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Selecting Bolt-on Dimensions for the EQ-5D:

Testing the Impact of Hearing, Sleep,
Cognition, Energy, and Relationships on

Preferences Using Pairwise Choices

Aureliano Paolo Finch , John Brazier, and Clara Mukuria

Background. Generic preference-based measures (GPBMs) such as the EQ-5D are valid across many conditions, but
in some cases, ‘‘bolting on’’ additional dimensions may improve validity. The selection of ‘‘bolt-ons’’ has been based
on the psychometric impact of individual dimensions, but preferences provide another important way to select them.
This study aims to test the potential of using pairwise choices to inform the selection of bolt-ons for the EQ-5D-5L.
Methods. General population preferences were collected using an online survey of 1040 UK residents. Three EQ-5D-
5L health state pairs were selected based on pairs that had a 50:50 split in respondent preferences from a previous
pairwise survey. Participants were presented with pairwise choices of EQ-5D-5L health states without and with bolt-
ons of hearing, sleep, cognition, energy, and relationships, each added individually. Logistic models were used to
assess the impact of bolt-ons, as well as bolt-ons at different severity levels, on the log odds of responders choosing
between health states. Results. Preferences varied according to the bolt-ons and their severity level (only levels 1, 3,
and 5 were used). Additions of bolt-ons at level 1 generally resulted in nonstatistically significant differences while
additions of bolt-ons at level 3 and level 5 produced a negative and statistically significant impact on preferences for
the health state with the bolt-on. At level 5, hearing had the largest impact, followed by cognition, relationships,
energy, and sleep. At level 3, cognition produced the largest impact, followed by hearing and sleep with similar
impacts, energy, and relationships. This ordering offers information for bolt-on selection, with hearing and cognition
appearing as the most important. The weight placed on the different health problems is not constant across severity
levels between bolt-ons. Conclusions. Pairwise choices provide a cost-effective approach of generating information on
preferences to support bolt-on selection.
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Quality-adjusted life years (QALYs) are the main out-
come measure of economic evaluations comparing health
interventions. QALYs provide an index of the length of
life and the health-related quality of life (HRQoL) of
patients, where quality of life is valued on a 0 (dead) to 1
(full health) scale and is usually estimated with generic
preference-based measures (GPBMs). GPBMs include a
health classification or descriptive system that is com-
pleted by patients and a tariff, typically derived using

choice-based valuation methods such as time tradeoff
(TTO) in a general population sample. A number of
GPBMs exist, and they differ in the health dimensions
they cover and the valuation methods they use.1 Among
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them, the EQ-5D EuroQol Research Foundation is the
most widely employed internationally,2,3 and it is the ref-
erence case for a number of health technology assess-
ment bodies such as the National Institute of Health and
Care Excellence.4

The EQ-5D is intended to be applicable across all
conditions, and since its development, it has been vali-
dated in numerous disease areas.5 However, evidence
suggests that the measure might lack validity and respon-
siveness for some specific patient groups.5,6 When this
happens, HRQoL values can be obtained using a differ-
ent GPBM or a preference-based disease-specific mea-
sure that might cover the missing dimensions.1 GPBMs
differ substantially in their content,1 covering a large
spectrum of items. While the EQ-5D mostly focuses on
physical health, other measures such as the SF-6D, HUI
3, AQoL, and 15D include more domains related to
mental constructs such as anger, energy, and intimacy,
as well as social constructs such as relationships; the con-
tent of disease-specific preference-based measures varies
even more.1 In addition, these measures use different
valuation methods.1 This reduces the comparability
across assessments and undermines consistency between
decisions.7–10 An alternative that might meet these con-
cerns with less detrimental impact for comparability is
the use of bolt-ons.

Bolt-ons are dimensions that can be added to the
descriptive system of a GPBM,11 resulting in an extended
measure that retains the original dimensions plus the
new bolt-ons. Bolt-on studies have investigated the effect
of adding energy,12 cognition,13 sleep,14 vision, hearing
and tiredness,15 and skin irritation16 to the EQ-5D.
These studies selected bolt-ons based on poor psycho-
metric characteristics of EQ-5D in a relevant condition
or simply argued that a relevant dimension was missing.
The psychometric evidence used to identify missing
dimensions is often weak, as the tests used are not always
appropriate for GPBMs (for a detailed discussion, see
Brazier and Deverill17). Moreover, many of these studies
were not based on systematic reviews of the performance
of the EQ-5D.

An alternative source of potential bolt-ons is the
dimensions available from other GPBMs, which have
been shown to cover the majority of health and non-
health domains of interest.3 Eight candidate bolt-ons for
the EQ-5D-5L were previously identified and tested
using factor analysis of items from other GPBMs, includ-
ing relationships, hearing, life satisfaction, speech, cogni-
tion, vision, energy/vitality, and sleep.18,19 This candidate
list is not likely to be complete, but it demonstrates the
potential number of candidate dimensions.

Even if this list of 8 bolt-ons does not address all poten-
tial additional dimensions, it would still benefit from fur-
ther reduction for 2 main reasons. First, adding all bolt-
ons simultaneously would substantially reduce the feasibil-
ity for the next step of valuing the EQ-5D. Second, even if
bolt-ons were added individually so that only one is used
at a time, the process of developing and appending bolt-
ons might be costly and complex. Evidence to date suggests
that the impact of bolt-ons is not simply additive but also
has an impact on the coefficients of the core 5 dimensions.4

This implies that there would need to be a complete reva-
luation of the EQ-5D for each bolt-on combination.

Selecting bolt-ons is the product of 2 criteria. One is
whether the bolt-on improves the psychometric perfor-
mance of the EQ-5D. This can be examined in a number
of ways, and 2 recent studies have looked at using struc-
tural equation modeling (SEM)18 and impact on well-
being using regression analyses.20 These approaches are
useful, but they do not consider the second important
criterion, namely, whether bolt-ons have an impact on
preferences for health states. This is a crucial aspect in
GPBMs, as their ultimate goal is detecting health decre-
ments that are considered relevant for influencing
responders’ choices to preference elicitation tasks.

The few existing studies investigating the impact of
bolt-ons on utility values for the EQ-5D used TTO admi-
nistered face to face14,15 and show that some dimensions
such as cognition13 have a large impact on preferences
while others such as sleep14 do not. Each study separately
assessed single bolt-ons rather than undertaking head-to-
head comparisons of bolt-ons in the same population.
One of the challenges of doing comparative work is the
resource implication of undertaking TTO. TTO is also
cognitively demanding and may make it more difficult
for participants if they have to consider more than 1
additional dimension. Pairwise choices provide a flexible
environment for examining the impact on preferences to
more conventional methods such as the TTO. Pairwise
comparisons have been widely used in a self-administered
format, and they are arguably easier21 and less cogni-
tively demanding22 than other techniques.
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This study has 2 objectives: it examines whether the
bolt-on dimensions (identified through previous psycho-
metric analysis) change preferences for health states
described in terms of the EQ-5D-5L, and it examines the
degree of this change comparatively across the bolt-ons
to see which of them has a larger impact on preferences
as reflected in the latent scale produced by a discrete choice
experiment (DCE). If a bolt-on has an impact on prefer-
ences, this implies it would likely alter the value set of the
investigated GPBM.

Methods

The pairwise comparison tasks were developed and admi-
nistered to a representative sample of the UK general
population. Responders were asked to express their pre-
ference between pairs of health profiles. The next section
describes some of the key aspects of the experiment.

Bolt-on Dimension Selection and Development

A selection had to be made of possible bolt-ons from the
candidate list identified by Finch et al.,5,19,20 which
included life satisfaction, speech, vision, hearing, sleep,
cognition, energy, and relationships, among others. The
bolt-ons examined in this study are hearing, sleep, cogni-
tion, energy, and relationships. Relationships, energy,
and hearing were selected as they had large, moderate,
and small coefficients, respectively, when regressed over
a proxy of HRQoL, the Health Visual Analogue Scale
(VAS).20 Cognition and sleep were selected as the former
had a large impact on preferences for health states in one
study,13 while the latter did not have a significant impact
on preferences for health states in another.14

Descriptors and labels of bolt-on dimensions were
developed to closely resemble the format of the EQ-5D-
5L. These were assessed by the research team in terms of
their coherence with the EQ-5D-5L wording, their suit-
ability for the lay public, and their consistency across
dimensions and with the construct measured. Where
there were inconsistencies, descriptors and labels were
reworded and initial wordings replaced. If it was not pos-
sible to establish the best wording, then multiple word-
ings were examined in the face validity testing phase.

The face validity of bolt-on variants was tested in 2
focus groups. The first focus group recruited 5 members
of the general public, and the second focus group had 6
patients affected by chronic health conditions (i.e.,
chronic obstructive pulmonary disease, type 1 diabetes,
chronic fatigue syndrome, and endometriosis). Participants
were asked to comment on the bolt-ons relevance, clarity
(ease of understanding and responding to), and

acceptability in different populations. A topic guide was
used to aid the discussion. Focus group recordings were
analyzed using content analysis, which involved a systema-
tic identification of sections of the transcripts related to the
aspects of interest such as clarity. Results were used to
modify descriptors and labels if face validity problems were
identified and also to select the best descriptors where mul-
tiple wording was presented. Final descriptors and labels
for the 5 bolt-ons are presented in Table 1. Alternative
descriptors and labels, as well as bolt-ons descriptors and
labels for life satisfaction, speech, and vision, are presented
in Supplemental Table S1.

Selection of EQ-5D-5L Health States
Pairs and Bolt-on Levels

Given the large number of bolt-on dimensions, a deci-
sion had to be made between selecting numerous health

Table 1 Descriptors and Labels of Bolt-on Dimensions Tested
in the Pairwise Experimenta

Hearing
I have no problems hearing h
I have slight problems hearing h
I have moderate problems hearing h
I have severe problems hearing h
I am unable to hear h

Sleep
I have no problems sleeping h
I have slight problems sleeping h
I have moderate problems sleeping h
I have severe problems sleeping h
I have extreme problems sleeping h

Relationships
I have no problems with my social relationships h
I have slight problems with my social relationships h
I have moderate problems with my social relationships h
I have severe problems with my social relationships h
I am unable to have social relationships h

Energy
I have no problems with my energy levels h
I have slight problems with my energy levels h
I have moderate problems with my energy levels h
I have severe problems with my energy levels h
I have extreme problems with my energy levels h

Cognition
I have no problems with remembering things h
I have slight problems with remembering things h
I have moderate problems with remembering things h
I have severe problems with remembering things h
I am unable to remember things h

aReproduced by permission of EuroQol Research Foundation.

Reproduction of this version is not allowed. For reproduction, use or

modification of the EQ-5D (any version), please register your study by

using the online EQ registration page: www.euroqol.org.
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states with fewer respondents per health state and select-
ing a smaller number of health states but eliciting prefer-
ences from a larger sample of respondents. As this was
the first study using pairwise choices to support selection
of bolt-ons, the latter was chosen to increase the confi-
dence in the results obtained, which in turn can better
inform future research.

To develop the health states, EQ-5D-5L pairs were
needed on to which the selected bolt-on dimensions
could be added. The ideal pairs of EQ-5D-5L health
states would be those in which there was equal prefer-
ence (50:50) across each pairwise choice to maximize the
ability to assess the impact on preferences when bolt-ons
were added. Three pairs of health states were selected
from the valuation study used to develop the EQ-5D-5L
tariff for England,22,23 which employed both TTO and
discrete-choice experiments based on pairwise choices.
The selected pairs of health states are health state pair 1
(state A 11122 v. state B 23111), health state pair 2 (state
A 52211 v. state B 11325), and health state pair 3 (state
A 33142 v. state B 34333). (EQ-5D-5L has 5 dimensions
and the numbers represent the severity levels: 1, no prob-
lem; 2, slight problems; 3, moderate problems; 4, severe
problems; and 5, extreme problems/unable.)

There are 25 possible combinations of bolt-on levels
for each bolt-on for each pairwise choice (i.e., 1 v. 1, 1 v.
2, 1 v. 3, etc.). Due to resource limitations, it was not fea-
sible to test all these possible combinations. Hence, 3 lev-
els per bolt-on were chosen for this study: levels 1, 3, and
5. The first level was included since it allows an assess-
ment of whether the simple presence of a bolt-on dimen-
sion changes preferences for the pairs of health states
presented. The third and fifth levels were selected to
allow investigation of the impact of severity on the rela-
tive importance of bolt-ons. The selected health states
and bolt-on levels used in this study are presented in
Table 2.

There were therefore 3 EQ-5D health state pairs and
5 bolt-ons with 3 severity levels each investigated in this
study. Bolt-ons at severity 3 and 5 were always added to
health state A in each pair (i.e., 11122, 52211, and
33142). In total, 48 pairwise questions were included in
the survey, 3 of which did not include bolt-ons.

Survey Administration and Design

The pairwise choices were administered in an online sur-
vey. The survey had 4 components presented in the fol-
lowing order: 1) background and sociodemographic
questions, 2) self-reported health assessed through the
EQ-5D-5L + bolt-ons, 3) familiarization session, and 4)
8 pairwise choice questions. Each pairwise comparison

asked respondents to select the profile they preferred (an
example of the pairwise question for a bolt-on at level 3
is presented in Figure 1). No indifference option was
provided, in line with previous research,22 which implied
that respondents had to choose option A or option B.

Table 2 Choice Questions by Bolt-ons

Bolt-on
Health
State A

Bolt-on
Level

Health
State B

Bolt-on
Level

No bolt-on 11122 — 23111 —
No bolt-on 52211 — 11325 —
No bolt-on 33142 — 34333 —
Hearing 11122 1 23111 1
Hearing 11122 3 23111 1
Hearing 11122 5 23111 1
Hearing 52211 1 11325 1
Hearing 52211 3 11325 1
Hearing 52211 5 11325 1
Hearing 33142 1 34333 1
Hearing 33142 3 34333 1
Hearing 33142 5 34333 1
Sleep 11122 1 23111 1
Sleep 11122 3 23111 1
Sleep 11122 5 23111 1
Sleep 52211 1 11325 1
Sleep 52211 3 11325 1
Sleep 52211 5 11325 1
Sleep 33142 1 34333 1
Sleep 33142 3 34333 1
Sleep 33142 5 34333 1
Relationships 11122 1 23111 1
Relationships 11122 3 23111 1
Relationships 11122 5 23111 1
Relationships 52211 1 11325 1
Relationships 52211 3 11325 1
Relationships 52211 5 11325 1
Relationships 33142 1 34333 1
Relationships 33142 3 34333 1
Relationships 33142 5 34333 1
Energy 11122 1 23111 1
Energy 11122 3 23111 1
Energy 11122 5 23111 1
Energy 52211 1 11325 1
Energy 52211 3 11325 1
Energy 52211 5 11325 1
Energy 33142 1 34333 1
Energy 33142 3 34333 1
Energy 33142 5 34333 1
Cognition 11122 1 23111 1
Cognition 11122 3 23111 1
Cognition 11122 5 23111 1
Cognition 33142 1 34333 1
Cognition 33142 3 34333 1
Cognition 33142 5 34333 1
Cognition 52211 1 11325 1
Cognition 52211 3 11325 1
Cognition 52211 5 11325 1
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A design was employed for the survey, in which each
pairwise question was assigned to a block. Each block
included 8 pairwise questions. This was considered a feasi-
ble number of tasks per participant based on previous
research.24 Participants allocated to blocks 1, 2, and 3 com-
pleted 1 task comparing pairs of EQ-5D-5L states without
bolt-ons in each block and 7 tasks comparing pairs of EQ-
5D-5L states with bolt-ons. Participants allocated to blocks
4, 5, and 6 completed 8 tasks comparing pairs of EQ-5D-
5L states all with bolt-ons. To avoid focusing effects, each
block included all 3 EQ-5D-5L health state pairs at least
once and different combinations of bolt-ons.

The survey presented 2 levels of randomization. First,
participants were randomized to 1 of the 6 blocks
(although the order within each block was not rando-
mized). Subsequently, a randomization of the side in
terms of which options participants saw as option A and
option B was performed to avoid any position bias.

Sample

It was estimated that to detect a 10% difference between
responses with and without a bolt-on dimension, using a
2-sided test with a power of 0.8 and significance level of

1%, 170 responders per health state pair were required.25

As the 48 health state pairs were presented in 6 blocks,
the target sample for the study was of 1020 participants
(i.e., 170 * 6).

Participants were recruited using an existing UK online
panel administered by Research Now, a market research
company, using quotas for sex, age, education, whether
they had children, religion, and marital status to achieve
a representative sample. The panel is made up of individ-
uals who have previously signed up to answer surveys in
return for points that can be exchanged for goods. Each
responder used a weblink to access the survey and was
for this reason able to self-complete it at his or her own
convenience after providing informed consent. The sur-
vey was administered in May 2017. The University of
Sheffield provided ethical approval.

Analyses

The background characteristics of the participants allo-
cated to the different blocks were compared. Fisher exact
test and x2 tests were used to identify the presence of sta-
tistically significant differences in age, sex, and social and
economic status across the 6 blocks.

Figure 1 Example of pairwise comparison as presented to responders.
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To test whether bolt-ons had a statistically significant
impact on preferences, we used logistic regressions with
clustered sandwich estimators. Use of cluster sandwich
estimators accounted for the possible intraindividual cor-
relation generated by the panel structure of the data.
First, a logistic model was estimated by regressing
respondents’ choice over dummy variables signaling the
presence or absence of each bolt-on (i.e., hearing, sleep,
cognition, energy, relationships, and a dummy identify-
ing the health state pairs). To ensure the generalizability
of our findings, we tested confounding by adjusting for
background sociodemographic characteristics. Marginal
effects (i.e., log odds ratios for the bolt-ons b coeffi-
cients) are presented.

Second, we tested the null hypothesis that additions
of bolt-on level dummies to the main effect bolt-on
model resulted in a significant improvement in model fit.
The Wald test (i.e., pseudo-score test) was used for this
purpose. Following the Wald test results, a main effect
model using dummies for each bolt-on level and for the
health state pairs was estimated. Marginal effects (i.e.,
log odds ratios for the b coefficients of the bolt-on level
dummies) are presented, once again adjusting for back-
ground sociodemographics.

Third, to further assess bolt-ons’ impact on different
health state pairs, models were estimated separately for
each of the bolt-on options at level 1, level 3, or level 5,
for each of the 3 pairs investigated. Marginal effects (i.e.,
log odds ratios for the b coefficients for each bolt-on for
each level and health state) are once again presented.

For all models, marginal effects were used to compare
the impact of different bolt-ons. For example, the mar-
ginal effect for health state 11122 with hearing at level 5
was compared with the marginal effect for the health
state 11122 with relationships at level 5 and so on.
Analyses were conducted using STATA/MP 14.1
(StataCorp, Cary, NC).

Results

In total, 1581 individuals entered the survey, but 342
were excluded as they did not select all options in the
consent form. A further 169 were excluded as they did
not complete the survey, 5 as they ‘‘speeded’’ through the
survey (threshold for speeding is calculated as the median
completion time divided by 3), and 25 as their quota was
already full. The final analysis set comprised 1040 partici-
pants. Each pairwise choice was completed by a mini-
mum number of 167 respondents and a maximum of 180,
depending on the block. The mean time taken to comple-
tion was 9.19 minutes (range, 2.12–245.33 minutes), and

the median time was 7.05 minutes. Participants in block
2 took the shortest mean time (7.23 minutes), while parti-
cipants in block 4 took the longest mean time (10.52 min-
utes). Background characteristics and health of the
sample are presented in Table 3. No statistically signifi-
cant differences were found between participants allo-
cated to the 6 blocks in terms of sex, marital status,
profession, and highest education achieved. Differences
in age were seen between blocks 1 and 4 (P \ 0.001),
with block 1 appearing more normally distributed with
the majority of respondents being 45 to 54 years old, and
block 4 presenting a relatively uniform number of
responders in each age category. Self-reported health sta-
tus was generally similar across blocks except for respon-
ders in block 2 who reported more problems in self-care
than responders in block 6, and this difference was statis-
tically significant (P \ 0.05).

In the main effect bolt-on model, hearing had the larg-
est impact (–0.16), followed by cognition (–0.15), rela-
tionships (–0.12), sleep (–0.09), and energy (–0.08). None
of the sociodemographic confounding variables had a
statistically significant impact on the results, as well as
health state pairs.

When testing extensions of the bolt-on main effect
model using the Wald test, the null hypothesis that dum-
mies for bolt-ons at levels 3 and 5 were simultaneously
equal to zero was rejected, showing that their inclusion
resulted in a statistically significant improvement in
model fit. Additions of bolt-ons at level 1 did not result
in a significant improvement in model fit.

When estimating main effects for the bolt-on levels,
cognition had the largest marginal effect at level 3
(–0.16). For the rest of the domains, at level 3, relation-
ships had a small marginal effect (–0.04) and energy the
second smallest (–0.05). Sleep and hearing reported the
same marginal effects (–0.12). At level 5, hearing had
the largest impact (–0.43), followed by cognition (–0.31),
relationships (–0.29), energy (–0.27), and sleep (–0.19).
Table 4 reports the marginal effects and clustered sand-
wich estimator standard errors for the bolt-on main
effects, as well as the bolt-on level main effects for all
health state pairs together, and provides a ranking of
bolt-on marginal effects for severity levels 3 and 5. Once
again, none of the sociodemographic confounding vari-
ables had a statistically significant impact on the results,
as well as health state pairs.

Table 5 presents the marginal effects of the b coeffi-
cients from the logistic models with clustered sandwich
estimators’ standard errors and ranking of bolt-ons for
severity levels 3 and 5 in terms of marginal effect size.
The marginal effects for all bolt-ons at level 1 were
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generally small and not statistically significant. For
example, in health state pair 2, energy at level 1 had a
nonstatistically significant marginal effect of 20.01,
while hearing at level 1 had a nonstatistically significant
marginal effect of –0.00 in health state pair 3. Of all bolt-
ons tested at level 1, only relationships reported a statis-
tically significant marginal effect and only for health
state pair 3 (i.e., 20.18).

Table 3 Background Characteristics and Health of the Sample

Characteristic No. (%)

Sex
Female 520 (50)
Male 520 (50)

Age, y
18224 99 (10)
25234 216 (21)
35244 220 (21)
45254 227 (22)
55264 160 (15)
65+ 118 (11)

Status
Single 374 (36)
Married 597 (57)
Separated 42 (4)
Widowed 20 (2)
Prefer not to say 7 (1)

Education
O-level/GCSE 246 (24)
A-level 198 (19)
Diploma 105 (10)
First degree 286 (28)
Postgraduate degree 163 (16)
Other 42 (4)

Employment
In employment 650 (63)
Retired 149 (14)
Homemaker 71 (7)
Student 71 (7)
Seeking work 17 (2)
Unemployed 34 (3)
Long-term sick 42 (4)
Other 6 (1)

Children
Yes 545 (52)
No 495 (48)

Religion
Yes 300 (29)
No 705 (68)
Prefer not to say 35 (3)

Self-reported health status dimension
Mobility

Level 1 802 (77)
Level 2 159 (15)
Level 3 52 (5)
Level 4 26 (3)
Level 5 1 (0)

Self-care
Level 1 940 (90)
Level 2 67 (6)
Level 3 29 (3)
Level 4 4 (0)
Level 5 0 (0)

Usual activities
Level 1 795 (76)
Level 2 151 (15)
Level 3 65 (6)

(continued)

Table 3 continued

Characteristic No. (%)

Level 4 22 (2)
Level 5 7 (1)

Pain/discomfort
Level 1 533 (50)
Level 2 362 (35)
Level 3 111 (11)
Level 4 28 (3)
Level 5 6 (1)

Anxiety/depression
Level 1 565 (56)
Level 2 266 (23)
Level 3 134 (13)
Level 4 54 (5)
Level 5 21 (2)

Hearing
Level 1 850 (82)
Level 2 141 (14)
Level 3 41 (4)
Level 4 8 (1)
Level 5 0 (0)

Sleep
Level 1 487 (47)
Level 2 338 (33)
Level 3 137 (13)
Level 4 65 (6)
Level 5 13 (1)

Cognition
Level 1 658 (63)
Level 2 311 (30)
Level 3 63 (6)
Level 4 7 (1)
Level 5 1 (0)

Energy
Level 1 447 (43)
Level 2 365 (35)
Level 3 163 (16)
Level 4 52 (5)
Level 5 13 (1)

Relationships
Level 1 729 (70)
Level 2 204 (20)
Level 3 66 (6)
Level 4 30 (3)
Level 5 11 (1)

GCSE, General Certificate of Secondary Education.
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Table 4 Marginal Effects and Clustered Sandwich Estimator Standard Errors for the Bolt-on Main Effect and Bolt-on Level
Main Effects for All Health State Pairs and Ranking of Bolt-ons for Severity Levels 3 and 5 in Terms of Marginal Effect Size,
Adjusting for Sociodemographics

Bolt-on Bolt-on Level Marginal Effect (SE)
Ranking by

Overall Level 3 Level 5

Hearing All levels 20.16 (0.01)a 1 – –
Sleep All levels 20.09 (0.01)a 5 – –
Cognition All levels 20.15 (0.01)a 2 – –
Energy All levels 20.08 (0.01)a 4 – –
Relationships All levels 20.12 (0.01)a 3 – –
Hearing Level 1 0.02 (0.03) – 2 1

Level 3 20.12 (0.02)a

Level 5 20.43 (0.02)a

Sleep Level 1 20.03 (0.02) – 2 5
Level 3 20.12 (0.02)a

Level 5 20.19 (0.02)a

Cognition Level 1 20.02 (0.02) – 1 2
Level 3 20.16 (0.02)a

Level 5 20.31 (0.02)a

Energy Level 1 0.04 (0.02) – 4 4
Level 3 20.05 (0.02)a

Level 5 20.27 (0.02)a

Relationships Level 1 20.03 (0.02)a – 5 3
Level 3 20.04 (0.02)b

Level 5 20.29 (0.02)a

–, Not applicable.
aStatistically significant at P \ 0.01.
bStatistically significant at P \ 0.05.

Table 5 Marginal Effects of the b Coefficients from the Logistic Models with Clustered Sandwich Estimators’ Standard Errors
and Ranking of Bolt-ons for Severity Levels 3 and 5 in Terms of Marginal Effect Size, Adjusting for Sociodemographicsa

Health State Pair 1 Health State Pair 2 Health State Pair 3

Bolt-on Bolt-on Level ME (SE)
Ranking by

ME (SE)
Ranking by

ME (SE)
Ranking by

Level 3 Level 5 Level 3 Level 5 Level 3 Level 5

Hearing Level 1 20.09 (0.05) 20.06 (0.05) 20.00 (0.05)
Level 3 20.22 (0.05)b 3 1 20.03 (0.03) 4 1 20.26 (0.05)b 2 1
Level 5 20.43 (0.04)b 20.29 (0.05)b 20.43 (0.05)b

Sleep Level 1 20.07 (0.05) 0.04 (0.05) 20.07 (0.04)
Level 3 20.23 (0.05)b 2 5 20.11 (0.05)c 2 3 20.20 (0.05)b 3 5
Level 5 20.29 (0.06)b 20.21 (0.05)b 20.24 (0.05)b

Cognition Level 1 20.09 (0.05) 20.07 (0.05) 20.07 (0.05)
Level 3 20.27 (0.05)b 1 2 20.11 (0.05)c 2 4 20.31 (0.05)b 1 2
Level 5 20.40 (0.04)b 20.18 (0.05)b 20.39 (0.05)b

Energy Level 1 0.01 (0.05) 20.01 (0.05) 20.06 (0.05)
Level 3 20.16 (0.05)b 5 3 0.01 (0.03) 5 4 20.20 (0.05)b 4 4
Level 5 20.37 (0.05)b 20.18 (0.05)b 20.33 (0.05)b

Relationships Level 1 20.04 (0.05) 20.07 (0.05) 20.18 (0.05)b

Level 3 20.18 (0.05)b 4 4 20.14 (0.05)c 1 2 20.19 (0.05)b 5 3
Level 5 20.36 (0.05)b 20.22 (0.05)b 20.38 (0.05)b

ME, marginal effect; SE, robust standard error.
aHealth state pair 1: state A 11122 v. state B 23111; health state pair 2: state A 52211 v. state B 11325; health state pair 3: state A 33142 v. state

B 34333. Bolt-ons at severity 3 and 5 were always added on health states A.
bStatistically significant at P \ 0.01.
cStatistically significant at P \ 0.05.
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Bolt-ons at level 3 generally resulted in statistically sig-
nificant negative marginal effects in health state pairs 1
and 3. In health state pair 2, marginal effects for hearing
and energy were small and not statistically significant.
Marginal effects ranged between 20.27 (cognition) and
20.16 (energy) in health state pair 1 and between 20.31
(cognition) and 20.19 (relationships) in health state pair
3, while they were smaller when a bolt-on at level 3 was
added to health state pair 2, ranging between 20.11
(relationships) and 0.01 (energy). Cognition had the larg-
est marginal effects in all 3 pairs, showing that this bolt-
on substantially reduced the probability of responders
choosing the health state to which it was added. By con-
trast, energy at level 3 had the smallest marginal effect
for health states 1 and 2 and the second smallest mar-
ginal effect for health state pair 3. There was no consis-
tent ordering for sleep, hearing, and relationships.

As expected, bolt-ons at level 5 always resulted in sta-
tistically significant negative marginal effects, which were
smaller than marginal effects for bolt-ons at level 3.
Marginal effects ranged between 20.43 (hearing) and
20.29 (sleep) in health state pair 1, between 20.29 (hear-
ing) and 20.18 (energy and cognition) in health state
pair 2, and between 20.43 (hearing) and 20.24 (sleep) in
health state pair 3. Hearing consistently reported the
largest marginal effects for all 3 health state pairs. This
was followed by cognition, which reported the second
largest marginal effect in health state pairs 1 and 3. Sleep
had the lowest impact in 2 of the 3 health state pairs (1
and 3).

Discussion

This study investigated the potential of using pairwise
comparisons to determine whether bolt-on dimensions
previously identified through factor analysis change pre-
ferences for EQ-5D-5L health states. The aim was to test
the use of a simple low-cost pairwise comparison as a
method for informing the selection of bolt-on dimensions.

The study showed that each of the individual bolt-ons
had a significant impact on preferences for the EQ-5D-
5L. The extent of this impact varied according to the
bolt-ons and their severity level, as well as the health
states to which they were added. Additions of bolt-ons at
level 1 generally resulted in small and not statistically sig-
nificant marginal effects. Additions of bolt-ons at level 3
generally produced negative and statistically significant
marginal effects, showing a reduction in the log odds
ratio of individuals choosing the health state to which
the moderate level was added. Additions of bolt-ons at
level 5 generally resulted in even larger negative marginal

effects compared to bolt-ons at level 3. The dimensions
that had the largest impact were hearing and cognition,
while sleep and energy had less impact.

These findings agree with those of previous research in
that they show that hearing and cognition make a signifi-
cant impact on the judgments people place on the EQ-5D
health states.13,15 Our findings also show that sleep has less
impact on preferences for EQ-5D health states, although in
contrast to a previous study, its impact was significant.14

This study found that at severity level 5, hearing had
the largest marginal effect, followed by cognition, rela-
tionships, and energy with relatively similar marginal
effects and sleep with the smallest marginal effect. By
contrast, at severity level 3, cognition reported the largest
marginal effect, followed by sleep, hearing, and relation-
ships, with energy registering the smallest marginal effect.
This suggests that the relative weight responders place on
different health problems is not constant across levels of
severity between bolt-ons. This finding is relevant for
selecting bolt-on dimensions, as it highlights the need for
a judgment on what decision rule needs to be followed.
One possibility might be choosing the bolt-ons that have
the greatest impact on preferences, in terms of log odds,
compared to the same health state without bolt-ons,
based on the worst severity level. Alternatively, bolt-ons
might be selected based on the overall log odds (i.e., main
effect bolt-on model). Either way, other considerations
remain fundamental for the final selection, such as what
other dimensions are already present in the descriptive
system of the examined measure and the psychometric
evidence for the impact of the bolt-on for the perfor-
mance of the measure in terms of validity and responsive-
ness in the population of interest.

Another important issue is that the inclusion of bolt-
ons in the parent measure requires a complete revalua-
tion of the extended measure’s tariff. This study provides
some evidence showing that the addition of a bolt-on at
level 1 might have little impact on the value of the
remaining core items/dimensions of the GPBM, although
it does not clarify what impact the bolt-ons at levels 3
and 5 would have on the core dimensions of the parent
measure. It still needs to be clarified whether interactions
are present to inform which modeling approach should
be preferred in bolt-on studies.

This study has a number of limitations. Only 3 pairs
of EQ-5D-5L health states were selected. This design
appropriately responded to the methodological questions
investigated in this study, but it has the disadvantage of
not being powered for advanced econometric investiga-
tions (e.g., interactions). Moreover, previous research
has shown that preferences for bolt-ons might vary
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depending on the severity of the health states to which
they are added,15 and for this reason, using other pairs
from the 3 selected might have generated different results.
The results reported in this study show that the relative
weight responders place on different health problems is
not constant but rather depends on the severity level of
the additional dimension, and further testing with levels
2 and 4 for the same bolt-ons is required to confirm these
findings. In addition, although each block included dif-
ferent bolt-ons and health state pairs to minimize focus-
ing effects, the order in which pairwise questions were
presented within each block was not randomized, which
may have an impact on preferences. Finally, the study
used pairwise choices while other methods could have
been used, including a ranking exercise or another
choice-based task that would allow comparability with
more widely used valuation methods such as TTO.

Nevertheless, this study provides important evidence
in that it proposes a flexible and easy to use method for
selecting bolt-on dimensions. Further research is recom-
mended on testing other bolt-ons, levels, and potentially
including duration in the comparisons to see how this
compares to the previous studies that used TTO.
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