
Quality of Life Research          (2026) 35:222 
https://doi.org/10.1007/s11136-026-04328-3

Extended author information available on the last page of the article

Abstract
Purpose  This study compares the psychometric properties of eight EQ-5D-5L bolt-ons in the general populations from two 
culturally distinct countries: China (CN) and the Netherlands (NL).
Methods  As part of the EQ-DAPHNIE project, cross-sectional online surveys were conducted in 2024 with quota-based 
samples approximating the adult population from CN and the NL. Participants completed EQ-5D-5L, eight bolt-ons (vision, 
hearing, breathing, sleep, tiredness, social relationships, self-confidence, and cognition/memory), and sociodemographic 
and health-related questions. Psychometric assessments included ceiling, convergent/divergent validity, structural validity, 
known-groups validity, and explanatory power.
Results  The ceiling of the EQ-5D-5L was higher in CN (45%) than NL (32%). In both countries, vision, tiredness, and sleep 
bolt-ons reduced the ceiling the most, while breathing had the least effect. Tiredness and self-confidence bolt-ons demon-
strated stronger associations with the core dimensions. Several bolt-ons significantly improved known-groups validity. In 
CN, hearing showed stronger known-groups discrimination across age groups, while self-confidence had the greatest impact 
in NL. The core dimensions explained more variance in EQ VAS in NL (37%) than CN (25%). In both countries, tiredness 
and self-confidence contributed most to increasing the variance explained. Principal component analysis (PCA) confirmed 
a seven-factor structure, with all bolt-ons loading separately from the core dimensions. In country-specific PCAs, no major 
differences were observed between CN and NL.
Conclusion  While certain bolt-ons demonstrated robust psychometric properties in both countries, others showed greater 
context dependence. These findings add to the growing body of evidence supporting the development of the experimental 
EQ-5D Bolt-on Toolbox.

Plain english summary
Measuring how health problems affect people’s daily lives is important for informing healthcare decisions. One widely 
used tool around the world is the EQ-5D-5L, but it may not cover some important aspects of people’s health. This study 
explored whether adding extra questions, called bolt-ons, about areas like tiredness, sleep, vision, and social relationships 
could make the tool more comprehensive and informative. Over 9000 adults from China and the Netherlands took part, 
answering the original EQ-5D-5L questions, eight bolt-ons, and additional questions about their health and background. 
The study found that certain bolt-ons, such as tiredness, sleep, and vision, captured health aspects that the original tool 
may have missed. The effectiveness of these extra questions varied between the two countries, suggesting that cultural 
contexts can affect how people experience and report their health. Overall, these findings suggest that carefully selected 
bolt-ons may provide additional information on health dimensions that are not fully captured by the EQ-5D-5L across 
population subgroups.
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Introduction

The EQ-5D-5L is a widely used generic preference-accom-
panied health-related quality of life (HRQoL) instrument 
with a descriptive system consisting of five dimensions: 
mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression [1]. Although it has demonstrated robust-
ness across a wide range of populations, the EQ-5D-5L may 
not be able to capture the full spectrum of HRQoL, particu-
larly in certain clinical conditions or population groups [2]. 
One notable limitation is its relatively high ceiling in some 
populations, which can reduce sensitivity in detecting milder 
HRQoL impairments [3]. To address these gaps, additional 
dimensions targeting specific HRQoL dimensions, referred 
to as “bolt-ons”, were proposed. These bolt-ons are supple-
mentary dimensions designed to enhance the comprehen-
siveness of EQ-5D-5L by capturing HRQoL aspects not 
covered by its core dimensions, such as sensory problems, 
vitality/fatigue, sleep, or cognitive functioning [4–6].

While several bolt-ons have been explored in specific 
clinical contexts [7–17], there remains a lack of large-scale 
multi-country studies that have comprehensively assessed 
their psychometric performance across various popula-
tion groups. It is important to understand the cross-cultural 
validity of these bolt-ons, as health perceptions and report-
ing behaviors are often shaped by cultural values and soci-
etal norms. Notably, cultural differences between Eastern 
and Western populations may influence how individuals 
interpret and respond to HRQoL instruments. Studies have 
shown that Chinese views on health, incorporating elements 
like food and weather, differ from Western perspectives [18, 
19]. Furthermore, a systematic review examining the ceiling 
of EQ-5D-5L across 37 countries found that East/Southeast 
Asia exhibited, on average, 9% higher ceiling compared to 
Europe, suggesting that cultural contexts may significantly 
impact the way health status is perceived and reported [3].

These cultural distinctions raise important questions 
about the validity and comparability of HRQoL measures 
when applied in different settings. Bolt-ons have been 
increasingly used in multi-country population and patient 
surveys, population norm studies and clinical trials [20–24]. 
With the experimental EQ-5D Bolt-on Toolbox™ becoming 
available, the use of bolt-ons is expected to further increase 
[25]. However, their cross-cultural validity and compara-
bility are less known. This study focuses on eight bolt-ons 
(breathing, cognition/memory, vision, hearing, sleep, tired-
ness, self-confidence, and social relationships) that have 
been implemented within the EuroQol Data for Assessment 
of Population Health Needs and Instrument Evaluation 
(EQ-DAPHNIE) project and administered in general popu-
lation surveys, noting that these bolt-ons may differ slightly 
in wording from the experimental EQ-5D Bolt-on Toolbox 

[26]. Although the EQ-DAPHNIE project includes multiple 
countries, the full set of these eight bolt-ons was included 
only in China and the Netherlands due to the availability of 
translations in these countries. Accordingly, this study aims 
to compare the psychometric performance of the abovemen-
tioned eight bolt-ons in the general populations of two cul-
turally distinct countries, China (CN) and the Netherlands 
(NL).

Methods

Study design and recruitment

A cross-sectional online survey using online panels was 
conducted in 2024 among the adult general populations of 
China and the Netherlands as part of the EQ-DAPHNIE 
project [26]. Eligible participants were adults aged 18 years 
or older who were able and willing to complete the sur-
vey in their country’s official language and who provided 
informed consent prior to participation. A quota sampling 
approach was employed to achieve a representative sample 
in each country. Each country had a target sample size of 
4,500 respondents, with quotas based on key demographic 
variables, including age, sex, household income, and area 
of residence. All participants completed a standardized core 
questionnaire that included the EQ-5D-5L, bolt-ons, and 
other validated external instruments. Additional information 
was collected on the participants’ sociodemographic charac-
teristics and self-reported chronic health conditions. Partici-
pants were able to omit any questions in the survey. Further 
details regarding the study protocol, design, recruitment 
procedures, and survey implementation can be found else-
where [26, 27]. As this study involved a secondary analysis 
of previously collected survey data, patients or members of 
the public were not involved in the design, conduct, report-
ing, or dissemination of this study.

Outcome measures

EQ-5D-5L and bolt-ons

The EQ-5D-5L is a standardized instrument for measuring 
HRQoL, consisting of two components: a descriptive sys-
tem and a visual analogue scale (EQ VAS) [1]. The descrip-
tive system comprises five dimensions, with each dimension 
rated on a five-level scale ranging from “no problems” (level 
1) to “extreme problems/unable to” (level 5), with a recall 
period of “today”. The EQ VAS records the respondent’s 
overall self-rated health on the day of completion, using a 
vertical thermometer ranging from 0 (“the worst health you 
can imagine”) to 100 (“the best health you can imagine”).
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This study also included eight previously developed sin-
gle-item EQ-5D-5L bolt-ons that were asked in the fixed 
order provided by the EQ-DAPHNIE dataset: vision, hear-
ing, breathing, sleep, tiredness, social relationships, self-
confidence, and cognition/memory, following the five core 
dimensions and the EQ VAS [26]. All these dimensions, 
with the exception of social relationships, have been pro-
posed for inclusion in the experimental EQ-5D Bolt-on 
Toolbox, a curated collection of bolt-ons intended for use 
alongside the EQ-5D-5L in well-defined circumstances 
[28]. However, with the exception of self-confidence, the 
wording of the bolt-ons in EQ-DAPHNIE (Appendix 1) 
differed from that used in the experimental EQ-5D Bolt-on 
Toolbox (version no. EV1.0). The bolt-ons were worded 
identically across the two countries, except for the cogni-
tion/memory bolt-on, which was labeled “cognition (mem-
ory, comprehension, concentration, thinking)” in the Dutch 
survey and “memory” in the Chinese survey. These items 
therefore do not represent fully equivalent constructs, with 
the Dutch version assessing a broader cognitive domain and 
the Chinese version focusing specifically on memory. Since 
this is a psychometric study and given that value sets for the 
bolt-ons are not yet available, we did not calculate an index 
value for the core dimensions either. Additional outcome 
measures used in the study are described in Appendix 2.

Statistical analysis

Distributional characteristics

Descriptive analyses were conducted to compare demo-
graphic and health-related characteristics of participants 
from China and the Netherlands. Chi-square tests and 
Fisher’s exact tests were used, as appropriate, to assess 
differences between the two country samples. Responses 
indicating an age over 100 years were treated as data entry 
errors and coded as missing. Subsequently, we examined the 
distribution of responses across all EQ-5D-5L and bolt-on 
dimensions for each country sample to explore the poten-
tial differences in reporting patterns. Ceiling was assessed 
by calculating the proportion of participants reporting the 
best possible response for each item and for all items of 
the instrument (i.e. EQ-5D-5L + (bolt-on(s)). To assess the 
incremental information provided by each bolt-on or com-
bination of bolt-ons, we calculated both the absolute and 
relative reduction in ceiling generated by their addition. 
Bolt-ons were added sequentially based on their individual 
ability to reduce ceiling when added to the EQ-5D-5L. Spe-
cifically, bolt-ons associated with the greatest reduction in 
ceiling were added first, followed by those with progres-
sively smaller effects. This approach was used to illustrate 
the cumulative impact of adding bolt-ons with the highest 

potential to reduce ceiling, rather than to imply a recom-
mended order of bolt-on use in practice.

Propensity score matching was conducted as a sensitiv-
ity analysis to reduce potential confounding due to sociode-
mographic differences between China and the Netherlands. 
Respondents were matched on age and sex. Following 
matching, the distribution of bolt-on responses and ceiling 
was examined across countries.

Convergent and divergent validity

Convergent and divergent validity was evaluated using the 
Spearman’s rank-order correlations between the bolt-ons 
and the core dimensions as well as conceptually related con-
structs from other validated instruments (PROMIS Global 
Health [29], PROMIS Sleep Disturbance Short Form 
[30], ICECAP-A [31], WHO-5 well-being index [32], and 
OPQOL-brief (the latter only displayed to respondents aged 
65 + years) [33]). Correlation strength was interpreted as 
very weak (< 0.20), weak (0.20–0.39), moderate (0.40–0.59), 
or strong (≥ 0.60) [34]. Hypotheses were specified a priori 
based on the degree of conceptual and functional overlap 
between each bolt-on and the EQ-5D-5L dimensions. Bolt-
ons were categorized into five broad constructs: symptom 
burden (sleep and tiredness), physical functioning (breath-
ing), executive functioning (cognition/memory), psychoso-
cial functioning (self-confidence and social relationships), 
and sensory functioning (vision and hearing). Moderate 
correlations were expected when a bolt-on and EQ-5D-5L 
dimensions reflected related underlying constructs, whereas 
weak correlations were expected for conceptually distinct 
constructs. Therefore, moderate correlations were hypothe-
sized between tiredness and sleep with usual activities, pain/
discomfort, and anxiety/depression; breathing with mobil-
ity, self-care, and usual activities; cognition/memory with 
anxiety/depression; and self-confidence and social relation-
ships with anxiety/depression [35–37]. In contrast, sensory 
functioning bolt-ons (vision and hearing) were expected to 
show weak correlations with the EQ-5D-5L dimensions, 
because they assess more specific functional capacities that 
may not directly translate into limitations in broader health 
domains, particularly in the presence of compensatory strat-
egies or assistive devices. All remaining bolt-on and EQ-
5D-5L dimension pairs were expected to show weak or very 
weak correlations. For convergent validity with external 
instruments, we hypothesized at least moderate correlations 
between bolt-ons and conceptually aligned items in these 
instruments.
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Structural validity

Structural validity of EQ-5D-5L and the eight bolt-ons were 
examined using principal component analysis (PCA). The 
primary aim of this analysis was to assess whether the bolt-
ons capture constructs that are distinct from the core dimen-
sions, thereby providing evidence on their added content 
validity. To support the identification and interpretation of 
latent constructs, items from additional validated instru-
ments were included in the PCA. A total of 42 items from 
the EQ-5D-5L, bolt-ons, PROMIS Global Health, PROMIS 
Sleep Disturbance Short Form, ICECAP-A, WHO-5 well-
being index, PHQ-2 [38], GAD-2 [39], and social safety 
net questionnaire instruments [40] were included. PCA was 
performed on the pooled dataset from both countries using 
promax rotation to allow for correlated components. Factor 
retention was primarily guided by Kaiser’s criterion (eigen-
value > 1), and was further supported by visual inspection of 
scree plots and parallel analysis [41]. These complementary 
criteria were used to assess the robustness of the retained 
factor solution and to reduce the risk of over- or under-
extraction of components. Factor loadings were standard-
ized and interpreted using the following benchmarks: ≤ 0.29 
(unacceptable), 0.30–0.44 (poor), 0.45–0.54 (fair), 0.55–
0.62 (good), 0.63–0.70 (very good), and ≥ 0.71 (excellent) 
[42]. Sensitivity analyses were conducted separately for 
each country dataset. Items with standardized factor load-
ings ≥|0.30| were reported and used to assign items to under-
lying latent constructs.

Known-groups validity

Known-groups validity was assessed by comparing mean 
level sum scores (LSSs) of the core dimensions alone and 
with combinations of bolt-ons across prespecified groups. 
All scores were transformed to a 0–100 scale for compara-
bility, with lower scores indicating better HRQoL. Known 
groups were defined by self-reported chronic health condi-
tions, age strata, and general, physical and mental health 
and quality of life (based on the first four items of PRO-
MIS Global Health). For the chronic condition analyses, 
each condition group was compared to a reference group 
of participants who reported having no chronic conditions. 
Only chronic condition subgroups with at least 30 partici-
pants were included in the analysis. Furthermore, we only 
reported conditions where at least one bolt-on led to a sta-
tistically significant improvement in the discriminative per-
formance of EQ-5D-5L. The selection of relevant bolt-ons 
for each chronic condition was informed by a review of the 
literature and expert judgement from the study team, which 
included two medical doctors. This selection was hypoth-
esis-driven rather than data-driven, reflecting expected 

conceptual links between specific chronic conditions and 
HRQoL dimensions. The chronic condition-specific bolt-on 
combinations examined in the known-groups analyses are 
provided in Appendix 3. For analyses based on age strata 
and PROMIS Global Health groups, all bolt-ons were con-
sidered in both countries.

Differences in LSSs across groups were analyzed using 
ANOVA. Although candidate bolt-ons were identified a 
priori based on pre-specified hypotheses and conceptual 
relevance, subsequent analyses used statistical retention cri-
teria to identify bolt-ons providing independent explanatory 
value within each country-specific model. The relative effi-
ciency (RE) of detecting the differences between the known 
groups was calculated as the ratio of the F-statistic to that of 
the core dimensions alone. The RE value > 1 indicated that 
the addition of bolt-ons improved discriminative power. To 
test the statistical significance of RE improvements, 95% 
confidence intervals were estimated using 3,000 bootstrap 
replications. Within each country, bolt-ons were sequen-
tially added to EQ-5D-5L in order of descending RE gain 
until no further statistically significant gain in RE was 
observed. Only the bolt-ons that showed statistically sig-
nificant RE improvements were reported. Consequently, the 
bolt-on combinations reported for each known group may 
differ across countries, reflecting country-specific statistical 
performance. We hypothesized that relevant bolt-ons would 
improve the ability of EQ-5D-5L to distinguish between 
known groups.

As a sensitivity analysis, known-groups validity was 
additionally assessed while adjusting for potential con-
founding by demographic characteristics. Linear regression 
models were estimated to compare LSSs between respon-
dents with and without chronic conditions while adjusting 
for age and sex. Adjusted estimated means with 95% confi-
dence intervals were obtained from these models, and stan-
dardized effect sizes (Cohen’s d) were derived based on the 
adjusted estimates. Bolt-ons were sequentially added to the 
core dimensions in order of descending effect size until no 
further improvement in effect size was observed.

Explanatory power

Linear regression models were used to assess the explana-
tory power of bolt-ons in predicting HRQoL and well-being 
outcomes. Two outcomes were analyzed: EQ VAS scores 
and PROMIS Global Health raw sum scores. The EQ VAS 
was considered the primary outcome, reflecting respondents’ 
overall self-rated health, while PROMIS Global Health was 
included as a secondary outcome to provide a complemen-
tary multi-item measure of global health constructs. While 
recognizing that some bolt-ons may not correspond directly 
to the dimensions covered by PROMIS Global Health, the 
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inclusion of both outcomes enabled an assessment of the 
incremental contribution of bolt-ons to overall HRQoL. Ini-
tially, univariable models were used to examine the asso-
ciation between each core dimension and bolt-on with the 
outcomes. Subsequently, multivariable models were built, 
beginning with the core dimensions and sequentially add-
ing bolt-ons. Bolt-ons were added sequentially using a 
forward selection approach: at each step, the bolt-on that 
produced the greatest improvement in the model’s adjusted 
R2 was retained, and the process continued iteratively until 
the addition of further bolt-ons no longer improved model 
fit. The selection process was conducted separately for each 
country, allowing the sequence of retained bolt-ons to vary 
according to country-specific patterns of explanatory con-
tribution. Both unadjusted and adjusted regression models, 
controlling for age and sex, were performed. All regression 
analyses were conducted at the item level to assess incre-
mental explanatory contributions, independent of the latent 
structure identified in the PCA.

Bolt-ons were added sequentially in exploratory analy-
ses to assess their incremental psychometric contribution; 
this approach was intended to evaluate cumulative effects 
rather than to suggest that multiple bolt-ons should be used 
simultaneously in practice. The RStudio with R version 
4.5.0 (The R Foundation for Statistical Computing, Vienna, 
Austria) was used for all statistical analyses. PCA was con-
ducted using the psych package [43].

Results

Characteristics of the study population

A total of 9025 participants were included in the final analy-
sis, with 4,519 participants from China and 4506 partici-
pants from the Netherlands (Table 1). The Chinese sample 
had a mean age of 47 years, with 20% aged 65 or older, 47% 
identifying as female, and 66% residing in (sub)urban areas. 
In contrast, the Dutch sample had a mean age of 49 years, 
with 26% aged 65 or older, 55% identifying as female, and 
90% residing in (sub)urban regions. While mean ages were 
similar between the two samples, the age distribution dif-
fered significantly, with a higher proportion of older respon-
dents in the Dutch sample. In terms of health status, 56% of 
respondents in the Chinese sample and 69% in the Dutch 
sample reported having at least one chronic condition. The 
mean EQ VAS score was 80.2 (SD 16.7) in the Chinese 
sample and 73.6 (SD 19.4) in the Dutch sample.

Distributional characteristics

Ceiling, defined as reporting “no problems” on all core 
dimensions, was more pronounced in China than in the 
Netherlands (Table 2). In the Chinese dataset, 45% reported 
being in the best possible health state across all EQ-5D-5L 
dimensions, compared to 32% in the Dutch dataset. Across 
all bolt-ons, ceilings varied from 43% (vision) to 84% 
(breathing) in China, and from 37% (tiredness) to 79% 
(breathing) in the Netherlands. Among Chinese respon-
dents, vision, tiredness, sleep, and cognition/memory, had 
lower ceilings than any of the five core dimensions. Among 
the Dutch respondents, only tiredness showed a lower 
ceiling compared to the core dimensions. The addition of 
bolt-ons to the EQ-5D-5L profile reduced the proportion 
of respondents reporting full health in both samples, with 
vision, tiredness, and sleep being the most effective. In 
China, ceilings decreased to 30% with vision, and to 35% 
with either tiredness or sleep. In the Netherlands, the cor-
responding figures were 22% (vision), 23% (tiredness), 
and 26% (sleep). In contrast, breathing had the least impact 
on reducing ceilings, with 43% in China and 30% in the 
Netherlands still reporting full health. This was followed by 
hearing in China (42%) and social relationships in the Neth-
erlands (29%). The reduction in full-health ceiling became 
larger with the addition of more bolt-on items; however, 
the effect plateaued after the addition of the fourth bolt-on. 
Results from the propensity score matched sample showed 
similar distributions and ceilings for the bolt-ons across 
countries, consistent with the findings from the full sample 
(Appendices 4 and 5).

Convergent and divergent validity between EQ-5D-
5L and bolt-ons

Bolt-ons exhibited varying degrees of correlation with the 
core dimensions across both countries (Table  3). Overall, 
approximately 84% of the predefined hypotheses regarding 
convergent and divergent validity were confirmed across 
the two countries. Some exceptions to our hypotheses were 
observed. In China, vision and hearing, though at the lower 
bound of the moderate range, exhibited stronger correlations 
with some core dimensions than anticipated. Additionally, 
tiredness and sleep were only weakly correlated with usual 
activities, which was lower than expected. In the Nether-
lands, sleep and breathing showed weaker correlations with 
some core dimensions than anticipated.

Convergent validity with external instruments

Convergent validity analyses largely supported the hypoth-
esized relationships (Table  4). In most cases, correlations 
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Table 1  Demographic information of the study participants
Variables CN NL P Variables CN NL P
Total (n (%))* 4519 (100) 4506 (100)
Age (years)  < 0.001 Employment status  < 0.001
18–24 350 (7.7) 388 (8.6) Employed 3062 

(67.8)
2510 
(55.7)

25–34 763 (16.9) 749 (16.6) Retired 1007 
(22.3)

979 (21.7)

35–44 1060 (23.5) 806 (17.9) Unable to work due to dis-
ability or illness

20 (0.4) 372 (8.3)

45–54 685 (15.2) 670 (14.9) Student 144 (3.2) 187 (4.2)
55–64 761 (16.8) 707 (15.7) Unemployed 82 (1.8) 217 (4.8)
65–74 884 (19.6) 843 (18.7) Homemaker/housewife 146 (3.2) 147 (3.3)
75–84 14 (0.3) 285 (6.3) On maternity/paternity leave 2 (0) 8 (0.2)
85 +  2 (0.04) 14 (0.3) Other 0 (0) 72 (1.6)
Missing 0 (0) 44 (1) Missing 56 (1.2) 14 (0.3)
Sex  < 0.001 Any chronic conditions 4411 

(97.6)
4473 
(99.3)

0.511†

Female 2142 (47.4) 2487 (55.2) Hypertension 1035 
(22.9)

914 (20.3)

Male 2346 (51.9) 1977 (43.9) Heart disease 166 (3.7) 378 (8.4)
Missing 31 (0.7) 42 (0.9) Stroke 70 (1.5) 109 (2.4)
Highest level of education  < 0.001 Diabetes 330 (7.3) 439 (9.7)
Primary school or less 639 (14.1) 306 (6.8) Obesity 165 (3.7) 364 (8.1)
Secondary school 934 (20.7) 952 (21.1) Respiratory disease 263 (5.8) 514 (11.4)
College/university degree or higher 2926 (64.7) 2573 (57.1) Stomach ulcer 230 (5.1) 101 (2.2)
Missing or decline to answer 20 (0.4) 675 (15) Liver disease 119 (2.6) 52 (1.2)
Marital status  < 0.001 Kidney disease 93 (2.1) 107 (2.4)
Married 3714 (82.2) 1799 (39.9) Gastrointestinal disease (e.g. 

IBD)
59 (1.3) 124 (2.8)

Domestic partnership 72 (1.6) 677 (15) IBS 59 (1.3) 311 (6.9)
Single 557 (12.3) 1322 (29.3) Rheumatoid arthritis 297 (6.6) 248 (5.5)
Widowed 92 (2) 184 (4.1) Osteoporosis 279 (6.2) 131 (2.9)
Divorced/Legally separated 56 (1.2) 398 (8.8) Other musculoskeletal disor-

ders (muscle, tendon, nerve, 
or joint disorders)

62 (1.4) 423 (9.4)

Other 11 (0.2) 116 (2.6) Thyroid disease 102 (2.3) 194 (4.3)
Missing 17 (0.4) 10 (0.2) Skin diseases 342 (7.6) 355 (7.9)
Place of residence  < 0.001 Cancer 16 (0.4) 241 (5.3)
Urban (e.g. a large or small city) 2247 (49.7) 2544 (56.5) Leukemia or lymphoma 23 (0.5) 26 (0.6)
Suburban (e.g. in a suburb or on the 
edge of town)

736 (16.3) 1464 (32.5) Anxiety 391 (8.7) 435 (9.7)

Rural (e.g. in a village, on a farm or 
in a house in the countryside)

1513 (33.5) 438 (9.7) Depression 177 (3.9) 674 (15)

Missing 23 (0.5) 60 (1.3) Eating disorders 80 (1.8) 110 (2.4)
BMI  < 0.001 Other mental disorders 36 (0.8) 308 (6.8)
Underweight 400 (8.9) 199 (4.4) Sleep disorder 669 (14.8) 407 (9)
Normal weight 3132 (69.3) 1893 (42) Migraine 507 (11.2) 390 (8.7)
Overweight 605 (13.4) 1469 (32.6) Epilepsy 14 (0.3) 67 (1.5)
Obese 277 (6.1) 904 (20.1) Alzheimer's disease or 

dementia
0 (0) 12 (0.3)

Missing 105 (2.3) 41 (0.9) Other 25 (0.6) 531 (11.8)
None of the above 1858 

(41.1)
1368 
(30.4)

Missing 108 (2.4) 33 (0.7)
*Percentages may not total 100 due to rounding
†P-value refers to the comparison between respondents with any chronic conditions
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were stronger in the Dutch compared to Chinese samples. 
Tiredness demonstrated moderate-to-strong correlations 
with related items in both the WHO-5 and PROMIS instru-
ments in the Netherlands (r = 0.55–0.69), while it showed 
weaker associations with both instruments in China 
(r = 0.38–0.54). Sleep showed moderate-to-strong correla-
tions with PROMIS sleep disturbance items in both coun-
tries (CN: 0.42–0.58, NL: 0.46–0.67).

Social relationships showed weak-to-moderate correla-
tions with conceptually related items from external instru-
ments, ranging from 0.23 to 0.43 in China and 0.25–0.46 in 
the Netherlands. Cognition/memory demonstrated a mod-
erate correlation with its PROMIS counterpart in China 
(r = 0.40), but only a weak correlation in the Netherlands 
(r = 0.36). Overall, the pattern of correlations aligned with 
expectations in most cases, particularly for tiredness and 
sleep, supporting the convergent validity of these bolt-ons.

Structural validity

PCA of the pooled dataset combining China and the Neth-
erlands identified a seven-factor structure based on Kaiser’s 
criterion, accounting for 59% of the total variance (Table 5). 
The factors are presented in descending order of explained 

variance and represented the following latent constructs: 
general health, psychological functioning, positive well-
being, physical functioning and pain, physical symptoms, 
sleep, and capability wellbeing. All eight bolt-ons loaded 
onto distinct factors separate from the core dimensions, sug-
gesting that they capture aspects of HRQoL that may not 
be fully represented by the core dimensions. Vision, hear-
ing, cognition/memory, and sleep demonstrated particu-
larly strong loadings (standardized factor loadings ≥ 0.55), 
indicating a good fit with their respective latent constructs. 
Although social relationships and self-confidence are con-
ceptually distinct from physical symptoms, they both loaded 
onto the physical symptoms factor.

Sensitivity analyses by country revealed generally con-
sistent factor structures, with some notable differences 
(Appendices 6 and 7). Both country-specific analyses still 
supported a seven-factor structure, with slightly higher 
cumulative variance explained compared to the pooled 
dataset (CN: 60%, NL: 61%). In the Chinese dataset, hear-
ing loaded onto the same factor as EQ-5D-5L dimensions. 
Conversely, anxiety/depression loaded onto the physical 
symptoms factor, aligning with most bolt-ons. In contrast, 
the Dutch dataset closely mirrored the factor structure 
observed in the pooled dataset. Hearing, vision, and sleep 

Table 2  Ceiling on EQ-5D-5L and bolt-ons
Ceiling Ceiling 

[EQ-5D-5L + bolt-on(s)]
Absolute ceiling reduction 
(%)

Relative ceiling reduction 
(%)

CN NL CN NL
n % n % n % n % CN NL CN NL

EQ-5D-5L
Mobility 3785 83.8 3156 70.0 2022 44.7 1448 32.1 – – – –
Self-care 4035 89.3 4037 89.6 – – – –
Usual activities 3814 84.4 3064 68.0 – – – –
Pain/discomfort 2747 60.8 2111 46.8 – – – –
Anxiety/depression 2755 61.0 2831 62.8 – – – –
(EQ-5D-5L +) Bolt-on
Vision 1963 43.4 2252 50.0 1372 30.4 981 21.8 14.4 10.4 32.1 32.3
Tiredness 2096 46.4 1680 37.3 1579 34.9 1014 22.5 9.8 9.6 21.9 30.0
Sleep 2377 52.6 2353 52.2 1598 35.4 1148 25.5 9.4 6.7 21.0 20.7
Self-confidence 2947 65.2 2519 55.9 1765 39.1 1162 25.8 5.7 6.3 12.7 19.8
Hearing 3526 78.0 3407 75.6 1903 42.1 1262 28.0 2.6 4.1 5.9 12.8
Cognition/Memory 2647 58.6 2948 65.4 1692 37.4 1272 28.2 7.3 3.9 16.3 12.2
Social relationships 3164 70.0 3161 70.2 1789 39.6 1327 29.4 5.2 2.7 11.5 8.4
Breathing 3814 84.4 3538 78.5 1952 43.2 1364 30.3 1.5 1.9 3.5 5.8
(EQ-5D-5L +) combinations of bolt-ons
TI + VI 1408 31.2 1061 23.5 1198 26.5 725 16.1 18.2 16.0 40.8 49.9
TI + VI + SL 1232 27.3 906 20.1 1097 24.3 660 14.6 20.5 17.5 45.7 54.4
TI + VI + SL + CO 1170 25.9 783 17.4 1050 23.2 590 13.1 21.5 19.0 48.1 59.3
TI + VI + SL + CG 1144 25.3 831 18.4 1036 22.9 622 13.8 21.8 18.3 48.8 57.0
TI + VI + SL + CO + HE 1147 25.4 707 15.7 1041 23.0 549 12.2 21.7 20.0 48.5 62.1
TI + VI + SL + CG + CO 1112 24.6 739 16.4 1010 22.4 564 12.5 22.4 19.6 50.0 61.0
All 8 bolt-ons 1058 23.4 633 14.0 974 21.6 509 11.3 23.2 20.8 51.8 64.8
CG, Cognition/memory; CN, China; CO, Self-confidence; HE, Hearing; NL, Netherlands; SL, Sleep; TI, Tiredness; VI, Vision
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demonstrated particularly strong loadings in the Dutch 
dataset.

Known-groups validity

Several bolt-ons increased the ability of EQ-5D-5L instru-
ment to distinguish between subgroups of respondents 
(Table  6). In country-specific analyses, distinct patterns 
emerged. In China, hearing was especially effective in 
detecting age-related HRQoL decline, whereas in the Neth-
erlands, self-confidence showed the largest gain in discrimi-
nation of HRQoL across age groups. Although all bolt-ons 
were initially considered for these analyses, the final models 
presented reflect country-specific statistical retention crite-
ria. RE estimates are comparison-specific and should not 
be interpreted as absolute indicators of superiority across 

bolt-ons or health conditions. Similarly, cumulative gains 
observed when multiple bolt-ons were added are presented 
for exploratory purposes and do not imply recommenda-
tions regarding the routine inclusion of multiple bolt-ons.

In the Chinese participants, tiredness, self-confidence, 
sleep, cognition/memory, and vision improved the RE for 
assessing general health, quality of life, and physical health 
(Table 7). For mental health outcomes, tiredness, self-con-
fidence, sleep, cognition/memory, and social relationships 
provided the largest gains in discriminative performance. In 
the Dutch participants, only tiredness improved the RE for 
assessing general and physical health. Meanwhile, self-con-
fidence, tiredness, social relationships, and sleep enhanced 
the RE for quality of life and mental health.

The inclusion of specific bolt-ons increased discrimination 
between participants with and without chronic conditions 

Table 3  Convergent and divergent validity between EQ-5D-5L, bolt-ons, and EQ VAS
Variable†* EQ-5D-5L Bolt-ons

MO SC UA PD AD VI TI SL CO HE SR BR CG
MO CN –

NL –
SC CN 0.63*** –

NL 0.39* –
UA CN 0.66*** 0.63*** –

NL 0.54** 0.44** –
PD CN 0.47** 0.39* 0.44** –

NL 0.55** 0.33* 0.57** –
AD CN 0.31* 0.28* 0.33* 0.45** –

NL 0.14 0.27* 0.35* 0.32* –
VI CN 0.28* 0.23* 0.29* 0.41** 0.38* –

NL 0.21* 0.17 0.24* 0.28* 0.19 –
TI CN 0.32* 0.27* 0.33* 0.51** 0.56** 0.47** –

NL 0.31* 0.26* 0.50** 0.49** 0.52** 0.25* –
SL CN 0.33* 0.27* 0.34* 0.44** 0.48** 0.43** 0.52** –

NL 0.22* 0.23* 0.38* 0.38* 0.46** 0.24* 0.53** –
CO CN 0.26* 0.26* 0.30* 0.34* 0.50** 0.39* 0.49** 0.44** –

NL 0.13 0.20* 0.32* 0.27* 0.57** 0.18 0.46** 0.41** –
HE CN 0.48** 0.47** 0.46** 0.44** 0.30* 0.36* 0.33* 0.34* 0.30* –

NL 0.18 0.20* 0.19 0.22* 0.13 0.21* 0.16 0.16 0.13 –
SR CN 0.24* 0.25* 0.27* 0.28* 0.45** 0.35* 0.41** 0.38* 0.59** 0.27* –

NL 0.15 0.25* 0.33* 0.24* 0.55** 0.19 0.40** 0.38* 0.53** 0.17 –
BR CN 0.40** 0.40** 0.41** 0.38* 0.36* 0.32* 0.33* 0.36* 0.35* 0.44** 0.33* –

NL 0.25* 0.31* 0.35* 0.30* 0.27* 0.21* 0.34* 0.29* 0.24* 0.23* 0.27* –
CG CN 0.37* 0.34* 0.38* 0.46** 0.42** 0.44** 0.47** 0.48** 0.46** 0.44** 0.41** 0.38* –

NL 0.23* 0.27* 0.39* 0.33* 0.41** 0.22* 0.46** 0.37* 0.43** 0.21* 0.40** 0.29* –
EQ VAS CN −0.36* −0.30* −0.36* −0.43** −0.45** −0.30* −0.43** −0.37* −0.36* −0.31* −0.30* −0.28* −0.35*

NL −0.38* −0.29* −0.51** −0.47** −0.41** −0.20* −0.50** −0.37* −0.35* −0.12 −0.32* −0.28* −0.33*

* Indicates weak correlation strength (0.20–0.39)
** Indicates moderate correlation strength (0.40–0.59)
*** Indicates strong correlation strength (≥ 0.60)
† All correlation coefficients are statistically significant (p < 0.05)
AD, Anxiety/depression; BR, Breathing; CG, Cognition/memory; CN, China; CO, Self-confidence; HE, Hearing; MO, Mobility; NL, Nether-
lands; PD, Pain/discomfort; SC, Self-care; SLk, Sleep; SR, Social relationships; TI, Tiredness; UA, Usual activities; VI, Vision
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(Table 8). The RE of the bolt-on-enhanced EQ-5D-5L ver-
sions ranged from 1.06 (95% CI: 1.00–1.12) to 2.27 (95% 
CI: 1.63–3.93) in China, and 1.12 (95% CI: 1.04–1.23) to 
1.87 (95% CI: 1.53–2.38) in the Netherlands. Several bolt-
ons consistently demonstrated strong performance across 
both countries for specific conditions. Breathing improved 
discrimination in respiratory and cardiovascular disease, 
while tiredness was particularly informative in IBS. Sleep 
added value in distinguishing individuals with headache/
migraine and sleep disorders, and self-confidence showed 
strong performance in anxiety, depression, and other men-
tal health disorders. Differences in the bolt-on combinations 
retained across countries and conditions reflect variations 
in statistically significant incremental discrimination among 
the candidate bolt-ons that were specified a priori based on 
predefined hypotheses.

Sensitivity analysis adjusting for age and sex produced 
results that were broadly consistent with the unadjusted 
known-groups validity findings (Appendix 8). In most cases, 
improvements in discrimination between chronic condition 
groups plateaued after the inclusion of a maximum of two 
bolt-ons. After adjustment, most chronic conditions contin-
ued to show significant differences across both countries. 
However, hypertension was no longer significant in either 
China or the Netherlands. Across conditions, breathing 
and sleep consistently demonstrated relatively strong dis-
criminatory performance in both countries. Overall, these 
findings suggest that the known-groups validity results are 
robust to adjustment for age and sex.

Explanatory power

Univariable linear regression analyses showed that the 
bolt-ons varied considerably in their explanatory strength 
(Table 9). In China, tiredness yielded the highest adjusted 
R2 for EQ VAS (0.14), with vision contributing the least 
(0.07). In the Netherlands, tiredness again showed the high-
est explanatory power (0.24), while hearing performed the 
weakest (0.02). A similar pattern emerged for PROMIS 
Global Health, where tiredness had the strongest individual 
explanatory value in both countries (CN 0.22, NL: 0.26). 
In contrast, the weakest associations differed by country, 
with breathing showing the lowest explanatory power in 
China (0.05) and hearing in the Netherlands (0.01). Mul-
tivariable linear regression analyses adjusted for age and 
sex showed that EQ-5D-5L explained a smaller proportion 
of variance in PROMIS Global Health and EQ VAS scores 
in China (0.23–0.25), compared to the Netherlands (0.29–
0.37). The addition of bolt-ons in the adjusted multivariable 
models incrementally increased the proportion of explained 
variance, with tiredness and self-confidence providing the 
largest contributions. These adjusted R2 gains should be 
interpreted comparatively within this study context rather 
than as absolute measures of predictive power. Likewise, 
cumulative improvements observed with the addition of 
multiple bolt-ons are exploratory and should not be inter-
preted as recommendations for routine use of multiple 
bolt-ons.

Discussion

This study presented a comprehensive psychometric evalu-
ation of eight EQ-5D-5L bolt-ons using large quota-based 
samples approximating the adult population of China and 
the Netherlands. Leveraging robust data from the EQ-
DAPHNIE project [26, 27], we applied a wide range of 

Table 4  Convergent validity of bolt-ons
HRQoL dimension† Spearman’s 

correlation 
with EQ-5D-5L 
bolt-on‡

CN NL
Tiredness
EQ-5D-5L Tiredness bolt-on – –
WHO-5-feeling refreshed 0.38* 0.55**

PROMIS Global-Fatigue on average 0.54** 0.69***

Sleep
EQ-5D-5L Sleep bolt-on – –
PROMIS Sleep quality-Sleep quality 0.58** 0.64***

PROMIS Sleep quality-Refreshing sleep 0.42** 0.46**

PROMIS Sleep quality-Problem with sleep 0.54** 0.67***

PROMIS Sleep quality-Difficulty falling asleep 0.54** 0.56**

Social relationships
EQ-5D-5L Social relationships bolt-on – –
PROMIS Global-Satisfaction with social activi-
ties and relationships

0.43** 0.46**

PROMIS Global-Usual social activities and roles 0.35* 0.36*

ICECAP-A-Love, friendship, support 0.34* 0.43**

OPQOL§-Family, friends, neighbors 0.23* 0.25*

OPQOL§-Social, leisure activities 0.30* 0.29*

Social-Social safety net 0.27* 0.38*

Cognition/memory
EQ-5D-5L Cognition/Memory bolt-on|| – –
PROMIS Global-Mental health (incl. mood and 
ability to think)

0.40** 0.36*

* Indicates weak correlation strength (0.20–0.39)
** Indicates moderate correlation strength (0.40–0.59)
*** Indicates strong correlation strength (≥ 0.60)
† All correlation coefficients are statistically significant (p < 0.05)
‡ Absolute values are reported
§ Completed only by respondents aged 65 + years
|| Worded as memory in China and cognition in Dutch; for wording 
refer to Appendix 1
CN, China; NL, Netherlands



1 3

  222   Page 10 of 21 Quality of Life Research          (2026) 35:222 

analytical techniques to assess different forms of validity of 
each bolt-on.

At the profile level, vision, tiredness, and sleep bolt-ons 
consistently reduced ceilings. In contrast, tiredness and 

self-confidence demonstrated stronger construct-specific 
discrimination in known-groups analyses across health status 
groups and contributed to the largest increases in explained 
variance in models predicting EQ VAS and PROMIS Global 

Table 5  Pattern matrix of the PCA of CN and NL combined (promax rotation)
Factors*

Gen-
eral 
health

Psychological 
functioning

Positive 
wellbeing

Physical 
function-
ing and 
pain

Physical 
symptoms

Sleep Capa-
bility 
well-
being

PROMIS Global-Health 0.901
PROMIS Global-Physical health 0.886
PROMIS Global-Quality of life 0.850
PROMIS Global-Social health 0.849
PROMIS Global-Discretionary social activities 0.821
Social-Social safety net 0.766
PROMIS Global-Mental health, incl. mood and ability to think 0.714
PHQ-Feeling down, depressed, or hopeless 0.869
GAD-Feeling nervous, anxious, or tense 0.859
GAD-Cannot stop or control worries 0.811
PHQ-Lack of interest or pleasure in activities 0.766
PROMIS Global-Emotional problems, such as anxious, 
depressed, irritable

0.660

EQ-5D-5L Anxiety/depression 0.481 0.448
PROMIS Global-Fatigue on average 0.400
WHO-5-Cheerful and in a good mood 0.904
WHO-5-Calm and relaxed 0.898
WHO-5-Active and purposeful 0.878
WHO-5-Daily life is filled with things that interest oneself 0.866
WHO-5-Refreshed and rested 0.806
EQ-5D-5L Mobility (walking) 0.814
PROMIS Global-Physical function 0.734
EQ-5D-5L Usual activities (work, study, housework, family or 
leisure activities)

0.701

EQ-5D-5L Self-care (washing or dressing) 0.679
EQ-5D-5L Pain/discomfort 0.546
PROMIS Global-Pain intensity numeric rating scale 0.343 0.526
EQ-5D-5L Vision bolt-on 0.682
EQ-5D-5L Hearing bolt-on 0.631
EQ-5D-5L Social relationships bolt-on 0.613
EQ-5D-5L Cognition/Memory bolt-on 0.586
EQ-5D-5L Self confidence bolt-on 0.567
EQ-5D-5L Breathing bolt-on (shortness of breath, wheezing, 
coughing, sputum)

0.304 0.528

EQ-5D-5L Tiredness bolt-on 0.378
PROMIS Sleep quality–Problem with sleep 0.819
PROMIS Sleep quality–Difficulty falling asleep 0.763
EQ-5D-5L Sleep bolt-on 0.424 0.706
PROMIS Sleep quality–Refreshing sleep 0.337 0.306 0.409
PROMIS Sleep quality–Sleep quality 0.465 0.395 0.705
ICECAP-A-Achievement and progress 0.434 0.508
ICECAP-A-Love, friendship, and support 0.355 0.478
ICECAP-A-Feeling at home and safe 0.467
ICECAP-A-Independence 0.332 0.453
ICECAP-A-Having fun and enjoying 0.376 0.383
* Factor loadings >|0.3| are shown; absolute values are reported
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Health scores. Importantly, profile-level ceilings should be 
distinguished from dimension-level ceilings, which reflect 
the prevalence of “no problems” responses on individual 
dimensions. While reduced profile-level ceilings indicate 
greater informational spread in healthier respondents, they 
should not be interpreted as direct evidence of improved 
construct validity. For example, although breathing exhib-
ited high dimension-level ceiling in the general population, 
it still showed strong known-groups discrimination among 
respondents with relevant chronic conditions. This illus-
trates that a high ceiling at the population level does not 
necessarily imply low discriminative value when the dimen-
sion is applied to clinically relevant subgroups.

Although this study examined the incremental effects of 
adding multiple bolt-ons, these analyses were conducted for 
exploratory and comparative purposes rather than to advo-
cate the simultaneous use of numerous bolt-ons in applied 
settings. In practice, it has been suggested that the inclusion 
of one or two bolt-ons tailored to a specific patient population 
is most feasible and appropriate [20]. The observed cumu-
lative improvements in ceiling reductions and explanatory 
power when additional bolt-ons were included are therefore 
expected and primarily serve to illustrate the extent to which 
different HRQoL dimensions contribute uniquely beyond 
the core EQ-5D-5L dimensions. Additionally, the explana-
tory power analyses should be interpreted considering the 
broad scope of PROMIS Global Health. While suitable as a 
global health measure, it may not fully align with all bolt-on 

dimensions, potentially limiting the explanatory contribu-
tion of certain dimensions.

Bolt-ons showed robust psychometric properties in both 
countries, although the observed patterns varied by popu-
lation subgroup and country. Importantly, these differences 
should not be interpreted as direct comparisons of bolt-on 
performance between countries, as they may reflect varia-
tion in health distributions, reporting behavior, cultural 
factors, translation, and other contextual factors. While 
the overall prevalence of chronic conditions was similar, 
the distribution of specific conditions differed, with higher 
prevalence of mental health and musculoskeletal conditions 
in the Netherlands. Such differences in morbidity profiles 
may partly explain cross-country variations in the perfor-
mance of bolt-ons related to psychosocial functioning, such 
as self-confidence and social relationships.

An additional consideration concerns the cognition/
memory bolt-on. The Dutch survey assessed a broader cog-
nition construct encompassing memory, comprehension, 
concentration, and thinking, whereas the Chinese survey 
assessed memory only. This difference represents a poten-
tial lack of conceptual equivalence and may therefore affect 
both construct validity and cross-country comparability. 
Consequently, observed differences involving this bolt-on 
should be interpreted cautiously, as they may reflect dif-
ferences in the underlying construct being measured rather 
than true differences in psychometric properties.

Table 6  Known-groups validity of EQ-5D-5L and bolt-ons across age groups
Age group (years) Mean (SD) EQ-5D-5L (+ bolt-on(s)) LSS (0–100) RE 

(95%CI), 
ref: previ-
ous row

RE 
(95%CI), 
ref: no 
bolt-ons

18–24 25–34 35–44 45–54 55–64 65–74 75–84 85 + 

CN (n (%)) 350 (7.7) 763 
(16.9)

1060 
(23.5)

685 
(15.2)

761 
(16.8)

884 (19.6) 14 
(0.3)

2 
(0.04)

EQ-5D-5L 4.3 (6.1) 4.8 (7.6) 4.8 (8.2) 5 (8.2) 8 (11.1) 13.2 (12.7) 20.7 
(15.5)

37.5 
(17.7)

– –

EQ-5D-5L + HE 4 (5.7) 4.5 (7.3) 4.4 (7.8) 5 (8.1) 8.3 (11) 13.6 (12.7) 19.9 
(14.7)

25.0 
(-)

1.18 
(1.1–1.4)

1.18 
(1.1–1.4)

NL (n (%)) 388 (8.6) 749 
(16.6)

806 
(17.9)

670 
(14.9)

707 
(15.7)

843 (18.7) 285 
(6.3)

14 
(0.3)

EQ-5D-5L 12.4 
(15.3)

13.1 
(15.5)

13 (16.1) 12.3 
(14.7)

14.4 
(16.1)

12.4 (14.7) 12.9 
(14.8)

19.2 
(19.2)

– –

EQ-5D-5L + CO 14.9 
(15.3)

14.8 
(15.8)

14.3 (16) 13.1 
(14.6)

14.6 
(15.7)

11.7 (13.4) 12.1 
(13.6)

16.8 
(16.9)

2.66 
(1.03–5.17)

2.66 
(1.03–5.17)

EQ-5D-5L + CO + SR 15.4 
(15.4)

15.1 
(15.7)

14.5 
(16.3)

12.8 
(14.2)

14 (15.3) 10.7 (12.5) 11 
(12.3)

15.1 
(14.6)

1.92 
(1.44–2.28)

5.1 (1.72–
10.21)

EQ-5D-5L + CO + SR + TI 17.9 
(16.2)

17.6 
(16.7)

16.9 
(17.6)

15.3 
(15.4)

16.4 
(16.6)

12.1 (13.3) 12.4 
(13.3)

16.7 
(15.6)

1.38 
(1.21–1.53)

7.03 (2.33–
13.63)

EQ-5D-5L + CO + SR + TI + SL 19.2 
(16.9)

18.9 
(17.5)

17.7 
(18.3)

16.3 
(15.9)

17.3 
(16.8)

12.6 (13.6) 12.9 
(13.4)

16.3 
(14.8)

1.15 
(1.06–1.23)

8.08 (2.58–
15.72)

EQ-
5D-5L + CO + SR + TI + SL + CG

20 (17.8) 19.4 
(18.1)

18.4 
(19.3)

16.8 
(16.3)

17.8 
(17.3)

12.8 (13.6) 13 
(13.5)

16.5 
(14.8)

1.1 
(1.04–1.16)

8.86 (2.81–
17.58)

CG, Cognition/memory; CN, China; CO, Self-confidence; HE, Hearing; NL, Netherlands; SL, Sleep; SR, Social relationships; TI, Tiredness
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Health and quality of life Mean (SD) EQ-5D-5L (+ bolt-on(s)) LSS (0–100) RE (95%CI), 
ref: previous 
row

RE (95%CI), 
ref: no 
bolt-ons

Response levels Poor Fair Good Very good Excellent

Health status (Global01)
CN (n (%)) 58 (1.1) 592 (11.1) 1058 (19.8) 1701 (31.8) 1045 (36.3) – –
EQ-5D-5L 26.7 (18.72) 14.75 (11.29) 9.7 (10.81) 5.16 (8.4) 2.25 (5.37) – –
EQ-5D-5L + TI 29.02 (18.2) 17.42 (10.74) 11.72 

(10.66)
6.55 (8.55) 2.99 (5.88) 1.3 (1.25–1.35) 1.3 

(1.25–1.35)
EQ-5D-5L + TI + SL 30.42 (17.27) 18.85 (10.62) 12.98 

(10.79)
7.41 (8.68) 3.33 (6.06) 1.13 (1.09–1.17) 1.47 

(1.39–1.56)
EQ-5D-5L + TI + SL + CO 30.97 (16.32) 19.51 (10.47) 13.12 

(10.64)
7.48 (8.66) 3.34 (5.99) 1.08 (1.05–1.11) 1.59 

(1.49–1.7)
EQ-5D-5L + TI + SL + CO + CG 31.65 (16.45) 20.17 (10.46) 13.53 

(10.69)
7.77 (8.68) 3.47 (6.05) 1.05 (1.03–1.07) 1.67 

(1.55–1.8)
EQ-
5D-5L + TI + SL + CO + CG + VI

32.1 (16.07) 21.04 (10.27) 14.62 
(10.52)

8.68 (8.84) 4.05 (6.33) 1.03 (1.01–1.05) 1.72 
(1.6–1.86)

NL (n (%)) 205 (4.6) 1050 (23.3) 1660 (36.9) 1171 (26.0) 418 (9.3) – –
EQ-5D-5L 39.72 (18.91) 23.57 (15.69) 9.95 (11.06) 6.09 (9.94) 5.05 (11.98) – –
EQ-5D-5L + TI 43.98 (18.71) 26.92 (15.43) 12.2 (11.36) 7.74 (10.43) 6.09 (13.26) 1.16 (1.13–1.2) 1.16 

(1.13–1.2)
Quality of life (Global02)
CN (n (%)) 79 (1.8) 734 (16.6) 1166 (26.3) 1535 (34.6) 918 (20.7) – –
EQ-5D-5L 17.17 (14.73) 13.15 (12.03) 9.05 (10.56) 4.81 (8.33) 2.89 (6.38) – –
EQ-5D-5L + TI 21 (14.63) 15.54 (11.64) 10.93 

(10.48)
6.09 (8.55) 3.73 (6.85) 1.33 (1.27–1.4) 1.33 

(1.27–1.4)
EQ-5D-5L + TI + CO 22.57 (14.28) 16.33 (11.39) 11.33 

(10.42)
6.18 (8.35) 3.85 (6.99) 1.15 (1.11–1.2) 1.53 

(1.43–1.65)
EQ-5D-5L + TI + CO + SL 24.25 (14.67) 17.41 (11.3) 12.26 

(10.49)
6.81 (8.6) 4.27 (7.21) 1.08 (1.05–1.11) 1.65 

(1.53–1.8)
EQ-5D-5L + TI + CO + SL + VI 24.41 (14.34) 18.53 (11.09) 13.53 

(10.47)
7.78 (8.78) 4.97 (7.38) 1.04 (1.01–1.08) 1.73 

(1.59–1.89)
EQ-
5D-5L + TI + CO + SL + VI + CG

24.67 (14.35) 18.93 (11.21) 13.75 
(10.51)

7.94 (8.85) 5.03 (7.4) 1.02 (1–1.04) 1.77 
(1.62–1.95)

NL (n (%)) 170 (3.8) 803 (17.9) 1642 (36.5) 1367 (30.4) 514 (11.4) – –
EQ-5D-5L 37.47 (20.52) 24.22 (17.35) 11.7 (12.23) 7.68 (11.41) 5.88 (10.88) – –
EQ-5D-5L + CO 39.75 (19.84) 25.5 (16.2) 12.34 

(11.51)
8.16 (11.13) 5.97 (10.35) 1.23 (1.18–1.28) 1.23 

(1.18–1.28)
EQ-5D-5L + CO + TI 44.87 (20.62) 29.53 (16.89) 14.78 (12.4) 9.95 (12.11) 7.07 (11.52) 1.12 (1.09–1.15) 1.38 

(1.3–1.45)
EQ-5D-5L + CO + TI + SR 44.8 (20.38) 28.65 (16.12) 14.09 

(11.84)
9.47 (11.93) 6.71 (10.99) 1.04 (1.01–1.06) 1.43 

(1.34–1.53)
EQ-5D-5L + CO + TI + SR + SL 46.55 (20.41) 30.16 (16.5) 14.93 

(12.13)
10.12 
(12.46)

7.15 (11.37) 1.03 (1–1.05) 1.47 
(1.37–1.58)

Physical health (Global03)
CN (n (%)) 92 (2.1) 694 (15.7) 1206 (27.2) 1549 (35.0) 887 (20.0) – –
EQ-5D-5L 22.56 (15.35) 14.61 (12.36) 8.92 (10.14) 4.32 (7.4) 2.11 (5.33) – –
EQ-5D-5L + TI 25.09 (14.63) 17.01 (11.91) 10.92 (9.98) 5.63 (7.74) 2.84 (5.89) 1.26 (1.22–1.32) 1.26 

(1.22–1.32)
EQ-5D-5L + TI + SL 26.5 (13.71) 18.36 (11.79) 12.12 

(10.15)
6.4 (7.94) 3.23 (6.14) 1.11 (1.07–1.15) 1.4 

(1.33–1.48)
EQ-5D-5L + TI + SL + VI 27.2 (13.42) 19.57 (11.36) 13.65 

(10.14)
7.51 (8.16) 3.93 (6.42) 1.06 (1.03–1.1) 1.49 

(1.4–1.59)
EQ-5D-5L + TI + SL + VI + CO 27.4 (13.18) 19.74 (11.23) 13.62 (10) 7.5 (8.25) 3.89 (6.42) 1.02 (1–1.05) 1.53 

(1.42–1.65)
NL (n (%)) 254 (5.7) 1089 (24.2) 1649 (36.7) 1096 (24.4) 406 (9.0) – –
EQ-5D-5L 39.65 (18.07) 21.69 (15.24) 9.23 (10.75) 6.56 (10.69) 5.86 (12.48) – –
EQ-5D-5L + TI 43.92 (17.56) 24.71 (15.12) 11.53 

(11.26)
8.2 (11.18) 7.15 (13.77) 1.13 (1.09–1.17) 1.13 

(1.09–1.17)
Mental health (Global04)

Table 7  Known-groups validity of EQ-5D-5L and bolt-ons across health and quality of life groups
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It is important to note that the RE in known-groups 
analyses is contrast-dependent and should be interpreted 
within each predefined comparison rather than as a global 
measure across all bolt-ons. Large RE gains observed after 
sequentially adding multiple bolt-ons reflect exploratory 
cumulative explanatory improvements and do not imply a 
recommendation to include many bolt-ons simultaneously. 
Finally, although chronic condition subgroups with at least 
30 participants were included in the known-groups analysis, 
some subgroups remained small, which may contribute to 
wide confidence intervals and should be considered when 
interpreting these findings.

While some bolt-ons, such as tiredness and sleep, per-
formed consistently across countries, others showed con-
text-specific variation. Notably, tiredness exhibited a higher 
ceiling in China than in the Netherlands, despite higher 
labor force participation in the Chinese sample and com-
monly perceived differences in work-life balance between 
the two countries. This finding may reflect cross-cultural 
differences in the perception, normalization, or reporting 
of tiredness, rather than differences in actual tiredness lev-
els [44]. Previous research suggests that cultural context 
can influence how HRQoL is conceptualized and reported, 
with Western measures often emphasizing psychological 
and individual well-being, whereas studies conducted in 
East Asian contexts have highlighted additional culturally 
specific health dimensions and differences in emotional 

reporting and health perception [18, 45–47]. In some con-
texts, tiredness may be viewed as a normal part of daily life 
and therefore less likely to be reported as a health problem, 
whereas in other settings, it may be more readily recognized 
and reported as an impairment. Interestingly, vision showed 
lower ceiling in China, which may reflect a higher preva-
lence of visual impairments in China [48]. Similarly, hear-
ing provided stronger discrimination across age groups in 
China, while self-confidence and social relationships were 
more informative in the Netherlands. These patterns may 
align with previously described cross-cultural differences 
in HRQoL perception, where functional and sensory health 
dimensions may be more salient in some East Asian con-
texts [18]. The stronger age-group discrimination observed 
for the hearing bolt-on in China may partly reflect popula-
tion-specific factors, such as differences in hearing impair-
ment prevalence associated with age, place of residence, 
access to hearing aids, or occupational exposure, which can-
not be fully disentangled from cultural or reporting effects 
in the present study. Importantly, the present study was not 
designed to disentangle cultural, linguistic, methodological, 
and epidemiological influences on the observed differences. 
Consequently, these findings highlight the importance of 
considering local health perceptions, reporting behavior, 
and population characteristics when testing and interpreting 
bolt-on performance across countries.

Health and quality of life Mean (SD) EQ-5D-5L (+ bolt-on(s)) LSS (0–100) RE (95%CI), 
ref: previous 
row

RE (95%CI), 
ref: no 
bolt-ons

Response levels Poor Fair Good Very good Excellent

CN (n (%)) 87 (2.0) 650 (14.6) 1112 (25.0) 1558 (35.1) 1034 (23.3) – –
EQ-5D-5L 16.88 (12.32) 14.37 (12.49) 9.18 (10.64) 5.05 (8.32) 2.65 (6.14) – –
EQ-5D-5L + CO 19.9 (11.76) 15.78 (11.76) 10 (10.49) 5.42 (8.07) 2.83 (6.24) 1.32 (1.26–1.39) 1.32 

(1.26–1.39)
EQ-5D-5L + CO + TI 22.52 (11.77) 17.58 (11.57) 11.54 

(10.55)
6.57 (8.33) 3.49 (6.63) 1.16 (1.13–1.2) 1.54 

(1.44–1.64)
EQ-5D-5L + CO + TI + SL 24.41 (11.74) 18.72 (11.56) 12.49 

(10.63)
7.18 (8.47) 3.88 (6.79) 1.1 (1.06–1.14) 1.69 

(1.57–1.82)
EQ-5D-5L + CO + TI + SL + CG 25.59 (11.93) 19.35 (11.59) 12.88 

(10.62)
7.44 (8.53) 4.03 (6.8) 1.06 (1.04–1.09) 1.8 

(1.66–1.95)
EQ-
5D-5L + CO + TI + SL + CG + SR

25.91 (12.09) 19.37 (11.41) 12.85 
(10.63)

7.35 (8.48) 3.98 (6.71) 1.02 (1–1.05) 1.84 
(1.69–2.01)

NL (n (%)) 221 (4.9) 771 (17.1) 1512 (33.6) 1308 (29.1) 686 (15.3) – –
EQ-5D-5L 33.5 (17.88) 22.06 (17.19) 12.18 (13.5) 8.05 (11.98) 7.61 (11.99) – –
EQ-5D-5L + CO 37.82 (17.02) 23.75 (15.93) 12.74 

(12.59)
8.22 (11.14) 7.39 (11.34) 1.47 (1.4–1.55) 1.47 

(1.4–1.55)
EQ-5D-5L + CO + TI 42.82 (17.83) 27.59 (16.49) 15.3 (13.48) 9.97 (12.21) 8.7 (12.64) 1.13 (1.1–1.17) 1.66 

(1.56–1.77)
EQ-5D-5L + CO + TI + SR 42.95 (17.52) 26.83 (15.85) 14.63 

(12.85)
9.38 (11.76) 8.23 (12.2) 1.07 (1.04–1.1) 1.78 

(1.65–1.92)
EQ-5D-5L + CO + TI + SR + SL 44.63 (17.79) 28.29 (16.14) 15.6 (13.28) 10.01 

(12.18)
8.58 (12.57) 1.04 (1.02–1.07) 1.85 

(1.7–2.01)
CG, Cognition/memory; CN, China; CO, self-confidence; NL, Netherlands; SL, Sleep; SR, Social relationships; TI, Tiredness; VI, Vision

Table 7  (continued) 
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EQ-5D-5L + selected bolt-on(s) EQ-5D-5L (+ bolt-on(s)) ceiling (%) EQ-5D-5L (+ bolt-on(s)) mean (SD) 
LSS

RE (95%CI), 
ref: previous 
row

RE 
(95%CI), 
ref: no 
bolt-ons

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

Respiratory disease (e.g. asthma, COPD)
 CN (n = 263)
  EQ-5D-5L 68.8 17.9 2.7 (5.5) 14.4 (15.3) – –
  EQ-5D-5L + BR 67.5 15.6 2.4 (5.1) 14.9 (15.2) 1.38 

(1.24–1.57)
1.38 
(1.24–1.57)

  EQ-5D-5L + BR + TI 56.6 9.1 3.4 (5.7) 16.8 (14.7) 1.08 
(1.01–1.19)

1.50 
(1.30–1.77)

 NL (n = 514)
  EQ-5D-5L 59.5 13.2 4.7 (8.4) 21 (18.4) – –
  EQ-5D-5L + BR 57.8 8.2 4.3 (7.7) 21.8 (17.2) 1.75 

(1.57–1.99)
1.75 
(1.57–1.99)

Hypertension
 CN (n = 1035)
  EQ-5D-5L 68.8 26.4 2.7 (5.5) 11.5 (12.2) – –
  EQ-5D-5L + BR 67.5 24.3 2.4 (5.1) 11 (11.7) 1.06 (1–1.12) 1.06 

(1–1.12)
 NL (n = 914)
  EQ-5D-5L 59.5 23.9 4.7 (8.4) 16.7 (17.2) – –
Cardiovascular diseases
 CN (n = 166)
  EQ-5D-5L 68.8 26.5 2.7 (5.5) 14 (14.1) – –
  EQ-5D-5L + BR 67.5 25.3 2.4 (5.1) 13.7 (13.9) 1.12 

(1.01–1.26)
1.12 
(1.01–1.26)

 NL (n = 378)
  EQ-5D-5L 59.5 17.7 4.7 (8.4) 19.3 (18.1) – –
  EQ-5D-5L + BR 57.8 16.9 4.3 (7.7) 18.7 (17.7) 1.29 

(1.15–1.48)
1.29 
(1.15–1.48)

Osteoporosis
 CN (n = 279)
  EQ-5D-5L 68.8 22.9 2.7 (5.5) 13.1 (13.6) – –
  EQ-5D-5L + TI 57.3 13.6 3.8 (6.2) 15.1 (13.7) 1.11 (1–1.26) 1.11 

(1–1.26)
 NL (n = 131)
  EQ-5D-5L 59.5 10.7 4.7 (8.4) 27.5 (21) – –
Diabetes
 CN (n = 330)
  EQ-5D-5L 68.8 25.8 2.7 (5.5) 12 (12.1) – –
  EQ-5D-5L + SL 58.7 16.7 3.4 (5.8) 13.9 (12.2) 1.23 

(1.08–1.43)
1.23 
(1.08–1.43)

NL (n = 439)
  EQ-5D-5L 59.5 21.0 4.7 (8.4) 18.5 (17.6) – –
Stomach ulcer
 CN (n = 230)
  EQ-5D-5L 68.8 19.1 2.7 (5.5) 10.8 (10.1) – –
  EQ-5D-5L + CO 61.9 15.2 3.3 (6) 12.3 (10.6) 1.47 

(1.21–1.91)
1.47 
(1.21–1.91)

  EQ-5D-5L + CO + TI 53.8 10.9 4.2 (6.6) 14.1 (10.7) 1.20 
(1.07–1.40)

1.77 
(1.40–2.51)

 NL (n = 101)
  EQ-5D-5L 59.5 13.9 4.7 (8.4) 25 (20.8) – –
  EQ-5D-5L + SR 55.3 11.9 4.9 (8.2) 25.4 (20.8) 1.2 (1.03–1.42) 1.2 

(1.03–1.42)
GI disease

Table 8  Known-groups validity of EQ-5D-5L and bolt-ons across health condition groups
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EQ-5D-5L + selected bolt-on(s) EQ-5D-5L (+ bolt-on(s)) ceiling (%) EQ-5D-5L (+ bolt-on(s)) mean (SD) 
LSS

RE (95%CI), 
ref: previous 
row

RE 
(95%CI), 
ref: no 
bolt-ons

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

 CN (n = 59)
  EQ-5D-5L 68.8 25.4 2.7 (5.5) 17.1 (19.8) – –
  NL (n = 124)
  EQ-5D-5L 59.5 17.7 4.7 (8.4) 23.7 (22.1) – –
  EQ-5D-5L + BR 57.8 15.3 4.3 (7.7) 22.7 (20.9) 1.16 (1–1.38) 1.16 

(1–1.38)
IBS
 CN (n = 59)
  EQ-5D-5L 68.8 28.8 2.7 (5.5) 10.4 (12.9) – –
  EQ-5D-5L + TI 57.3 16.9 3.8 (6.2) 13 (13.5) 1.6 (1.11–7.87) 1.6 

(1.11–7.87)
 NL (n = 311)
  EQ-5D-5L 59.5 9.3 4.7 (8.4) 23.2 (18.1) – –
  EQ-5D-5L + TI 42.6 5.5 6.6 (9.3) 26.6 (18.5) 1.12 

(1.04–1.23)
1.12 
(1.04–1.23)

Headache, migraine
 CN (n = 507)
  EQ-5D-5L 68.8 21.1 2.7 (5.5) 11.8 (11.6) – –
  EQ-5D-5L + SL 58.7 13.8 3.4 (5.8) 13.8 (11.4) 1.22 (1.1–1.38) 1.22 

(1.1–1.38)
 NL (n = 390)
  EQ-5D-5L 59.5 16.2 4.7 (8.4) – –
  EQ-5D-5L + SL 49.9 9.2 5.7 (8.7) 20.7 (16.8) 1.35 

(1.17–1.61)
1.35 
(1.17–1.61)

  EQ-5D-5L + SL + TI 39.2 6.4 7.1 (9.5) 23.3 (17.6) 1.14 
(1.05–1.27)

1.54 
(1.29–1.94)

Stroke
 CN (n = 70)
  EQ-5D-5L 68.8 17.1 2.7 (5.5) 21.1 (19.8) – –
 NL (n = 109)
  EQ-5D-5L 59.5 15.6 4.7 (8.4) 24.8 (20.9) – –
  EQ-5D-5L + BR 57.8 11.0 4.3 (7.7) 24.4 (20.1) 1.26 

(1.09–1.52)
1.26 
(1.09–1.52)

  EQ-5D-5L + BR + CG 52.9 8.3 4.5 (7.6) 25.1 (19.5) 1.17 
(1.02–1.39)

1.47 
(1.18–1.96)

Anxiety
 CN (n = 391)
  EQ-5D-5L 68.8 13.8 2.7 (5.5) 13.6 (11.6) – –
  EQ-5D-5L + CO 61.9 9.5 3.3 (6) 15.1 (11.5) 1.31 

(1.18–1.46)
1.31 
(1.18–1.46)

  EQ-5D-5L + CO + TI 53.8 5.6 4.2 (6.6) 17.1 (11.2) 1.17 
(1.09–1.26)

1.53 
(1.33–1.77)

  EQ-5D-5L + CO + TI + SL 49.2 4.9 4.5 (6.7) 18.5 (11.4) 1.1 (1.04–1.16) 1.68 
(1.43–2)

 NL (n = 435)
  EQ-5D-5L 59.5 8.3 4.7 (8.4) 24.9 (17.8) – –
  EQ-5D-5L + CO 49.4 3.4 5.6 (8.5) 27.8 (17.8) 1.51 (1.4–1.65) 1.51 

(1.4–1.65)
  EQ-5D-5L + CO + SR 47.0 3.0 5.7 (8.4) 28.3 (17.9) 1.16 (1.1–1.22) 1.75 

(1.57–1.97)
  EQ-5D-5L + CO + SR + TI 36.6 2.3 7.2 (9.4) 31.9 (18.7) 1.05 

(1.01–1.09)
1.83 
(1.62–2.09)

Depression

Table 8  (continued) 
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EQ-5D-5L + selected bolt-on(s) EQ-5D-5L (+ bolt-on(s)) ceiling (%) EQ-5D-5L (+ bolt-on(s)) mean (SD) 
LSS

RE (95%CI), 
ref: previous 
row

RE 
(95%CI), 
ref: no 
bolt-ons

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

 CN (n = 177)
  EQ-5D-5L 68.8 15.8 2.7 (5.5) 13.8 (12.8) – –
  EQ-5D-5L + CO 61.9 9.6 3.3 (6) 15.8 (12.9) 1.45 

(1.24–1.75)
1.45 
(1.24–1.75)

  EQ-5D-5L + CO + SR 59.4 7.3 3.6 (6.4) 16.8 (12.7) 1.17 
(1.05–1.34)

1.69 
(1.36–2.26)

  EQ-5D-5L + CO + SR + SL 52.6 5.1 4 (6.4) 18.3 (13) 1.11 
(1.03–1.21)

1.88 
(1.48–2.56)

 NL (n = 674)
  EQ-5D-5L 59.5 7.9 4.7 (8.4) 23.5 (17.6) – –
  EQ-5D-5L + CO 49.4 4.5 5.6 (8.5) 26 (17.4) 1.49 

(1.39–1.61)
1.49 
(1.39–1.61)

  EQ-5D-5L + CO + SR 47.0 4.2 5.7 (8.4) 26.4 (17.5) 1.17 
(1.12–1.22)

1.74 
(1.58–1.94)

  EQ-5D-5L + CO + SR + TI 36.6 2.4 7.2 (9.4) 29.9 (18.3) 1.06 (1.03–1.1) 1.86 
(1.67–2.07)

Skin disease
 CN (n = 342)
  EQ-5D-5L 68.8 25.4 2.7 (5.5) 9.7 (11) – –
  EQ-5D-5L + TI 57.3 16.1 3.8 (6.2) 12.1 (11.3) 1.64 

(1.33–2.36)
1.64 
(1.33–2.36)

  EQ-5D-5L + TI + CO 53.8 12.6 4.2 (6.6) 12.8 (11.3) 1.23 
(1.07–1.49)

2.02 
(1.49–3.35)

  EQ-5D-5L + TI + CO + SL 49.2 10.8 4.5 (6.7) 13.9 (11.6) 1.13 
(1.01–1.28)

2.27 
(1.63–3.93)

 NL (n = 355)
  EQ-5D-5L 59.5 14.4 4.7 (8.4) 20 (17.9) – –
Sleep disorder
 CN (n = 669)
  EQ-5D-5L 68.8 19.7 2.7 (5.5) 12.3 (12.1) – –
  EQ-5D-5L + SL 58.7 9.1 3.4 (5.8) 15.5 (11.8) 1.79 

(1.63–2.03)
1.79 
(1.63–2.03)

  EQ-5D-5L + SL + TI 51.9 6.9 4.2 (6.4) 17.1 (11.7) 1.07 
(1.02–1.13)

1.92 
(1.71–2.22)

 NL (n = 407)
  EQ-5D-5L 59.5 8.8 4.7 (8.4) 25.7 (18.3) – –
  EQ-5D-5L + SL 49.9 2.5 5.7 (8.7) 30.3 (17.9) 1.73 

(1.58–1.91)
1.73 
(1.58–1.91)

Thyroid disease
 CN (n = 102)
  EQ-5D-5L 68.8 31.4 2.7 (5.5) 7.8 (9.9) – –
 NL (n = 194)
  EQ-5D-5L 59.5 16.0 4.7 (8.4) 18.8 (17.2) – –
  EQ-5D-5L + CG 54.2 11.9 4.9 (8.1) 19.3 (16.9) 1.28 

(1.07–1.63)
1.28 
(1.07–1.63)

Eating disorders
 CN (n = 80)
  EQ-5D-5L 68.8 26.3 2.7 (5.5) 15.3 (17.3) – –
 NL (n = 110)
  EQ-5D-5L 59.5 8.2 4.7 (8.4) 26.7 (19.2) – –
  EQ-5D-5L + CO 49.4 5.5 5.6 (8.5) 30.4 (19.3) 1.59 

(1.37–1.92)
1.59 
(1.37–1.92)

Table 8  (continued) 
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These cross-country differences should also be interpreted 
in the broader context of how bolt-ons are typically used. 
While the present study was conducted in general popula-
tion samples from China and the Netherlands, bolt-ons are 
primarily intended for use in specific patient populations. In 
addition, bolt-ons are often applied in multi-country clinical 
studies where the use of different bolt-ons across countries 
would generally be avoided to preserve comparability of 
results. Therefore, these findings provide insights into how 
additional health dimensions may vary in their measure-
ment properties across populations and may help inform the 
selection and evaluation of bolt-ons in future research and 
population-based studies.

Although bolt-ons such as vision, tiredness, and sleep 
showed consistently strong psychometric properties, oth-
ers demonstrated more modest psychometric properties. For 
example, the social relationships bolt-on generally showed 
weak correlations with external instruments, likely reflect-
ing the broader and context-dependent nature of this con-
struct. Similarly, bolt-ons such as breathing and cognition/
memory exhibited high ceilings in general population sam-
ples, limiting their incremental contribution outside specific 
subgroups. These findings emphasize the importance of 
selecting bolt-ons that are relevant to study population and 
research objectives.

PCA suggested that the bolt-ons did not load on the same 
factors as the core dimensions, indicating that they capture 

additional aspects of health not fully represented by the core 
dimensions. Some latent factors, such as “physical symp-
toms”, included both physical and psychosocial bolt-ons 
(self-confidence, social relationships); these labels should be 
interpreted cautiously and not viewed as definitive concep-
tual constructs. The results also suggested a potential meth-
ods effect, as bolt-ons tended to cluster according to their 
originating instruments rather than strictly by conceptual 
dimensions [49]. This pattern may reflect shared item char-
acteristics, such as wording, response scales, recall periods, 
or placement within the survey, rather than substantive dif-
ferences in underlying constructs [50]. Importantly, the PCA 
was conducted primarily to demonstrate the separability of 
bolt-ons from core dimensions, rather than to define latent 
constructs. While this limits the extent to which individual 
factors can be interpreted purely as conceptual constructs, 
the analysis confirms that bolt-ons provide distinct measure-
ment information beyond the core EQ-5D-5L dimensions. 
Future studies could adopt multitrait-multimethod frame-
works to explicitly model both trait and method effects, 
examining relationships at the scale level [51].

There are several limitations of this study. First, the use 
of online panel-based, non-probability sampling may have 
introduced selection bias. Although quota sampling was 
applied to approximate population distributions, participa-
tion was limited to individuals who are digitally literate, have 
access to the internet, and may be more inclined to engage 

EQ-5D-5L + selected bolt-on(s) EQ-5D-5L (+ bolt-on(s)) ceiling (%) EQ-5D-5L (+ bolt-on(s)) mean (SD) 
LSS

RE (95%CI), 
ref: previous 
row

RE 
(95%CI), 
ref: no 
bolt-ons

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

Healthy (CN: 
n = 1858; NL: 
n = 1368)

Chronic 
condition

  EQ-5D-5L + CO + SR 47.0 4.5 5.7 (8.4) 31.2 (20) 1.18 
(1.08–1.28)

1.87 
(1.53–2.38)

Other mental disorders
 CN (n = 36)
  EQ-5D-5L 68.8 30.6 2.7 (5.5) 13.7 (14.7) – –
  EQ-5D-5L + CO 61.9 25.0 3.3 (6) 15.9 (16.1) 1.50 

(1.10–2.74)
1.50 
(1.10–2.74)

 NL (n = 308)
  EQ-5D-5L 59.5 7.8 4.7 (8.4) 25.8 (18.3) – –
  EQ-5D-5L + CO 49.4 3.9 5.6 (8.5) 28.4 (18.1) 1.40 

(1.29–1.54)
1.40 
(1.29–1.54)

  EQ-5D-5L + CO + SR 47.0 3.6 5.7 (8.4) 29.2 (18.1) 1.20 
(1.13–1.28)

1.68 
(1.49–1.92)

Obesity
 CN (n = 165)
  EQ-5D-5L 68.8 35.2 2.7 (5.5) 9.4 (12.4) – –
  EQ-5D-5L + SR 62.7 27.9 3.1 (5.8) 10.4 (12.4) 1.68 

(1.21–5.43)
1.68 
(1.21–5.43)

 NL (n = 364)
  EQ-5D-5L 59.5 12.4 4.7 (8.4) 24.1 (19.6) – –
BR, Breathing; CG, Cognition/memory; CO, Self-confidence; SL, Sleep; SR, Social relationships; TI, Tiredness

Table 8  (continued) 
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with health-related surveys. Second, respondents with the 
most severe levels of health impairment were underrepre-
sented, potentially limiting the evaluation of bolt-ons across 
the full spectrum of health severity. Third, the EQ-5D-5L 
and bolt-ons were administered in a fixed order, which may 
have introduced context or ordering effects. However, the 
order of the external measures was randomized to mitigate 
potential ordering bias. Fourth, the translation of bolt-on 
items involved forward translation from English into Dutch 
and Simplified Chinese without cognitive debriefing [26], 

except for the Dutch self-confidence item, which was avail-
able in a forward–backward translated and cognitively 
debriefed version. Fifth, the wording of the cognition/
memory bolt-on differed across the two countries, poten-
tially contributing to the observed differences in psychomet-
ric properties. Lastly, the cross-sectional design precluded 
assessment of test–retest reliability and responsiveness.

Table 9  Uni- and multivariable regressions on EQ VAS and PROMIS Global Health total score
Selection of dimensions CN NL

EQ VAS PROMIS Global 
Health total score 
(raw)

EQ VAS PROMIS Global 
Health total score 
(raw)

Adjusted 
R2

ΣΔ 
adjusted 
R2

Adjusted 
R2

ΣΔ 
adjusted 
R2

Adjusted 
R2

ΣΔ 
adjusted 
R2

Adjusted 
R2

ΣΔ 
adjusted 
R2

EQ-5D-5L dimensions
Mobility (MO) 0.1268 – 0.0637 – 0.1498 – 0.0712 –
Self–care (SC) 0.0995 – 0.0458 – 0.0944 – 0.0332 –
Usual activities (UA) 0.1206 – 0.0645 – 0.2852 – 0.1773 –
Pain/discomfort (PD) 0.1476 – 0.1362 – 0.2301 – 0.0846 –
Anxiety/depression (AD) 0.1715 – 0.1966 – 0.1727 – 0.2014 –
Bolt-on dimensions
Vision (VI) 0.0660 – 0.1360 – 0.0371 – 0.0314 –
Tiredness (TI) 0.1420 – 0.2153 – 0.2402 – 0.2635 –
Sleep (SL) 0.1206 – 0.1780 – 0.1516 – 0.1474 –
Self-confidence (CO) 0.1080 – 0.1974 – 0.1321 – 0.2129 –
Hearing (HE) 0.0942 – 0.0611 – 0.0158 – 0.0058 –
Social relationships (SR) 0.0732 – 0.1532 – 0.1180 – 0.1696 –
Breathing (BR) 0.0722 – 0.0534 – 0.0806 – 0.0369 –
Cognition/Memory (CG) 0.1158 – 0.1779 – 0.1256 – 0.1227 –
EQ-5D-5L (+ bolt-on(s)) dimensions*

EQ-5D-5L 0.2468 – 0.2314 – 0.3728 – 0.2942 –
EQ-5D-5L + TI – – – – 0.3872 0.0144 0.3487 0.0545
EQ-5D-5L + CO 0.2574 0.0106 0.2868 0.0554 – – – –
EQ-5D-5L + TI + CO 0.2644 0.0176 0.3098 0.0784 0.3909 0.0181 0.3813 0.0871
EQ-5D-5L + TI + CO + SL 0.2672 0.0204 – – 0.3931 0.0202 – –
EQ-5D-5L + TI + CO + SR – – – – – – 0.3889 0.0947
EQ-5D-5L + TI + CO + CG – – 0.3238 0.0924 – – – –
EQ-5D-5L + TI + CO + SL + VI 0.2690 0.0223 – – 0.3951 0.0222 – –
EQ-5D-5L + TI + CO + SR + HE – – – – – – 0.3942 0.1000
EQ-5D-5L + TI + CO + CG + VI – – 0.3342 0.1028 – – – –
EQ-5D-5L + TI + CO + SL + VI + BR 0.2696 0.0228 – – 0.3960 0.0231 – –
EQ-5D-5L + TI + CO + SR + HE + SL – – – – – – 0.3970 0.1028
EQ-5D-5L + TI + CO + CG + VI + SL 0.3401 0.1087 – – – –
EQ-5D-5L + TI + CO + SL + VI + CG + SR – – 0.3444 0.1130 0.3966 0.0238 – –
EQ-5D-5L + TI + CO + SR + HE + SL + BR – – – – – – 0.3988 0.1046
EQ-5D-5L + TI + CO + SL + VI + BR + CG 0.2697 0.0229 – – – – – –
EQ-5D-5L + TI + CO + SL + VI + CG + SR + BR – – 0.3492 0.1177 – – – –
EQ-
5D-5L + TI + CO + SL + VI + CG + SR + BR + HE

– – 0.3511 0.1196 – – – –

*Adjusted for age and sex
CN, China; NL, Netherlands
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Conclusions

This study provides evidence that several EQ-5D-5L bolt-
ons demonstrate robust psychometric properties in general 
population samples from China and the Netherlands. While 
bolt-ons such as tiredness, sleep, vision and self-confidence 
enhanced the discriminatory power and explanatory capac-
ity of the EQ-5D-5L, the observed patterns varied across 
countries and population subgroups. These findings should 
therefore be interpreted within their specific cultural, lin-
guistic, and methodological contexts. Rather than identify-
ing universally preferred bolt-ons, the results contribute to 
the ongoing development of the EQ-5D Bolt-on Toolbox by 
providing evidence on the validity and properties of indi-
vidual bolt-ons across different settings. The findings high-
light the importance of context-specific validation and may 
help inform bolt-on selection for future population health 
surveys and clinical studies.
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