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Objectives: This study systematically compared the psychometric properties of 6 of the 5-level and
3-level EQ-5D bolt-ons (vision, breathing, tiredness, sleep, social relationships, and self-
confidence).

Methods: Population Norms Study (POP-UP) is a longitudinal survey collecting general population
data from United States, Canada, United Kingdom, Italy, Spain, Germany, the Netherlands, and
Belgium. Respondents entered demographics and health conditions data and completed the EQ-
5D-5L/3L with bolt-ons, Myasthenia Gravis Activities of Daily Living (MG-ADL), and Health Utility
Index-3 (HUI-3). Psychometric properties included ceiling/floor, informativity, divergent and
convergent validity, reliability, known-groups validity, and responsiveness.

Results: A total of 9,758 respondents completed the survey in 2021, and 4,839 respondents in
2023. The 5-level bolt-ons reduced ceiling effects by 35% and floor effects by 55% compared with
the 3-level, with the largest reductions for vision and sleep (42%/57%) and the smallest for
breathing (29%/44%). Informativity was higher for the 5-level bolt-ons (3%-11%) than 3-level
(2%-9%), except for breathing (—2%). Most bolt-ons showed weak to moderate correlations with
EQ-5D dimensions, except for social relationships, which correlated strongly with anxiety/
depression (r = 0.61). Both measures showed strong convergent validity for breathing (5-level
r = 0.68; 3-level r = 0.66) and lower for vision (5-level r = 0.37; 3-level r = 0.32). EQ-5D + 5-
level and EQ-5D-5L + 3-level bolt-ons had excellent reliability (Intraclass Correlation
Coefficients = 0.92-0.97). Adding bolt-ons did not significantly improve known-groups validity,
except for breathing (relative efficiency EQ-5D + 5-level = 1.12; EQ-5D-5L + 3-level = 1.10). The
5-level bolt-ons improved responsiveness, detecting 47.1% more improvements and 55.7% more
worsening over time.

Conclusions: All 6 of the 5-level EQ-5D bolt-ons outperformed the 3-level bolt-ons by reducing
ceiling and floor, enhancing informativity, demonstrating divergent validity, and improving
responsiveness.
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e The EuroQol Group has prioritized

developing bolt-on dimensions for
the EQ-5D, although the bolt-ons 5-
level versions’ presumed
superiority over 3-level versions is
unclear. We evaluated 6 bolt-ons—
vision, breathing, tiredness, sleep,
social relationships, and self-
confidence—comparing their 5-
level and 3-level versions in the
general population.

e The 6 5-level EQ-5D bolt-ons

outperformed the 3-level by
reducing ceiling and floor,
enhancing informativity,
demonstrating divergent validity,
and improving responsiveness.

Vision, sleep, and tiredness bolt-ons
showed particular promise for
expanding the EQ-5D-5L. These
findings support ongoing bolt-on
development and offer insights for
broader instrument design. Further
research is needed to test their
performance in patient populations
and examine country-specific
differences in psychometric and
economic outcomes.

The EQ-5D is the most widely used preference-based
measure of health-related quality of life (HRQoL) applied in
observational studies, clinical trials, and patient registries to
estimate quality-adjusted life-years (QALYs) for cost-utility
analyses.! The EQ-5D covers 5 HRQoL dimensions.> Interest
is growing in adding “bolt-on” dimensions to improve the EQ-
5D’s sensitivity for specific populations or contexts.? Approx-
imately 50 different bolt-ons have been proposed for the adult
EQ-5D instruments, addressing symptoms (eg, vision and
breathing), physical and psychological functioning (eg,
mobility and stress), social relationships, and overall quality of
life (eg, well-being and dignity).>®

Three-level and 5-level versions exist for most bolt-ons.’
Although numerous studies have compared the measurement
performance of the EQ-5D’s 3-level and 5-level versions,'® both
bolt-on versions are rarely used in the same study. As a result,
little is known about the assumed superior performance of the 5-
level bolt-ons compared with the 3-level bolt-ons. Furthermore,
very few studies provided evidence on the sensitivity or respon-
siveness of bolt-ons.'"'? In addition, although most bolt-ons are
used in the context of specific patient populations,''>° they
may also capture HRQoL aspects relevant to the general
population.

This study addresses key gaps in evidence on 5-level vs 3-level
bolt-ons, including the incipient knowledge on their respon-
siveness,'"'>!> and psychometric properties in the general
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population.?®?” We systematically compared 6 bolt-ons across
both versions using a large multinational longitudinal survey. We
hypothesize that the 5-level versions will outperform the 3-level
ones by offering better distribution, informativity, group differ-
entiation, and responsiveness.

This secondary analysis uses data from the Population Norms
Study (POP-UP), a multinational digital survey assessing HRQoL
norms in the general population across 8 countries (United
States, Canada, United Kingdom, Italy, Spain, Germany, thee
Netherlands, and Belgium). These norms serve as a baseline for
comparing health outcomes in specific conditions, such as
Myasthenia Gravis.’®° The first survey wave took place in Q1
2021 and the second in Q1 2023, recontacting previous partici-
pants and adding new ones as needed. The target sample was
13,500 (1,000 per country), with quotas based on age, gender,
education, and region. Low-quality responses were excluded.
Participants were invited via email and completed demographic
questions, medical history, and a fixed sequence of question-
naires: the EQ-5D-5L and 5-level bolt-ons, the Myasthenia Gravis
Activities of Daily Living (MG-ADL),*° the Health Utility index-3
(HUI-3),>! the Hospital Anxiety and Depression Scale,>? and the
EQ-5D-3L and 3-level bolt-ons. The survey, built in LimeSurvey,
required responses for all items. Ethical approval was obtained in
all 8 countries: Veritas Institutional Review Board (Canada,
#2021-2434-5740-1), Ghent University Hospital (Belgium, #BC-
07857), and Salus Institutional Review Board (other countries,
#PN8450). Full details are available elsewhere.?%?°

The EQ-5D-3L assesses 5 HRQoL dimensions—mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression—
each with 3 severity levels. It also includes the EQ VAS, in which
respondents rate their health from 0 (worst) to 100 (best) on the
day of the survey.> The EQ-5D-5L, with 5 response levels, was
developed to address the EQ-5D-3L’s limited sensitivity and
ceiling effects.> Response levels describe a health state that is
converted into a utility value based on population preferences.*?
Because no value set exists for bolt-ons, Level Sum Scores (LSSs)
were calculated for the EQ-5D-3L and 5L, with and without each
bolt-on, and rescaled to 0 to 100. Higher scores indicate more
problems.®*>°

The bolt-ons were added to the EQ-5D dimensions before the
EQ VAS and included vision,>®*” breathing,® tiredness,?° sleep,*®
social relationships,’® and self-confidence,?® with 3 and 5
response levels as the EQ-5D descriptive system (see Appendix
Table 1 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2025.09.009).%° Bolt-ons were selected based on their
relevance to general HRQoL, broad applicability across pop-
ulations, and to provide baseline norms for comparing health
outcomes in populations with Myasthenia Gravis.”® Bolt-ons
were developed within the EQ-5D framework, translated, pub-
lished, and approved by EuroQoL.

Our primary aim was to compare the performance of 6 EQ-5D-
5L + 5-level bolt-ons with EQ-5D-3L + 3-level bolt-ons, using an
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established framework for 3-level vs 5-level comparisons.””
Comparisons with the core EQ-5D-3L and 5L (without bolt-ons)
were examined secondarily. To maximize paired assessments,
data from respondents in either or both waves were included. We
assessed distributional characteristics, divergent and convergent
validity, reliability, known-groups validity, and responsiveness.
These psychometric properties were selected based on prior
literature comparing the 3-level and 5-level EQ-5D versions, the
availability of longitudinal data, and the expertise of the au-
thors.'%4! Formal hypothesis tests were not applied because the
study was descriptive in nature.

Distributional characteristics included analyzing the distri-
bution of the EQ-5D and EQ-5D + bolt-ons’ responses, the pro-
portion of different health profiles, ceiling and floor effects, and
informativity.>* The distribution of responses was cross-
tabulated between the 2 EQ-5D descriptive systems. Subse-
quently, the proportion of inconsistent response pairs was
calculated. Inconsistent response pairs were defined as responses
differing by at least 2 levels between the 3-level and 5-level EQ-
5D versions. We additionally calculated a weighted proportion of
inconsistent pairs by multiplying the proportion of inconsistent
responses by a weight (weights of 2, 3, or 4), depending on the
number of levels they differ, assigning greater importance to
larger inconsistencies.”> The size of the inconsistency was
calculated using the formula: absolute (response3L_recoded—
response5L), in which the 3-level responses were recoded from 1,
2, and 3 to 1, 3, and 5, respectively.*’> The size of inconsistency
reflects variability in responses within each dimension, with
higher values indicating greater discordance. We hypothesize
that the added response options in the 5-level bolt-ons will in-
crease response distribution and sensitivity compared with the 3-
level versions.

The proportion of different health profiles was calculated as
the number of observed profiles divided by the number of
possible profiles.** Ceiling and floor were defined as the pro-
portion of respondents with the best (11111) and worst (33333 or
55555) health state, respectively.>* The 5-level versions (EQ-5D-
5L and bolt-ons) provide more response options, reducing clus-
tering at “no problems” or “extreme problems.” We expected this
to result in a relative reduction in ceiling and floor compared
with the 3-level versions.

The informativity of bolt-on was determined using Shannon’s
indices, with the Shannon index (H’) for absolute and Shannon
Evenness index (J') for relative informativity. H measures response
spread, with higher values indicating a more even distribution and
more detailed health descriptions.*> | measures response distri-
bution, regardless of response levels. If most respondents choose
the same level, informativity is lower, indicating limited new in-
formation from the item or instrument.”*> H’ and J’ indices were
calculated at item and instrument levels and assessed descrip-
tively.*> We expected the 5-level bolt-ons to have higher infor-
mativity than the 3-level versions at the item level and an overall
improvement in informativity at the instrument level after adding
the bolt-ons to their respective EQ-5D versions.

Divergent validity was assessed using Spearman’s rank order
correlations between bolt-ons and EQ-5D dimensions.***°
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Correlations were considered none (r < 0.10), weak (r = 0.10-
0.29), moderate (r = 0.30-0.49), and strong (r = 0.50).*® Weak or
no correlations indicate that the bolt-ons and EQ-5D dimensions
are unrelated constructs, thus avoiding overlap. Low correlations
between vision and EQ-5D dimensions were expected. Moderate
correlations were anticipated between the other bolt-ons
(tiredness, sleep, and social relationships) and usual activities,
between breathing and pain/discomfort, as well as between so-
cial relationships and self-confidence and anxiety/depression.”*"
27 We also hypothesized that the correlations between the EQ-
5D-5L and the 5-level bolt-ons would be stronger than those
between the EQ-5D-3L and the 3-level bolt-ons.

Convergent validity was assessed using Spearman’s rank order
correlations between bolt-ons and available Patient-Reported
Outcomes-Measures (PROMs) in the POP-UP study that evaluate
related constructs.***> We hypothesized strong correlations be-
tween the vision bolt-on and HUI-3’s vision item, as well as be-
tween the breathing bolt-on and the MG-ADL breathing item,
given their conceptual similarity. Convergent validity of tired-
ness, sleep, social relationships, and self-confidence was not
assessed, as specific PROMs were not available.

Reliability refers to how consistently the same construct is
measured over time, and it was assessed using the Intraclass
Correlation Coefficients (ICC)*” using the SAS ICC macro.”® A
general linear mixed model was fitted, including the rescaled LSS
for the EQ-5D-3L and EQ-5D-5L, alone and with each bolt-on. ICC
values indicated poor (<0.5), moderate (0.50-0.75), good (0.75-
0.90), or excellent (>0.90) reliability.*® The 5- and 3-level EQ-5D
with bolt-ons were expected to show good reliability (r > 0.75),
as both versions have demonstrated strong agreement in general
populations, especially for overall health status.!” Kernel density
plots were used to visualize LSS distributions for each bolt-on,
EQ-5D-3L, and EQ-5D-5L. Similar distributions indicate good
agreement between versions, which was further illustrated using
Bland-Altman plots.

Known-groups validity was assessed based on the number of
chronic health conditions (none/1-2/3+) and the need for care-
giver assistance (yes/no), as these may reflect overall health and
function.’°~>? Distinguishing these groups with bolt-ons could
inform policymakers on population-level interventions. We
compared subgroups based on the proportion reporting the
ceiling on EQ-5D + bolt-on, mean LSSs, and relative efficiency.
Relative efficiency was calculated as the ratio of 2 F-statistics: 1
from an Analysis of Variance (ANOVA) model with EQ-5D + bolt-
on LSSs and subgroup as the independent variable, and the other
with EQ-5D LSSs. Values > 1.00 indicated improved efficiency
with bolt-ons. We expected lower ceiling effects and higher LSS
in subgroups with more chronic conditions or caregiver needs,
and improved relative efficiency with bolt-ons added to the EQ-
5D.

Responsiveness refers to the ability of the EQ-5D + bolt-ons to
detect changes over time.”’ Responsiveness was measured using
level change in responses, Paretian Classification of Health
Change, and probability of superiority.>* Level change in re-
sponses for the 3- and 5-level bolt-ons were calculated using data
exclusively from respondents who completed both waves.
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Changes in responses may range between —4 and 4 for the 5-
level and —2 and 2 for the 3-level bolt-ons. We examined the
mean level change, the frequency of these changes, and the mean
change in LSSs. Furthermore, Pearson’s correlations between
changes in mean 5-level and 3-level EQ-5D + bolt-on LSSs were
calculated. We expected to find a higher level change in re-
sponses in the 5-level compared with the 3-level descriptive
system.

Paretian classification health (PCHC) was used to assess
changes in EQ-5D + bolt-on health states over time, once again
using data exclusively from respondents who participated in both
waves. These changes were categorized as improved, worsened,
mixed, or no change.>* A state was “better” if at least 1 dimension
improved without any worsening and “worse” if 1 worsened
without any improvement. Mixed indicated both improvement
and worsening; no change meant identical responses across all
dimensions. Analyses were repeated, excluding respondents with
perfect health (11111) at wave 1. We expected the 5-level bolt-ons
to show more change and less stability than the 3-level.

Based on the PCHC classification, for each core EQ-5D
dimension and bolt-on separately, we calculated the probability
to detect a superior health state between waves 1 and 2 using a
non-parametric method for measuring effect sizes.”® The proba-
bility (P) was calculated as the number of respondents who
improved, plus half the number of stables, divided by the number
of respondents at both waves. A P < .5 indicates more re-
spondents deteriorated than improved, whereas P > .5 indicates
more improved than deteriorated. We expected the 5-level bolt-
ons to show a higher probability of superiority.

In total, 9,758 general population participants from the 8
countries completed the survey in 2021 (wave 1) and 4,839 re-
spondents completed it in 2023 (wave 2, comprised 3,571 first-
wave participants and 1,268 new respondents), totaling 14,597
observations. Around 60% of respondents reported chronic health
conditions: anxiety (14.7%) and depression (11.5%) were the most
prevalent, followed by thyroid problems/disorder (9.7%), diabetes
(9.2%), and respiratory disease (8.8%) (Table 1).

The combined sample completing the EQ-5D-3L + bolt-ons
and EQ-5D-5L + bolt-ons in waves 1 and 2 was 14,597 re-
spondents, of which 3,571 completed data in both waves
(Table 1).

Social relationships had the highest rate of extreme problems
(4.2%), followed by tiredness (4.1%) and sleep (4.0%), whereas
mobility, self-care, usual activities, and breathing had the highest
reports of no problems (Table 2). On average, 3.5% of EQ-5D re-
sponses were inconsistent, ranging from 2.5% (breathing) to 6.7%
(vision). After weighting, inconsistency rose to 7.8% for EQ-5D
responses, with 5.5% for breathing and 14.5% for vision (see
Appendix Table 2 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2025.09.009). This suggests inconsistency
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Description of respondent characteristics in waves 1
and 2 of the POP-UP study.

Age (years)

18-34 27.5% 27.6%
35-54 37.0% 36.9%
55+ 35.5% 35.5%
Gender
Female 51.3% 51.4%
Male 48.8% 48.6%
Education
Primary education 4.7% 4.4%
Secondary education 56.2% 55.3%
Higher education 39.1% 40.4%
EQ VAS
Mean (SD) 75.7 (17.4) 74.1 (17.7)
Health condition
None 41.0% 41.5%
Types of health conditions
Anxiety 14.4% 15.7%
Depression 11.4% 12.0%
Diabetes with/without complications 10.0% 10.4%
Thyroid problems/thyroid disorder 7.9% 8.8%
Respiratory disease (COPD and asthma) 8.7% 8.3%
Gastrointestinal problems 6.7% 6.2%
Rheumatoid arthritis/psoriatic arthritis 4.7% 4.4%
Cardiovascular disease 4.5% 4.0%
Osteoporosis 3.2% 4.2%
Cancer 2.0% 1.8%
Kidney disease 1.0% 1.2%
Congestive health failure 0.9% 1.0%
Crohn’s/ulcerative colitis 0.7% 0.5%
Liver disease 0.8% 0.6%
Multiple sclerosis 0.5% 0.6%
Peptic ulcer 0.5% 0.5%
HIV 0.4% 0.4%
Systemic lupus erythematosus 0.3% 0.2%
Hemiplegia/paraplegia 0.3% 0.4%
Lupus nephritis 0.2% 0.1%
Dementia 0.1% 0.0%

COPD indicates chronic obstructive pulmonary disease.

increases with problem severity, especially in core EQ-5D
dimensions.

Vision (0.52) and tiredness (0.50) showed the highest incon-
sistency across bolt-ons, whereas breathing (0.22) and self-
confidence (0.30) showed the lowest. Vision’s inconsistency
may stem from its 3-level label “some problems” differing from
the “moderate problems” used in other bolt-ons and the 5-level
system. Other inconsistencies may reflect how respondents
interpret severity across systems with different response options.

Adding any bolt-on increased the number of unique profiles
but reduced the proportion of observed profiles: from 63.0% to
~40.6% for EQ-5D-3L and from 22.3% to ~8.4% for EQ-5D-5L
(Table 3). The 5-level system captured 3.2 to 3.5 times more
profiles than the 3-level. The fewest profiles were generated by
the EQ-5D + breathing, and the most by EQ-5D-5L + tiredness or
sleep, or EQ-5D-3L + tiredness or self-confidence.
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Ceilings were 45.4% for EQ-5D-3L and 32.6% for EQ-5D-5L
(Table 3). The 5-level bolt-ons reduced ceilings 32% to 42%
more than 3-level versions, with highest relative reductions
observed for vision (42%), sleep (38%), and tiredness (34%). Floor
effects were 50% to 67% lower with 5-level bolt-ons, with the
biggest reductions from sleep (67%), social relationships (58%),
and self-confidence (58%).

The 5-level bolt-ons captured more information than the 3
level, as shown by higher absolute and relative item informativity
(Table 4). Sleep, tiredness, and vision performed the best,
whereas breathing and self-confidence captured the least. At the
instrument level, adding vision, tiredness, or sleep improved
relative informativity by 8% to 11%, whereas breathing reduced it
by 2%.

Correlations between bolt-ons and EQ-5D dimensions were
mostly weak to moderate, except for a strong correlation be-
tween social relationships and anxiety/depression (see Appendix
Table 3 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2025.09.009). Social relationships also strongly corre-
lated with self-confidence. As expected, correlations were about
5% stronger with the 5-level bolt-ons, reflecting its greater
sensitivity.

In both systems, breathing showed strong correlations with
the MG-ADL breathing item (5-level r = 0.68; 3-level r = 0.66). In
contrast, vision showed only moderate correlation with the HUI-
3 vision item (5-level r = 0.37; 3-level r = 0.32), likely due to
differences in how vision is assessed—EQ-5D focuses on general
vision status, whereas HUI-3 measures functional ability.

Excellent reliability was observed between the LSSs of EQ-5D-
5L + bolt-ons and EQ-5D-3L + bolt-ons, indicating that adding
bolt-ons did not introduce excessive variability in LSS over time
(ICCrange 0.92-0.97, all P <.001, Appendix Fig. 1 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2025.09.009).
Good agreement was confirmed by similar distributions Kernel
density plots and by the scattered points in the Blant-Altman
plots (see Appendix Fig. 2 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2025.09.009).

For all bolt-ons, the ceiling was reduced in respondents with
multiple chronic health conditions or those needing a caregiver
(see Appendix Table 4 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2025.09.009). Higher mean LSS
scores were observed for most bolt-ons in respondents with
multiple chronic conditions, except for the breathing bolt-on,
which had lower LSS scores than the EQ-5D-3L and EQ-5D-5L
alone. Higher mean LSS scores were observed only for the
tiredness and sleep bolt-ons in respondents needing a caregiver.
However, adding either the 3-level or 5-level bolt-ons to the EQ-
5D did not improve relative efficiency compared with the EQ-5D
alone, except for breathing in respondents with multiple chronic
health conditions (relative efficiency EQ-5D + 3-level = 1.10; EQ-
5D-5L + 5-level = 1.12).
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Table 2. Distribution of the EQ-5D-3-level responses across the EQ-5D-5-level responses (n = 14,597).

5Q-5D-3L EQ-5D-5L responses

responses 1

Mobility
1 82.5%
2 16.9%
3 0.1% 0.6%
Total 76.8% 14.5% 5.9% 2.1% 0.7%

Self-care
1 90.0% 2.3% 92.8%
2 - 3.4% 1.5% b 6.5%
3 . . 0.7%
Total 91.2% 5.8% 2.0%

Usual activities
1 75.6% 6.5% 83.1%
2 7.5% 4.6% 1.2% 15.7%
3 0.4% 0.3% 1.2%
Total 77.9% 14.2% 5.6% 1.8% 0.5%

Pain/discomfort
1 44.3% 12.5% 57.8%
2 - 23.1% 12.4% 2.1% 39.8%
3 1.4% 0.6% 2.4%
Total 46.5% 35.7% 13.4% 3.6% 0.8%

Anxiety/Depression
1 69.5%
2 9.0% 1.7% 27.3%
3 1.4% 1.1% 3.3%
Total 59.8% 24.6% 10.8% 3.3% 1.5%

Vision
1 60.5%
2 1.8% 38.2%
3 0.5% 0.3% 1.3%
Total 41.1% 35.6% 19.9% 2.9% 0.5%

Breathing
1 84.0%
2 4.1% 0.6% 15.0%
3 0.4% 0.3% 1.0%
Total 78.6% 15.1% 4.8% 1.1% 0.4%

Tiredness
1 47.6% 9.8% 58.6%
2 - 20.5% 13.4% 2.6% 37.3%
3 2.1% 1.3% 4.1%
Total 48.4% 30.4% 14.8% 4.9% 1.5%

Sleep
1 40.7% 13.9% ﬁ 56.1%
2 _ 22.4% 13.0% 2.6% 39.9%
3 1.9% 1.3% 4.0%
Total 42.5% 36.5% 14.7% 4.7% 1.6%

Social relationships
1 55.5% 11.0% 68.3%
2 13.7% 9.8% 2.6% 27.6%
3 1.8% 1.8% 4.2%
Total 56.8% 24.8% 11.7% 4.6% 2.1%

Self-confidence
1 66.6% 8.7% 76.6%
2 10.2% 6.6% 1.7% 20.4%
3 1.2% 1.1% 3.1%

Total 68.4% 19.0% 8.2% 3.1% 1.3%

Red shaded cells indicate inconsistency between the 3- and the 5-level response
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Relative reductions in the number of unique profiles, ceiling, and floor.

W 2025

EQ-5D

Number of possible profiles 63 153 223

Ceiling: 11111 45.4 14 597 32.6

Floor: 55555 or 33333 0.13 14 597 0.06
EQ-5D + vision

Number of possible profiles 40.1 292 8.3

Ceiling: 111111 33.8 14 597 19.7

Floor: 555555 or 333333 0.1 14 597 0.05
EQ-5D + breathing

Number of possible profiles 38.3 279 7.9

Ceiling: 111111 43.7 14 597 30.9

Floor: 555555 or 333333 0.09 14 597 0.05
EQ-5D + tiredness

Number of possible profiles 41.6 303 8.7

Ceiling: 111111 36.8 14 597 241

Floor: 555555 or 333333 0.1 14 597 0.05
EQ-5D + sleep

Number of possible profiles 40.6 296 8.6

Ceiling: 111111 37.7 14 597 23.6

Floor: 555555 or 333333 0.12 14 597 0.04
EQ-5D + social relationships

Number of possible profiles 40.9 298 8.4

Ceiling: 111111 40.3 14 597 26.5

Floor: 555555 or 333333 0.12 14 597 0.05
EQ-5D + self-confidence

Number of possible profiles 42 306 8.3

Ceiling: 111111 41.8 14 597 28.6

Floor: 555555 or 333333 0.12 14 597 0.05
Average (%)

Number of possible profiles 40.6 8.4

Ceiling: 111111 39 25.6

Floor: 555555 or 333333 0.11 0.05

Of the 3,571 respondents who provided EQ-5D + bolt-ons
data in both waves, about 72.9% did not experience a change in
the bolt-on dimensions, whereas 14.0% improved and 13.5%
worsened (Table 5). The vision, tiredness, and sleep bolt-ons
captured the most improvements and the most worsening over
time, whereas breathing detected considerably fewer changes.

The 5-level bolt-ons picked up more changes in responses
over time. It identified a lower proportion of respondents
reporting being stable (on average 14.3% fewer for the 5-level
bolt-ons), a higher proportion of improvements (on average
471% increase in improvements) and a higher proportion of
worsening responses (55.7% more worsening). We detected no
pattern in the mean changes in LSSs, which was sometimes
higher and sometimes lower in the 5-level bolt-ons. The corre-
lations between the changes in EQ-5D-3L + bolt-on vs EQ-5D-
5L + bolt-on LSSs were strong (0.519-0.588).

Table 6 shows the PCHC health state changes for the EQ-5D +
bolt-ons (as opposed to Table 5 which shows responsiveness in
the bolt-ons individually). The 5-level descriptive system was
more sensitive to change than the 3-level, detecting relative

696 3.5 Ref Ref
14 596 -28% Ref Ref
14 597 -54% Ref Ref
1300 35 87% 91%
14 596 -42% -40% -25%
14 597 -55% -17% -15%
1242 35 78% 82%
14 596 -29% -5% -4%
14 597 -44% -17% -31%
1362 3.5 96% 98%
14 596 -34% -26% -19%
14 597 -50% -17% -23%
1343 35 93% 93%
14 596 -38% -28% -17%
14 597 -67% -33% -8%
1318 34 89% 95%
14 596 -34% -19% -11%
14 597 -58% -17% -8%
1299 3.2 87% 100%
14 596 -32% -12% -8%
14 597 -58% -17% -8%
34 93% 88%
-35% -14% -22%
-55% -15% -19%

reduction of 34.7% fewer status quo balanced out by 128.7% more
mixed changes, 9.4% more improvements, and 10.5% more
worsening. Excluding respondents scoring 11111 yielded similar
results, with mostly more mixed changes at the expense of re-
ductions in the status quo. However, for EQ-5D + vision, the
proportion of respondents with mixed changes or no changes
was almost the same in both systems.

The probability that health states were rated better in wave 2
than wave 1 averaged 0.50 for both 3-level and 5-level systems,
with little variation across dimensions. The lowest was 0.48
(sleep), and the highest 0.51 (anxiety/depression, vision, tired-
ness, and social relationships). Overall, HRQoL remained stable,
suggesting that 2021 population norms still applied in 2023.

The EQ-5D-5L + 5-level bolt-ons generally outperformed the
EQ-5D-3L + 3-level bolt-ons in most psychometric properties. On
average, the 5-level bolt-ons reduced ceiling by 35% and floor by



Comparison of informativity at the item and instrument level.

EQ-5D-5L + 5-level bolt-on
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EQ-5D-5L - - 4.89 0.42 Ref Ref
Vision 1.70 0.73 6.51 0.47 33% 1%
Breathing 1.00 0.43 5.74 0.41 17% —2%
Tiredness 1.74 0.75 6.41 0.46 31% 9%
Sleep 1.77 0.76 6.34 0.45 30% 8%
Social relationships 1.65 0.71 6.22 0.45 27% 6%
Self-confidence 1.36 0.59 6.05 0.43 24% 3%

EQ-5D-3L + 3-level bolt-on

EQ-5D - - 3.24 0.41 Ref Ref
Vision 1.05 0.66 4.22 0.44 30% 9%
Breathing 0.69 0.44 3.79 0.40 17% —2%
Tiredness 117 0.74 4.20 0.44 30% 8%
Sleep 1.18 0.75 411 0.43 27% 6%
Social relationships 1.08 0.68 4.03 0.42 25% 4%
Self-confidence 0.92 0.58 3.96 0.42 22% 2%

Shannon H indicates absolute informativity; Shannon J, relative informativity.

55% vs the 3-level versions, with vision, sleep, and tiredness
lowering the ceiling most, and sleep, social relationships, and
self-confidence reducing the floor most. Reductions in the ceiling
and floor may increase inconsistency between descriptive sys-
tems'?; for vision, inconsistency may additionally stem from
differences in response wording. The 5-level bolt-ons enhanced
informativity, with the vision, tiredness, and sleep bolt-ons
capturing more information. Informativity improved with the
vision, tiredness, and sleep bolt-ons, likely because these aspects
are not directly covered in the EQ-5D dimensions. In contrast,
breathing overlapped with EQ-5D dimensions, adding redun-
dancy and slightly reducing informativity.

Comparison of responsiveness.

The EQ-5D-5L and 5-level bolt-ons showed slightly higher
divergent validity compared with the 3-level, likely due to more
precise measurement.’’>*->° However, social relationships and
anxiety/depression had a strong overlap, consistently with find-
ings of previous studies.?>** Convergent validity was limited by
the unavailability of PROMs for some bolt-ons, but breathing had
strong correlations with the MG-ADL’s breathing problems.
Vision showed only a moderate correlation with HUI-3's vision,
likely due to differences in constructs but also possibly due
to measurement error, imprecision in external anchors, or
translation effects. As anticipated, there was an excellent
reliability between the LSSs of EQ-5D-5L + bolt-ons and

Mean change in rescaled LSS 0.1 0.04 0.22 0.17 0.05 0.07 0.39 0.4 0.14 0.05 0.09 0.18 -
Improvement -4 n/a 0.1% n/a 0.0% n/a 0.1% n/a 0.1% n/a 0.1% n/a 0.1% 14.00%
-3 n/a 0.4% n/a 0.1% n/a 0.3% n/a 0.2% n/a 0.4% n/a 0.5%
-2 0.1% 2.5% 0.1% 1.0% 0.2% 2.7% 0.3% 21% 0.4% 2.2% 0.4% 2.0%
-1 134%  17.4%  6.3% 8.9% 13.0% 16.6% 12.4% 154% 103% 14.1% 10.1% 10.9%
Stable 0 744% 61.4% 87.1% 80.0% 75.7% 62.1% 727% 59.6% 79.6% 68.5% 80.8% 72.7% 72.90%
Worsening 1 11.9% 15.7% 6.4% 8.7% 10.8% 159% 14.4% 19.4% 9.3% 12.4% 8.3% 11.1%  13.50%
2 02% 2.3% 0.1% 1.3% 0.3% 2.0% 0.3% 2.8% 0.4% 1.9% 0.5% 2.3%
3 n/a 0.2% n/a 0.0% n/a 0.4% n/a 0.3% n/a 0.4% n/a 0.4%
4 n/a 0.0% n/a 0.0% n/a 0.1% n/a 0.1% n/a 0.0% n/a 0.1%
Change in %
Stable* -17.4% -8.2% -18.0% -18.1% -14.0% -10.1% -14.3%
Improvement* 50.3% 55.1% 49.1% 40.7% 58.5% 29.2% 47.1%
Worsening* 51.0% 55.5% 64.6% 54.5% 50.9% 57.6% 55.7%
Correlation in change* 0.519 0.565 0.586 0.584 0.588 0.583 -

LSS indicates level sum scores.
*Change in the 5-level vs the 3-level rescaled LSS.
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Comparison of Paretian classification health change.

For all respondents

W 2025

Improved 22% 26% 26% 28% 24%
Mixed 5% 12% 10% 21% 7%
Stable 49% 35% 38% 24% 46%
Worsened 23% 27% 26% 27% 24%
Comparison of 5-level vs 3-level :
Difference in % improved 16% 9% 10%
Difference in % mixed 145% 109% 129%
Difference in % stable -28% -37% -30%
Difference in % worsened 14% 5% 9%
For all respondents worse than 11111 (1)
Improved 40% 38% 38% 31% 41%
Mixed 9% 18% 15% 15% 12%
Stable 30% 19% 26% 28% 25%
Worsened 21% 24% 22% 26% 22%
Comparison of 5-level vs 3-level :
Difference in % improved -6% -17% -10%
Difference in % mixed 100% 2% 87%
Difference in % stable -35% 8% -35%
Difference in % worsened 18% 20% 10%

EQ-5D-3L + bolt-ons, indicating that adding bolt-ons seem to
have minimal impact to the difference between 3-level and 5-
level.%°

Ceiling was reduced, and mean LSS scores were higher among
respondents with multiple chronic conditions or those needing a
caregiver. However, adding 3- or 5-level bolt-ons to the EQ-5D
did not substantially improve discrimination between known
groups, except for a modest gain with breathing. The limited ef-
ficiency gain may reflect the heterogeneity of health conditions in
the general population and varying relevance of bolt-ons. Dis-
ease-specific comparisons were beyond the scope of this study,
which aimed to evaluate the psychometric performance of 3- vs
5-level bolt-ons in a general population context.

The 5-level bolt-ons captured more change over time than the
3-level versions, with more respondents reporting improvement
(notably in social relationships, breathing, and vision) and
worsening (mainly in tiredness, self-confidence, and breathing).
PCHC analysis confirmed greater responsiveness of the 5-level
system, with fewer cases of no change. Improvement probabili-
ties were similar (~0.5) across systems, with minimal change
across dimensions despite the 2-year interval spanning the start
of the COVID-19 pandemic. Key results are summarized in
Appendix Table 5 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2025.09.009.

Comparisons with existing literature are limited because most
studies assess either the EQ-5D-3L or 5L separately in disease-
specific populations. To our knowledge, no prior studies have
compared ceiling effects between 3- and 5-level bolt-ons. Previ-
ous research comparing the EQ-5D-5L and 3L reported a 27%
relative ceiling reduction in a student population,*' similar to our
28%. In our study, adding bolt-ons exceeded this benchmark, with
reductions of 32% to 42%, supporting their psychometric mean-
ingfulness. Few have examined these bolt-ons in the general
population, and none have compared their 3- and 5-level ver-
sions.?®?” The first study assessed ceiling effects, divergent/
convergent validity, and known-groups validity for the 5-level
versions of the 6 bolt-ons using general population data from

26% 26% 28% 26% 27% 24% 27% 24% 26%
16% 9% 19% 8% 19% 8% 19% 8% 18%
32% 41% 26% 39% 25% 43% 25% 43% 30%
26% 25% 27% 27% 29% 25% 29% 24% 27%

8% 5% 1% 7%

121% 140% 143% 114%

-37% -37% -42% -31%

10% 8% 18% 10%
37% 40% 36% 41% 35% 41% 36% 42% 37%
23% 14% 25% 13% 25% 13% 25% 14% 25%
16% 24% 13% 22% 13% 23% 14% 23% 15%
24% 22% 25% 25% 26% 23% 24% 22% 24%

-10% -13% -11% -12%

85% 97% 94% 76%

-45% -39% -38% -35%

14% 7% 5% 11%

Hungary.?® A key shared finding was that all bolt-ons reduced
ceiling. Both studies found vision as one of the lower-scoring
dimensions, with Hungary showing weaker correlations across
EQ-5D-5L dimensions. Differences in PROMs and known-groups
analyses limit direct comparisons. The second study, conducted
in Australia, found a 6% ceiling reduction in breathing—compa-
rable to our 5%—and weak to moderate correlations with EQ-5D-
5L dimensions (r = 0.39-0.48 vs ours: 0.29-0.42).>” Known-groups
comparisons were limited because of differing subgroup
definitions.

To our knowledge, this is the first study to systematically
compare EQ-5D-3L + 3-level and EQ-5D-5L + 5-level bolt-ons.
Using a large, representative, and complete general population
sample across 2 waves, we conducted extensive analyses,
including responsiveness. To our knowledge, this is the largest
study using 5-level bolt-ons and one of few with 3-level bolt-on
data. Unlike previous research focused on vision and
self-confidence in patient populations with cataract and psoria-
sis't1315; we also assessed responsiveness for breathing, tired-
ness, sleep, and social relationships bolt-ons for the first time.

This study has a few limitations. First, the order of the
descriptive systems was not randomized, and neither was the or-
der of the bolt-ons; therefore, ordering effects cannot be excluded.
Second, not all wave 1 participants responded in wave 2. Of 4,500
recontacted, 3,571 completed both waves with no missing EQ-5D
data (79.3% response rate). In the United States and Canada, most
wave 2 participants were new due to low retention in online
panels. Still, wave 2 remained nationally representative by age,
gender, education, and region. No systematic differences were
found between wave 1 and 2 panels; therefore, bias was not ex-
pected. Third, data collection occurred during the first COVID-19
wave, which may have influenced health perceptions and EQ-5D
responsiveness. However, minimal change between waves sug-
gests limited impact. Future research should examine long-term
COVID-19 pandemic effects on HRQoL. Fourth, this study
assumed similar psychometric properties across EQ-5D


https://doi.org/10.1016/j.jval.2025.09.009
https://doi.org/10.1016/j.jval.2025.09.009

translations; however, linguistic and cultural differences may
affect responses. Appendix Table 6 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2025.09.009 shows varia-
tion in distributional characteristics across countries, but the
patterns were consistent in direction. Therefore, pooling the data
appeared appropriate and increased statistical power for
comparing the 3-L and 5-L versions. In addition, we used the LSS,
which offers a value set-independent summary score, advanta-
geous for multicountry comparisons.®® Future research will
examine country-specific psychometric performance in greater
detail, particularly for the 5-level version, which demonstrated
superior properties overall. Fifth, because the POP-UP study pop-
ulation is not a diseased population, defining distinct known-
groups was challenging. The number of chronic health condi-
tions and the need for caregiver assistance may not serve as ideal
known-groups in the classical psychometric sense, because they
are heterogeneous and not defined conditions or clinical di-
agnoses. Nonetheless, we observed that the ceiling decreased after
adding 3-level or 5-level bolt-ons for both known-groups and the
LSS increased with more chronic conditions, suggesting some level
of validity. Future research is needed with more appropriate
known-groups to test these bolt-ons in general populations. Lastly,
we assessed the psychometric performance of the EQ-5D and its
bolt-ons, all with 5 response levels. Future research could explore
whether fewer levels (eg, 4 levels) might be more appropriate for
certain dimensions or contexts.®

Implementing bolt-ons in data collection is relatively
straightforward, and the 5-level versions are recommended for
their stronger psychometric performance and precision, partic-
ularly vision, sleep, tiredness, social relationships, and self-
confidence in the general population. Importantly, bolt-ons may
affect EQ-5D value sets and utility scores, raising concerns about
comparability in economic evaluations.*’ Further research is
needed to evaluate how bolt-ons affect valuations and to develop
guidelines for their use in economic evaluations of interventions
targeting general populations.

The 6 EQ-5D-5L versions with 5-level bolt-ons outperformed
the 3-L versions by reducing ceiling and floor effects, increasing
informativity, showing divergent validity, and improving
responsiveness. Further country- or language-specific analyses,
particularly for the 5-level bolt-ons, which demonstrated supe-
rior properties overall, are needed to explore variation in psy-
chometric performance and potential impacts on utility values
and cost-utility results.
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