig. 1) used sigmoidal CDFs to estimate US value
sets.>121417 These functions are common in biostatistics
and preference research (eg, logits) and are based on additive
differences in value (eg, A-B). In terms of predictive validity,
sigmoidal CDFs have been shown to be inferior to propor-
tional CDFs, ones based on value ratios (A/B), for health
valuation.>? Except for the first 2 (EQ-5D-3L and SF-6D), all
US health valuation studies have used proportional CDF,
namely ZBT (Technical Appendix 1, Supplemental Digital
Content 2, http://links.Iww.com/MLR/B558). Unlike other
health preference studies, health valuation studies examine
the value of a wide range of alternatives (eg, mild to severe
problems; immediate death to 20-y lifespan). Proportional

6 | www.lww-medicalcare.com

CDF are particularly useful in health valuation, because
scale cancels within the value ratio. For example, doubling
time with pain and depression has a large effect on their
additive difference (A-B), but no effect on their ratio (A/B)
and little effect on choice. Sigmoidal CDF may work well if
the range of alternatives is narrow (eg, comparing similar
treatments), but proportional CDFs are more suitable for
wider ranges of values.*!11516.18.32 Replacing sigmoidal
CDFs with proportional CDFs improves predictive validity
and controls for scaling biases.

Second, all previous US value sets were estimated un-
der the assumption of a constant proportional relationship
between value and lifespan (ie, value =VxLifespan). Yet,
respondents typically exhibit decreasing marginal value of
lifespan (ie, discounting, time preferences).’®*** A recent
study demonstrated that a power function can relax the con-
stant-proportionality assumption (ie, value =VxLifespan®,
where a < 1) by adding only one parameter (Supplementary
Fig. 3, Supplemental Digital Content 1, http:/links.lww.com/
MLR/B557).%5 Not only was the constant proportionality
rejected, this assumption caused a bias that compressed the
range of values on the QALY scale, namely increasing the
gap between full health and mild outcomes and causing se-
vere problems to appear less burdensome. Relaxing this as-
sumption using the power function improves predictive
validity and reduces the compression in values. This is the
first health valuation study to relax the constant proportion-
ality assumption to produce a country-specific value set for
any PRO instrument. In future research, the US TTO-based
value set of the EQ-5D-3L may be reestimated to incorporate
the power function.

Third, multiple studies have compared alternative
preference-elicitation methods and concluded that online
surveys produce preference evidence equivalent to that of
interviews,*® avoid interviewer effects,® and have fewer se-
quence effects (ie, decreases in modal response with each
additional choice task) than interviewer-based tasks.”!> With
the lower cost and increasing generalizability of online sur-
veys, discrete choice experiments (DCEs), such as paired

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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comparisons, have become the most common approach to
producing US value sets (6/7) replacing the more expensive,
interview-based tasks (eg, TTO). A study of this size and with
coverage of all 50 US states (Supplementary Fig. 1, Supplemental
Digital Content 1, http://links.lww.com/MLR/B557) would have
been cost-prohibitive without the recent innovations in online
surveys.

Limitations

The sample was representative of the United States in
terms of self-reported age, gender, race, ethnicity and geo-
graphic region (Supplementary Fig. 1, Supplemental Digital
Content 1, http://links.lww.com/MLR/B557 and Table 1) due to
its use of an online panel.>* Such quota sampling techniques do
not address unobservable factors and online panels typically
underrepresent people of low income and low educational
attainment. Compared with the 2010 US Census, the sample has
similar proportions of Hispanic respondents (12.16% vs.
14.22%) and black or African American respondents (12.24%
vs. 11.97%), but has a lower proportion other nonwhite
respondents (6.40% vs. 13.37%). This difference may be
attributed to a lack of quota sampling for other racial categories
(eg, Asian), the lack of a “2 or more races” category in the
survey instrument, or the use of an online panel. This limitation
is commonplace in country-specific valuation studies. Door-to-
door interview survey would have made the study cost-
prohibitive and may not have improved the generalizability,
particularly to low socioeconomic status respondents.

Furthermore, this study did not use the interview-based
TTO approach and constant proportionality assumption ap-
plied in the 6 other country-specific valuation studies of the
EQ-5D-5L, which complicates the comparison EQ-5D-5L
value sets. Additional challenges in EQ-5D translation to non-
English languages may explain further differences.? Although
these differences have scientific and practical motives, they
detract from efforts to promote a uniform approach in health
valuation and some may seek to improve consistency further
by enhancing methodologic standardization and translation
processes, which is beyond the scope of this study.

CONCLUSIONS

“Choice defines value” is a mantra within the health
preference community.’?> This paper shows how choices
produce EQ-5D-5L values on a QALY scale (ie, choice de-
fines QALYs). Except for EQ-5D-3L,!319-21 a]] US valuation
studies used online paired comparisons.*!!:15-18 The resulting
values (Appendix, Supplemental Digital Content 4, http://
links.lww.com/MLR/B560) are similar to the US EQ-5D-3L
values and the EQ-5D-5L values of other countries. Although
the gains in discrimination are modest, these EQ-5D-5L
values should be suitable for the summary of HRQOL evi-
dence in clinical trials and cost-utility analyses from the
perspective of US adults.

Each of the 6 other country-specific EQ-5D-5L studies
conducted ~1000 interviews using a structured interview
protocol and quality control tools developed over the last
decade (EQ-VT).”® For the US, 1000 similar interviews
would cost more than 10 times as much as 8000 online
surveys.*’ Considering the demonstrated potential of paired

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

comparisons, our approach appears to be a cost-effective
method to conduct a national valuation study. Future US
valuation studies of the EQ-5D-5L may be directly compared
with this one in terms of cost, values, and uncertainty, which
may be informative for those planning studies in other
countries.*’
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