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Abstract
Objectives

The EQ-HWB-S (EQ Health and Wellbeing Short version) is a new
generic measure of health, social care and carer related quality of life,
specifically developed to generate utility values. However, its nine
dimensions pose a challenge for creating value sets using traditional
elicitation techniques, such as time trade-off. A promising alternative
method, called Online elicitation of Personal Utility Functions (OPUF)
has recently been proposed. The aim of this study was to test the
feasibility of using OPUF to create a value set for the EQ-HWB-S.

Methods

We adapted the OPUF tool for the EQ-HWB-S, and piloted it in
convenience samples from the UK and Germany. We then conducted
an explorative valuation study in both countries in March 2023. We
recruited a total of 658 respondents, in four samples: UK (n=328) and
German (n=110) general population, and German rheumatic disease
(n=110) and diabetes (n=110) patients. Feasibility was assessed based
on completion times, data quality, logical consistency, and
respondents’ feedback. A demo version of the English OPUF survey is
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available at: https://valorem.health/eqen-demo
Results

The OPUF approach was found to be feasible. Most respondents
completed the survey in around 15 minutes and found it easy to
complete. We derived well-ordered value set coefficients. Pain,
mobility, and daily activities were the three most important
dimensions in all four samples. The OPUF-derived UK value set
differed in several notable ways from a UK value set derived using
traditional elicitation methods.

Conclusion

This study has demonstrated the feasibility of using OPUF to create a
value set for the EQ-HWB-S in four relatively small samples including
two patient groups. While further validation is needed, our results
suggest that OPUF might be a viable alternative or supplement to the
traditional valuation techniques for eliciting health state preferences.

Plain Language summary

This study looked at a new way to measure people's preferences for
different aspects of health, social care and carer related quality of life.
The researchers wanted to see if this new method, called OPUF, could
be used to create a scoring system for a questionnaire. This scoring
system would be used to assign a value to different health and
wellbeing states. For example, perfect health and wellbeing would get
a higher score than poor health and wellbeing.

In the past, this kind of scoring system has been created by asking
people to make choices involving imagining various health and
wellbeing problems and how long they were going to live. But this can
be difficult for people to do. The OPUF method tries to make this
process easier by asking people questions about each aspect of health
and wellbeing one at a time.

The researchers tested the OPUF method with people from the UK
and Germany, including people from the general public and people
with diabetes or rheumatic diseases. The results suggest that OPUF is
a promising way to create scoring systems for health and wellbeing
questionnaires. It seems to be easier for people to understand than
the traditional preference elicitation methods. More research is
needed, but this could be a useful tool for improving how we measure
health and wellbeing.

Keywords
EQ-HWB-S, OPUF, Preference Elicitation, Health preferences, MCDA,
value set, utilities, health-related quality of life, patient preferences
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Introduction

The EQ Health and Wellbeing (EQ-HWB) instrument is a new
generic measure that goes beyond conventional measures of
health-related quality of life (HRQoL) to include carer and
social care related quality of life (Brazier er al., 2022; Peasgood
et al., 2022). There are two versions: a longer profile meas-
ure with 25-items, and a short version, the EQ-HWB-S (EQ
Health and Wellbeing Short version), with nine items. The latter
was specifically developed for valuation purposes, i.e. to gen-
erate utility values on the Quality-Adjusted Life Year (QALY)
scale, that is anchored at full health (=1) and dead (=0).

Yet, with nine dimensions, each with five levels, the
EQ-HWB-S is still a relatively complex instrument. It can
describe a total of (579=) 1,953,125 health states, and a
simple fixed effects model (commonly used for valuing the
EQ-5D-5L) would require estimating a total of (9*%4=) 36
coefficients. Although a recent feasibility study has shown
that it is feasible to derive a value set for the EQ-HWB-S using
time trade-off (TTO) and discrete choice experiments (DCE)
(Mukuria er al., 2023), considerable challenges remain:

First, to accurately estimate 36 coefficients, a large number
of data points is required — many more data points than usually
required for the EQ-5D-5L. As a result, many more partici-
pants will need to be recruited and interviewed to create a
value set, which may be time consuming and costly. This could
potentially limit the extent to which different countries will
be able to adopt the EQ-HWB-S to inform policy decision
making.

Secondly, in DCE and TTO tasks, participants evaluate entire
health states, i.e. they need to consider all nine dimensions
simultaneously, when choosing between scenarios or trading-off
time. This puts a significant cognitive burden on the partici-
pants, who are likely to then use heuristics (Veldwijk er al.,
2023). To counter this effect, some overlap between scenarios
in a DCE can be used, or each participant can be asked fewer
questions. However, these strategies result in a less efficient
design, further increasing the sample size required to derive
a value set.

An alternative valuation method — called the personal utility
function (PUF) approach — was recently developed by Devlin
et al. (2019). It combines multiple compositional preference
elicitation techniques, in three main valuation steps (dimension
weighting, level rating, and anchoring), with the aim to derive
model coefficients in a more direct and reflective manner.
The PUF approach was further refined and adapted for use
as a stand-alone online survey, called OPUF, by Schneider
et al. (2022). It has already been successfully applied in multi-
ple valuation studies for the EQ-5D-5L — including patient and
general population samples — as well as for other descriptive
systems (Bray et al., 2023).

We hypothesised that (O)PUF could potentially be useful for
valuing the EQ-HWB-S, as it allows constructing value sets
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in relatively small samples. This may enable value elicitation
in specific groups (e.g. patients) and/or in shorter time and
with fewer resources. The fact that each dimension is consid-
ered individually, may also impose a lower cognitive burden
on respondents compared with DCE, for example.

The primary objective of this study was to assess the feasibil-
ity of using the OPUF method to construct a value set for the
EQ-HWB-S in the UK and Germany. We sought to test this
with members of the general public as well as with patients.
We also compared the constructed value sets between sam-
ples, and against an existing pilot value set for the EQ-HWB-S
from the UK, created by Mukuria er al. (2023) using an
adapted EQ-VT protocol (Stolk ez al., 2019).

Methods

Overview

This study evaluates the feasibility of using OPUF to create
a value set for the EQ-HWB-S. We developed the OPUF sur-
vey in two languages, English and German. We first piloted
it in qualitative interviews (n=13) and a quantitative conven-
ience sample of 40 participants. We then conducted valuation
studies with respondents from four different samples (UK and
German general population, and German patients with dia-
betes and rheumatic diseases). The feasibility of the method
was assessed based on face validity and technical criteria
(e.g. completion times, errors, and feedback).

EQ-HWB-S

As mentioned above, the EQ-HWB-S is a generic measure
of health, social care and carer related quality of life (Brazier
et al., 2022; Peasgood et al., 2022). It consists of nine dimen-
sions, each with five levels taken from different response cat-
egories based on difficulty/ frequency/ severity (see Table 1).
For each item, the recall period is seven days. States are defined
as combinations of dimension-levels, ranging from the best
state, i.e. having no problems (‘111111111°), to the worst state,
having major problems in all nine dimensions (555555555).

OPUF - general method

OPUF is a web-based version of the PUF approach, originally
developed by Devlin er al. (2019). The main difference to tradi-
tional valuation methods is that OPUF is based on a different
paradigm: it is a compositional, instead of a decompositional,
preference elicitation technique (Belton & Stewart, 2002;
Keeney et al., 1979; Thokala et al., 2016). While DCE or TTO
require participants to evaluate entire health states, from which
partial values for dimension-level coefficients are subsequently
inferred (= decompositional approach), in the OPUF method,
partial values are elicited directly from the participants.

OPUF combines multiple decompositional preference elicitation
methods, each of which can be modified, depending on the
context. The method broadly consists of three steps:

1. Criteria weighting determines the relative importance
of the different dimensions of the HRQoL measure, on
a scale from O to 100.
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Table 1. EQ-HWB-S descriptive system.

Mobility (MO)
1 No difficulty getting around inside and outside
2 Slight difficulty getting around inside and outside
3 Some difficulty getting around inside and outside
4 A lot of difficulty getting around inside and outside
5 Unable to get around inside and outside
Daily activities (UA)
1 No difficulty doing day to day activities
2 Slight difficulty doing day to day activities
3 Some difficulty doing day to day activities
4 A lot of difficulty doing day to day activities
5 Unable to do day to day activities
Exhaustion (EX)
1 Never exhausted
2 Only occasionally exhausted
3 Sometimes exhausted
4 Often exhausted
5 Exhausted most or all of the time
Loneliness (LO)
1 Never lonely
2 Only occasionally lonely
3 Sometimes lonely
4 Often lonely
5 Lonely most or all of the time
Cognition (CO)
1 Never have trouble concentrating/thinking clearly
2 Only occasionally have trouble concentrating/thinking clearly
3 Sometimes have trouble concentrating/thinking clearly
4 Often have trouble concentrating/thinking clearly
5 Trouble concentrating/thinking clearly most or all of the time
Anxiety (AX)
1 Never anxious
2 Only occasionally anxious
3 Sometimes anxious
4 Often anxious

5 Anxious most or all of the time

Wellcome Open Research 2024, 9:359 Last updated: 10 OCT 2024

Sadness/depression (SD)
1 Never sad/depressed
2 Only occasionally sad/depressed
3 Sometimes sad/depressed
4 Often sad/depressed
5 Sad/depressed most or all of the time
Control (CO)
1 Never feel you have no control over your day to day life

2 Only occasionally feel you have no control over your day to
day life

3 Sometimes feel you have no control over your day to day life
4 Often feel you have no control over your day to day life

5 Feel you have no control over your day to day life most or all
of the time

Physical pain (PA)
1 No physical pain
2 Slight physical pain
3 Moderate physical pain
4 Severe physical pain
5 Very severe physical pain

© 2022 EuroQol Research Foundation. EQ-HWB™ is a trade
mark of the EuroQol Research Foundation. UK (English) v1.0

2. Level rating determines the relative importance of
intermediate levels (e.g. mild physical pain) within
each dimension, on a scale anchored at the worst
(e.g. very severe physical pain = 0) and the best level
(e.g. no physical pain = 100).

3. Anchoring maps the values obtained in the previous
steps on to the QALY scale, which is anchored at full
health (=1) and being dead (=0).

In the following, we briefly outline how the responses from
the three steps can be combined to directly derive an addi-
tive preference model, containing one coefficient for each
dimension-level.

In short, the level ratings are multiplied by the respective
dimension weights, and the resulting values are normalised to
a 0-1 scale, where O represents the best and 1 the worst
outcome. The normalised values are then multiplied with the
‘anchoring factor’. If the respondent prefers being dead over
the worst state, this anchor refers to the position of ‘being
dead’ on a scale between full health and the worst state;

Page 5 of 18



otherwise it refers to the position of the worst state on a
scale between full health and dead. Since being dead has
a utility of 0, we can map the function to the QALY scale.
More formally, the model can be defined as follows:

l. .
1]
[l - 100J* Wi
GEoT
D () f(@)

Where ¢, refers to the coefficient for jth level on dimension
i. Accordingly, I, refers to the rating for level j on dimen-
sion i, w, refers to the weight for dimension i,n refers to the
number of dimensions, fla) refers to the anchoring factor. The
anchoring factor, f(a) is fla) = 1/(1 — me-) if pits > dead, and
flay =1 - v, otherwise. Here, v, , refers to the position of
‘being dead’ on a 0-1 scale, anchored at full health (=1) and the
worst health states (=0); whereas Vs refers to the position of
the worst health state on 0-1 scale, anchored at full health (=1)
and dead (=0).

To derive the utility for any given EQ-HWB-S state, first the
sum of the respective dimension-level coefficients c, needs to
be computed. Since the model is expressed in terms of disu-
tilities, the resulting value needs to be subtracted from 1. Note
that, in contrast to DCE and other decompositional methods,
OPUF allows constructing this model not only on the group
level, but for each individual respondent.

OPUF - online survey implementation and piloting
OPUF has been implemented as a flexible, open source online
survey platform, built using modern JavaScript frameworks
(Vue.js, Node.js). It consists of modules, such as a ‘level rat-
ing module’, a ‘ranking module’, etc, which can be combined
and customised to accommodate different descriptive systems
and types of surveys.

For the present valuation study, we implemented the OPUF
method for the EQ-HWB-S in English as well as in German.
The initial surveys were based on previous versions used
for the EQ-5D-5L (Schneider er al., 2022). The instructions
and questions were revised to be more suitable for the
EQ-HWB-S. We then piloted the English and German version
of the survey in parallel: six and seven one-to-one online inter-
views were conducted with participants from the UK and
Germany respectively. The participants, including members
of the general public as well as patients and carers, were
recruited from a convenience sample. Members of the research
team watched participants complete the survey via ‘screen
share’. After each task, interviewees were asked debriefing
questions, to identify any issues. Changes to one language ver-
sion were applied to the other, where appropriate. The sur-
vey was finally tested without interviewers with a convenience
sample of 40 participants, 20 for each language version,
recruited via Prolific (Palan & Schitter, 2018) in January 2023.

Below, we describe the final OPUF survey for the EQ-HWB-S
in more detail. However, much effort went into optimis-
ing the online user experience. The visual presentation of the
tasks should be considered an essential aspect of the method.

Wellcome Open Research 2024, 9:359 Last updated: 10 OCT 2024

We thus encourage the reader to consult the English and
German demo versions of the OPUF survey available at https://
valorem.health/eqen-demo and https://valorem.health/eqde-demo,
respectively.

Information and informed consent. The survey started with
a short introduction to the study, and an informed consent
form, which the participants had to read and accept before
continuing. Participants were required to click a checkbox to
express their consent and the consent information was stored
together with the response data in the database.

Warm-up. At the start of the survey, respondents were asked
to report their own EQ-HWB-S state, as well as their subjec-
tive health and wellbeing, using an adapted version of the
EQ-VAS (Rabin er al., 2011), anchored between ‘the best’
(=100) and ‘the worst state you can imagine’ (=0). The EQ
VAS (visual analogue scale) is not part of the EQ-HWB-S,
but it was included to introduce respondents to the concept of
rating health and wellbeing on a numeric scale.

Criteria weighting. As the first step, respondents were asked
to rank all nine EQ-HWB-S dimensions. They were pre-
sented with a list showing the worst levels of each dimension
(e.g. Physical pain: very severe) and asked to rank them
‘from worst (first) to least bad (last)’. In the next step, the
swing weighting task, respondents were asked to assign val-
ues between 0 and 100 to swings from the worst to the best
level on each dimension (e.g. from very severe to no physi-
cal pain). The dimension ranked first in the previous task was
set to a value of 100. This value was fixed and respondents
were encouraged to use this as a yard stick to determine the
relative value of the other eight dimensions. The order in
which the dimensions were displayed was also consistent
with the previous ranking.

Level rating. For each dimension, respondents were asked to
rate the three intermediate levels (e.g. mild, moderate, severe
physical pain) on a scale from 100 (best level) to O (worst
level). The values for the best and worst level were fixed. If a
rating was implausible, e.g. mild pain received a higher, i.e, bet-
ter rating than moderate pain, a prompt was shown, encour-
aging the respondent to check their answers again. In the
German version of the survey, respondents, who gave and
confirmed 3 implausible answers were rejected from the study.

Anchoring. The anchoring task consists of two steps. First,
a pairwise comparison between the worst state ‘555555555’
(Scenario A) and ‘being dead’ (Scenario B). Subsequently,
respondents were shown a 0-100 visual analogue scale, where
100 represented ‘no health or wellbeing problems’, and O repre-
sented the not-preferred state, i.e. ‘being dead’, if the respond-
ent preferred the worst state over dead, or the worst health
state, if they preferred dead over the worst state. They were
asked to indicate where the preferred state lay on that scale.
After clicking on the scale, or entering the value into a
field, an arrow appeared to indicate the chosen value on the
scale. Respondents, who placed ‘555555555’ or ‘being dead’
at the same value as ‘no health or wellbeing problems’ had
to be excluded from the analysis, because no personal utility
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function can be constructed for them (all coefficients shrink to
zero, or become infinitely large).

Demographic questions and feedback. At the end of the
survey, respondents were asked for demographic information
(age, sex, education), their experience with illness, and caring
responsibilities, and they were also invited to share feedback
on the survey.

Construction of personal value functions and sample
value sets

For each respondent, a personal EQ-HWB-S value function was
constructed using the method described above. It was speci-
fied as an additive model with 36 coefficients: four for each
of the nine dimensions, representing the utility decrement
associated with levels 2-5. Since the implemented anchor-
ing task allows very low utility values (in cases where ‘being
dead’ is placed close to no health and wellbeing problems on
the scale), extreme outliers can occur that strongly influence
average estimates. To prevent this, the anchor points, i.e. the
utility assigned to 555555555, were censored at -1. There
may be better methods to deal with this issue, but since this
is a feasibility study, the chosen, simple, solution seemed
acceptable.

To derive an EQ-HWB-S value set, the personal value func-
tions were aggregated across all respondents within each sample.
We report mean coefficient estimates and standard errors.

Sampling
For this valuation study, we recruited participants from four
different samples (target sample size n):

1. UK-sample: UK general population (n=300)
2. GER-sample: German general population (n=100)
3. DM-sample: German diabetes patients (n=100)

4. RA-sample: German patients with rheumatic disease
(n=100)

An additional 10% of respondents was recruited as it was
expected that a small percentage would be excluded due to
reporting impossible anchoring values.

The UK sample was recruited through Prolific, a platform for
online surveys, while the GER, RA, and DM samples were
recruited through the marketing panel provider Bilendi. Both
general population samples were stratified by age and
gender to yield representative samples. For the DM and
RA samples, we sought to recruit patients with a spread of
demographic characteristics, namely age, sex, and level of
education, to ensure a sufficient number of respondents in
each stratum. This means, the RA and DM samples are not
representative of the respective patient populations.

Feasibility, value set comparisons, and data quality

We assessed the feasibility and practicability of using the OPUF
method for creating a value set for the EQ-HWB-S based
on multiple criteria.

Wellcome Open Research 2024, 9:359 Last updated: 10 OCT 2024

1) First, we assessed whether the method produces ‘plausi-
ble’ value functions, i.e. are the levels logically ordered? Do
the dimension weights have face validity? Could we use the
value set to compute QALY values to inform policy decision
making?

2) Secondly, we compared the UK value set, constructed in
this study using OPUF, with an existing pilot value set cre-
ated by Mukuria er al. (2023), who used the TTO method and
an adapted EQ-VT protocol (Stolk er al., 2019). We also com-
pared the OPUF value sets across samples: UK vs GER, GER vs
DM, GER vs RA, and RA vs DM. The comparisons were
exploratory. We neither pre-specified any hypotheses, nor did
we have any definite expectations on how the different value
sets should, or should not, differ. Differences between mean
coefficient estimates were statistically evaluated using z-tests.

3) Thirdly, we looked at technical feasibility and assessed
whether participants were able to complete the survey. This
included completion rates, completion times, and the frequency
of errors or suspect response patterns.

4) Finally, we considered the feedback provided by the
respondents. We assessed how difficult the respondents report
that they found it to understand and answer the questions, and
how difficult they found it to complete the survey overall. In
addition, we asked respondents for feedback in an open-ended
question (‘Do you have any other comments or feedback?’).

Results

Sample

We recruited 328, 110, 110, and 110, for the UK, the GER,
the DM, and the RA-sample, respectively. A total of 17 (5%),
9 (8%), 10 (9%), and 11 (10%) respondents were excluded
from all further analyses, because they provided invalid
responses to the anchoring task (i.e. they set ‘being dead’ or
£555555555” to a value of 100). The survey was conducted
within 5 days in March 2023. Sample characteristics are reported
in Table 2.

The UK and GER samples were broadly representative of the
general populations of the UK (in terms of age and sex) and
Germany (in terms of age, sex, and education). In the DM-sample,
28 (28%) respondents reported having type I diabetes, 71 (71%)
reported having type II, and 1 (1%) reported having another
form. In the RA-sample, the five most frequently reported
diagnoses were rheumatoid arthritis (62%), arthrosis (41%),
chronic pain syndrome (41%), Osteoporosis (11%), and ankylos-
ing spondylitis (10%). More than half (56%) of the respondents
reported more than one diagnosis.

EQ-HWB-S OPUF survey results

1 Warm-up. Only a very small proportion of the respondents
(1-5%) reported no health and wellbeing problems in the
EQ-HWB-S. Most reported level 2 or 3 problems on at least
one dimension. Overall, self-reported health and wellbeing was
similar across samples, with the exception of respondents in
the RA sample, who consistently reported more severe issues.
Details are presented in Table 3 below.
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Table 2. Sample characteristics.

UK GER DM RA
Age
18-29 62 (19.9%) 18(17.8%)  5(5%) 4 (4.0%)
30-39 58 (18.6%) 16 (15.8%)  5(5%) 8(8.1%)
40-49 46 (14.8%) 15(14.9%) 5 (5%) 11 (11.1%)
50-64 102 (32.8%) 27(26.7%) 14 (14%) 23(23.2%)
65+ 41 (13.2%) 25(24.8%) 71 (71%) 53 (53.5%)
No response 2 (0.6%) 0 (0%) 0 (0%) 0 (0%)
Sex
female 161 (51.8%) 49 (48.5%) 43 (43%) 58 (58.6%)
male 149 (47.9%) 51 (50.5%) 57 (57%) 41 (41.4%)
other 1(0.3%) 1(1%) 0 (0%) 0 (0%)
Education*
high 183 (59%) 34(33.7%) 30 (30%) 29 (29.3%)
medium 86 (28%) 50 (49.5%) 58 (58%) 57 (57.6%)
low 35 (11%) 15(14.9%) 10 (10%) 13 (13.1%)
N 311(100%) 101 (100%) 100 (100%) 99 (100%)
Table 3. Own EQ-HWB-S state and EQ-VAS.
UK GER DM RA
No problems’ - n (%) 16 (5%) 4 (4%) 4 (4%) 1(1%)
Minor problems’ - n (%) 106 (34%) 35 (34%) 37 (37%) 20 (20%)
Severe problems® - n (%) 106 (34%) 32 (32%) 23 (23%) 48 (48%)
Sum score* - median (Q25-Q75) 16(12-21) 15(12-19) 14.5(12-18) 19(14.5-26)
EQ-VAS - median (Q25-Q75) 74(61-81) 74(60-82) 70(50-80) 59 (40 - 77.5)

1 full health = respondent in state 111111111, 2 respondent reported only level 2 problems (e.g. 21111111, or
212211111); 3 respondent reported level 4 problems on one or more dimensions; 4 sum of dimension levels

with a minimum of 9 and a maximum of 45.

Dimension weights. Table 4 shows the average (SD) dimension
weights assigned to the nine EQ-HWB-S dimensions, and the
implied ranks. Although physical pain was the most important
dimension in all four samples, the average weight was
considerably higher in the UK sample than in the other
three. Subsequent ranks 2 and 3 were also consistent across
samples, and only showed a small difference in the absolute
value between the UK and Germany. Ranks 4 to 9 differed across
samples. ‘Feeling lonely’ was the least important dimension
in all but the DM sample, in which it was ‘feeling anxious’.

Level ratings. The level ratings are shown in Table 5. For all
dimensions, average level ratings were well-ordered, i.e. better

levels received higher ratings. There are some indications that
ratings differed between dimensions, e.g. level 4 physical pain
appeared to receive lower ratings than levels 4 in other dimen-
sions. However, the spread around mean estimates was high,
and without pre-specified hypotheses, assessments across
nine dimensions and four samples do not allow drawing
robust inferences.

Anchoring. In the UK sample, a total of 96 (31%) respond-
ents preferred the worst EQ-HWB-S state, ‘555555555°, over
being dead, whereas in the GER sample, it was 41 (41%), in the
DM sample, it was 36 (36%), and in the RA sample, it was
53 (54%), respectively. The median (Q25-Q75) utility value
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Table 4. Aggregate dimension weights.

rank*®

MO
UA
EX
LO
cT
AX
SD
co
PA

MO = Mobility, UA= day-to-day activities, EX=exhausted, LO=lonely, CT=concentrating, AX=anxious, SD=sad/depressed,

o A NN 00 O U1 W N

1

UK

Mean (SD)
85.1(18.8)
81.5(20.0)
69.9 (22.8)
58.6 (27.4)
64.8 (25.1)
66.5(23.9)
71.9(24.9)
69.7 (26.4)
91.8(17.3)

GER

rank*

A U0 00 NN O O W N

1

Mean (SD)
82.0 (24.0)
77.9 (24.0)
67.6 (29.3)
553 (31.2)
67.2 (28.6)
58.9 (31.0)
65.9 (28.8)
71.9 (28.7)
84.3 (23.9)

CO=control, PA=pain, *rank = implied rank by mean weight

Table 5. Mean (SD) level ratings by sample.

UK sample
MO

UA

EX

LO

cT

AX

SD

cOo

PA

GER sample
MO

UA

EX

LO

CT

AX

SD

CoO

PA

Lvl 2

74.2(22.9)
75.1(21.7)
78.9(20.5)
79.2 (21.1)
78.8(20.8)
76.7 (22.1)
76.3(22.7)
74.6 (23.0)
71.5(23.9)
Lvl 2

71.3(26.0)
74.0(23.3)
76.5(23.2)
73.4 (26.6)
73.0 (25.0)
73.5(24.9)
73.4(24.0)
70.7 (27.4)
75.3(22.3)

Lvi3

51.7(21.3)
52.4(20.3)
59.5(20.0)
60.2 (21.5)
58.5(20.9)
56.9 (21.2)
55.4(21.4)
54.9 (21.7)
47.5(21.3)
Lvl 3

44.7 (24.4)
46.9 (24.2)
53.6(24.2)
53.0 (26.3)
48.9 (23.3)
49.6 (26.0)
50.3(25.2)
46.9 (25.5)
49.1 (24.3)

Lvl 4

23.3(20.3)
23.9(19.0)
30.5(20.9)
34.5(22.3)
32.5(21.7)
29.4.(20.7)
26.1(21.0)
28.8 (21.6)
18.7(21.0)
Lvl 4

20.2(21.2)
21.1 (20.0)
26.4(20.4)
27.5(24.3)
24.2 (21.0)
24.0 (23.6)
22.8(20.9)
22.6(21.9)
18.8(21.0)

rank*®

1

A OO0 O U1 0 N W

1

DM

Mean (SD) rank*

85.4(23.1)
79.8 (24.7)
62.6 (25.4)
58.7 (32.0)
69.8 (27.9)
55.7 (30.0)
63.0 (30.5)
74.2 (30.4)
85.4(22.8)

DM sample

MO
UA
EX
LO
cT
AX
SD
Cco
PA

RA sample

MO
UA
EX
LO
cT

SD
Cco
PA

A NN 00O U1 O O W N

1

Lvl 2

74.7 (22.0)
77.1(21.6)
75.9 (23.3)
74.1 (28.0)
78.0(22.0)
71.1(27.4)
69.6 (28.1)
66.4 (30.1)
76.2 (22.6)
Lvl 2

74.9 (23.2)
76.1(22.7)
75.1(24.1)
72.8(28.9)
74.6(23.9)
70.9 (27.6)
69.3 (28.2)
66.4 (29.1)
79.3 (22.3)

RA

Mean (SD)
82.6(22.7)
79.0 (23.4)
67.1(26.7)
47.8 (31.6)
69.1(27.2)
53.6 (31.9)
57.9(29.7)
71.7 (28.7)
84.9 (23.4)

Lvi3

49.8 (22.6)
50.4 (23.1)
55.4(23.7)
56.1(25.9)
55.7 (24.5)
51.0 (26.7)
47.4(24.2)
45.2 (26.0)
51.9 (23.8)
Lvi 3

50.9 (23.1)
51.8 (24.2)
55.9 (24.3)
51.2 (28.7)
51.5(25.5)
51.2 (28.2)
49.9 (25.5)
47.7 (27.4)
55.7 (24.5)

Lvl 4

22.1(18.6)
23.9(21.4)
29.3 (23.5)
30.7 (25.6)
27.6(25.3)
26.8 (22.0)
22.9(20.8)
21.2(22.2)
21.0(21.8)
Lvl 4

25.7 (25.1)
25.1 (22.6)
24.3 (22.2)
26.2 (23.6)
24.4(23.6)
26.1 (24.4)
23.0(21.9)
24.1 (24.3)
21.6(21.6)
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of state ‘555555555 was -0.07 (-0.36; 0.11) in the UK; -0.03
(-0.68; 0.33) in the GER; -0.08 (-0.10; 0.30) in the DM; and
0.10 (-0.60; 0.54) in the RA sample.

We report medians instead of means, because the anchor-
ing task allowed very negative values. Anchor points below
-1 occurred in all samples, with a frequency ranging from
17% in the UK, with a minimum of -216, to 27% in the DM
sample, with a minimum of -4999. Note, for subsequent analyses,
anchor points were censored at -1.

EQ-HWB-S value sets

We constructed personal, additive value functions for the
EQ-HWB-S, consisting of 36 coefficients (anchor points were
censored at -1). Although not the focus of this study, we would
like to highlight that, in contrast to decompositional meth-
ods, such as DCE, OPUF can provide value functions for
each individual respondent. To illustrate this point, Figure I
shows the distribution of preferences underlying the average
value set for the RA sample.

Personal value function coefficients were aggregated across
respondents to derive value sets for the EQ-HWB-S. Over-
all, the OPUF approach yielded plausible value sets for all
four samples, with consistent, well-ordered coefficients. In this
aggregate mean-based model, the worst state, ‘555555555’
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had a utility value of -0.15 in the UK, -0.11 in the GER,
0 in the RA, and -0.17 in the DM sample.

Despite the relatively small sample sizes of 311 to 99 respond-
ents, the confidence intervals around mean coefficients were
comparable to the EQ-VT study by Mukuria er al. (2023),
which was based on TTO and DCE data from 520 respondents,
using a hybrid Tobit model with control for heterogeneity.

Figure 2 shows the aggregate mean coefficient estimates and
95% confidence intervals for all four samples. For compari-
son, the figure also includes the results from Mukuria er al.
(2023). Table S1 in the Extended data reports detailed results for
the aggregate mean coefficient estimates and 95% confidence
intervals.

Comparisons between value sets

The comparison between the OPUF and the EQ-VT (Mukuria
et al., 2023) pilot value sets for the UK showed a number of
notable differences. Although many of the differences in mean
coefficients were small in magnitude, about half of them (17
of 36, 47%) were statistically significant. The key drivers
of the difference were the following:

e The relative dimension weights have wider ranges in
the EQ-VT model: e.g. the swing from CO5 to COl1
has 15% of the value of the swing from PAS5 to PAI.

1.0
0.5
)
A 4\
g'r \\\h ‘“ \ v
QM A
I DAY YRR
T 00 ‘ ’v \\ ""\/A\"
3 | \
o
0.5
1.0
N N N
RO A N R A S i SO G O;,D\" P P
N Al R RO Sl IR K RalPN SIS KUGIRCA
S N S NSRS o & N N v i N QIR &
N & ¥ O < 3 " o X O & o AASIEN 4

Sample EQ-HWB-S states (n=100) - ordered best to worst

Euclidean distance _
between PUF and 5

sample value set

== Sample value set
6

Figure 1. Simplified illustration of the aggregate RA value function (thick line) and the underlying personal value functions of
all 99 respondents within the sample. Shown are the utility values for 100 EQ-HWB-S states, ordered best (left) to worst (right). Colours
indicate the euclidean distance from the aggregate value set: blue (smaller) to yellow (greater distance).
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Figure 2. Mean coefficients and 95% confidence intervals for the eight dimensions of the EQ-HWB-S across the four value sets.
The dimensions are: MO = Mobility, UA = day-to-day activities, EX = exhausted, LO = lonely, CT = concentrating, AX = anxious, SD = sad/
depressed, CO = control, PA = pain. The value sets are: UK = United Kingdom, GER = Germany, RA = Rheumatoid Arthritis, DM = Diabetes
Mellitus. The EQ-VT value set for the UK by Mukuria et al, 2023 is also displayed for comparison.

It is thus not surprising that the OPUF UK value set has
a larger COS5 coefficient, but a smaller PAS coefficient.

e While the four most important dimensions are con-
sistent across both OPUF and EQ-VT UK Sample
(PA>MO>UA>SD), there was disagreement in the
ranking of the other five.

e There are also differences in the relative positions of
intermediate levels within dimensions: the EQ-VT
model contains logical inconsistencies which required
some levels to be combined (AX2 and AX3 = -0.022;
CO4 and CO5 =-0.057).

e The lowest utility in the EQ-VT value set is -0.384
(assigned to 555555555), which is lower than the lowest
utilities in any of the OPUF value sets (0 to -0.17).

The comparison across the four OPUF value sets showed that
coefficients were fairly consistent across samples. Only few
statistically significant differences were observed.

All differences in mean coefficients between the OPUF model
and the previously created EQ-VT model for the UK (Mukuria
et al., 2023), as well as comparisons between the four sam-
ples included in this study are reported in Table S2 in the
Extended data.

Technical feasibility

Completion rates. For the UK sample, recruited through pro-
lific, the completion rate was about 98%. Only 8 people with-
drew after submitting the consent form. For the GER, DM,

and RA samples, completion rates were 29%, 24%, and 33%
respectively, and thus much lower. Failure to complete the sur-
vey could be caused by withdrawal, and in the GER, DM,
and RA sample, also by not meeting the eligibility crite-
ria or failing the quality check (see ‘illogical level ratings’
below). Unfortunately, we did not collect data to quantify at
what point and why participants discontinued the survey.

Completion times. The median (Q25-Q75) survey completion
times were 11.6 (9.0 - 15.1) minutes in the UK and 11.0 (8.1-
14.0) minutes in the GER sample. Both patient samples took
a bit longer: 16.1 (11.6 - 20.4) minutes in the DM, and 15.9
(11.3 - 22.3) minutes in the RA sample.

Suspect dimension weights. We considered responses suspect
if they either included zero dimension weights (indicating
that the dimension is not important at all), or included pre-
dominantly weights of 100 (indicating a lack of differentiation
between dimensions). For the UK, GER, DM, and RA sam-
ples, we found that 5 (2%), 2(2%), 5 (5%), and 5 (5%) of the
respondents had one or more zero-weights, and that 10 (3%),
9 9%), 2 (2%), and 4 (4%) assigned a weight of 100 to all
nine dimensions.

Illogical level ratings. Table 6 shows the frequencies of illogi-
cal level ratings. Ratings within a dimension were considered
illogical if a dominated (dominating) level received higher
(lower) rating. A notification was shown to the respondents
with illogical ratings when they attempted to proceed to the
next task. Note that, within the GER, DM, and RA samples,
respondents were immediately rejected from the survey, if
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they ignored the notification and proceeded with illogical level
ratings on more than two dimensions.

Impossible anchor points. As noted above, a total of 17
(5%), 9 (8%), 10 (9%), and 11 (10%) respondents in the UK,

Table 6. Number of dimensions with illogical level ratings
- n (%).

UK GER DM RA
No dimension 262 (84%) 81 (80%) 74(74%) 75 (76%)
1 Dimension 21 (7%) 11 (11%) 17(017%) 14 (14%)
2 Dimensions 8 (3%) 8 (9%) 9 (9%) 10 (10%)
3+ dimensions* 20 (6%)

*Participants in the GER. DM, and RA samples were immediately rejected
from the survey, if they had illogical level ratings in more than two
dimensions.
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the GER, the DM, and the RA-sample placed either being dead
or state 555555555 at the same position on the VAS as the top
anchor ‘no health or wellbeing problems’. Since these anchor
points do not allow the construction of meaningful value func-
tions, respondents were excluded from any of the analyses
reported in this study.

Feedback. Across the four samples, 62-77% of the respond-
ents agreed or strongly agreed with the statement “I found it
easy to understand the questions in this survey”, and 61-62%
agreed or strongly agreed with the statement “I found it easy
to answer the questions in this survey”. Given that this was
a self-administered online survey, we consider the feedback
to be positive. For comparison, participants in the inter-
viewer-led EQ-VT study by Mukuria er al. (2023), 93%
found the task easy to understand, and 62% found it ‘easy to
decide’. The duration of the OPUF survey was also found to
be acceptable. Between 89% and 87% found the length to be
‘exactly right’. For more detailed feedback results for each
sample, see Table 7.

Table 7. Quantitative feedback - n (%).

UK

GER DM RA

I found it easy to understand the questions

Strongly agree 95 (30.5%)
Agree 143 (46%)
Neutral 41 (13.2%)
Disagree 27 (8.7%)
Strongly disagree 4 (1.3%)
No response 1 (0.3%)

I found it easy to answer the questions

Strongly agree 50 (16.1%)
Agree 140 (45%)
Neutral 59 (19%)
Disagree 56 (18%)
Strongly disagree 5 (1.6%)
No response 1(0.3%)

What do you think about the duration

Too long 1(0.3%)
Long 9 (2.9%)
Exactly right 276 (88.7%)
Short 21 (6.8%)
Too short 2 (0.6%)

No response 2 (0.6%)

33(32.7%) 23 (23%) 25(25.3%)
36 (35.6%) 40 (40%) 37 (37.4%)
25(24.8%) 19(19%) 28 (28.3%)
7 (6.9%) 17(17%) 9 (9.1%)

0 (0%) 1(1%) 0 (0%)

0 (0%) 0 (0%) 0 (0%)
21(20.8%) 23 (23%) 22(22.2%)
41 (40.6%) 39(39%) 40 (40.4%)
27 (26.7%) 24 (24%) 30 (30.3%)
12(11.9%) 13(13%) 7 (7.1%)

0 (0%) 1(1%) 0 (0%)

0 (0%) 0 (0%) 0 (0%)

0 (0%) 6 (6%) 0 (0%)

6 (5.9%) 0 (0%) 5(5.1%)
88 (87.1%) 88(88%) 86 (86.9%)
5 (5%) 5 (5%) 6 (6.1%)

2 (2%) 0 (0%) 2 (2%)

0 (0%) 1(1%) 0 (0%)
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Across all four samples, a total of 174 (26%) respondents pro-
vided feedback as free text. A comprehensive content analy-
sis is beyond the scope of this study, but two common themes
immediately emerged from the responses: Firstly, many respond-
ents found the survey ‘interesting’ or ‘thought-provoking’ and
noted that they had to think about their answers. Secondly,
several comments indicated that some of the questions were ‘dif-
ficult’, ‘confusing’, ‘complex’, and/or ‘complicated’, suggesting
potential for further improvement to clarify the instructions
and/or scale labels. Only one participant indicated that they
experienced technical issues (‘Sliders too sensitive’).

Discussion

This exploratory feasibility study was the first to investigate
the potential of using the OPUF approach for creating value
sets for the EQ-HWB-S, and it was one of the first valuation
studies for the EQ-HWB-S overall. OPUF yielded plausible,
well-ordered value sets in four samples: a UK general popula-
tion sample, a German general population sample, a sample
of people with diabetes mellitus, and a sample of people with
rheumatic diseases.

The OPUF method was also found to be technically feasi-
ble and well accepted by respondents. Completion rates were
high in the UK sample (98%) and moderate (for an online panel
also used for marketing surveys) in the other three samples
(24-33%). Median survey completion times were 11-16 min-
utes. In all four samples, we found indications of suspect
responses, such as zero-weights or illogical level ratings. How-
ever, these were not overly prevalent, and could be reduced
further by including additional training exercises or quality
checks, at the data collection stage, or applying more stringent
exclusion criteria, at the analysis stage. The feedback we
received was largely positive, although several respondents com-
mented that some questions were difficult to understand, or
confusing, suggesting potential for further improvement.

Despite the relatively small sample sizes of only 100 to 300
respondents per sample, the precision around mean coef-
ficient estimates was comparable to the EQ-VT pilot value
set for the UK (Mukuria er al., 2023), which was based on
TTO and DCE data from 520 respondents. Our study fur-
ther validated and confirmed their previous finding that PA,
MO, UA, and SD are the four dimensions with the high-
est relative importance. However, the OPUF value set for the
UK also differed in several aspects from the EQ-VT pilot
value set, including relative dimension weights, positions of
intermediate levels, and overall scaling.

The reasons behind the observed differences are not entirely
clear. They could be attributed to differences in the selection
of respondents, or to the elicitation method. An argument
against the former is that we used OPUF to elicit preferences
from three other samples (GP, RA, DM), which, even though
they differed with respect to demographics and health char-
acteristics, showed high consistency. This finding suggests
that the OPUF approach and the EQ-VT protocol may yield
different results. This should not be surprising. It is well known

Wellcome Open Research 2024, 9:359 Last updated: 10 OCT 2024

that different preference elicitation methods can yield dif-
ferent value sets (Brazier er al., 2017), which immediately
raises the question: which value sets are better?

In the absence of any gold standard, it seems unclear how
to answer this question. Regarding the differences between
OPUF and EQ-VT, one can find arguments for either side.
On the one hand, OPUF may be more suitable than EQ-VT
for creating value sets for the EQ-HWB-S, because it allows
respondents to consider each dimension and level individu-
ally. This more direct way to elicit preferences may reduce
the cognitive burden and improve the quality of the responses.
Mukuria er al. (2023) observed several inconsistencies in
the ordering of coefficients in some of their statistical value
set models. This may suggest that asking respondents to
evaluate problems in all nine dimensions simultaneously
may just be too difficult, and cause respondents to use sim-
plifying heuristics (Veldwijk er al., 2023). On the other hand,
TTO and DCE, require respondents to make choices, involving
explicit trade-offs between dimensions. This may help respond-
ents to think more carefully about how they weigh different
health and wellbeing problems and their implications.

Over and beyond questions related to the validity of the dif-
ferent preference elicitation techniques, there are also practi-
cal considerations that should be taken into account. OPUF was
used as a self-administered online survey. It was easy to set
up and implement, and it took most respondents less than 20
minutes to complete. Compared to an interviewer-led TTO
or DCE study, considerably fewer resources are required for
recruitment, data collection, and analysis. Furthermore, OPUF
allowed us to construct well-ordered value sets for the
EQ-HWB-S in relatively small samples of patients, and even
on the individual level. This may enable researchers to elicit
health and wellbeing preferences in specific groups and con-
texts, in which conventional valuation methods are usually not
feasible, such as in clinical trials, or in countries with limited
resources.

Limitations
This study was a first explorative feasibility study. It has sev-
eral limitations and parts of the data analysis are still ongo-
ing. Findings reported in this paper should be considered
preliminary.

First, even though we sought to recruit representative sam-
ples for the UK and Germany, online panellists are unlikely
to be representative of the general population. The RA and DM
patient samples further differ in several demographic char-
acteristics from the respective patient populations. Secondly,
we did not collect appropriate data to quantify at what point
or why respondents, especially in the GER, DM, and RA sam-
ples, discontinued the survey. This makes it difficult to explain
the relatively low completion rates observed in these samples,
compared to the UK sample. One possible explanation could
be — this is purely speculative — that the German online mar-
keting panel includes a significant number of ‘bots’ (i.e.
computer-generated accounts that complete online surveys to
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earn financial rewards), which may have been unable to com-
plete the survey, because two tasks were set up in a way that
bots were not able to proceed, requiring complex interactions,
such as drag-and-drop. Thirdly, we did not exclude respond-
ents, who had suspicious, potentially implausible responses
from the analysis, to not further reduce the sample size. In future
versions of the OPUF survey, the prevalence of these types
of responses may be reduced by including additional train-
ing exercises, quality checks, and/or pre-specifying exclusion
criteria. Fourthly, as a compositional preference elicitation
method, OPUF has several general limitations. Most importantly,
it assumes an additive preference model. It can practi-
cally not account for interactions between dimensions. Yet,
given the complexity of the EQ-HWB-S instrument, studies
using other elicitation methods will probably also not be able
to capture interaction effects, due to a lack of statistical power.
Finally, although the OPUF method has now been applied
in more than 20 individual surveys to create value sets for,
among other instruments, the EQ-5D-5L and EQ-5D-Y-3L,
it is still a relatively new approach. The method may require
further refinement and/or adaptation for different settings and
instruments. More work is needed to validate the approach,
show its value in practice, and make it more widely accessible
to other researchers.

As immediate next steps, we are investigating the test-retest
reliability of the OPUF method using data collected from
the GER, DM, and RA samples, about 2 weeks after the first
survey was completed. In addition, we are also conducting a
comprehensive qualitative study, in order to explore in more
detail the experiences of respondents with the OPUF survey,
and to gauge their understanding of the questions and responses.
Notwithstanding the remaining challenges, we believe that
OPUF provides a promising alternative approach to cre-
ate value sets for the EQ-HWB-S (and other instruments) and
that it has the potential to complement conventional valuation
methods, such as TTO and DCE, in the future.

Conclusion

We found that the OPUF approach yielded plausible,
well-ordered value sets for the EQ-HWB-S. The method was
technically feasible and well accepted by respondents. The
OPUF value sets for the UK, Germany, diabetes mellitus, and
rheumatic diseases samples were fairly consistent, but showed
notable differences to the EQ-VT pilot value set for the UK.
The OPUF approach may offer an alternative to conven-
tional valuation methods, particularly in settings with limited
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Data availability

Underlying data

The data contains sensitive personal information, including
information about health and therefore cannot be made openly
available per the decision of the Research Ethics Committees
of the School of Health and Related Research at the University
of Sheffield. Data will be made available upon reasonable
request. To apply for access, interested parties must submit
a request to the corresponding author or Clara Mukuria
(c.mukuria@sheffield.ac.uk) detailing the purpose of the data
request and how the data will be used.

Extended data

Zenodo: Supplementary Material for Schneider er al., Using
the OPUF approach to create a value set for the EQ-HWB-S:
An exploratory feasibility study. https://doi.org/10.5281/zen-
0do.11578651 (Schneider, 2024).

This project contains the following extended data:
- Table S1

- Table S2

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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disease population are not included in the general population.

> In the abstract, please know the conclusions were included in results section, need to move
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o Please know Table 7 showcased that there are still a large proportion of the respondents
did not find the survey to be easy; hence, maybe interviewer assistant could be needed.

Please explain clearly whether or not or how the critical element of 'trade-off' was sustained
/ reserved in the process of asking respondents weighing each item individually.

o Understand this is preliminary work; since it is preliminary early-stage work, is it feasible to
compare utilities derived by using OPUF with utilities derived by using traditional EQ-VT? If
there no significant difference, then the benefit of minimize respondents' cognitive burden
is truly great and verified. If there are differences or major differences, need to understand
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The paper tests the feasibility of Online elicitation of Personal utility Functions (OPUF) approach in
constructing a value set for the EQ-HWB-S. Authors demonstrate the feasibility of this innovative
approach in creating the value set with small samples, which seems to be a promising alternative
to the traditional valuation techniques. The paper is well-written, easy to follow and presents a
method that will be a valuable addition to the literature.

I only have a few minor comments:
1.1tried to complete the demo version (English) of OPUF survey through the link provided in
the manuscript, however, after a certain point, the “Continue” button stopped working and I
wasn't able to finish the survey. Maybe it happens because it is a demo version. I was just
curious to see how the questions are formulated.

2. Table 4, column for DM has two 15t rank dimensions, MO and PA.
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3. Just a suggestion for future studies, in the second step of the “Criteria weighting” in the
OPUF demo, it might be helpful for the respondents if you put the attributes in the same
order as they were selected in the first step. For instance, if I select PA (rank 1), MO (rank 2),
UA (rank 3) etc. in the first step of criteria weighting, it would be helpful if all 9 attributes
appear in the same order in the second step of the criteria weighting when I need to score
them between 0 and 100. Otherwise, it will be difficult for me to remember in which order I
selected the attributes, which may lead to “illogical level ratings”.

4. Table 2 has a star next to “Education”, but I wasn't able to find the explanation of what the
star means.

5. Subsection illogical level ratings: Could you please explain why the GER, DM and RA samples
were immediately rejected from the survey if they ignored illogical level ratings notification,
but the UK sample wasn't? Also, would this be a potential explanation why you have such
big difference in completion rates (i.e. 98% UK sample vs ~30% German sample). I don't
think bots alone would cause such a difference in completion rates.
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