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Summary

This paper discusses two types of response-scale heterogeneity which may impact upon the
EQ-5D. Response-scale heterogeneity in reporting occurs when individuals systematically
differ in their use of response scales when responding to self-assessments. This type of
heterogeneity is widely observed in relation to other self-assessed measures, but is often
overlooked with regard to the EQ-5D. Analogous to this, preference elicitation involving the
EQ-5D could be subject to a similar type of heterogeneity, where variations across
respondents may occur in the interpretations of the levels (response categories) being valued.
This response-scale heterogeneity in preference elicitation may differ from variations in
preferences for health states which have been observed in the literature. This paper explores
what these forms of response-scale heterogeneity may mean for the EQ-5D, and the potential
implications for researchers who rely on the instrument as a measure of health and quality of
life. We identify situations where they are likely to be problematic and present potential

avenues for overcoming these issues.



1. Introduction

Preference-based health-related quality of life (HRQL) measures have grown in popularity,
mainly in response to an increasing reliance on economic evaluations to support
reimbursement decisions for pharmaceuticals and medical interventions. The most commonly
used instrument for measuring HRQL is the EQ-5D, which asks respondents to rate their
health in relation to five broad areas or “domains”: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression (Euroqol Group, 1990). In addition to its inclusion in
many economic evaluations, the instrument has recently been used as a performance measure
of health-care providers in the UK, and is included in household/health surveys as a measure
of population health (Devlin and Krabbe, 2013). The instrument exists in two versions — the
original EQ-5D, now renamed the EQ-5D-3L, which includes three levels or response
categories (no problems, moderate problems and unable to/extreme problems), and the more
recent EQ-5D-5L which contains five response categories for each health domain (no
problems, slight problems, moderate problems, severe problems and unable to/extreme

problems) (Euroqol Group, 2012).

When the EQ-5D, or any measure using subjective categorical scales, is used as a measure of
health, and researchers seek to explain differences in health across heterogeneous patient or
population groups (for example, by country, age, gender or socioeconomic status), direct
comparisons of self-assessments may be biased if there are systematic differences in the ways
that people interpret and use the response scales. For instance, people may rate their health
differently on a given categorical scale, either because their true and/or perceived health
differs, or because they perceive and use the response scales differently. In the case of the
latter, seemingly important differences in self-assessments may falsely be interpreted as
differences in underlying health. This phenomenon, a type of reporting heterogeneity which

has been referred to as differential item functioning (DIF) (King et al., 2004), differential



reporting behaviour (Rice et al., 2011), or response-scale heterogeneity (Angelini et al., 2014)
has been found to exist across a range of subject areas, including self-reported measures of
health (e.g. Bago D'Uva et al., 2008b, Grol-Prokopczyk et al., 2011, Kapteyn et al., 2007);
political efficacy (King et al., 2004); and job and life satisfaction (Kristensen and Johansson,

2008, Angelini et al., 2014).

Akin to response-scale heterogeneity in reporting, heterogeneity in the interpretations of EQ-
5D level descriptions may additionally pose a problem in preference elicitation tasks (i.e. the
elicitation of value sets to derive Quality-Adjusted Life Year (QALY) tariffs), since the
hypothetical health states that are valued are necessarily constructed using the response
categories (levels) of the EQ-5D. Systematic differences in the interpretations of these levels
may be masked by, or mistaken for previously observed variation in preferences for health
states (e.g. the tendency for older people to value the same health state differently to young
people (Dolan, 2000)). This paper highlights the potential issues of response-scale
heterogeneity in reporting and preference elicitation, and what they may mean for researchers
that use the EQ-5D. Note that while the EQ-5D is the focus of our paper, these issues may
apply to other multi-attribute utility instruments such as the SF-6D and Health Utilities Index
(HUI). Situations where response-scale heterogeneity is likely to be problematic are
identified and potential approaches to overcome these issues in reporting and preference

elicitation are outlined.

2. Response-scale heterogeneity in the EQ-5D

2.1. Response-scale heterogeneity in reporting

Two previous studies tested for differences in interpretation and use of EQ-5D response-
scales across countries (Salomon et al., 2011, Whynes et al., 2013). They found substantial

differences in reporting styles across countries, and that the likelihood of reporting problems



in EQ-5D domains changed considerably after adjusting for DIF (i.e. response-scale
heterogeneity). Response-scale heterogeneity has also been found to occur across a range of
characteristics (such as age, gender, education and income) in other self-reported measures of
health including mobility and pain (which are components of the EQ-5D), sleep, cognition
and general health (Bago D'Uva et al., 2008b, Bago d'Uva et al., 2008a, Grol-Prokopczyk et
al., 2011). While it has not been formally examined it is likely that response-scale
heterogeneity in EQ-5D reporting also extends to subgroups within countries; this may
explain at least some of the disparities in EQ-5D responses that have been observed amongst
within-country population groups around the world — such as those by age, gender and socio-
economic status (Luo et al., 2005, Kind et al., 1999, Burstrom et al., 2001, Seong et al., 2004,

Sun et al., 2011).

An example of response-scale reporting heterogeneity in the pain/discomfort domain of the
EQ-5D-3L is illustrated in Figure 1 where the underlying latent scale for perceived
pain/discomfort is represented by the vertical line. Assume we wish to compare the health of
two groups and respondents are asked to rate their level of pain or discomfort using the
response categories “I have no pain or discomfort”, “I have moderate pain or discomfort”, or
“I have extreme pain or discomfort”. How each group divides the latent scale into the three
response categories is represented by the placement of the inter-category thresholds t; and t,.
Despite having identical mean levels of latent health (with respect to pain/discomfort) as
illustrated by the bold arrows, Group 2 reports moderate pain/discomfort (a utility decrement
of 0.123 using UK tariffs, or 0.173 using US tariffs if moving from a state of full health®,
based on general population valuation surveys in each country using the time trade off (TTO)

method (Szende et al., 2007)) , whereas Group 1, who are more health optimistic compared to

' Whynes et al. (2013) also found significant differences between unadjusted and DIF-adjusted EQ-5D index
scores. Salomon et al. (2011) did not examine index values.
?i.e., a movement from the EQ-5D-3L health state 11111 to 11121.



Group 2, report no pain/discomfort (which incurs no utility decrement). Researchers would
typically be unaware of the location of each group’s inter-category thresholds, and may
incorrectly conclude that Group 1 is in better health than Group 2. However if the placement
of the thresholds could be observed, response-scale reporting heterogeneity would be clearly

evident.

<Figure I about here>

From this example it is clear how the presence of response-scale heterogeneity may bias
conclusions drawn from inter-group comparisons of heterogeneous groups. This bias may be
a concern not only in the context of population health surveys but also in economic
evaluations alongside clinical trials, where for instance subgroup analyses may be performed
to identify cost-effective populations. Figure 2 provides an illustration of how response-scale
heterogeneity may present a problem when comparing the health of individuals over time.
Here persons A and B are asked to report their mobility before, and sometime after receiving
a medical treatment using the EQ-5D-5L. Although the mobility of each individual improves
by the same amount on the latent scale post-treatment, Person A reports a health
improvement from severe problems to slight problems, whereas Person B, who has a
preference toward middle reporting categories, reports no improvement. In the context of a
clinical trial, this may mean that an intervention appears more cost-effective if offered to
individuals like person A. While these examples describe situations where it is likely to be
problematic, it is important to note that response-scale heterogeneity in reporting is unlikely
to be an issue for intra-person comparisons in health over time (unless an intervention
changes reporting behaviour), or when comparing health across homogenous populations

where reporting styles are unlikely to vary.

< Figure 2 about here>



2.2. Response-scale heterogeneity in preference elicitation

When the EQ-5D is used in health technology assessment, health utilities (or HRQL weights)
are needed in order to convert patient-reported EQ-5D responses (so called profiles) into
QALY weights. Health utilities reflect preferences for health states, and are typically
generated by asking members of the public to value a range of health states as defined using
the levels (response categories) of the instrument. For example, respondents may be asked to
value a hypothetical health state in which they have moderate problems with mobility;
moderate problems with self-care, extreme problems doing their usual activities; severe pain/
discomfort; and moderate anxiety/depression (EQ-5D-5L profile of 33543). Individuals
completing the preference elicitation task must, in effect, convert these descriptions to an
overall state of latent health. If the levels of the EQ-5D mean different things to different
respondents, then respondents may not actually be valuing the same state of health. To our
knowledge this issue has not been explored previously, although the presence of response-
scale heterogeneity in preference elicitation may account for some of the variation in
preferences for health states observed in the literature (Dolan, 2000). Its existence could also
mean that the use of MAUIs and the subsequent QALY calculations in resource allocation
decisions may not be giving a true indication of the actual benefit that would be derived, for

example, from competing healthcare interventions.

3. Overcoming response-scale heterogeneity

3.1. Response-scale heterogeneity in reporting



A general approach for detecting group differences in reporting styles is to use more
‘objective’ measures of health, such as biomarkers or more detailed health instruments, to
separate differences in health from differences in reporting styles (Salomon et al. (2011) and
Whynes et al. (2013) made use of detailed health instruments and clinical measures to detect
DIF). However, to avoid confounding of unobserved influences the objective measures must
adequately capture variation in true latent health for each of the EQ-5D domains. In practice
this can be difficult and costly to achieve. Furthermore, the method does not provide a clear
approach regarding how to adjust for reporting heterogeneity once identified (Grol-

Prokopczyk et al., 2011).

Another potential solution, which has already been used to identify and correct for response-
scale heterogeneity in a number of other self-reported measures of health (Grol-Prokopczyk
et al., 2011, Bago D'Uva et al., 2008b, Bago d'Uva et al., 2008a, Kapteyn et al., 2007), is the
use of anchoring vignettes.” The approach has not yet been used to test for response-scale
heterogeneity in the EQ-5D, but pilot research has found the method to be feasible in this
context (Au and Lorgelly, 2014). It involves the inclusion of at least one, but typically
several, brief health descriptions of hypothetical individuals (vignettes) that respondents are
asked to rate using the EQ-5D (in addition to their own health). These ratings can reveal what
the response categories truly mean for each respondent, provided that certain identifying
assumptions hold, namely response consistency and vignette equivalence (outlined below).
Since the actual level of health of the people in the vignettes is the same for all respondents,
the variation in respondent ratings can be used to identify and correct for response-scale

heterogeneity in reporting.

? Note that this approach has also been used to correct for reporting heterogeneity in other areas such as politics
and government (King et al. 2004), responsiveness of health system administration (Rice et al 2012), work
disability (Kapteyn et al. 2007) and job and life satisfaction (Kristensen and Johnansson 2008; Angelini et al.
2004). Anchoring vignettes have been included in a range of population surveys including the World Health
Survey, the Health and Retirement Survey (HRS), the English Longitudinal Study of Ageing (ELSA), and the
Survey of Health, Ageing and Retirement in Europe (SHARE).



The intuition of the anchoring vignette approach is illustrated in Figure 3, which extends our
first example (Figure 1). Groups 1 and 2 are assumed to divide the underlying latent scale for
pain/discomfort as before; and respondents from both groups are given three vignettes
describing differing levels of pain or discomfort which they are asked to rate using the same
underlying response scale they use to rate their own pain/discomfort. An example of a
vignette in this instance may be “Alex suffers from back pain every day and is unable to
stand or sit for more than half an hour at a time”. In the diagram the dotted horizontal lines
represent the fixed health of each vignette. When observing the vignette assessments it is
evident that compared to Group 1, Group 2 considers vignettes 2 and 3 to be describing

situations of more pain/discomfort.

< Figure 3 about here>

Responses to vignette assessments can be used to identify and correct for response-scale
heterogeneity in either nonparametric models or more complex parametric models. The
nonparametric approach involves the recoding of self-assessments relative to vignette
assessments. The parametric approach entails the estimation of inter-category thresholds as a
function of respondent characteristics for each EQ-5D domain (King et al., 2004). The
estimated parameters of these models can then be used to predict EQ-5D health states that are

not biased by response-scale heterogeneity.

The use of vignettes is particularly appealing as they are simple to complete and less
expensive than collecting objective measures of health such as biomarkers, and could
potentially be included in surveys alongside the EQ-5D. However, the approach is not
without limitation, and there are some conflicting findings concerning the validity of the
identifying assumptions upon which the approach is hinged; namely response consistency

(RC) - that respondents use the response scales in the same way for the vignettes as they do



for self-assessments; and vignette equivalence (VE) - that the health of the individuals in the
vignettes is interpreted in the same way and on the same unidimensional scale across
respondents. For instance, studies by Van Soest et al. (2011), Angelini et al. (2014), Rice et
al. (2011) and Grol-Prokopczyk et al. (2011) find evidence in favour of these assumptions;
while Peracchi and Rossetti (2013), Bago d’Uva et al. (2011) and Datta Gupta et al. (2010)
do not. Note that while Peracchi and Rossetti (2013) and Bago d’Uva et al. (2011) find
evidence against RC and/or VE, neither study dismisses the approach altogether, rather they
draw attention to the role of advances in the design of vignettes as a direction for improving
the validity of the methodology. Related to this point and in the context of EQ-5D vignette
design, Au and Lorgelly (2014) found that the assumption of RC is more likely to hold if
respondents are presented with overall health state vignettes as opposed to short vignettes on
single domains. While further work is needed in this area, we are of the opinion that the
developing vignette methodology offers a promising approach for addressing response-scale

heterogeneity in EQ-5D reporting.

An additional benefit of anchoring vignettes is their potential to make adjustments in external
samples, i.e. vignettes collected in one dataset can be used to adjust for response-scale
heterogeneity in other datasets where vignettes have not been collected. Harris et al. (2015)
have recently shown that such an adjustment is possible, using vignettes of self-assessed
health applied to the Household, Income and Labour Dynamics of Australia (HILDA)
dataset.* The idea of overcoming response-scale heterogeneity by applying an external
adjustment has obvious appeal in terms of ease and simplicity. Notably, the approach does
require the strong assumption that the reporting behaviour of respondents in the sample

which were administered vignettes is the same as the sample in which the external adjustment

* Note that this approach does require that the covariates used to predict response-scale heterogeneity are
available in both samples; these could include routinely collected characteristics such as gender, age, education
and ethnicity.



is being made; such an assumption would need to be thoroughly assessed before such a
method was implemented in practice. Given response-scale heterogeneity in reporting has
been shown to occur systematically in certain groups, there would appear to be merit in

exploring this approach further.

Another potential solution for eliminating response-scale heterogeneity in QALY weights is
to produce different subsets of tariffs for different respondent groups (for example according
to gender, age or education). Sub-group specific QALY weights could then be applied
depending on the characteristics of the particular respondent. By allowing utility weights to
vary across respondent characteristics (and if enough sub-groups could be accurately
identified), response-scale heterogeneity in reporting would be eliminated in the valuation
task, as respondent groups would value health states as they interpret them.”. It is worth
noting that different sets of tariffs are already applied at the country level, e.g. the UK has a
different set of tariffs to the US, these are thought to reflect differences in preferences for
overall states of health (Oppe et al., 2007). Dolan (2000) and Flynn and Huynh (2015) have
suggested this approach within countries to overcome heterogeneity in preferences across age
groups. A limitation is that response-scale heterogeneity in reporting cannot be separated
from heterogeneity in preferences.” This would mean that it would not be possible through
this approach alone to adjust for response-scale heterogeneity in health profiles, which

provide rich and detailed information on health states (Parkin et al., 2010).

3.2. Response-scale heterogeneity in the preference elicitation task

> The approach would rely on the assumption that interpretation and use of the response scales (i.e. the levels of
the EQ-5D) are the same amongst all people in a particular sub-group. I.e. the approach would assume that, in
each particular sub-group, response-scale use is the same for respondents who complete the EQ-5D self-
assessment (to which QALY weights are applied) and respondents who complete the valuation task (from which
the QALY weights are derived).

% Although other approaches could still be used to detect response-scale heterogeneity in reporting.



How to detect and overcome response-scale heterogeneity in the preference elicitation task is
much less clear; and discussion of this has been minimal. The inclusion of anchoring
vignettes in the valuation task could make its detection possible. For instance, if anchoring
vignettes were able to reveal what EQ-5D levels truly meant to respondents undertaking the
valuation activity, the elicited values could be adjusted to correct for response-scale
heterogeneity before deriving the QALY tariff. The approach discussed above involving the
elicitation of subgroup tariffs could also be used to (theoretically) eliminate response-scale

heterogeneity in the preference elicitation task, as well as in reporting.
4. Concluding remarks

This paper highlights the important issues of response-scale heterogeneity in EQ-5D
reporting and in preference elicitation. It is hoped that emphasising these issues in the context
of the EQ-5D will lead to further discussion and exploration in health instruments in general,
so that ultimately these potential sources of bias can be addressed in analyses that use self-
reported health measures to make comparisons across heterogeneous groups. We outline a
number of methods for overcoming response-scale heterogeneity in EQ-5D reporting, and
suggest ways forward in terms of the exploration of response-scale heterogeneity in
preference elicitation’. It is our opinion that the most promising of the approaches discussed
are the application of anchoring vignettes and the construction of alternate sets of tariffs for
different population groups. In practice, the latter would be an expensive approach to
implement as large samples would be required to appropriately represent each of the
distinctive combinations of population groups (e.g. according to age, gender, education, etc).
The approach would however eliminate al/ response-scale heterogeneity in the EQ-5D and

may be worth considering in future work. Perhaps the most viable method worth pursuing in

7 Note that due to limitations of space we do not provide an exhaustive review; for instance, Rasch analysis can
also be used to identify response-scale heterogeneity.
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the immediate future, in terms of both time and cost, is the anchoring vignette approach,
particularly if adjustments can be formulated using vignette responses from external samples

(if the assumptions required for this approach prove valid).
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Figure 1 — Response-scale heterogeneity in the EQ-5D-3L pain/discomfort domain
(Example 1)

Group 1 Group 2

No pain or discomfort
No pain or discomfort

Ty ——

Group 1’s health = Group 2’s health ==

Tl N
Moderate pain or discomfort

Moderate pain or discomfort

T3

T, Extreme pain or discomfort

v Extreme pain or discomfort

Underlying latent scale for pain/discomfort

Groups 1 and 2 are asked to report their level of pain/discomfort using the response
categories “I have no pain or discomfort”, “I have moderate pain or discomfort” and “I have
extreme pain or discomfort”. Each group divides the underlying latent scale for
pain/discomfort (vertical line) into categories according to the placement of the inter-category
thresholds (t;) and (t,). Although mean levels of latent health (in terms of pain/discomfort)
are the same for each group, as shown by the bold arrows, Group 1 reports no pain or
discomfort whereas group 2 reports moderate pain or discomfort.
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Figure 2 — Response-scale heterogeneity in the EQ-5D-5L mobility domain before and
after an intervention (Example 2)

Person A Person B
1 No problems
E No problems —1
2 Slight problems
E T - -1 Ty
- .
8 Slight problems
[}
= After treatment
€ >
g T, |
= Moderate problems Moderate problems
%D T3 e
> < Before treatment >
fg Severe problems 1
) T, —— Severe problems
v Unable to walk Unable to walk

Persons A and B are asked to report their mobility before and sometime after receiving a
medical treatment using the EQ-5D-5L. Although the mobility of each individual improves
by the same amount on the latent scale post treatment, Person A reports a mobility
improvement from severe problems to slight problems, whereas Person B reports no
improvement in mobility.
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Figure 3 — Anchoring vignettes in the EQ-5D-3L pain/discomfort domain (Example 1
continued)

Group 1 Group 2
s A .
Lé Vignette 1
§ No pain or discomfort No pain or discomfort
: -
g .
o | lenewe2 V] S
P L . .
§ Moderate pain or discomfort
w
=] Moderate pain or discomfort
Q
=
& _lenewes ________ VBT
> . .
= T, Extreme pain or discomfort
< . .
S v Extreme pain or discomfort

Respondents from Groups 1 and 2 are given three vignettes describing differing levels of pain
or discomfort which they are asked to rate using the EQ-5D-3L. The fixed health of each
vignette is represented by the dotted horizontal lines. Group 1 considers vignettes 1 and 2 to
be describing situations of no pain/discomfort and vignette 3 to be a situation of moderate
pain/discomfort. Group 2 considers vignette 1 to describe no pain/discomfort; vignette 2 to
describe moderate pain/discomfort; and vignette 3 to describe extreme pain/discomfort.
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