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Testing the Psychometric Properties of 9 Bolt-Ons for the EQ-5D-5L in a

General Population Sample
Fanni Rencz, PhD, Mathieu F. Janssen, PhD

Objectives: We aimed to assess the psychometric performance and added value of 9 existing bolt-
ons (breathing problems, cognition, hearing, self-confidence, skin irritation, sleep, social
relationships, tiredness, and vision) for the EQ-5D-5L in a general population sample.

Methods: The EQ-5D-5L, 9 bolt-ons, SF-6Dv1, Patient-Reported Outcomes Measurement
Information System (PROMIS)-29+2, PROMIS Global Health, and Satisfaction with Life Scale
were completed in an online cross-sectional survey among a general adult population sample in
Hungary (n = 1587). The following psychometric properties were tested for the EQ-5D-5L +
bolt-on(s): ceiling, divergent and convergent validity, structural validity, known-group validity,
and explanatory power.

Results: Adding sleep (30%), tiredness (24%), or vision (21%) substantially reduced the ceiling of the
EQ-5D-5L (41%). Cognition, sleep, social relationships, and tiredness correlated with corresponding
PROMIS and SF-6D items (rs = 10.321 — 10.731). All bolt-ons, except cognition and self-confidence,
loaded on a different factor from the EQ-5D-5L dimensions. Breathing, hearing, skin irritation,
and vision significantly improved known-group validity in relevant health condition groups. The
sleep bolt-on improved known-group validity in 9 of 13 chronic health conditions. Tiredness
had the largest impact on explaining EQ VAS score variance in 8 of 13 conditions. Hearing and
vision improved the ability of the EQ-5D-5L to capture declining health with age, whereas self-
confidence and social relationships were valuable for mental health assessment.

Conclusions: This study established the validity of multiple bolt-ons for the EQ-5D-5L and
highlights the usefulness of including relevant bolt-ons in population-based and patient surveys.
Our findings inform the further development of these bolt-ons and the bolt-on item selection
for clinical studies.
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of bolt-ons, compared
with other preference-
accompanied mea-
sures, is rooted in the
brevity of the EQ-5D. It
includes only 5 items,
in contrast to almost

Generic preference-accompanied health-related quality of life
(HRQoL) measures are recommended for obtaining quality-
adjusted life-year estimates in economic evaluations by health
technology assessment (HTA) bodies and guidelines in multiple
countries."* However, depending on the specific instrument,
content validity and responsiveness to change may be suboptimal all other instruments,
in some areas, where an instrument lacks relevant dimensions.””’ including the 12-item
To address this limitation, additional dimensions (“bolt-ons”) Short Form Health

e Bolt-ons are additional dimensions

that can be attached to the EQ-5D
to capture aspects of health-related
quality of life not sufficiently
covered by the 5 core dimensions.
Over the past 3 decades, numerous
bolt-ons have been proposed for the
EQ-5D. There is a need for high-
quality psychometric evidence
regarding bolt-ons to determine
their added value.

We provide a comprehensive
analysis of the psychometric
performance of 9 existing EQ-5D-5L
bolt-ons (breathing problems,
cognition, hearing, self-confidence,
skin irritation, sleep, social
relationships, tiredness, and vision)
in a general population sample. The
inclusion of bolt-ons led to a
reduced ceiling and improved
discriminatory power of the EQ-5D-
5L across prevalent chronic health
conditions (eg, cardiovascular
diseases, depression, diabetes), age,
and self-perceived health status
groups.

Relevant bolt-ons, offering a more
comprehensive assessment of
health-related quality of life, may be
useful both in population-based
studies and patient surveys. Our
findings serve as a guide for
selecting suitable bolt-ons in clinical
studies and inform decisions for
future instrument development
endeavors, also beyond the EQ-5D.

relevant to specific conditions, health interventions, or contexts
may be added to these instruments that supplement their core
dimensions.® Although the approach can theoretically be adopted
to any HRQoL measure, bolt-ons have mainly been proposed for
the EQ-5D.”'° Two main reasons support this: first, the EQ-5D
often exhibits a relatively high ceiling in many populations,
possibly indicating less sensitivity in capturing milder HRQoL
impairment.” Another potential argument for the increased value

Survey, Patient-Reported Outcomes Measurement Information
System-Preference, 15D, and Assessment of Quality of Life, which
have more than 10 items.” These longer questionnaires may
include HRQoL areas such as sensory problems, vitality/fatigue,
sleep, or cognitive problems that are not covered by the EQ-5D.
Bolt-on development has primarily focused on 4 areas for
extending the EQ-5D’s descriptive system: (1) specific conditions
or symptoms (eg, breathing problems, skin irritation),'"'? (2)
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general HRQoL areas (eg, hearing, sleep, social relationships,
vision, vitality),">'* (3) well-being aspects (eg, dignity and
happiness),'”® and (4) HRQoL areas particularly important for the
population of a specific country or region (eg, culturally relevant
bolt-on developments in China, Hong Kong, Malaysia, South Ko-
rea, and Thailand).'®?° It is important to examine the psycho-
metric performance of the EQ-5D + bolt-on(s) to determine the
added value of bolt-ons and to inform decisions for future in-
strument development work. To date, no large general population
surveys have been undertaken to provide comprehensive evi-
dence on the psychometric properties of multiple bolt-ons
following the EQ-5D-5L format. Several bolt-on dimensions are
expected to be relevant across various populations, including the
general population. Therefore, the objective of this study is to
investigate the psychometric performance of the EQ-5D-5L and 9
existing bolt-ons (breathing problems, cognition, hearing, self-
confidence, skin irritation, sleep, social relationships, tiredness,
and vision) and to assess the incremental benefit of appending
bolt-ons to the EQ-5D-5L in a general population sample,
including individuals with prevalent chronic conditions and
different age groups.

In November 2020, an online cross-sectional survey was
conducted among 1700 members of the adult general population
in Hungary.?' % Study participants were aged 18 years or older,
were able to read and understand the questions in Hungarian,
and gave their informed consent before participating in the
survey. The study was approved by the Research Ethics Com-
mittee of the Corvinus University of Budapest (no. KRH/343/
2020). “Soft quotas” were used to achieve a representative
sample in terms of age, gender, place of residence, and region.
Respondents completed the Hungarian versions of the EQ-5D-
5L,%° bolt-ons,'"1#1426-28 the Patient-Reported Outcomes Mea-
surement Information System (PROMIS)-29+2 v2.1,>° SF-36v1,%°
PROMIS Global Health v1.2,' and Satisfaction with Life Scale
(SWLS)*? in a fixed order. Other data collected included socio-
demographic characteristics and physician-diagnosed chronic
health conditions.

The EQ-5D-5L generic preference-accompanied measure con-
sists of 2 parts: a descriptive system and a vertical visual analogue
scale (EQ VAS), with endpoints of 0 (the worst health you can
imagine) and 100 (the best health you can imagine).?> The
descriptive system includes 5 dimensions: mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression, each
with a single-item 5-level severity scale. The responses for the 5
dimensions can be combined into a 5-digit string, where 11111
and 55555 represent the best and worst possible health profiles,
respectively. Nine single-item EQ-5D-5L bolt-ons were used in this
study that had been developed in previous research,'%1426-28
The order of the 9 bolt-on items in the questionnaire was as fol-
lows: cognition, sleep, social relationships, breathing problems
(hereafter breathing), hearing, tiredness, vision, skin irritation,
and self-confidence. All bolt-ons followed the format of the EQ-
5D-5L descriptive system with a recall period of “today”
(Appendix Table 1 found at https://doi.org/10.1016/j.jval.2024.
03.2195).
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PROMIS-29+2 is 31-item generic preference-accompanied
measure that encompasses 8 domains: physical function, anxiety,
depression, fatigue, sleep disturbance, social roles and activities,
pain interference, and cognitive function.?® Most domains consist of
4 items with 5 response options varying across severity, difficulty,
frequency, or global rating. However, the cognitive function domain
includes only 2 items. In addition, the questionnaire evaluates pain
intensity using a numeric rating scale ranging from 0 to 10.

Respondents completed the SF-36v1 generic health status
measure.”® The SF-6D is a generic preference-accompanied mea-
sure derived from 11 items of the SF-36.>* It comprises 6 health
dimensions, each represented by a single item: physical func-
tioning, role limitations, social functioning, pain, mental health,
and vitality. The dimensions have 4 to 6 severity levels.

PROMIS Global Health is a 10-item measure of generic health
status.! It consists of 4 general items (health, quality of life, physical
health, and mental health), 1 physical function, 1 fatigue, 1 pain in-
tensity (identical to PROMIS-29+2), 1 emotional distress, and 2 so-
cial health items. Each question offers 5 severity-, frequency-, or
global rating-format response options, except for the pain scale.

SWLS is a measure of one’s life satisfaction, as a component of
subjective well-being.>? It asks respondents to express their level
of agreement on 5 items using a 7-point scale, ranging from 1
(strongly disagree) to 7 (strongly agree).

There were no missing data, because skipping items was not
allowed in the online survey. We identified inconsistencies in the
data and consequently excluded 113 respondents, resulting in a
final sample size of 1587. The details of the exclusion process are
described elsewhere.?? First, each bolt-on was tested individually,
and then selected combinations of bolt-ons (and in some cases all
9 bolt-ons together) were tested. Combinations of bolt-ons were
selected in a stepwise manner, considering the performance of
each individual bolt-on. The best-performing bolt-on by psycho-
metric property was selected as the first choice, followed by the
second best and so forth. P values were considered statistically
significant if they were lower than .05. Statistical analyses were
performed using Stata 14.0 (StataCorp. 2015, College Station, TX)
and R 4.2.3 (R Core Team, 2023, Vienna, Austria).

For each EQ-5D-5L and bolt-on item, we first examined the
distribution of responses across the 5 levels in the total sample
and among different age strata and chronic health condition
groups to demonstrate that all levels are endorsed and have
relevance. The proportion of respondents reporting the best
(ceiling) and worst (floor) possible health in each bolt-on item was
examined. The distribution of responses of participants in 11111 on
the EQ-5D-5L was examined across the 9 bolt-on items. For each
bolt-on or combinations of bolt-ons, the absolute and relative
reduction in the ceiling were calculated as follows:

Absolute reduction in ceiling :

ceilinggq-sp-s1.—Ceilinggq —sp-s1+boit—on(s)


https://doi.org/10.1016/j.jval.2024.03.2195
https://doi.org/10.1016/j.jval.2024.03.2195

Relative reduction in ceiling :

ceilinggg sp-sp — CeilingEQ—SD—5L+bolt—on(s)
ceilinggq-sp-si

We calculated the number of different health profiles in the
sample when adding bolt-on(s). The proportion of respondents
indicating “any problems” across age groups was visualized, and
the differences were tested using a chi-square test.

Potential overlaps between the bolt-on and EQ-5D-5L items
were analyzed using Spearman’s correlations. Correlation co-
efficients were interpreted as very weak (<0.20), weak (0.20-
0.39), moderate (0.40-0.59), and strong (=0.60).>* We expected a
moderate correlation of (1) cognition and tiredness with usual
activities; (2) skin irritation, sleep, and tiredness with pain/
discomfort; and (3) cognition, self-confidence, sleep, social re-
lationships, and tiredness with anxiety/depression.!>%3>-41
Otherwise, we hypothesized that each bolt-on item would
demonstrate very weak or weak correlation with the 5 EQ-5D-5L
items.

We compared ceiling, floor, and convergent validity (Spear-
man’s correlations) of each bolt-on item with corresponding SF-
6D, PROMIS-29+2, and Global Health items and domains aiming
to capture similar constructs. We hypothesized at least moderate
correlations between these corresponding items or domains.

To investigate the structural validity of the EQ-5D-5L and the 9
bolt-ons, we used confirmatory factor analysis (CFA). The CFA was
informed by 3 sources of evidence: (1) previous studies that
identified bolt-ons for the EQ-5D-5L from items of other generic
HRQoL and well-being measures using CFA,?”*? (2) content anal-
ysis of available items in our survey following the conceptual
model proposed by Wilson and Cleary,”® and (3) principal
component analysis (PCA) conducted on the items in our survey.

In both the PCA and CFA, in addition to the EQ-5D-5L items and
9 bolt-ons, we included items from PROMIS-29+2, SF-6D, PROMIS
Global Health, and SWLS to aid model identification and robust-
ness. Due to the overlap in the pain intensity numeric rating scale
between PROMIS-29+2 and Global Health, we included this item
only once (that of the PROMIS-29+2), resulting in a pool of 65
items. All item responses were recoded so that a higher score
indicated worse HRQoL or well-being. For the PCA, we used a
promax rotation, and the number of factors was determined based
on the Kaiser’s criterion (ie, all factors with an eigenvalue > 1
were retained).** The CFA was conducted using the lavaan package
in R.*° The diagonally weighted least square estimator was used to
compute factor loadings.*® Model fit was considered acceptable
when (1) the root mean square error of approximation <0.08 and
comparative fit index >0.95, (2) modification indices <100, (3)
factor loadings >0.32, and (4) residual correlations <|0.2|.#”-4°
However, all but the first criterion were considered less strictly
and they were rather treated in comparison with other items in
the scale and not in isolation.’® To ease interpretation, factor
loadings were standardized to a range between 0 and 1. Gradual
adjustments were made to the model, including the omission of
items with low factor loadings and allowing local dependence
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between certain items. Both for PCA and CFA, factor loadings were
interpreted according to the following benchmark values: =0.32
(unacceptable), 0.33 to 0.44 (poor), 0.45 to 0.54 (fair), 0.55 to 0.62
(good), 0.63 to 0.70 (very good), and =0.71 (excellent).*’

The final CFA model was used to classify bolt-ons into 2
groups: (1) bolt-ons that do not cover a similar construct as any
EQ-5D-5L items (ie, they load on different factors) and (2) bolt-ons
that cover a partially overlapping construct (ie, they load on the
same factors) with any EQ-5D-5L items. Loading on a different
factor signals a stronger argument to support that the bolt-on
captures a construct that the core instrument cannot fully address.

To assess known-group validity of the EQ-5D-5L with bolt-
on(s) compared with the EQ-5D-5L, mean level sum scores
(LSSs) were computed and transformed to a 0 to 100 scale to
ensure comparability of scores with and without bolt-ons. Previ-
ous research has shown the relatively robust psychometric prop-
erties of LSSs, making them a useful outcome for exploratory
methodological research.’>> We hypothesized that bolt-ons
improve the ability of the EQ-5D-5L to distinguish between
known groups, which were defined by healthy respondents versus
those with health conditions, age strata, and health and quality of
life (first 4 questions of PROMIS Global Health), and well-being
(SWLS) subgroups. The relative efficiency in detecting differences
between known groups was computed as the ratio of the F-sta-
tistic used in the analysis of variance.”’ We used EQ-5D-5L as a
reference to determine relative efficiency; thus, an F-ratio >1
indicated that EQ-5D-5L + bolt-on was more efficient in differ-
entiating across (sub)groups. To test whether an F-ratio was
significantly different from 1, we estimated 95% Cls using 3000
bootstrap replications. Additional bolt-ons were attached to the
EQ-5D-5L until the EQ-5D-5L + n bolt-on(s) resulted in a statis-
tically significant increase in relative efficiency compared with EQ-
5D-5L + n-1 bolt-on(s). Both for known-group validity and
explanatory power analyses, the selection of potentially relevant
bolt-ons was based on the literature and expert opinion of the
authors (Appendix Table 2 found at https://doi.org/10.1016/j.jval.2
024.03.2195).

Linear regressions were used to explore whether the different
bolt-ons or combinations of bolt-ons contribute to explain the
variance in HRQoL or subjective well-being. Three different model
versions were tested, each with a different dependent variable: EQ
VAS, PROMIS Global Health raw sum score (calculated by sum-
ming the responses of the 10 items), and SWLS score. Initially,
each item was examined in univariable models, followed by
multivariable models that included the 5 EQ-5D-5L items and
combinations of bolt-on items. For the latter, bolt-on items were
included consecutively until no further increase in adjusted R?
was generated by adding one more item. Considering that
different bolt-ons may be relevant for specific chronic health
condition groups, the analysis was repeated for these subgroups.

The characteristics of the study sample were comparable with
the Hungarian national population (Appendix Table 2 found at
https://doi.org/10.1016/j.jval.2024.03.2195). A total of 203
different health profiles (7% of all possible profiles) occurred on
the EQ-5D-5L, which increased with the addition of even 1 bolt-on
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Ceiling and number of health state profiles on EQ-5D-5L and bolt-ons.

MO 1117 704 -

SC 1471 927 -

UA 1249 787 643 405 -

PD 894  56.3 -

AD 1055 66.5 -

Vi 654 412 329 20.7 19.8
Tl 603 38.0 388 244 16.1
SL 876 552 474 299 10.6
SE 907 57.2 478 30.1 104
HE 1247 78.6 550 34.7 5.9
SR 1144 721 561 353 5.2
Sl 1279 80.6 571 36.0 4.5
BR 1280 80.7 599 37.7 2.8
Cco 1275 803 611 385 2.0
VI + Tl 315 19.8 218 13.7 26.8
VI +SL+ Tl 261 164 193 122 28.4
VI + SE + SL + Tl 230 145 176 111 294
VI+HE+SE+SR+TlI 215 135 165 104 30.1
All 9 bolt-ons 193 122 151 95 31.0

- 203 6.5 3125 79.3
48.8 317 20 15 625 67.4
39.7 319 20 15 625 68.0
26.3 324 2.1 15 625 67.8
25.7 310 20 15 625 68.5
14.5 292 1.9 15 625 71.3
12.8 310 20 15 625 70.4
11.2 286 1.8 15 625 71.5
6.8 293 19 15625 71.6
5.0 282 1.8 15 625 73.5
66.1 447 0.6 78 125 53.8
70.0 597 0.2 390 625 43.7
72.6 755 0.0 1953125 36.5
74.3 838 0.0 9765 625 325
76.5 1049 0.0 6103515625 26.1

AD indicates anxiety/depression; BR, breathing problems; CO, cognition; HE, hearing; max, maximum; MO, mobility; PD, pain/discomfort; SC, self-care; SE, self-
confidence; SI, skin irritation; SL, sleep; SR, social relationships; T, tiredness; UA, usual activities; VI, vision.

(Table 1). The 20 most common profiles accounted for 79.3% of the
sample, and this percentage gradually decreased with the inclu-
sion of additional bolt-ons in the descriptive system.

The ceiling for bolt-ons varied from 38% (tiredness) and 81%
(breathing) (Table 1). Three bolt-on items (sleep, tiredness, and
vision) exhibited a lower ceiling than any EQ-5D-5L items. The
floor was very small (<2%) for all bolt-on items. The distribution of
responses showed a great variability across chronic health condi-
tion groups (Appendix Table 3 found at https://doi.org/10.1016/j.
jval.2024.03.2195). Health problems on the breathing, hearing,
skin irritation, sleep, and vision problems demonstrated an upward
trend with age, whereas self-confidence and social relationships
decreased (P < .05) (Fig. 1). Cognition showed a mild U-shaped
curve, whereas no clear trend was observed for tiredness.

The ceiling of the EQ-5D-5L was 41%. Overall, 77% of those who
responded 11111 on the EQ-5D-5L reported problems on at least 1
bolt-on item (Fig. 1). The addition of any bolt-on to the EQ-5D-5L
yielded a reduction in the ceiling (Table 1). The greatest reduction
was observed with the vision (21%), tiredness (24%), sleep (30%),
and self-confidence (30%) bolt-ons. The reduction in ceiling
increased with the number of bolt-on items; however, the addi-
tional reduction was marginal after adding the second bolt-on.

Bolt-on items exhibited correlations of varying strength with
EQ-5D-5L items (Table 2). Corroborating our hypotheses,

breathing, hearing, and vision bolt-ons were only weakly corre-
lated with any of the EQ-5D-5L items. As opposed to our expec-
tations, there was only a weak correlation between skin irritation
and pain/discomfort. Tiredness demonstrated moderate correla-
tions with both pain/discomfort and anxiety/depression. The
cognition, self-confidence, and social relationships bolt-ons
showed moderate correlations with anxiety/depression.

In most comparable cases, the bolt-on items showed a higher
ceiling and lower floor than the corresponding items of other
instruments (Appendix Table 4 found at https://doi.org/10.1016/j.
jval.2024.03.2195). The self-confidence, sleep, and tiredness bolt-
ons demonstrated a moderate or strong correlation with their
PROMIS and SF-6D item/domain pairs, whereas correlations were
generally weak or moderate for cognition and social relationships.

The PCA identified 10 factors using the Kaiser’s criterion,
explaining 71% of the total variance (Appendix Table 5 found at
https://doi.org/10.1016/j.jval.2024.03.2195). In the initial CFA
model, the cognition bolt-on was associated with psychological
functioning instead of a separate cognitive function factor. This led
to the omission of the cognitive function domain of PROMIS-29+2
given that no other items were loaded on the same factor, and 2-
item scales are not considered useful. The final CFA model


https://doi.org/10.1016/j.jval.2024.03.2195
https://doi.org/10.1016/j.jval.2024.03.2195
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https://doi.org/10.1016/j.jval.2024.03.2195
https://doi.org/10.1016/j.jval.2024.03.2195
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Figure 1. EQ-5D-5L and bolt-on response distribution and respondents with any problems by dimension and age group.
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Table 2. Spearman’s correlation coefficients between EQ-5D-5L, bolt-ons, and EQ VAS.

Variables EQ-5D-5L Bolt-ons
MO SC UA PD AD Vi TI
MO -
SC 0.44 -
UA 0.52 0.49 -
PD 0.52 0.37 0.54 -
AD 0.21 0.20 0.34 0.45 -
Vi 0.27 0.20 0.26 0.22 0.21 -
Tl 0.28 0.23 0.35 0.47 0.50 0.25 -
SL 0.26 0.18 0.26 0.36 0.38 0.27 0.41 -
SE 0.07 0.1 0.24 0.27 0.55 0.21 0.45 0.31 -
HE 0.26 0.25 0.22 0.19 0.09 0.30 0.14 0.21 0.07 -
SR 0.13 0.19 0.26 0.30 0.47 0.22 0.35 0.31 0.49 0.13 -
Sl 0.15 0.17 0.21 0.20 0.19 0.21 0.22 0.19 0.20 0.19 0.18 -
BR 0.25 0.21 0.26 0.32 0.25 0.27 0.31 0.28 0.18 0.22 0.23 0.16 -
co 0.27 0.29 0.36 0.36 0.45 0.27 0.37 0.29 0.36 0.21 0.39 0.18 0.23 -
EQ VAS -044 -0.31 -045 -056 -0.41 -0.27 -044 -034 -030 -0.21 -030 -0.18 -033 -0.35

Note. All correlation coefficients are significant (P < .01).
AD indicates anxiety/depression; BR, breathing problems; CO, cognition; EQ VAS, EuroQol visual analogue scale; HE, hearing; MO, mobility; PD, pain/discomfort; SC, self-
care; SE, self-confidence; SI, skin irritation; SL, sleep; SR, social relationships; T, tiredness; UA, usual activities; VI, vision.
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Results of the multidimensional confirmatory factor analysis (standardized factor loadings).

EQ-5D-5L Tiredness bolt-on
PROMIS-29+2 Fatigued
PROMIS-29+2 Trouble starting things

PROMIS-29+2 Run-down
PROMIS-29+2 Fatigued on average

PROMIS-29+2 Refreshing sleep
PROMIS Global08 (fatigue)

SF-6D Vitality (energy)

General health

PROMIS Global01 (health)
PROMIS Global02 (quality of life)
PROMIS Global03 (physical health)

PROMIS Global04 (mental health, incl. mood and
ability to think)

Pain
EQ-5D-5L Pain/discomfort

PROMIS-29+2 Pain interference with day to day
activities

PROMIS-29+2 Pain interference with work around the
home

PROMIS-29+2 Pain interference with household
chores

PROMIS-29+2 Pain interference with social activities
PROMIS-29+2 Pain intensity 0-10

SF-6D Pain

Physical functioning

EQ-5D-5L Mobility (walking)

EQ-5D-5L Self-care (washing or dressing)

EQ-5D-5L Usual activities (work, study, housework,
family or leisure activities)
PROMIS-29+2 Vacuuming and yard work

PROMIS-29+2 Going up and down stairs at a normal
pace

PROMIS-29+2 Going for a walk of at least 15 minutes
PROMIS-29+2 Run errands and shop

PROMIS Global06 (physical activities, such as walking,
climbing stairs, carrying groceries or moving a chair)

SF-6D Physical functioning (vigorous activities,
moderate activities, bathing and dressing)

SF-6D Role limitations (work or other daily activities)

Physical symptoms (other)

EQ-5D-5L Vision bolt-on

EQ-5D-5L Hearing bolt-on

EQ-5D-5L Skin irritation bolt-on (itching)

EQ-5D-5L Breathing bolt-on (shortness of breath,
wheezing, coughing, sputum)

0.852
0.909
0.928

0.919
0.940

0.707
0.881
0.789

0.961
0.868
0.955

0.941

0.874
0.966

0.969

0.950

0.971
0.811
0.871

0.803
0.885
0.884

0.927
0.892

0.916
0.924

0.922

0.856

0.826

0.599

0.477
0.540
0.797

EQ-5D-5L Anxiety/depression
EQ-5D-5L Self-confidence bolt-on

EQ-5D-5L Cognition bolt-on (memory, comprehension,
concentration, thinking)

PROMIS-29+2 Fearful

PROMIS-29+2 Hard to focus on anything other than
anxiety

PROMIS-29+2 Overwhelming worries
PROMIS-29+2 Uneasy

PROMIS-29+2 Worthless
PROMIS-29+2 Helpless
PROMIS-29+2 Depressed
PROMIS-29+2 Hopeless

PROMIS Global10 (emotional problems, such as
anxious, depressed, irritable)

SF-6D Mental health (tense or downhearted)

Satisfaction
SWLS Life close to ideal
SWLS Excellent life conditions

SWLS Satisfied with one’s life
SWLS Gotten the important things wanted

SWLS If started over, would change almost nothing
Sleep

EQ-5D-5L Sleep bolt-on

PROMIS-29+2 Sleep quality

PROMIS-29+2 Problem with sleep

PROMIS-29+2 Difficulty falling asleep

Social functioning

EQ-5D-5L Social relationships bolt-on
PROMIS-29+2 Doing family activities

PROMIS-29+2 Doing activities with friends

PROMIS-29+2 Doing regular leisure activities with
others

PROMIS-29+2 Doing usual work (include work at home)

PROMIS Global05 (satisfaction with social relationships
and activities)

PROMIS Global09 (social activities and roles, incl. at
home, work, your community, responsibilities as
parent, child, spouse, employee, friend)

SF-6D Social functioning (limitations in social activities)

PROMIS indicates Patient-Reported Outcomes Measurement Information System; SF-6D, Short Form 6 Dimension; SWLS, Satisfaction with Life Scale.
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0.899
0.768
0.792

0.870
0.907

0.873
0.880
0.874
0.888
0.927
0.941
0.881

0.790

0.910
0.912

0.954

0.830

0.698

0.930
0.830
0.747
0.873

0.723

0.884

0.894
0.897

0.909

0.740

0.789

0.754
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Table 4. Known-group validity of EQ-5D-5L (plus bolt-ons) across 13 health condition groups.

EQ-5D-5L + selected bolt-ons

EQ-5D-5L (+ bolt-on)
ceiling (%)

EQ-5D-5L (+ bolt-on)
mean (SD) LSS

Healthy
(n = 388)

RE (95% CI), ref:
previous row

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

Chronic
condition

Chronic
condition

Healthy
(n = 388)

Allergies (n = 277)

EQ-5D-5L 70.9 28.5 3.1(7.8) 12.5(14.2) - -
EQ-5D-5L + SL 58.2 20.2 3.7 (7.5 13.9 (13.8) 1.24 (1.12-1.40)

EQ-5D-5L + SL + TI 423 9.7 5.2 (8.0) 16.2 (13.9) 1.13 (1.02-1.24)

EQ-5D-5L + SI + SL + TI 40.7 7.9 4.9 (7.4) 15.6 (13.1) 1.09 (1.03-1.16) 1.53 (1.30-1.84)
Anxiety (n = 160)

EQ-5D-5L 70.9 1.9 3.1(7.8) 26.5 (18.6) - -
EQ-5D-5L + SL 58.2 0.6 3.7 (7.5 27.9 (17.6) 1.18 (1.09-1.28)

EQ-5D-5L + SL + TI 423 0.6 5.2 (8.0) 30.3(17.2) 1.07 (1.01-1.15) 1.26 (1.21-1.41)
Cardiovascular diseases (n = 218)

EQ-5D-5L 70.9 16.5 3.1(7.8) 20.6 (19.1) - -
EQ-5D-5L + SL 58.2 9.6 3.7 (7.5 21.4 (18.3) 1.11 (1.03-1.19)

EQ-5D-5L + BR + SL 46.9 7.8 4.4 (7.5) 20.4 (17.1) 1.06 (1.01-1.11) 1.18 (1.09-1.28)
Depression (n = 120)

EQ-5D-5L 70.9 1.7 3.1(7.8) 29.5 (19.1) - -
EQ-5D-5L + SL 58.2 0 3.7 (7.5 31.0 (17.9) 1.19 (1.10-1.31) 1.19 (1.1-1.31)
Diabetes (n = 173)

EQ-5D-5L 70.9 26 3.1(7.8) 16.4 (18.1) - -
EQ-5D-5L + VI 46.9 6.9 4.3 (7.5) 18.1 (16.6) 1.26 (1.14-1.40)

EQ-5D-5L + SL + VI 40.2 5.8 4.7 (7.2) 18.5(16.2) 1.21 (1.12-1.33) 1.33(1.18-1.54)
Eye or visual disorders (n = 267)

EQ-5D-5L 70.9 19.9 3.1(7.8) 17.9 (17.9) - -
EQ-5D-5L + VI 46.9 1.5 4.3 (7.5) 21.3 (16.0) 1.58 (1.45-1.75) 1.58 (1.45-1.75)
GERD, gastric/peptic ulcer (n = 180)

EQ-5D-5L 70.9 17.8 3.1(7.8) 18.4 (15.8) - -
EQ-5D-5L + SL 58.2 1.7 3.7 (7.5 20.2 (15.3) 1.25 (1.14-1.38) 1.25(1.14-1.38)
Headache, migraine (n = 130)

EQ-5D-5L 70.9 11.5 3.1(7.8) 21.8 (19.2) - -
EQ-5D-5L + TI 47.9 5.4 4.9 (8.2) 25.1 (18.3) 1.19 (1.08-1.32)

EQ-5D-5L + SL + TI 423 4.6 5.2 (8.0) 26.2 (18.3) 1.10 (1.02-1.19) 1.31 (1.14-1.51)
Hearing problems (n = 93)

EQ-5D-5L 70.9 17.2 3.1(7.8) 19.8 (20.3) - -
EQ-5D-5L + HE 65.2 1.1 3.0 (7.0) 23.6 (17.6) 1.95 (1.68-2.41) 1.95 (1.68-2.41)
Hypertension (n = 466)

EQ-5D-5L 70.9 24.2 3.1(7.8) 15.9 (17.2) - -
EQ-5D-5L + SL 58.2 15.2 3.7 (7.5 16.9 (16.4) 1.16 (1.08-1.25)

EQ-5D-5L + BR + SL 46.9 12.7 4.4 (7.5) 15.8 (15.2) 1.05 (1.01-1.09) 1.22 (1.12-1.32)
Musculoskeletal diseases (n = 481)

EQ-5D-5L 70.9 14.8 3.1(7.8) 18.6 (16.3) - -
EQ-5D-5L + SL 58.2 7.9 3.7 (7.5 19.3 (15.6) 1.09 (1.03-1.17) 1.09 (1.03-1.17)
Respiratory diseases (n = 141)

EQ-5D-5L 70.9 17.7 3.1(7.8) 17.1 (17.0) - -
EQ-5D-5L + BR 68.8 9.9 2.9 (7.0) 18.4 (15.9) 1.44 (1.30-1.62) 1.44 (1.30-1.62)

continued on next page
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Continued

Skin diseases (n = 120)
EQ-5D-5L 70.9 27.5
EQ-5D-5L + SI 66.8 13.3

3.1(7.8)
3.0(7.0)
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15 (16.6) -

15.7 (14.9) 1.41 (1.24-1.65) 1.41 (1.24-1.65)

Note. In diseases where more than 1 bolt-on improved the relative efficiency of the EQ-5D-5L, we computed 2 relative efficiency values. One compared the EQ-5D-5L + n
bolt-on(s) with the EQ-5D-5L + n-1 bolt-on(s), and the other compared the EQ-5D-5L + n bolt-on(s) with the EQ-5D-5L alone.
BR indicates breathing; GERD, gastroesophageal reflux disease; HE, hearing; LSS, level sum score; RE, relative efficiency; SE, self-confidence; S, skin irritation; SL, sleep;

Tl, tiredness; VI, vision.

demonstrated an appropriate fit to the data with an root mean
square error of approximation of 0.076 (95% CI 0.075-0.077) and
comparative fit index of 0.991. In this model, 63 items were loaded
on the following 9 factors: psychological functioning, physical
functioning, pain, energy/fatigue, satisfaction, general health, sleep,
social functioning, and other physical symptoms (Table 3). All items
except hearing and skin irritation had a standardized factor loading
=0.55, suggesting a good fit. Seven of the 9 bolt-ons loaded on a
different factor than any of the EQ-5D-5L items: “energy/fatigue”
(tiredness), “sleep” (sleep), “social functioning” (social relation-
ships), and “other physical symptoms” (breathing, hearing, skin
irritation, and vision). The cognition and self-confidence bolt-ons
loaded on the same “psychological functioning” factor as the anxi-
ety/depression item.

We observed substantial variations in the mean LSS change
when adding different bolt-on items to the EQ-5D-5L (Table 4 and
Appendix Table 6 found at https://doi.org/10.1016/j.jval.2024.03.21
95). As expected, the inclusion of (combinations of) bolt-ons
significantly improved the instrument’s ability to detect differ-
ences between respondents with chronic conditions and healthy
respondents, with relative efficiencies ranging from 1.09 (95% CI
1.03-1.17) to 1.95 (95% CI 1.68-2.41). Examples of conditions include
eye and visual disorders (vision), hearing impairment (hearing),
respiratory diseases (breathing), skin diseases (skin irritation),
depression (sleep), headache/migraine (sleep and tiredness), and
cardiovascular diseases (breathing and sleep). The hearing and
vision bolt-ons were particularly effective in capturing declining
health with age. The vision or the vision and tiredness bolt-ons
improved the relative efficiency for assessing health status, phys-
ical health, and quality of life, whereas cognition, self-confidence,
social relationships, and tiredness were better in differentiating
between groups based on mental health and well-being.

In univariable regressions for EQ VAS, the adjusted R? was the
highest for tiredness and the smallest for skin irritation (Table 5).
Regarding PROMIS Global Health, the highest adjusted R? was
achieved by the tiredness bolt-on, whereas the lowest was
observed with hearing. Corresponding bolt-ons for SWLS score
were social relationships and hearing. In multivariable regressions
including the 5 EQ-5D-5L items, the adjusted R? values were 0.44,
0.52, and 0.24 for the EQ VAS, PROMIS Global Health, and SWLS,
respectively. The increase in adjusted R?> was modest, irrespective
of the primary construct used as a dependent variable or the

chronic condition group (Appendix Table 7 found at https://doi.
org/10.1016/j.jval.2024.03.2195).

This study performed a comprehensive and large-scale exam-
ination of the psychometric properties of 9 existing bolt-ons for
the EQ-5D-5L in a representative sample of the Hungarian adult
general population. We relied on multiple methods to test a wide
range of psychometric properties and to determine the value of
adding bolt-ons to the EQ-5D-5L. Strong psychometric evidence
was found for some bolt-ons at item level (eg, self-confidence,
sleep, tiredness, vision) and in enhancing the performance of
the EQ-5D-5L instrument as a whole (eg, breathing, hearing, self-
confidence, skin irritation, vision). Our study adds to the growing
body of bolt-on literature in several ways. First, given that the 9
bolt-ons examined in this study are still in developmental phase,
the results can contribute to shaping their further development.
Second, this study provides an example framework for conducting
a comprehensive assessment of the psychometric properties of
multiple bolt-ons. Third, the specific findings have relevance not
only for future general population surveys but also for guiding the
selection of appropriate bolt-ons for various patient populations.

In line with previous research,”>> the 2 sensory bolt-ons,
hearing and vision, significantly improved the ability of the EQ-
5D-5L to detect differences in HRQoL among patients with hear-
ing impairments and eye and visual disorders, respectively.
Breathing and skin irritation also demonstrated good known-
group validity in relevant disease groups (breathing, respiratory
and cardiovascular diseases; skin irritation, skin diseases and al-
lergies) confirming the findings of earlier work in patients with
chronic obstructive pulmonary disease, burns, and psoria-
sis.!125657 The sleep bolt-on performed exceptionally well in
known-group validity analyses and made the greatest contribu-
tion to improving the EQ-5D-5L’s performance in 9 of 13 chronic
health conditions, including both physical and mental illnesses. In
contrast, tiredness contributed the most to explaining the variance
in EQ VAS scores in 8 of 13 conditions. The cognition bolt-on used
in this study did not meet our expectations in terms of psycho-
metrics. These findings suggest that although cognition is an
important element of HRQoL also for the general population, it
may be more effectively captured by using alternatively worded or
separate items targeting different subdomains of cognition.

Little is known about the maximum number of bolt-ons that
can be attached to the EQ-5D and how to determine the optimal
balance between the number of items and their added value in


https://doi.org/10.1016/j.jval.2024.03.2195
https://doi.org/10.1016/j.jval.2024.03.2195
https://doi.org/10.1016/j.jval.2024.03.2195
https://doi.org/10.1016/j.jval.2024.03.2195
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Uni- and multivariable regressions on EQ VAS, PROMIS Global Health total score and SWLS.

EQ-5D-5L dimensions

MO 0.2343 -

SC 0.1528 -

UA 0.2555 -

PD 0.3639 -

AD 0.2053 -
Bolt-on dimensions

VI 0.0902 -

TI 0.2194 -

SL 0.1604 -

SE 0.0920 -

HE 0.0519 -

SR 0.1183 -

Sl 0.0301 -

BR 0.1280 -

Cco 0.1626 -
EQ-5D-5L (+ bolt-on dimensions)

EQ-5D-5L 0.4404 -
EQ-5D-5L + SR - -
EQ-5D-5L + TI 0.4550 0.0146
EQ-5D-5L + SE + SR - -
EQ-5D-5L + SE + TI - -
EQ-5D-5L + SL + TI 0.4618 0.0214
EQ-5D-5L + SE + SR + TI - -
EQ-5D-5L + BR + SL + TI 0.4671 0.0267
EQ-5D-5L + SE + SL + SR + Tl - -
EQ-5D-5L + BR + SL + Tl + VI 0.4687 0.0283
EQ-5D-5L + SE + SL + SR + Tl + VI - -
EQ-5D-5L + BR + CO + SL + Tl + VI 0.4701 0.0297
EQ-5D-5L + BR + SE + SL + SR + Tl + VI - -
EQ-5D-5L + BR + CO + SL + SR + Tl + VI 0.4702 0.0298
EQ-5D-5L + BR + CO + HE + SL + SR + TI 0.4703 0.0299

+ VI

0.2495 - 0.0777 -
0.1407 - 0.0504 -
0.2689 - 0.1029 -
0.4079 - 0.1563 -
0.3080 - 0.1859 -
0.1271 - 0.0607 -
0.3298 - 0.1298 -
0.2043 - 0.1050 -
0.2057 - 0.1626 -
0.0542 = 0.0158 =
0.2047 - 0.1648 -
0.0595 - 0.0325 -
0.1442 - 0.0750 -
0.2063 - 0.1050 -
0.5234 - 0.2373 -
- - 0.2700 0.0327
0.5602 0.0368 - -
- - 0.2879 0.0506
0.5754 0.0520 - -
0.5808 0.0574 0.2888 0.0515
0.5846 0.0612 - -
0.5893 0.0659 - -
0.5912 0.0678 - -

AD indicates anxiety/depression; BR, breathing problems; CO, cognition; EQ VAS, EuroQol visual analogue scale; HE, hearing; SC, self-care; SE, self-confidence; SL, sleep;
S|, skin irritation; SR, social relationships; MO, mobility; PD, pain/discomfort; PROMIS, Patient-Reported Outcomes Measurement Information System; SWLS, Satisfaction

With Life Scale; TI, tiredness; UA, usual activities; VI, vision.

terms of improved psychometrics. The existing literature suggests
that, in practice, up to 4 items could be added to the EQ-5D to
more comprehensively capture HRQoL aspects not covered by the
instrument in specific populations.'"*%°%-%" However, these
choices have rarely been supported by sufficient empirical evi-
dence. Our results indicate that in most cases 1 or 2 bolt-ons can
enhance the discriminatory power of the instrument, and the
inclusion of a third or fourth bolt-on has very little impact on
measurement performance, although it could further improve
content validity. This finding is in line with other important

considerations, such as respondent burden and feasibility for
valuation.

There are some limitations of this study. First, it relied on a
general population sample, and there were few respondents in the
2 most severe levels of each bolt-on item. Second, there was a block
of other health-related questions positioned between the EQ-5D-
5L and the bolt-ons,>! which could have potentially influenced
responses on bolt-ons, and the fixed order of the 9 bolt-ons might
have introduced some ordering effects. Third, the assessment of
explanatory power of bolt-ons on HRQoL or well-being outcomes
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might be affected by the heterogeneity in the interpretation and
scoring of the EQ VAS®*®3 and the content of the descriptive system
of other instruments (eg, PROMIS Global Health, SWLS). Fourth, the
use of LSSs alone for testing the known-group validity of the EQ-
5D-5L versus EQ-5D-5L + bolt-on(s) may introduce bias given
that combinations of responses that seem different in terms of
overall severity may result in the same score. In addition, the
known-group validity tests were restricted to health condition, age,
general health, and well-being groups, but clinical severity was not
evaluated. The absence of an adequate number of items repre-
senting cognition and the lack of items related to vision, hearing,
breathing, or skin irritation represent a limitation of the CFA. The
latter 4 bolt-on items were loaded on the same “other physical
symptoms” factor. However, these items, in fact, capture different
constructs, and if the survey had included condition-specific items
covering these areas of HRQoL, they would likely have loaded on
separate factors. Finally, our analyses involving external measures
depend on the validity of these measures. It is worth noting that all
instruments have been previously validated in Hungarian.?>-246465
Future research is recommended to use alternative approaches,
such as item response theory, to gain a deeper understanding of the
structural validity of the EQ-5D-5L and various bolt-ons in relevant
populations.

Although several bolt-ons demonstrated strong performance in
our study, it is uncertain whether these bolt-ons are suitable for
valuation in terms of their descriptive characteristics and how these
additional dimensions would affect the valuation tasks and the
resulting utilities. For instance, previous valuation studies reported
no benefit of adding a sleep or an energy dimension to the EQ-5D-
3L.%%% The valuation of the EQ-5D-5L with bolt-ons remains an
unresolved issue and presents many analytical and practical chal-
lenges. Moreover, there is the issue of comparability of bolt-on
value sets with existing national EQ-5D-5L value sets used in
HTA. Presently, when separate bolt-on value sets are used for cost-
utility analyses, HTA agencies (eg, National Institute for Health and
Care Excellence or Canadian Agency for Drugs and Technologies in
Health) typically treat the results as a sensitivity analysis to the
reference case, EQ-5D.5”°® However, there is an increasing trend in
using the EQ-5D for various noneconomic applications, such as
observational studies, randomized controlled trials, patient regis-
tries, and population health surveys.®® Given the brevity of the EQ-
5D, extending it with a limited number of targeted questions seems
a reasonable approach, which contrasts with the often 10 or more
items found in broader generic, condition-specific, or well-being
measures. This strategy allows for retaining the core 5 dimensions,
ensuring international comparability and facilitating economic
evaluations, while enhancing sensitivity in a selected context. Thus,
the EQ-5D and an appropriate set of bolt-ons could even be a
contender for condition-specific, generic profile HRQoL and well-
being instruments.

Our study has provided valuable evidence supporting the val-
idity of multiple bolt-ons for the EQ-5D-5L in a large general
population sample. Incorporating relevant bolt-ons in population-
based and patient surveys can improve the discriminatory power of
the EQ-5D-5L. The addition of the vision and hearing bolt-on seems
particularly valuable for more effectively capturing HRQoL decline
with age. We have identified the most promising bolt-ons for 13
prevalent chronic health conditions, which can inform the selec-
tion of candidate bolt-ons for future studies in clinical populations.
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