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ABSTRACT (500 / 500 WORDS) 
Objective: To compare the psychometric properties of the 5-level versus 3-level bolt-ons for vision, 
breathing, tiredness, sleep, social relationships and self-confidence when added to the EQ-5D in a general 
population sample.  
 
Methods: POPUP is an international, observational, longitudinal study collecting data from representative 
members of the general population (in the US, Canada, UK, Italy, Spain, Germany, Netherlands, Belgium). 
Respondents entered demographic data, provided information on pre-existing medical conditions and filled 
out a set of PROMs, including the EQ-5D-5L plus 5-level bolt-ons, and the EQ-5D-3L plus 3-level bolt-ons, 
Hospital Anxiety and Depression Scale and HUI-3. The following psychometric properties of the bolt-ons 
were assessed: redistribution properties, ceiling/floor profiles, informativity, divergent and convergent 
validity, agreement and known group validity. 
  
Results: 9758 respondents filled in the survey in 2020, and 4839 respondents completed the same survey 
again in 2023. The overall agreement between the 3-level and 5-level bolt-on responses was excellent, as 
evidenced by the low percentage of inconsistent response pairs, ranging from 2.8% (tiredness) to 6.7% 
(vision). The proportion of inconsistent responses between the 3-level and 5-level increased with the severity 
of problems reported (<1% for level 1 vs. >12% for levels 2-3).  
There was a ceiling effect for both the EQ-5D-3L and EQ-5D-5L (45.4% and 32.3%, respectively). All 3-
level and 5-level bolt-ons reduced the ceiling of the respective EQ-5D, with the largest reduction achieved 
with vision, sleep and breathing. This reduction was moreover larger for all 5-level bolt-ons than for their 3-
level pairs, with the largest difference noted for vision (3-level 60.5%, 5-level 41.1%) and the smallest for 
breathing (3-level 84.0%, 5-level 78.6%). Furthermore, adding a bolt-on increased the number of unique 
profiles from N=151 to N=279-306 for EQ-5D-3L and from N=696 to N=1242-1362 for EQ-5D-5L.  
All six 5-level bolt-ons consistently showed higher absolute and relative informativity than their 3-level pairs, 
with the largest improvement being achieved for social relationships and the smallest for breathing.  
Both for 3-level and 5-level bolt-ons, the social relationships, self-confidence and sleep bolt-ons showed 
strong correlation with the anxiety/depression item, while all other correlations with the core five dimensions 
were weak or moderate. Both the 3-level and 5-level breathing bolt-ons showed strong correlation with 
relevant items of other instruments (r=0.66-0.68), however, the correlations with other instruments were only 
weak for vision (r=0.12-0.37).  
Intra-class correlation coefficients between rescaled Level Sum Scores of the EQ-5D-5L+bolt-ons and the 
EQ-5D-3L+bolt-ons showed strong agreement (ICC range 0.92-0.97, all p<0.001), which was also confirmed 
by Bland-Altman plots.  
Adding 3-level or 5-level bolt-ons to the EQ-5D instruments did not notably improve the known group 
validity in groups defined by the number of chronic conditions, apart from breathing. Five-level bolt-ons 
showed improved sensitivity to change, with more Pareto changes (improvements, worsening, mixed 
changes) over time than the 3-level bolt-ons. 
 
Conclusion: This is the first study in the literature to psychometrically validate a set of 3-level and 5-level 
bolt-ons in parallel. All 12 bolt-ons showed good measurement performance in assessing the health status of 
the general population, with the 5-level bolt-ons showing superior psychometric performance.  
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INTRODUCTION 

 

The EQ-5D is the most commonly used preference-accompanied health-related quality of life (HRQoL) 

measure worldwide1. It is applied in observational studies, clinical trials, patient registries and importantly, 

it is used to estimate quality-adjusted life years (QALYs) for cost-utility analyses of health interventions. In 

nearly 30 countries, national health technology assessment bodies or pharmacoeconomic guidelines 

recommend the EQ-5D2,3. The EQ-5D has a five-dimensional descriptive system covering areas of 

mobility, self-care, usual activities, pain/discomfort and anxiety/depression. It uses sets of societal 

preference weights, specific to countries, to estimate utilities. Currently, the EQ-5D has two versions for 

adults: the EQ-5D-3L and EQ-5D-5L. The EQ-5D-3L was the original version with three response levels in 

each of the five dimensions4. After nearly two decades of use, the descriptive system was revised to 

standardise its wording and improve its sensitivity to health problems. This revision included expanding 

from three to five response levels in each dimension and changing some item wording (e.g. revising the 

middle level from ‘some’ to ‘moderate’ and ‘confined to bed’ to ‘unable to walk about’)5. 

 

An alternative approach to improving the sensitivity of the descriptive system, besides expanding the 

response levels, is the inclusion of additional dimensions not captured by the original five dimensions. 

These additional dimensions are typically called bolt-ons6. Dimensions not included in the EQ-5D 

descriptive system but known to impact HRQoL include sensory deprivation7, aspects of physical 

functioning, mental health-related domains and social roles8. There is a growing interest within and outside 

the EuroQol Group in developing bolt-ons6. So far, approximately 50 different bolt-ons have been proposed 

for the adult EQ-5D instruments to measure constructs not included in the core five dimension, with the 

aim to improve content validity and sensitivity to change in specific populations or contexts9. Existing bolt-

ons for the adult EQ-5D instruments include items for specific symptoms (e.g. vision, hearing, breathing, 

sleeping problems, fatigue, energy, itching, bleeding), physical functioning (e.g. bending knees, speaking), 

psychological symptoms (e.g. stress, self-confidence), social functioning (e.g. social relationships) and 

items related to overall quality of life (e.g. well-being, dignity)9,10. 

 

For most existing bolt-ons, there are both three-level and five-level versions11. While numerous studies 

have compared the measurement performance of the three-level and five-level versions of the descriptive 

system12, both three- and five-level bolt-ons are rarely used in the same study. Little is known about the 

added value and assumed improvement in measurement performance of the five-level bolt-ons compared to 

the three-level bolt-ons. We are aware of only one study comparing the measurement properties of 3-level 

and 5-level bolt-ons, which measured vision impacts in cataract patients13.  

 

Most bolt-ons are used in the context of specific patient groups, such as the vision bolt-on for patients with 

cataract or visual impairment13–15, the breathing bolt-on for patients with chronic obstructive respiratory 
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disease16, the itching bolt-on for psoriasis, atopic dermatitis and burn patients17–21, and the vitality, sleep, 

social relationships and social isolation bolt-ons for patients with multiple sclerosis22. However, most of 

these bolt-ons capture HRQoL aspects that are also relevant to general population samples with and 

without common or chronic conditions. Although several studies have reported on the measurement 

properties of various bolt-ons in general population samples, the wording of bolt-on items typically did not 

follow the EQ-5D format23–26. Furthermore, very few studies provided evidence on the sensitivity or 

responsiveness of bolt-ons20,27. 

 

The aim of this study is to assess and compare the psychometric performance of the EQ-5D-3L with 3-level 

and EQ-5D-5L with 5-level bolt-ons in a large, multi-country, longitudinal general population survey. We 

have focused on the following six bolt-ons: vision, breathing, tiredness, sleeping, social relationships and 

self-confidence, which have all been proved relevant in the context of the general population in a recent 

extensive study involving nine EQ-5D-5L bolt-ons28. We hypothesize an overall improvement in 

measurement performance with the 5-level bolt-ons for the EQ-5D-5L, compared to the 3-level bolt-ons for 

the EQ-5D-3L, as the more granular response levels allow for a more precise assessment of HRQoL. More 

specifically, we were expecting improved response distribution (lower ceiling and floor), improved 

discriminatory power, higher relative efficiency in known groups, and higher sensitivity to changes with 

the 5-level descriptive system. However, it was difficult to hypothesize whether or not there would be 

substantial variations in the performance of these bolt-ons. 

 

METHODS 

 

DATA COLLECTION 

The Population Norms Study (POPUP) was a multinational digital study that aimed to collect HRQoL data 

from 9000 general population participants across eight countries (US, Canada, UK, Italy, Spain, Germany, 

The Netherlands, and Belgium) during its first wave in Q1 2021. A second wave of data collection aimed for 

4500 repeat participants and was carried out in Q1 2023. In countries where this goal was not met (Canada 

and US), additional participants were recruited who only completed wave 2. Data from Wave 1 and wave 2 

were combined for our analyses. 

  

POPUP’s main objective was to document international populations norms, which could then aid in the 

evaluation of disease-associated loss in HRQoL by serving as a baseline to contrast outcomes from 

populations with a particular disease. The samples from each country consisted of adult participants from 

representative panels from the market research company Bilendi, and sampling was based on previously 

agreed variables (age, gender, education, and region). Through the use of stepped random sampling methods 

and propensity weighting, it was ensured that participants with a variety of psychological, political and social 

profiles were enrolled in the study. Potential participants were contacted via email to complete the survey, 
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for which they would receive points that they could then convert into a selection of gifts. The details of the 

respondent sampling, methods of data collection, description of all endpoints and findings from the first wave 

are described in a separate manuscript29. 

 

All survey participants first completed demographics, indicated their living situation and completed a 

question on their current health status (indicating from a list of chronic conditions which ones they suffer 

from, or whether they don’t suffer from chronic conditions at all). This was followed by the EQ-5D-5L and 

5-level bolt-ons, then a range of other (generic) PROMs (including the HUI-330,31 and the HADS32), followed 

by the EQ-5D-3L and 3-level bolt-ons. Finally, respondents completed questions on medical care, sick leave, 

and needing help from a caregiver. This order was fixed and was identical for all participants. The survey 

was programmed in LimeSurvey and did not allow respondents to skip questions. 

 

EQ-5D-3L & EQ-5D-5L 

The EQ-5D-3L consists of a descriptive system assessing HRQoL on 5 dimensions4: mobility, self-care, 

usual activities, pain/discomfort and anxiety/depression. Each dimension is split into 3 severity levels (no 

problems, some / moderate problems, confined to bed / unable to / extreme problems). The questionnaire 

also includes the visual analogue scale (EQ VAS), a thermometer-like vertical scale ranging from 0 (the 

worst health you can imagine) to 100 (the best health you can imagine) on which respondents need to rate 

their overall health on the day of completion. Despite widespread use, the EQ-5D-3L had difficulty capturing 

small to moderate differences in health status and showed ceiling effects in some populations33,34. As a result, 

the EQ-5D-5L was developed5. Responses to the five dimensions can be combined into a utility value, which 

summarizes overall HRQoL and is anchored between 1 (full health) and 0 (being dead). Health conditions 

perceived worse than being dead are denoted by negative values35. In this present study however, these utility 

values are not used given the psychometric nature of the work, and the absence of value sets including the 

bolt-ons. 

 

Bolt-on questions 

Bolt-on questions serve to enhance the content validity and responsiveness of a descriptive system in certain 

settings and health conditions. Several previously developed and published bolt-on dimensions have been 

added to the standard EQ-5D dimensions in this survey before the EQ VAS, including vision36, breathing37, 

sleep38, tiredness36, social relationships21, and self-confidence21 with the same three and five response levels 

as the main descriptive system39. The bolt-ons breathing, social relationships and self-confidence were 

originally developed as 5-level versions and were converted into 3-level versions using levels “no problems”, 

“moderate problems” and “extreme problems”. The bolt-ons vision and tiredness,40 and the bolt-on sleep38 

were originally developed as 3-level bolt-ons and had the same 5-level response levels as the main descriptive 

systems. Refer to Supplemental Material Table S1 for detailed wording. 
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STATISTICAL ANALYSIS 

 

For each of the analyses, we examined the core dimensions of the EQ-5D and the bolt-on dimensions 

individually, and also in combination with each other. Whilst the first aim was to compare the relative 

performance of the EQ-5D-3L + 3-level bolt-on versus EQ-5D-5L + 5-level bolt-on, and the analytical 

framework followed that of earlier 3-level versus 5-level comparisons41,42.  We sometimes also examined the 

contrast with the main EQ-5D descriptive system without the bolt-on as a secondary endpoint of interest. The 

combinations of several bolt-ons added to the EQ-5D, however, were not examined. 

For all analyses, all available simultaneous measurements were used, that is, data from respondents who only 

completed the first wave, data from respondents who completed the first and second wave, and data from 

new respondents in the second wave. This was done in order to make use of all available data, and to 

maximize the number of simultaneous 3-level and 5-level assessments. The following psychometric 

properties of the 3-level and 5-level bolt-ons were assessed in this analysis: redistribution properties, 

ceiling/floor profiles, discriminatory power, divergent and convergent validity, agreement and known group 

validity. 

 

Distributional characteristics 

Response distribution was computed for each EQ-5D and bolt-on dimension. To compare the distributions 

of the 3- and 5-level descriptive systems we displayed cross-tables of responses, flagging inconsistent pairs 

(which were at least 2 levels apart in the 3 and 5-level descriptive systems). We summed up the number of 

observed inconsistent pairs and divided this by the sample size to calculate the proportion of inconsistency. 

As a sensitivity analysis, we also attached weights representing the number of levels away from consistency 

(weights were equal to 2, 3 or 4, thereby penalizing responses that were further apart between 3-level and 5-

level descriptive systems) to recalculate a weighted inconsistency proportion. We also calculated the size of 

the inconsistency using the formula: absolute (response3L_recoded – response5L)-1, with the 3-level 

responses recoded from 1, 2 and 3 into 1, 3 and 5. 

Furthermore, we calculated the number of different profiles and presented these as a proportion of the number 

of all theoretically possible profiles; and we computed the % respondents attaining the ceiling (response of 

“1” on all dimensions) and the floor (worst response on all dimensions) of each measure. We expected the 

5-level bolt-ons to have lower ceiling and floor effects, and have a lower % of all available profiles compared 

to the 3-level bolt-ons. We also calculated the ceiling effect in known groups defined by chronic conditions 

and by needing the help from a caregiver (see more detail below in Known Groups Validity). 

 

Informativity 

The informativity of bolt-ons was determined using Shannon’s indices, with the Shannon index (H’) for 

absolute and Shannon Evenness index (J’) for relative informativity43. These indices were calculated for 

individual items as well as in combination with the EQ-5D descriptive system (using profiles) to assess 
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whether adding a bolt-on to the descriptive system would capture more information. We expected the 5-level 

bolt-ons to have higher discriminatory power, but did not have any hypotheses regarding specific bolt-ons. 

 

Divergent validity 

Spearman rank order correlations were calculated to assess the strength of association between the bolt-on 

dimensions and the core EQ-5D dimensions. Association were considered very weak (r <0.20), weak (r =  

0.20 - 0.39), moderate (r = 0.40 - 0.59) and strong (r > 0.60)44. We expected associations between tiredness, 

sleep and social relationships on the one hand with usual activities; between breathing and pain/discomfort; 

between social relationships and self-confidence with anxiety/depression28. We also expected stronger 

correlations with the 5-level bolt-ons that with the 3-level bolt-ons. 

 

Convergent validity 

We examined the convergent validity for the vision and breathing bolt-ons only, by calculating Spearman 

correlations for breathing with the breathing problems item from the MG-ADL, and for vision with  the vision 

item from the HUI-3 (see well enough to read ordinary newsprint, see well enough to recognize a friend on 

the other side of the street). We hypothesized strong correlations between these items aiming to capture 

similar constructs.  

 

Agreement 

The Level Sum Score (LSS) was calculated for the EQ-5D plus each bolt-on separately, and rescaled between 

0-100 to ensure comparability between the 3- and 5-level versions and between the descriptive systems with 

and without bolt-ons, with higher scores indicating more problems. Agreement between the 3- and 5-level 

EQ-5D plus bolt-ons was measured by calculating the Intra-Class Correlation Coefficients (ICC) using the 

SAS ICC macro45 on the rescaled LSS. ICC values < 0.5 were indicative of poor reliability, 0.50 - 0.75 

indicated moderate reliability, 0.75 - 0.90 indicated good reliability, and ICC > 0.90 indicate excellent 

reliability46. Furthermore, we inspected the agreement visually by plotting Kernel Density overlay plots of 

the rescaled LSS and Bland-Altman plots. We did not have any hypotheses regarding the agreement of 

specific bolt-ons, but we did expect the 3- and 5-level EQ-5D plus bolt-ons to have at least good reliability 

(r > 0.75). 

 

Known Groups validity 

Known-group validity was examined for respondent groups defined by number of chronic conditions (none 

/ 1-2 / 3 or more) and by needing a regular help with daily activities, transport ect. from a caregiver (yes/no). 

We compared the difference between subgroups in the proportion of respondents reaching the ceiling, the 

mean rescaled LSS, and the relative efficiency. This latter was calculated as the ratio of two F-statistics: in 

the numerator the F-statistic of an ANOVA model with the rescaled LSS of the EQ-5D + bolt-on as dependent 

variable, and the subgroup as independent variable, and in the denominator the F-statistic of the same model 
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but with the rescaled LSS of the EQ-5D without a bolt-on as dependent variable. Values higher than 1.00 

indicated that the addition of a bolt-on improved the efficiency in detecting differences between subgroups. 

We expected lower ceiling and higher LSS in subgroups with more chronic conditions and/or needing a 

caregiver. We also expected the addition of bolt-ons to the EQ-5d to improve the relative efficiency. 

 

Longitudinal analysis 

Using the data of respondents who completed both wave 1 and wave 2, we calculated level changes for the 

3- and 5-level bolt-ons. Changes in responses could take values (-4, -3, -2, -1, 0, 1, 2, 3, 4) in the 5-level 

descriptive system, and values (-2, -1, 0, 1, 2) in the 3-level descriptive system. We examined the mean level 

change, the frequency of these changes, as well as changes in the rescaled LSS. Furthermore, correlations 

between changes in rescaled LSS were calculated. We expected to find fewer changes in the 3-level 

descriptive system, and more improvements or worsening in the 5-level system, which is in line with the 

hypotheses that a higher number of response levels improves the sensitivity of an item. 

 

Pareto classification of changes  

Longitudinal changes in the EQ-5D core dimensions in combination with a bolt-on were classified as  

“improved”, “worsened”, “no change”, and “mixed changes”47. A health state was considered “better” than 

another if it was better on at least one dimension, and no worse on any other dimension. Conversely, a health 

state was “worse” than another if it was worse in at least one dimension, and no better on any other dimension. 

Mixed changes indicated combinations of some EQ-5D core dimensions and the bolt-on worsening, some 

improving, and/or some remaining unchanged. The category representing “no change” therefore comprised 

all health states in which the response was the same on all dimensions at both time points. In order to remove 

respondents which were at the best possible health state at the start of the data collection (in wave 1) and who 

therefore could not improve, the analysis of change was repeated among respondents who were worse than 

11111(1). Similarly as above, we expected the 5-level descriptive system to have more improvements, 

worsening and mixed changes and fewer status quo. 

 

Probability of superiority 

For each core EQ-5D dimension and bolt-on separately, we calculated the probability to detect an 

improvement using a non-parametric method for measuring effect sizes in longitudinal datasets48. This 

probability was computed as the number of respondents with positive changes plus half the number of ties, 

divided by the number of respondents with data at both time-points. This can therefore be interpreted as the 

probability that within a randomly sampled pair of dependent scores, the score obtained at follow-up will be 

smaller than the score obtained at baseline. The probability ranges from 0 to 1 and is p < 0.5 if more 

respondents deteriorate than improve, p = 0.5 if the same number of respondents improve and deteriorate or 

do not change and p > 0.5 if more respondents improve than deteriorate. We expected the 5-level EQ-5D 

dimensions and bolt-ons to have a higher probability of superiority.  
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Ethical approval 

Ethical approval was obtained in all eight countries. The study was authorized by Veritas IRB in Canada 

(reference number 2021-2434-5740-1), the ethics committee at Ghent University Hospital in Belgium 

(reference number BC-07857) and Salus IRB reviewed and approved the other countries (reference number 

PN8450). 

 

RESULTS 

 

Study participants 

A total of 9,758 members of the general population from eight different countries located in North America 

(US and Canada) and Europe (Belgium, Germany, Italy, the Netherlands, Spain, and the UK) filled in the 

survey in 2021 (wave 1), and 4,839 respondents completed the survey a second time in 2023 (wave 2), of 

which 3,571 who also participated in the first wave and 1,268 new respondents. In each country, the wave 1 

sample matched the national general adult population in terms of age, gender, education, and region 

(Supplementary Table S2). Around 60% of the respondents from the general population suffered from 

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%).  

 

Available data on the EQ-5D 

The combined sample of all simultaneous measurements of the EQ-5D-3L+bolt-ons and EQ-5D-5L+bolt-

ons in wave 1 and 2 was N=14,597, whereas N=3,571 respondents had complete data on the 3-level and 5-

level descriptive systems and bolt-ons, at both time points. 

 

Redistribution properties of 3-level versus 5-level 

The redistribution of the 3-level responses onto the 5-level responses is displayed in Table 1. Of all EQ-5D 

dimensions and bolt-ons, the social relationships bolt-on has the highest reporting of extreme problems, 

followed by tiredness and sleep. In contrast, mobility, self-care, usual activities and breathing were the 

dimensions with the highest reporting of no problems.  

 

The consistency in responses between the 3-level and 5-level pairs was excellent, and was moreover similar 

for the bolt-ons and for the EQ-5D dimensions. The consistency was highest for self-care, breathing and 

tiredness and lowest for vision and anxiety/depression. The average proportion of inconsistent pairs was 3.5% 

for the EQ-5D dimensions and 4.0% for the bolt-ons (sum of red shaded cells in Table 1). When the weighted 

inconsistency proportion was computed, then the average proportion of inconsistencies was 7.8% for the EQ-
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5D dimensions and the bolt-ons, and 8.7% for vision (Supplemental Material Table S3). Furthermore, it 

was noted that the inconsistency increased with the severity of problems reported, and that this effect was 

stronger in the EQ-5D dimensions than in the bolt-ons: on average 1.2% for level 1, 9.6% for level 2 and 

32.4% for level 3 for the EQ-5D dimensions, and 2.6%, 4.8% and 21.3% for levels 1, 2 and 3 in the bolt-ons. 

 

Comparison of profiles, ceiling and floor effects 

Adding a bolt-on nearly doubled the number of unique profiles in each descriptive system, however it 

reduced the proportion of observed profiles among all possible profiles from 63% to, on average, 40.6% for 

the 3-level system and from 22.3% to 8.4% in the 5-level descriptive system. When comparing the 

performance of the 5-level versus the 3-level descriptive systems, a 3.4-fold increase in the number of 

different profiles was noted when using 5 response levels (Table 2). The lowest number of different 

profiles was found when adding the breathing bolt-on to the EQ-5D, whereas the highest number of 

profiles were observed when adding tiredness or sleep to the EQ-5D-5L or when adding tiredness of self-

confidence to the EQ-5D-3L.   

The ceilings of the EQ-5D-3L and EQ-5D-5L were 45.4% and 32.3%. On average, the inclusion of a bolt-

on reduced the ceiling by 22% in the 5-level descriptive system and by 14% in the 3-level descriptive system, 

with the largest reduction achieved with vision, sleep and tiredness. When comparing the 3-level and 5-level 

descriptive systems with each other, it is noted that this relative reduction in ceiling was on average 35% 

larger for 5-level bolt-ons than for their 3-level pairs. 

 

Comparison of Divergent and convergent validity between 3-level and 5-level bolt-ons and their EQ-

5D descriptive system 

Divergent validity: Both for 3-level and 5-level bolt-ons, the social relationships, self-confidence and sleep 

bolt-ons showed strong correlation with the anxiety/depression item, while all other correlations with the 

core five dimensions were weak or moderate (Table 3). Furthermore, tiredness and sleep were strongly 

correlated, and social relationships with self-confidence. These findings were similar for the 3-level and 5-

level bolt-ons, but in general correlations were, on average, 5% stronger when the 5-level descriptive system 

was used.   

 

Convergent validity: Both the 3-level and 5-level breathing bolt-ons showed strong correlation with the 

breathing problems item from the MG-ADL (r=0.66-0.68), however, the correlations of the vision bolt-on 

with the vision item from the HUI-3 (see well enough to read ordinary newsprint, see well enough to 

recognize a friend on the other side of the street), was only weak (r=0.37), which was not as hypothesized 

(detailed results not shown).  
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Table 1. Distribution of the respondents across the 5 domains of the EQ-5D-5-level 

Mobility 1 2 3 4 5 Total 4.3% Vision 1 2 3 4 5 Total
1 75.2% 6.1% 0.9% 0.2% 0.2% 12,040 3.4% 1 39.7% 16.1% 4.2% 0.5% 0.1% 8,834
2 1.4% 8.4% 5.0% 1.8% 0.4% 2,470 2 1.4% 19.4% 15.5% 1.8% 0.1% 5,575
3 0.2% 0.1% 0.1% 0.1% 0.1% 86 3 0.1% 0.2% 0.1% 0.5% 0.3% 188

Total 11,206 2,118 867 308 96 N=14,597 Total 6,002 5,201 2,906 419 69 N=14,597
Self-Care 1 2 3 4 5 Total 2.9% Breathing 1 2 3 4 5 Total

1 90.0% 2.3% 0.4% 0.1% 0.1% 13,547 2.2% 1 77.2% 6.0% 0.6% 0.1% 0.1% 12,261
2 1.1% 3.4% 1.5% 0.3% 0.1% 950 2 1.3% 9.0% 4.1% 0.6% 0.1% 2,185
3 0.1% 0.1% 0.1% 0.2% 0.2% 101 3 0.1% 0.1% 0.1% 0.4% 0.3% 150

Total 13,318 845 295 88 53 N=14,597 Total 11,472 2,204 705 158 58 N=14,597
Usual Activities 1 2 3 4 5 Total 4.5% Tiredness 1 2 3 4 5 Total

1 75.6% 6.5% 0.8% 0.1% 0.1% 12,136 3.8% 1 47.6% 9.8% 1.0% 0.2% 0.1% 8,558
2 2.2% 7.5% 4.6% 1.2% 0.1% 2,293 2 0.7% 20.5% 13.4% 2.6% 0.1% 5,448
3 0.1% 0.1% 0.2% 0.4% 0.3% 169 3 0.1% 0.1% 0.5% 2.1% 1.3% 591

Total 11,377 2,073 819 258 72 N=14,597 Total 7,066 4,433 2,165 718 215 N=14,597
Pain/ Discomfort 1 2 3 4 5 Total 4.1% Sleep 1 2 3 4 5 Total

1 44.3% 12.5% 0.8% 0.1% 0.1% 8,430 3.6% 1 40.7% 13.9% 1.1% 0.2% 0.1% 8,185
2 2.1% 23.1% 12.4% 2.1% 0.2% 5,811 2 1.7% 22.4% 13.0% 2.6% 0.2% 5,821
3 0.1% 0.1% 0.2% 1.4% 0.6% 355 3 0.0% 0.2% 0.6% 1.9% 1.3% 590

Total 6,780 5,210 1,956 531 118 N=14,597 Total 6,201 5,326 2,150 683 235 N=14,597
Anxiety / Depression 1 2 3 4 5 Total 5.6% Social relationships 1 2 3 4 5 Total

1 57.7% 10.2% 1.3% 0.2% 0.1% 10,139 4.7% 1 55.5% 11.0% 1.5% 0.2% 0.1% 9,962
2 2.0% 14.3% 9.0% 1.7% 0.3% 3,982 2 1.2% 13.7% 9.8% 2.6% 0.2% 4,023

3 0.2% 0.2% 0.5% 1.4% 1.1% 476 3 0.1% 0.1% 0.4% 1.8% 1.8% 610
Total 8,733 3,588 1,574 483 219 N=14,597 Total 8,287 3,617 1,705 674 312 N=14,597

Self-confidence 1 2 3 4 5 Total
1 66.6% 8.7% 1.1% 0.2% 0.1% 11,183
2 1.7% 10.2% 6.6% 1.7% 0.2% 2,970
3 0.2% 0.1% 0.5% 1.2% 1.1% 445

Total 9,987 2,772 1,198 445 196 N=14,597

EQ-5D-5L

EQ
-5

D-
3L

EQ-5D-5L

EQ
-5

D-
3L
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Table 2. Changes in floor and ceiling effects, and absolute (H’) and relative informativity (J’) 

EQ-5D % N % N
% / N of possible profiles 63.0% 153 22.3% 696 3.5 ref ref
Ceiling: 11111 45.4% 14597 32.6% 14596 -28% ref ref
Floor: 55555 or 33333 0.13% 14597 0.06% 14597 -54% ref ref
Shannon H' 51% ref ref
Shannon J' 3% ref ref
EQ-5D + vision % N % N
% / N of possible profiles 40.1% 292 8.3% 1300 3.5 87% 91%
Ceiling: 111111 33.8% 14597 19.7% 14596 -42% -40% -25%
Floor: 555555 or 333333 0.11% 14597 0.05% 14597 -55% -17% -15%
Shannon H' 54% 33% 30%
Shannon J' 5% 11% 9%
EQ-5D + breathing % N % N
% / N of possible profiles 38.3% 279 7.9% 1242 3.5 78% 82%
Ceiling: 111111 43.7% 14597 30.9% 14596 -29% -5% -4%
Floor: 555555 or 333333 0.09% 14597 0.05% 14597 -44% -17% -31%
Shannon H' 51% 17% 17%
Shannon J' 3% -2% -2%
EQ-5D + tiredness % N % N
% / N of possible profiles 41.6% 303 8.7% 1362 3.5 96% 98%
Ceiling: 111111 36.8% 14597 24.1% 14596 -34% -26% -19%
Floor: 555555 or 333333 0.10% 14597 0.05% 14597 -50% -17% -23%
Shannon H' 53% 31% 30%
Shannon J' 4% 9% 8%
EQ-5D + sleep % N % N
% / N of possible profiles 40.6% 296 8.6% 1343 3.5 93% 93%
Ceiling: 111111 37.7% 14597 23.6% 14596 -38% -28% -17%
Floor: 555555 or 333333 0.12% 14597 0.04% 14597 -67% -33% -8%
Shannon H' 54% 30% 27%
Shannon J' 5% 8% 6%
EQ-5D + social relationships % N % N
% / N of possible profiles 40.9% 298 8.4% 1318 3.4 89% 95%
Ceiling: 111111 40.3% 14597 26.5% 14596 -34% -19% -11%
Floor: 555555 or 333333 0.12% 14597 0.05% 14597 -58% -17% -8%
Shannon H' 54% 27% 25%
Shannon J' 5% 6% 4%
EQ-5D + self-confidence % N % N
% / N of possible profiles 42.0% 306 8.3% 1299 3.2 87% 100%
Ceiling: 111111 41.8% 14597 28.6% 14596 -32% -12% -8%
Floor: 555555 or 333333 0.12% 14597 0.05% 14597 -58% -17% -8%
Shannon H' 53% 24% 22%
Shannon J' 4% 3% 2%
EQ-5D + bolt-on averages
% / N of possible profiles 3.4 88% 93%
Ceiling: 111111 -35% -22% -14%
Floor: 555555 or 333333 -55% -19% -15%
Absolute Informativity Shannon H' 53% 27% 25%
Relative Informativity Shannon J' 5% 6% 4%

EQ-5D-5L + bolt-on 
vs. EQ-5D-5L alone

0.470.44

5.743.79

EQ-5D-3L 

6.514.22

EQ-5D-5L 

0.410.40

6.414.20
0.460.44

6.34

EQ-5D-5L 
vs. EQ-5D-3L

EQ-5D-3L + bolt-on 
vs. EQ-5D-3L alone

4.89
0.42

3.24
0.41

4.11
0.450.43

6.224.03
0.450.42

6.053.96
0.430.42

8.4%
25.6%
0.05%
6.21
0.45

40.6%
39.0%
0.11%
4.05
0.43

% %
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Table 3. Spearman rank order correlations between bolt-ons and EQ5D dimensions.  

 
* Association considered very weak (<0.20), weak (0.20-0.39), moderate (0.40-0.59) and strong (0.60<) 

 

Mobility Self-care Usual Activities
Pain / 

Discomfort
Anxiety / 

Depression
Vision Breathing Tiredness Sleep

Social 
relationships

Self-confidence

Vision 0.190 0.198 0.213 0.257 0.243 1.000
Breathing 0.353 0.325 0.385 0.348 0.278 0.247 1.000
Tiredness 0.259 0.240 0.329 0.391 0.434 0.231 0.267 1.000
Sleep 0.314 0.291 0.404 0.458 0.513 0.249 0.328 0.520 1.000
Social relationships 0.199 0.240 0.313 0.290 0.610 0.214 0.248 0.415 0.472 1.000
Self-confidence 0.226 0.281 0.335 0.274 0.510 0.205 0.259 0.359 0.412 0.604 1.000

Mobility Self-care Usual Activities
Pain / 

Discomfort
Anxiety / 

Depression
Vision Breathing Tiredness Sleep

Social 
relationships

Self-confidence

Vision 0.229 0.203 0.232 0.298 0.259 1.000
Breathing 0.381 0.357 0.419 0.375 0.289 0.294 1.000
Tiredness 0.289 0.273 0.368 0.433 0.471 0.246 0.302 1.000
Sleep 0.350 0.318 0.453 0.479 0.526 0.285 0.355 0.556 1.000
Social relationships 0.190 0.222 0.304 0.279 0.642 0.229 0.237 0.435 0.495 1.000
Self-confidence 0.206 0.256 0.318 0.260 0.549 0.217 0.253 0.378 0.422 0.658 1.000

EQ-5D-5L dimensions 5 Level Bolt-ons:
5 Level Bolt-ons:

3 Level Bolt-ons:
EQ-5D-3L dimensions 3 Level Bolt-ons:
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Agreement between 3-level and 5-level pairs 

Intra-class correlation coefficients between rescaled LSSs of the EQ-5D-5L+bolt-ons and the EQ-5D-

3L+bolt-ons showed strong agreement (ICC range 0.92-0.97, all p<0.001, Table 4), which was also 

confirmed by Kernel distributions and Bland-Altman plots (Supplementary material Table S4). 

 

Table 4. Measure of agreement between 3-level and 5-level EQ-5D+bolt-ons 

 
 

Changes in Known Groups validity 

The known groups validity of the bolt-ons in subgroups of the general population is shown in Supplemental 

Material Table S5. Across the subgroups defined by number of chronic conditions and by needing a 

caregiver (yes/no), and for all bolt-ons, the ceiling was reduced for respondents who have worse health (more 

co-morbidities, or who need a caregiver). The mean rescaled LSS also behaved as expected in all bolt-ons, 

with higher LSS noted in respondents with worse health status, confirming the known groups validity of the 

bolt-ons in these respondent groups. However, adding 3-level or 5-level bolt-ons to the EQ-5D did not 

notably improve the relative efficiency in comparison to the EQ-5D alone, apart from breathing for 

comorbidity groups (relative efficacy 1.10-1.12). 

 

Longitudinal analysis and comparison of captured changes over time of 3-level and 5-level bolt-ons 

There were 3,571 respondents who provided EQ-5D-5L and EQ-5D-3L data in Wave 1 and Wave 2. Across 

the board, about 72% of respondents did not experience a change in the bolt-on dimensions, whereas 14% 

improved and 14% worsened (Table 5). The bolt-ons in which most improvements as well as most worsening 

over time were observed were vision, tiredness and sleep, whereas considerably fewer changes were noted  

in the breathing bolt-on. There was a remarkable symmetry in level changes up and down, for all bolt-ons 

and in both descriptive systems. 

 

The 5-level bolt-ons were more sensitive than the 3-level bolt-ons to pick up changes in response over time, 

as evidenced by the lower proportion of respondents reporting no change (range 8.2% to 18.1% lower for the 

5-level bolt-ons), by the higher proportion of improvements (range 29.2% to 58.5% higher for 5-level that 

Bolt-on

ICC between 
rescaled LSS of the EQ-5D-5L+ bolt on 

and 
rescaled LSS of the EQ-5D-3L + bolt-on

(range 0-100)

95% lower 
confidence bound

95% upper 
confidence bound

Vision 0.920 0.918 0.922
Breathing 0.963 0.962 0.964
Tiredness 0.970 0.969 0.971
Sleep 0.968 0.967 0.969
Social relationships 0.946 0.945 0.948
Self-confidence 0.956 0.955 0.957
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for 3-level) and by the higher proportion of people worsening (range 51.0% to 64.6% higher for the 5-level 

bolt-ons compared to the 3-level bolt-ons). The 5-level descriptive system also displayed more heterogeneity 

in changes between the bolt-ons than when using the 3-level descriptive system . 

There was no pattern to be detected in the mean changes in rescaled LSS, which was sometimes higher and 

sometimes lower in the 5-level bolt-ons. The correlations between a change in the rescaled LSS for the 3-

level bolt-ons and the rescaled LSS for the 5-level bolt-ons were moderate (between 0.519 and 0.588).   

 

Pareto Class changes with the 3-level and 5-level bolt-ons 

In Table 6 the Pareto class changes are displayed for the EQ-5D in combination with a bolt-on (as opposed 

to Table 5 which looked at the bolt-ons individually). Comparing the 3-level with 5-level descriptive 

systems, we found that the 5-level descriptive system was more sensitive to change. This was evidenced by 

an average reduction of 14.3% fewer status quo (range 8.2% to 18.1%), balanced out by an average 47.1% 

more mixed changes, 2% more improvements and 3% more worsenings than when measured with the 3-level 

descriptive system. When the analysis was repeated excluding respondents scoring 11111(1), similar 

observations were made showing mostly more mixed changes at the expense of reductions in the status quo. 

An exception to this latter observation was the EQ-5D + vision, where the proportion of respondents with 

mixed changes or no changes was almost the same between the 3-level and 5-level descriptive systems. 

 

Probability of superiority contrasted between 3-level and 5-level  bolt-ons 

Based on the Pareto changes in Table 6, the probability that a health state in wave 2 was found to be superior 

(improved health) compared to in wave 1 was calculated. We found that this probability was on average 

0.501 for the 3-level and 0.498 for the 5-level systems. Furthermore, we did not find this probability to vary 

much across dimensions and bolt-ons: the minimum was 0.476 for the sleep bolt-on and 0.513 for the 

anxiety/depression dimension (detailed results not shown). 
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Table 5. Comparison of longitudinal changes between 3-level and 5-level bolt-ons 

 
Table 6. Comparison of Pareto class changes between the EQ-5D-3L+3-level and EQ-5D-5L+5-level bolt-ons 

3-Level 5-Level 3-Level 5-Level 3-Level 5-Level 3-Level 5-Level 3-Level 5-Level 3-Level 5-Level
-4 0.1% 0.0% 0.1% 0.1% 0.1% 0.1%
-3 0.4% 0.1% 0.3% 0.2% 0.4% 0.5%
-2 0.1% 2.5% 0.1% 1.0% 0.2% 2.7% 0.3% 2.1% 0.4% 2.2% 0.4% 2.0%
-1 13.4% 17.4% 6.3% 8.9% 13.0% 16.6% 12.4% 15.4% 10.3% 14.1% 10.1% 10.9%
0 74.4% 61.4% 87.1% 80.0% 75.7% 62.1% 72.7% 59.6% 79.6% 68.5% 80.8% 72.7%
1 11.9% 15.7% 6.4% 8.7% 10.8% 15.9% 14.4% 19.4% 9.3% 12.4% 8.3% 11.1%
2 0.2% 2.3% 0.1% 1.3% 0.3% 2.0% 0.3% 2.8% 0.4% 1.9% 0.5% 2.3%
3 0.2% 0.0% 0.4% 0.3% 0.4% 0.4%
4 0.0% 0.0% 0.1% 0.1% 0.0% 0.1%

Mean change in rescaled LSS 0.10 0.04 0.22 0.17 0.05 0.07 0.39 0.40 0.14 0.05 0.09 0.18
Correlation (Δ 3L rescaled LSS ; Δ 5L rescaled LSS)

5-level versus 3-level: change in % no change
5-level versus 3-level: change in % improvement
5-level versus 3-level: change in % worsening

0.583

Vision
Change Wave 2 - Wave 1

Breathing Tiredness

0.519 0.5860.565 0.5880.584

55.1% 49.1% 40.7% 58.5% 29.2%

Sleep Social Relationships Self-confidence

50.3%
-8.2% -18.0% -18.1% -14.0% -10.1%-17.4%

57.6%51.0% 55.5% 64.6% 54.5% 50.9%

3L 5L 3L 5L 3L 5L 3L 5L 3L 5L 3L 5L 3L 5L
Improved 22% 26% 26% 28% 24% 26% 26% 28% 26% 27% 24% 27% 24% 26%
Mixed 5% 12% 10% 21% 7% 16% 9% 19% 8% 19% 8% 19% 8% 18%
No change 49% 35% 38% 24% 46% 32% 41% 26% 39% 25% 43% 25% 43% 30%
Worsened 23% 27% 26% 27% 24% 26% 25% 27% 27% 29% 25% 29% 24% 27%

Difference Improved
Difference Mixed
Difference No Change
Difference Worsened

3L 5L 3L 5L 3L 5L 3L 5L 3L 5L 3L 5L 3L 5L
Improved 40% 38% 38% 31% 41% 37% 40% 36% 41% 35% 41% 36% 42% 37%
Mixed 9% 18% 15% 15% 12% 23% 14% 25% 13% 25% 13% 25% 14% 25%
No change 30% 19% 26% 28% 25% 16% 24% 13% 22% 13% 23% 14% 23% 15%
Worsened 21% 24% 22% 26% 22% 24% 22% 25% 25% 26% 23% 24% 22% 24%

Difference Improved
Difference Mixed
Difference No Change
Difference Worsened 1% 2%4% 4% 2% 3% 2%

12% 11%
-10% 2% -9% -11% -9% -9% -8%
9% 0% 11% 12% 12%

-4% -5%

EQ-5D + Tiredness EQ-5D + Sleep EQ-5D + Social Relationship EQ-5D + Self-Confidence

-2% -7% -4% -4% -5%

2% 2% 1% 3%

EQ-5D EQ-5D + Vision EQ-5D + Breathing EQ-5D + Tiredness EQ-5D + Sleep
For all respondents

For all respondents who are worse 
than 11111(1)

EQ-5D EQ-5D + Vision EQ-5D + Breathing

11% 9%
-14% -14%
1% 2%

4%
7%

-14%
3%

2%

EQ-5D + Self-Confidence

11% 11% 11% 9%
2%

EQ-5D + Social Relationship

-15% -14% -18% -14%
2% 2% 4% 2%
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DISCUSSION 

 

This study is the first in the literature to systematically compare the measurement performance of the EQ-

5D-3L with three-level bolt-ons and the EQ-5D-5L with five-level bolt-ons in any population. It extends the 

existing literature, which includes a wide range of studies in both general and patient populations12, 

comparing the performance of the EQ-5D-3L and EQ-5D-5L over the past 15 years.  

 

Comparison with the results from the 3L-5L core EQ-5D analysis 

Consistent with previous studies41, the EQ-5D-5L with five-level bolt-ons generally demonstrated superior 

performance to the EQ-5D-3L with three-level bolt-ons across most measurement properties, including 

reduction in ceiling, improved informativity and responsiveness. However, some variation was observed 

across the six bolt-ons. Overall, there was good agreement between the three-level and five-level bolt-ons, 

with a low inconsistency rate and excellent agreement in terms of ICC values for level sum scores. Vision 

had the highest overall inconsistency rate, whereas breathing had the lowest. The five-level bolt-ons were 

able to capture substantially more information compared to the three-level ones, as indicated by the higher 

number of observed health state profiles and improvements in absolute and relative informativity. The 

improvement in the number of profiles and informativity did not differ prominently across the six bolt-on 

areas. Both three-level and five-level bolt-ons reduced the ceiling effect of their respective instruments, with 

vision, sleep, and tiredness showing the most significant improvements. The five-level versions, particularly 

for vision and tiredness, exhibited the largest reduction in ceiling effect compared to their three-level 

counterparts, while breathing showed the smallest difference. Regarding divergent validity, the five-level 

bolt-ons showed stronger correlations with the core dimensions in most cases. This is in line with previous 

experiences with correlations between EQ-5D-3L and EQ-5D-5L dimensions and other instruments, where 

the latter typically shows stronger correlations due to its more precise measurement, given the higher number 

of response levels49–55. Regarding known-groups validity, although both the EQ-5D-3L and EQ-5D-5L plus 

bolt-ons were able to differentiate across groups in terms of mean LSS, the difference in relative efficiency 

was negligible both between the EQ-5D and EQ-5D+bolt-on, and between the 3L and 5L versions across the 

six bolt-on areas. Responsiveness was also improved with the five-level bolt-ons at both the item level and 

the instrument level (EQ-5D+bolt-on). At the item level, particularly for vision, sleep and tiredness, there 

was significant improvement with the five-level bolt-on. At the instrument level, all bolt-ons except for vision 

demonstrated similar improvements. Interestingly, for vision, there was minimal change between the EQ-

5D-3L+bolt-on and the EQ-5D-5L+bolt-on in this respect. 

 

The five-level versions of the six bolt-ons tested in this study have recently been included in a large general 

population survey in Hungary28. A key common finding is the strong psychometric performance of the vision, 

tiredness and sleep bolt-ons in general population samples. In this study, sleep, social relationships and 

tiredness all demonstrated a strong correlation with the core dimension of anxiety/depression. However, in 
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the Hungarian study, this correlation was only observed for self-confidence. These findings suggest that 

experiencing anxiety and depression may be associated with problems sleeping, difficulties in social 

relationships and low self-confidence, potentially diminishing the value of these bolt-ons. However, 

qualitative evidence indicates that respondents appreciate the self-confidence item, find it highly relevant, 

and do not consider it to overlap with anxiety/depression as a construct18,19. Further qualitative research would 

be beneficial to explore the added value of sleep and social relationships as bolt-ons.  

 

Strengths and limitations 

This study collected data from a large representative sample from the general population, in two waves and 

with no missing data, allowing us to perform a wide range of analyses, including longitudinal analysis. The 

multinational aspect of this study implied that the 3-level and the 5-level bolt-ons were tested across 8 

countries. This study is among the largest samples so far collecting data on 3-level bolt-ons56,57, and the 

largest study with 5-level bolt-ons. The longitudinal nature of the data also allowed us to assess sensitivity 

to changes in HRQoL. Previous work assessed the responsiveness of the vision and self-confidence bolt-ons 

in various patient samples13,15,20; however, to our knowledge this is the first study to report on the 

responsiveness of the breathing, tiredness, sleep and social relationships bolt-ons.  

 

This study has a few limitations to acknowledge. Firstly, the positioning of the two descriptive systems and 

the bolt-ons within the survey was not randomised, therefore the presence of some ordering effects cannot 

be ruled out. Secondly, follow-up data was not available for all respondents, potentially introducing bias into 

the follow-up results. Furthermore, some respondents contributed more than one set of data in some of the 

analyses, and if the follow-up sample differs in a consistent way from the baseline sample then this could 

introduce bias in the results. In all European countries, the majority of the follow-up respondents were a 

subset of the respondents from the first wave, who were representative for the general population. For the 

US and Canada, the second wave of data collection was not successful in retaining respondents who also 

participated in the first wave (many people had left the panels two years later, and some did not want to 

participate again), therefore the majority of respondents from these two countries were new (but also recruited 

in a manner that was representative for the general population). Thirdly, data collection occurred during the 

first wave of the COVID-19 pandemic, which may have influenced responses and, consequently, the 

measurement performance of the instruments and bolt-ons. Since these results were obtained from a general 

population sample, they cannot be generalised to specific patient populations. Fourthly, we were unable to 

assess test-retest reliability due to limitations in the dataset, which also lacks substantial evidence regarding 

any bolt-ons27. Addressing this gap should be a priority for future research projects. Fifthly, there were limited 

variables in the dataset suitable for known-groups validity analyses, and our findings in this respect are rather 

explorative. Future research is needed with clinically defined known groups to test these bolt-ons. Lastly, we 

examined the psychometric performance of the EQ-5D and its respective bolt-ons, all using an identical 

number of response levels. However, it presents an interesting research direction to investigate whether the 
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use of five-level versions is warranted across all HRQoL domains, or if, for specific constructs and contexts, 

three or four-level bolt-ons might be more suitable for the EQ-5D-5L. 

 

Future research should focus on the psychometric performance of the bolt-ons in different countries and/or 

different languages. Furthermore, different patterns in the performance of the bolt-ons and variations between 

the three-level and five-level bolt-ons in patient populations could also be the focus of future research 

endeavours. As a first step towards this latter research objective, we are presenting the performance of the 

5-level bolt-ons in a rare disease population (myasthenia gravis) in the poster session of this conference.  

 

CONCLUSION 

 

This is the first study in the literature to psychometrically validate a set of 3-level and 5-level bolt-ons 

in parallel. All 12 bolt-ons showed good measurement performance in assessing the HRQoL of the 

general population, with the 5-level bolt-ons showing superior psychometric performance. This finding 

is in line with current trends in research, given the more prominent role that the 5-level EQ-5D 

descriptive system is now playing, at the expense of a decline in use of the 3-level descriptive system. 

Furthermore, this study provides useful information in understanding where and how bolt ons could be 

used, and helps informing the development of the bolt-on framework, which is a key part of the new 

Euroqol strategic plan. Our findings are useful for informing future bolt-on development, selection and 

testing, as well as instrument development beyond the EQ-5D, as they provide information about six 

additional constructs alongside the EQ-5D. 
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SUPPLEMENTARY MATERIAL 

Table S1.  Descriptive system of the 3-level and 5-level bolt-ons  

 
© EuroQol Research Foundation. EQ-5D™ is a trade mark of the EuroQol Research Foundation. This is a 
modified EQ-5D. Reproduction of this EuroQol instrument is not allowed. For use of this EuroQol 
instrument or any other EuroQol instrument, please submit a request by using the online registration page 
on  www.euroqol.org’. 

Bolt-ons to EQ-5D-5L Bolt-ons to EQ-5D-3L
Vision (e.g. using glasses or contact lenses if needed) Vision (e.g. using glasses or contact lenses if needed)

I have no problems seeing I have no problems seeing
I have slight problems seeing I have some problems seeing
I have moderate problems seeing I have extreme problems seeing
I have severe problems seeing
I have extreme problems seeing

Breathing problems 
(e.g. shortness of breath, wheezing, coughing, sputum,…)

Breathing problems 
(e.g. shortness of breath, wheezing, coughing, sputum,…)

I have no problems breathing I have no breathing problems
I have slight problems breathing I have moderate breathing problems
I have moderate problems breathing I have extreme breathing problems
I have severe problems breathing
I have extreme problems breathing

Tiredness Tiredness
I am not tired I am not tired
I am slightly tired I am moderately tired
I am moderately tired I am extremely tired
I am severely tired
I am extremely tired

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

Self-confidence Self-confidence
I have no problems with self-confidence I have no problems with self-confidence
I have slight problems with self-confidence I have moderate problems with self-confidence
I have moderate problems with self-confidence I have extreme problems with self-confidence
I have severe problems with self-confidence
I have extreme problems with self-confidence

Social relationships Social relationships
I have no problems with social relationships I have no problems with social relationships
I have slight problems with social relationships I have moderate problems with social relationships
I have moderate problems with social relationships I have extreme problems with social relationships
I have severe problems with social relationships
I have extreme problems with social relationships

Descriptive system

https://eur03.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.euroqol.org%2F&data=05%7C02%7Csd%40she-consulting.be%7C0dfc64eaff1547c6840008dc99aaa961%7C912f0917ecc44c64b530a8e82cf3f392%7C0%7C0%7C638554205548043382%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=GNM6Djs7jOZ7YjQC%2BqU38M89LS8477TX3%2FY7sDCB3Ik%3D&reserved=0
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Table S2.  Description of respondent characteristics in wave 1 and 2 of the POPUP study 

 

 
  

Belgium Canada Germany Italy Netherlands Spain UK US
N=1000 N=1000 N=1000 N=1000 N=1000 N=1000 N=1000 N=2000

Age
18-34 28.3% 29.4% 24.1% 22.9% 26.3% 27.0% 28.9% 30.6%
35-54 35.7% 39.1% 36.2% 37.0% 37.4% 38.4% 35.3% 36.7%
55 + 36.0% 31.6% 39.7% 40.2% 36.4% 34.6% 35.8% 32.7%

Gender
Female 50.4% 50.5% 51.7% 52.3% 51.0% 51.2% 51.5% 51.4%
Male 49.7% 49.6% 48.3% 47.7% 49.1% 48.9% 48.6% 48.6%

Education
Primary education 3.4% 2.0% 6.4% 6.7% 1.7% 11.2% 1.8% 4.4%
Secondary education 56.5% 43.7% 67.4% 42.9% 60.0% 61.9% 62.4% 55.6%
Higher education 40.1% 54.3% 26.3% 50.4% 38.3% 27.0% 35.8% 39.9%

EQ VAS
Mean 76.2 73.9 76.8 76.1 76.9 76.9 72.3 79

Comorbidities
No comorbidities 41.1% 38.1% 37.5% 37.9% 48.7% 42.0% 44.5% 39.6%

Types of comorbidities
Anxiety 12.8% 24.3% 9.2% 14.9% 5.9% 17.1% 20.6% 12.4%
Depression 9.1% 15.8% 14.4% 6.7% 7.9% 10.4% 17.0% 10.7%
Thyroid problems / Thyroid disorder 9.3% 9.1% 18.7% 12.3% 5.2% 8.8% 5.8% 8.3%
Diabetes with / without complications 6.7% 9.6% 9.0% 6.1% 9.0% 5.9% 7.8% 19.3%
Respiratory Disease (COPD, asthma,..) 8.5% 7.9% 9.7% 5.0% 12.4% 6.7% 12.1% 7.9%
Rheumatoid arthritis/Psoriatic Arthritis 10.7% 7.6% 12.7% 8.0% 8.0% 7.9% 8.2% 6.5%
Gastro-intestinal problems 9.7% 5.9% 3.4% 10.2% 6.3% 5.6% 8.1% 5.7%
CVD 5.4% 2.8% 6.7% 4.1% 7.5% 4.4% 1.8% 4.0%
Osteoporosis 3.6% 2.9% 1.6% 6.7% 2.3% 2.0% 2.7% 3.4%
Cancer 2.8% 1.9% 3.1% 1.1% 2.2% 1.3% 1.1% 2.2%

Proportion of respondents in Wave 1

Belgium Canada Germany Italy Netherlands Spain UK US
N=500 N=500 N=500 N=500 N=500 N=500 N=500 N=1000

Age
18-34 28.3% 29.4% 24.1% 22.9% 26.4% 27.1% 28.9% 30.6%
35-54 35.8% 39.1% 36.1% 37.0% 37.6% 38.4% 35.3% 36.7%
55 + 35.9% 31.6% 39.8% 40.2% 36.0% 34.6% 35.8% 32.7%

Gender
Female 50.7% 50.5% 51.7% 52.3% 51.3% 51.2% 52.5% 51.4%
Male 49.3% 49.5% 48.3% 47.7% 48.7% 48.9% 47.5% 48.6%

Education
Primary education 4.1% 2.7% 5.4% 7.1% 1.9% 11.5% 0.2% 3.4%
Secondary education 55.7% 44.0% 64.7% 42.0% 57.3% 57.6% 62.5% 56.8%
Higher education 40.2% 53.4% 29.9% 51.0% 40.9% 31.0% 37.3% 39.8%

EQ VAS
Mean 73.7 74.1 73.8 73.8 75.0 72.5 71.4 76.3

Comorbidities
No comorbidities 40.9% 40.4% 37.4% 38.0% 50.3% 42.7% 47.0% 38.6%

Types of comorbidities
Anxiety 14.8% 20.2% 10.0% 18.5% 8.2% 20.6% 23.1% 13.2%
Depression 8.9% 14.1% 16.5% 8.4% 7.1% 12.3% 21.6% 9.5%
Thyroid problems / Thyroid disorder 9.6% 8.9% 16.1% 10.5% 3.5% 8.5% 6.9% 7.8%
Diabetes with / without complications 7.2% 11.5% 10.4% 5.9% 8.8% 5.8% 5.5% 19.0%
Respiratory Disease (COPD, asthma,..) 7.3% 8.3% 9.2% 4.0% 9.0% 7.9% 10.4% 9.1%
Rheumatoid arthritis/Psoriatic Arthritis 4.3% 5.1% 5.0% 2.9% 5.0% 4.2% 4.9% 4.0%
Gastro-intestinal problems 11.3% 7.9% 2.5% 8.6% 4.5% 5.7% 7.5% 3.7%
CVD 4.5% 2.7% 7.1% 4.0% 7.5% 2.8% 1.3% 3.1%
Osteoporosis 3.3% 5.9% 2.3% 8.4% 2.6% 2.8% 3.2% 4.6%
Cancer 1.6% 1.8% 1.5% 1.2% 1.7% 1.4% 1.3% 2.8%

Proportion of respondents in Wave 2
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Table S3.  Proportion of inconsistent 3-level and 5-level pairs for the EQ-5D descriptive system 

and the bolt-ons 

 

* Weights: 2 = two level apart from an accepted mapping level; 3 = 3 levels apart; 4 = 4 levels apart. E.g. 

Response level 2 in 3L and response level 1 in 5L are 2 levels apart; Response level 3 in 3L and response 

level 1 in 5L are 4 levels apart 

$ Inconsistency calculated as follows: abs ( Response3L_recoded –   Response5L) – 1; with the 3-level 

responses recoded into 1, 3 and 5 instead of 1, 2 and 3. 

  

% Inconsistent 
pairs

% Inconsistent pairs, 
weighted by number of 

level separations

Size of the 
inconsistency

Mobility 3.4% 7.7% -0.73
Self-Care 2.2% 5.0% -0.90
Usual Activities 3.8% 8.3% -0.74
Pain / Discomfort 3.6% 7.8% -0.35
Anxiety / Depression 4.7% 10.2% -0.52
Vision 6.7% 14.5% -0.48
Breathing 2.5% 5.5% -0.78
Tiredness 2.8% 6.2% -0.50
Sleep 4.2% 9.0% -0.59
Social relationships 3.9% 8.4% -0.62
Self-confidence 4.0% 8.8% -0.70
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Table S4.  Visual depiction of agreement between 3-level and 5-level pairs  

Bolt-on Bland-Altman plots Kernel densities of the rescaled LSS 
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Table S5.  Comparison of known groups validity between 3-level and 5-level bolt-ons 

 

 

 

* Relative efficiency is the ratio of the F-test statistic from a model with the rescaled LSS of the EQ-5D 

descriptive system versus the rescaled LSS of the EQ-5D+bolt-on descriptive system, in an ANOVA model  

with the known groups as dependent variable 

Relative efficiency
None 1-2 >3 None 1-2 >3 vs no bolt-on

EQ-5D-5L 48.9% 18.4% 2.7% 6 14 28 1.00
EQ-5D-5L + vision 30.3% 10.1% 2.0% 8 16 29 0.98
EQ-5D-5L + breathing 47.5% 16.0% 1.8% 5 13 28 1.12
EQ-5D-5L + tiredness 37.2% 12.2% 2.0% 7 16 31 0.98
EQ-5D-5L + sleep 36.0% 12.4% 1.9% 7 16 31 0.98
EQ-5D-5L + social relationships 39.8% 14.8% 2.0% 7 15 30 1.00
EQ-5D-5L + self-confidence 42.8% 16.2% 2.2% 6 14 28 0.96

EQ-5D-3L 64.0% 29.9% 6.9% 6 16 31 1.00
EQ-5D-3L + vision 48.3% 21.5% 5.1% 8 17 31 0.94
EQ-5D-3L + breathing 63.0% 27.4% 5.2% 6 15 30 1.10
EQ-5D-3L + tiredness 53.4% 22.8% 4.4% 8 18 33 1.05
EQ-5D-3L + sleep 54.2% 23.7% 5.0% 8 18 34 1.06
EQ-5D-3L + social relationships 57.3% 26.0% 6.0% 7 17 33 1.04
EQ-5D-3L + self-confidence 59.4% 27.3% 5.9% 6 16 31 1.01

Relative efficiency
No caregiver No caregiver vs no bolt-on

EQ-5D-5L 34.2% 6.3 1.00
EQ-5D-5L + vision 20.4% 11.2 0.86
EQ-5D-5L + breathing 32.4% 8.8 1.00
EQ-5D-5L + tiredness 25.2% 10.9 0.86
EQ-5D-5L + sleep 24.6% 11.1 0.89
EQ-5D-5L + social relationships 27.7% 10.5 0.84
EQ-5D-5L + self-confidence 30.0% 9.6 0.92

EQ-5D-3L 47.6% 10.4 1.00
EQ-5D-3L + vision 35.4% 11.9 0.88
EQ-5D-3L + breathing 45.9% 9.8 1.01
EQ-5D-3L + tiredness 38.6% 12.2 0.84
EQ-5D-3L + sleep 39.5% 12.4 0.87
EQ-5D-3L + social relationships 42.3% 11.4 0.86
EQ-5D-3L + self-confidence 43.9% 10.6 0.94

12.2%
12.0%

Ceiling Mean LSS (transformed to 0-100 scale)

38.2
37.7

With caregiver
10.4%
9.4%
9.7%
8.8%
8.4%
9.0%
8.8%

13.0%
11.8%
12.6%
11.8%
11.9%

38.5
37.4
36.7
38.8
39.9

36.1
37.0
35.3
34.6

Number of chronic conditions Ceiling Mean LSS (transformed to 0-100 scale)

Caregivers
With caregiver

35.7
35.0
33.7


