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A B S T R A C T

Objectives: Cognition is the most commonly used EQ-5D bolt-on, with many different versions 
varying by descriptors and response levels (3L vs 5L). We aimed to systematically review the 
psychometric properties of cognition bolt-ons for the EQ-5D-3L and EQ-5D-5L.

Methods: A systematic review was conducted in PubMed, Web of Science, and Google Scholar 
following PRISMA 2020 guidelines (PROSPERO:CRD42023445567). We assessed the bolt-ons’ 
performance both as individual items and when added to the EQ-5D. Each bolt-on version was 
rated as positive (1) or nonpositive (2) within each publication using a checklist, and scores 
were summed across publications to reflect overall performance.

Results: In total, 101 publications from 72 studies met the inclusion criteria, examining 15 3-level 
and 13 5-level bolt-ons. The most frequently reported psychometric properties were item-level 
ceiling (n = 75) and known-groups validity (n = 54). Fewer studies explored convergent or 
divergent validity (n = 8 for each), responsiveness (n = 3), patient-proxy agreement (n = 2), and 
test-retest reliability (n = 1). None reported on content validity. Five-level bolt-ons 
outperformed 3-level bolt-ons in terms of overall performance (3L: 551/572; 5L: 451/282). 
Supportive psychometric evidence varied by populations, eg, head/brain injury (3L: 111/112; 
5L: 11/32) and dementia (3L: 91/82; 5L: 41/42). The most-tested bolt-ons were the Janssen 
2013 (5L, cognition: 181/152) and Haagsma 2005 (3L, thinking ability: 81/122) versions, with 
fewer than 10 assessments for all other bolt-ons.

Conclusions: Despite several publications, the psychometric evidence remains insufficient to 
identify a preferred cognition descriptor. Future research should prioritize content validity testing 
to inform the selection of candidate items, with quantitative psychometric evaluation preferably 
conducted afterward.

Keywords: bolt-on, cognition, EQ-5D, measurement properties, psychometric, systematic litera-
ture review.
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Introduction

The EQ-5D is the most widely used generic preference-
accompanied measure of health-related quality of life (HRQoL). 1,2 

It is recommended by numerous pharmacoeconomic guidelines and 
health technology assessment bodies worldwide. 3,4 It also serves as 
a patient-reported outcome measure to assess HRQoL in both gen-
eral populations and patient groups across diverse contexts. 5,6 The 
EQ-5D is the shortest of the existing generic preference-
accompanied measures, consisting of 5 single-item dimensions: 
mobility, self-care, usual activities, pain/discomfort, and anxiety/ 
depression. Although these 5 dimensions are broadly relevant across 
most populations and interventions, they may not fully capture all 
important aspects of HRQoL in some specific populations. 7,8 To 
address areas not included in the EQ-5D, an increasing number of 
studies have proposed “bolt-ons”—additional dimensions devel-
oped to extend the EQ-5D descriptive system. 9

Similar to any HRQoL measure, psychometric testing of bolt-
ons across different target populations, health interventions,

languages, modes of
administration (eg, self-
completion or inter-
viewer-administered) and versions (eg, self-report or 
proxy-report) is necessary to ensure that the bolt-on is valid, reli-
able, and sensitive to changes in HRQoL for the intended future ap-
plications. Because bolt-ons supplement an existing instrument, 
their testing typically focuses on the improvement in measurement 
performance achieved by their addition. 10-23 Recent guidance on the 
development, selection, and testing of bolt-ons has recommended 
using mixed-methods research that combines both qualitative and 
quantitative approaches in the psychometric testing of bolt-ons. 24 

To date, bolt-ons have been proposed for more than 50 con-
structs. Cognition is one of the earliest and most frequently used 
bolt-ons, 9,25 with 181 publications and 52 different wordings for 
this dimension. 26 A comprehensive evaluation of the psycho-
metric properties of each bolt-on is essential to guide decisions 
regarding the selection of the best-performing bolt-ons. 
Demonstrating strong psychometric properties is also a key
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criterion for bolt-ons to be accepted by pharmacoeconomic or 
regulatory guidelines set by relevant bodies, 27,28 and it can also 
influence future adoption and uptake by different user groups. 
Therefore, we aimed to systematically review the literature on 
the psychometric properties of cognition bolt-ons for the EQ-5D-
3L and EQ-5D-5L.

Methods

Study Protocol

This systematic review is the second part of a 2-part sys-
tematic review on cognition bolt-ons for the EQ-5D (PROSPERO 
reg. no. CRD42023445567). The first part of the review 

explored the development and use of cognition bolt-ons, 26 

whereas this second part examines their psychometric prop-
erties using a subset of publications from the first part. Detailed 
descriptions of data sources, search strategy, and study selec-
tion are provided in the first part. 26 Here, we briefly summarize 
the methods and note any deviations from or additions to the 
first part.

Study Selection, Inclusion Criteria

A literature search was conducted in 2023 using PubMed, Web 
of Science, Google Scholar, and EuroQol conference pro-
ceedings. 26 Study selection adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
guidelines. 29 Two independent reviewers (F.R. and S.P.) per-
formed the selection (based on inclusion and exclusion criteria), 
data extraction, and psychometric assessment. The inclusion 
criteria were as follows:

• Publication type: original articles (excluding published study 
protocols), short communications, research letters, confer-
ence papers (excluding posters), master’s or doctoral theses, 
and published working articles or research reports.

• Publication language: any language.
• Study type: qualitative studies, cross-sectional studies, cohort 
studies, case-control studies, or clinical trials.

• Study population: Studies involving participants aged $16 
years.

• Sample size for quantitative studies: $30 (based on the central 
limit theorem). 30

• Intervention/exposure: any type of intervention or exposure 
was eligible.

• Instrument: EQ-5D-3L or EQ-5D-5L with any cognition bolt-
on(s). (Note: cognition bolt-ons not following the format of 
the EQ-5D, such as items of other instruments were not 
considered).

• Psychometric properties: studies that reported on at least 1 
psychometric property of the cognition bolt-on or the EQ-
5D1cognition bolt-on.

Multiple publications from the same data set were included if 
they presented results on different psychometric properties or for 
different subsets of respondents. In the summary table of study 
characteristics, we report the results separately for “studies” and 
“publications” to account for multiple publications arising from 

the same study, with the publication that has the largest sample 
size considered the primary representation of the study.

Data Extraction and Strategy for Data Synthesis

The following data were extracted from eligible publications:

• Publication details: authors, year of publication, and publica-
tion language.

• Study characteristics: study design, sample size, country, and 
language.

• Characteristics of the study population: age and diagnosis.
• Completion: self-completed versus interviewer-administered.
• Reporting method: self-report versus proxy (including 
perspective: proxy-proxy or proxy-patient).

• Characteristics of the cognition bolt-on: version used (3-level 
[3L] or 5-level [5L]), number of bolt-on items used, precise 
wording of the bolt-on item(s), any modifications used (eg, 
recall period or pictorial version).

• Psychometric methodology: qualitative, quantitative, and 
mixed methods.

• Psychometric results (for qualitative studies): key findings, 
including relevant quotes.

• Psychometric results (for quantitative studies; bolt-on 
item(s)): descriptive statistics of bolt-on responses, eg, 
response distribution on bolt-on item(s) and also the core EQ-
5D items, floor, ceiling, divergent, convergent, known-groups 
and structural validity, correlation with EQ VAS, responsive-
ness, test-retest reliability, inter-rater (eg, patient-proxy) 
agreement, and differential item functioning.

• Psychometric results (for quantitative studies; EQ-5D1bolt-on 
item(s)): floor, ceiling, absolute and relative informativity, 
divergent, convergent and known-groups validity, explanatory 
power on EQ VAS in a multivariable regression, responsiveness, 
test-retest reliability, and interrater agreement.

Floor, ceiling, and absolute and relative informativity at the 
instrument level (EQ-5D1bolt-on(s)) were included only if re-
ported for both EQ-5D and EQ-5D1bolt-on because results are 
not interpretable otherwise. External measures for which corre-
lations were reported were individually assessed based on their 
content and the specific bolt-on item tested, to determine 
whether they were appropriate for evaluating convergent or 
divergent validity. Correlations with all external measures were 
reported for completeness, regardless of their later consideration 
in the psychometric assessment using the checklist. Explanatory 
power on the EQ VAS was considered only when assessed in a 
multivariable model that included all five EQ-5D items and the 
bolt-on. Internal consistency reliability was not extracted when 
reported because it is deemed inappropriate for EQ-5D(1bolt-on) 
because of the assumption of independence across dimensions. 
For longitudinal studies in which a psychometric property was 
assessed at multiple time points, we extracted the relevant data 
for each time point. Patient populations were classified according 
to the International Classification of Diseases, 11th Revision 
(ICD-11). 31

Assessment of Psychometric Properties

We extracted only numerical results from the included 
studies, excluding the authors’ interpretations (eg, rating a 
certain psychometric finding as poor or good), and applied our 
own checklist to minimize bias. We developed a psychometric 
checklist based on the 8 bolt-on testing criteria proposed by 
Mulhern et al, 2022. 24 The following considerations prompted us
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Table 1. Characteristics summary of the included publications and studies.

Characteristic Publications (k = 101) Studies (n = 72)

k % n %
Publication language

English 94 93.1% 66 91.7%

Dutch 3 3.0% 2 2.8%

Mandarin Chinese 3 3.0% 3 4.2%

Japanese 1 1.0% 1 1.4%

Publication type

Journal article 95 94.1% 66 91.7%

Thesis 3 3.0% 3 4.2%

EuroQol conference paper 1 1.0% 1 1.4%

Other research reports 2 2.0% 2 2.8%

Country*

The Netherlands 63 62.4% 44 61.1%

New Zealand 10 9.9% 3 4.2%

Australia 4 4.0% 2 2.8%

Belgium 4 4.0% 3 4.2%

China 4 4.0% 4 5.6%

Germany 3 3.0% 2 2.8%

India 2 2.0% 2 2.8%

Japan 2 2.0% 2 2.8%

South Africa 2 2.0% 2 2.8%

Zimbabwe 2 2.0% 2 2.8%

Other countries † 8 7.9% 8 11.1%

Language of instrument*

Dutch 65 64.4% 46 63.9%

English 19 18.8% 10 13.9%

Mandarin Chinese 4 4.0% 4 5.6%

French 3 3.0% 3 4.2%

German 3 3.0% 2 2.8%

Japanese 2 2.0% 2 2.8%

Other languages ‡ 11 10.9% 9 12.5%

Not reported 2 2.0% 2 2.8%

Study design*

Cross-sectional 38 37.6% 29 40.3%

Longitudinal cohort 53 52.5% 33 45.8%

Randomized controlled trial 6 5.9% 6 8.3%

Case control 2 2.0% 2 2.8%

Other study designs § 3 3.0% 3 4.2%

Sample size

30-49 4 4.0% 2 2.8%

50-99 11 10.9% 8 11.1%

100-199 21 20.8% 16 22.2%

200-299 12 11.9% 9 12.5%

300-399 12 11.9% 10 13.9%

400-499 6 5.9% 4 5.6%

500-999 12 11.9% 9 12.5%

1000 and above 23 22.8% 14 19.4%
continued on next page
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Table 1. Continued

Characteristic Publications (k = 101) Studies (n = 72)

k % n %
Study population*

Patient 83 82.2% 57 79.2%

General population (151) 18 17.8% 15 20.8%

General population: solely older adults 
(551)

8 7.9% 7 9.7%

Caregivers 6 5.9% 5 6.9%

Patient population (ICD-11 
categorization)*

01 Certain infectious or parasitic diseases 10 9.9% 8 11.1%

02 Neoplasms 3 3.0% 2 2.8%

04 Immune system 1 1.0% 1 1.4%

05 Endocrine, nutritional or metabolic 2 2.0% 2 2.8%

06 Mental, behavioral, or 
neurodevelopmental

15 14.9% 14 19.4%

08 Nervous system 6 5.9% 4 5.6%

09 Visual system 1 1.0% 1 1.4%

10 Ear or mastoid process 1 1.0% 1 1.4%

11 Circulatory system 4 4.0% 3 4.2%

12 Respiratory system 1 1.0% 1 1.4%

13 Digestive system 6 5.9% 3 4.2%

14 Skin 1 1.0% 1 1.4%

15 Musculoskeletal system or connective 
tissue

1 1.0% 1 1.4%

16 Genitourinary system 2 2.0% 2 2.8%

18 Pregnancy, childbirth or the 
puerperium

3 3.0% 3 4.2%

21 Symptoms, signs or clinical findings, 
not elsewhere classified

2 2.0% 1 1.4%

22 Injury, poisoning or certain other 
consequences of external causes

39 38.6% 20 27.8%

24 Factors influencing health status or 
contact with health services

3 3.0% 3 4.2%

Other diagnoses 4 4.0% 4 5.6%

Not applicable ‖ 18 17.8% 15 20.8%

Most common diagnoses*

Injury 31 30.7% 15 20.8%
-Head or brain injury 19 18.8% 10 13.9%

Dementia 11 10.9% 10 13.9%

Burn 6 5.9% 4 5.6%

HIV 4 4.0% 3 4.2%

Depression 3 3.0% 3 4.2%

Pregnancy complication 3 3.0% 3 4.2%

Q-fever and chronic fatigue syndrome 3 3.0% 2 2.8%

Cardiovascular disease (not specified) 2 2.0% 2 2.8%

Chronic kidney disease 2 2.0% 2 2.8%

Diabetes 2 2.0% 2 2.8%

Hypertension 2 2.0% 2 2.8%

Schistosomiasis 2 2.0% 2 2.8%

Stroke 2 2.0% 2 2.8%
continued on next page
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to further develop and adapt this list of criteria for the current 
study. First, the criteria do not include all psychometric proper-
ties for which evidence was available in the bolt-on literature (eg, 
patient-proxy agreement), whereas other aspects included (eg, 
missing rates) could not be assessed because of limited reporting. 
Second, the criteria do not consistently distinguish between 
psychometric assessment at the item level and at the level of the 
instrument (ie, EQ-5D with the bolt-on), and we considered it 
important to evaluate both. Third, although some criteria include 
proposed cutoff values, these are sometimes drawn from litera-
ture unrelated to bolt-on research. Moreover, although specific 
psychometric tests are recommended for certain properties, 
alternative methods are also commonly used in the literature. 
Lastly, many of the included publications in our systematic re-
view were not explicitly designed for psychometric validation,

with psychometric findings reported only as a secondary 
outcome. The authors of this review have extensive experience in 
psychometric testing of various bolt-ons, and their expertise also 
informed the development of the checklist. The checklist was 
iteratively refined through feedback from the research team and 
the EuroQol Group’s Descriptive Systems Working Group and was 
finalized after being tested on 20 different publications (see 
Appendix Table 1 in Supplemental Materials.

When developing the checklist, we considered its potential 
broader applicability beyond the cognition bolt-on. For 
example, we created 2 separate checklist items (1a and 1b) to 
assess item-level ceiling. Item 1a uses a 70% threshold 
following earlier literature, 32 whereas item 1b compares the 
ceiling of the bolt-on item with that of the core EQ-5D items. 
For cognition, demonstrating a lower ceiling than any of the

Table 1. Continued

Characteristic Publications (k = 101) Studies (n = 72)

k % n %
Others ¶ 16 15.8% 12 16.7%

Not applicable ‖ 18 17.8% 15 20.8%

Response levels of the EQ-5D1cognition

EQ-5D-3L 1 3-level cognition bolt-on 75 74.3% 50 69.4%

EQ-5D-5L 1 5-level cognition bolt-on 24 23.8% 21 29.2%

EQ-5D-5L 1 3-level cognition bolt-on 2 2.0% 1 1.4%

Number of cognition bolt-ons used

1 100 99.0% 71 98.6%

4 1 1.0% 1 1.4%

Administration*

Self-completed 69 68.3% 47 65.3%

Interviewer-administered 39 38.6% 28 38.9%

Not known 5 5.0% 2 2.8%

Self/proxy reporting*

Self-report 85 84.2% 62 86.1%

Proxy-report 15 14.9% 13 18.1%
Proxy perspective 
Proxy-proxy 4 4.0% 3 4.2%
Proxy-patient 7 6.9% 6 8.3%
Perspective NR 4 4.0% 4 5.6%

Not known 4 4.0% 1 1.4%

Bolt-on modifications*

Retrospective assessment £ 17 16.8% 7 9.7%

‘Last week’ recall period 1 1.0% 1 1.4%

Pictorial EQ-5D-5L 1 pictorial 5-level 
cognition bolt-on

1 1.0% 1 1.4%

Note. When a study has multiple publications, the one with the largest sample size is considered the primary representation. NR indicates not reported.
*One publication or study may belong in multiple categories.
† Countries with 1 study each: Hungary, Indonesia, Malaysia, South Korea, Spain, Switzerland, Thailand, and United Kingdom.
‡ A study may use more than 1 instrument language. Languages with one study each: Hungarian, Indonesian, Korean, Malay, Moroccan, Moroccan-Arabic, Sarnámi-
Hindustani, Shona, Spanish, Sranan Tongo, Surinamese, Tarifit, Telugu, Thai, and Turkish.
§ Designs with 1 study each: prospective panel, pragmatic clinical trial, and non-randomized controlled trial.
‖ Studies that involved general populations, caregivers, or community-dwelling (older) adults.
¶ Diagnoses with 1 study each: abdominal aorta aneurysm, dental problems, intensive care patients, liver transplant patients, mercury intoxication, schizophrenia, 
surgery patients, tendency to fall, trichinosis, and unspecified chronic diseases. Diagnosis with 2 studies: unspecified acute diseases.
£ Preaccident, preburn, prehospitalization, or preinjury.
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core 5 dimensions may be difficult to achieve as (severe) 
cognitive impairments are likely to affect other dimensions, 
such as usual activities or anxiety/depression. 10,14,33,34 However, 
for other bolt-ons (eg, symptom- or functioning-specific bolt-
ons, such as skin irritation or hearing problems), item 1b may 
well be relevant.

For 4 checklist items, we opted not to impose rigid nu-
merical thresholds to define performance (eg, changes in 
ceiling or informativity for the EQ-5D1bolt-on compared with 
the EQ-5D alone). Instead, the adequacy of improvements in 
psychometric properties was assessed based on the authors’ 
judgment, considering the study design and population. In 
cases in which a psychometric property could be assessed not 
only for the total sample but also for subsets of respondents 
(eg, ceiling) or in which comparisons were made across 
different variables or groups (eg, convergent and divergent 
validity, known-groups validity, or responsiveness), we fol-
lowed a “75% of the respondent groups/cases/comparisons” 
rule. The criterion requiring a priori hypotheses and a 
threshold for correspondence was not included in our checklist 
because psychometric testing was not the primary aim of most

studies, and including such a criterion would have resulted in 
very few studies being rated positively, even among high-
quality ones.

Using this checklist, each psychometric property reported in 
a publication for a bolt-on version was evaluated as either 
positive (1) or nonpositive (2). Our team considered including 
an intermediate “unclear” or “doubtful” category but decided 
against it because of inconsistent interpretation and application 
across different checklists’ different items, which could intro-
duce additional subjectivity. However, we chose to use the term 

“nonpositive” instead of “negative” to better capture that these 
ratings include both negative and uncertain outcomes. For the 
publication reporting on multiple bolt-on items, each item was 
assessed individually. Any modifications to the bolt-ons (eg, 
pictorial versions or alternative recall periods) were assessed 
separately. The total number of positive and nonpositive eval-
uations was summed for each item. For item 1, only item 1a was 
included in the total score because of the reasons outlined 
above.

In addition to the total sample, assessments were also con-
ducted for 2 subgroup categories: (1) bolt-on items grouped as

Table 2. Ceiling, floor, and informativity of the EQ-5D-3L(1bolt-on) and EQ-5D-5L(1bolt-on).

Version Wording
code

Publication Study population* Sample
size

Reporting Ceiling

EQ-5D EQ-5D1cognition

3L A-3L-Co-
03a

Dijkshoorn et al. 
2022

Adult (181) burn patients, 3 
months post-burn

120 Self-report 39.0% 38.0%

3L A-3L-Co-
03a

Geraerds et al. Adult (181) injury patients, 1 
month post-injury

2693 Self-report Total sample: 7.9% 
TBI patients: 18.0% 

Non-TBI patients: 4.3%

Total sample: 7.3% 
TBI patients: 16.4% 

Non-TBI patients: 4.0%

3L A-3L-Co-
03a

Ophuis et al. 2019 Adolescent or adult (151) 
patients with injury, 2.5 months 
post-injury

5346 Self-report 26.5% 25.5%

3L A-3L-Co-
21

Perneger & 
Courvoisier 2011

Adults (201) from general 
population

349 Self-report 40.2% 32.7%

3L Unknown Schiffczyk et al. 
2010

Adult (521) patients with 
dementia

274 Self-report or proxy-report 
(perspective: proxy-patient)

Patient: 61.2% 

Proxy: 8.2%
Patient: 32.9% 

Proxy: 0.0%

5L A-5L-Co-
01a

Rencz and 
Janssen

Adults (181) from general 
population

1587 Self-report 40.50% 38.5%

5L A-5L-Co-
01b

Geraerds et al. Adolescent or adult (151) 
patients presented at the 
emergency department due to 
trauma/poisoning, 6-12 months 
after trauma

1799 Self-report All patients, 6 months: 
26.3%
TBI patients, 6 months: 
36.3%
PTSD patients, 6 
months: 0.9%
Neither TBI nor PTSD, 6 
months: 23.5%

All patients, 6 months: 
24.1%
TBI patients, 6 months: 
28.9%
PTSD patients, 6 
months:0.9%
Neither TBI nor PTSD, 6 
months: 22.2%

5L A-5L-Co-
01b

Geraerds et al. Adult (181) Q-fever patients, up 
to 10 years post-infection

432 Self-report 5.0% 2.0%

5L A-5L-Co-
02

De Graaf et al. 
2020

Adult patients with stroke, 3 
months post-stroke

360 Self-report 22.0% 14.0%

5L A-5L-Co-
16

Huang et al. 2022 Rural adults (161) without any 
cognitive impairment or mental 
disease and with no serious 
hearing, vision or 
communication impairment

320 Self-report 30.9% EQ-5D-5L1memory: 
17.9%
EQ-5D-5L 
1concentration: 26.6% 
EQ-5D-5L1learning: 
19.4%
EQ-5D-5L 
1understanding: 19.7%

5L A-5L-Co-
22

Kim et al. 2017 Adults (201) from general 
population

600 Self-report 60.8% 58.5%

PTSD indicates posttraumatic stress disorder; TBI, traumatic brain injury.
* If the minimum age was not indicated, it was not clearly reported in the publication. However, no pediatric samples were included.
† Four cognition bolt-on wordings were assessed for this study.
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global items (eg, cognition with or without examples in the 
dimension title), composite items (eg, memory/concentration, 
similarly to pain/discomfort or anxiety/depression in the EQ-5D) 
and subdimension items (eg, items focusing specifically on 
memory); and (2) patient populations with at least 10 studies 
available.

Results

Inclusion of Relevant Publications

The literature search identified a total of 181 publications 
representing 137 individual studies eligible for inclusion in the 
first part of our systematic review. 26 Of these, 109 studies eval-
uated at least one psychometric property of a cognition bolt-on. 
Four publications were excluded because the psychometric re-
sults for populations aged ,16 and $16 years could not be 
separated, 35-38 and a further 4 were excluded because of small 
sample sizes (,30). 39-42 Consequently, 101 publications repre-
senting 72 unique studies met the inclusion criteria for this 
second part of the systematic review (see Appendix Table 2 in 
Supplemental Materials.

Characteristics of Included Publications and Studies

The included studies originated from 18 countries, with The 
Netherlands (61%) contributing the most, followed by China (6%), 
and Belgium and New Zealand (4% each) (Table 1). Cognition 
bolt-ons were tested in 21 different languages, with Dutch (64%) 
being the most frequently used, followed by English (14%), 
Mandarin Chinese (6%) and French (4%). The majority of studies 
were either longitudinal cohorts (46%) or cross-sectional studies 
(40%). Overall, 32% of the studies had sample sizes exceeding 500 
respondents. Four-fifths of the studies included patient pop-
ulations, with the most common ICD-11 categories being “Injury, 
poisoning, or certain other consequences of external causes” 
(28%), “Mental, behavioral, or neurodevelopmental disorders” 
(19%), and “Certain infectious or parasitic diseases” (11%). The 2 
most prevalent disease groups were head/brain injuries and de-
mentia, each with 10 studies.

Bolt-On Versions

Psychometric properties were reported for 15 3L bolt-ons and 
13 5L bolt-ons (see Appendix Table 3 in Supplemental Materials. 
For 20 studies (26 publications), the bolt-on wording was 
unknown.

Table 2. Continued

Floor Absolute informativity (H’) Relative informativity (J’) Assessed in Table 6

EQ-5D EQ-5D
1cognition

EQ-5D EQ-5D1cognition EQ-5D EQ-5D1cognition Ceiling
reduction

Informativity

- - 3.62 3.96 0.46 0.42 ✔ ✔

- - TBI patients: 5.08
Non-TBI patients: 5.58

TBI patients: 5.88
Non-TBI patients: 6.38

TBI patients: 0.64
Non-TBI patients: 0.70

TBI patients: 0.62
Non-TBI patients: 0.67

✔ ✔

0.4% 0.2% - - - - ✔ ✗

- - - - - - ✔ ✗

0.0% 0.0% - - - - ✔ ✗

- - 4.81 5.49 0.41 0.39 ✔ ✔

- - All patients: 5.74 All patients: 6.37 All patients: 0.49 All patients: 0.46 ✔ ✔

- - - - - - ✔ ✗

0.0% 0.0% - - - - ✔ ✗

0.0% 0.0% - - - - ✔ † ✗

- - - - - - ✔ ✗
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Table 3. Convergent and divergent validity of EQ-5D-3L and EQ-5D-5L cognition bolt-ons.

Version Wording 
code

Publication Study population* EQ-5D Reporting Comparator Type of 
correlation

Dimension-level
analysis

Level sum score 
(LSS)-based analysis

Correlations with EQ-5D dimensions

3L A-3L-Co-
03a

Ophuis et al. 
2019

Adolescent or adult (15 
1) patients with injury, 
2.5 months post-injury

Self-report EQ-5D Spearman’s Correlations between 
cognition bolt-on and 
EQ-5D-3L dimensions 
(P = NR):
- Mobility: 0.223
- Anxiety/depression: 

0.42
- Any other dimension 

,0.31

-

3L Unknown Van Dongen 
2017a

Repatriated military 
personnels receiving 
treatment for wounds 
on the lower extremity 
sustained in 
Afghanistan, 5 years 
post-injury

Self-report EQ-5D Spearman’s Correlation between 
cognition bolt-on and 
EQ-5D pain/discomfort: 
0.22 (P $ .05)

-

5L A-5L-Co-
01a

Rencz and 
Janssen

Adults (181) from 

general population
Self-report EQ-5D Spearman’s Correlations between 

cognition bolt-on and 
EQ-5D-5L dimensions 
(P , .01 for all):
- Mobility: 0.27
- Self-care: 0.29
- Usual activities: 0.36
- Pain/discomfort: 0.36
- Anxiety/depression: 

0.45

-

5L A-5L-Co-
01b

Geraerds et 
al.

Adult (181) Q-fever 
patients, up to 10 years 
post-infection

Self-report EQ-5D Spearman’s Correlations between 
cognition bolt-on and 
EQ-5D-5L dimensions 
(P , .001 for all):
- Mobility 0.291
- Self-care 0.292
- Usual activities 0.554
- Pain/discomfort 0.451
- Anxiety/depression 

0.374

-

5L A-5L-Co-
02

De Graaf et al. 
2020

Adult patients with 
stroke, 3 months post-
stroke

Self-report EQ-5D Spearman’s Correlations between 
cognition bolt-on and 
EQ-5D-5L dimensions 
(P # .001 for all):
- Mobility: 0.20
- Self-care: 0.25
- Usual activities: 0.42
- Pain/discomfort: 0.28
- Anxiety/depression: 

0.35

- Correlation between 
cognition bolt-on and 
EQ-5D-5L LSS: 0.43 (P
# .001)

- Correlation between 
cognition bolt-on and 
EQ-5D-5L1cognition 
LSS: 0.62 (P # .001)

- Correlations between 
EQ-5D-5L LSS and EQ-
5D-5L1cognition LSS 
0.93 (P = NR)

Correlations with EQ VAS †

3L A-3L-Co-
03a

Dijkshoorn et 
al. 2022

Adult burn patients, 3 
months post-burn

Self-report EQ VAS Spearman’s - EQ-5D-3L LSS: 20.612 
(P , .001) 
EQ-5D-3L1cognition 
LSS: 20.617 (P , .001)

3L A-3L-Co-
03a

Geraerds et 
al.

Adult (181) injury 
patients, 1 month post-
injury

Self-report EQ VAS Spearman’s - Total sample, traumatic 
brain injury (TBI) 
patients, non-TBI 
patients (P = NR):
- EQ-5D-3L LSS: 20.673, 
20.719, 20.652
- EQ-5D-3L1cognition 
LSS: 20.690, 20.736, 
20.665

5L A-5L-Co-
01a

Rencz and 
Janssen

Adults (181) from 

general population
Self-report EQ VAS Spearman’s Cognition bolt-on: 20.35 

(P , .01)
-

5L A-5L-Co-
01b

Geraerds et 
al.

Adolescent or adult (15 
1) patients presented at 
the emergency 
department due to 
trauma/poisoning, 6-12 
months after trauma

Self-report EQ VAS Spearman’s - - EQ-5D-5L LSS: 20.651 
(95% CI 20.679 to 
20.620)
- EQ-5D-5L1cognition 
LSS: 20.664 (95% CI 
20.693 to 20.634)

continued on next page
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Table 3. Continued

Version Wording 
code

Publication Study population* EQ-5D Reporting Comparator Type of 
correlation

Dimension-level
analysis

Level sum score 
(LSS)-based analysis

Correlations with external measures ‡

3L A-3L-Co-
02

Wolfs et al. 
2007

Older adult (551) 
patients with cognitive 
impairment

Proxy-report
(perspective:
proxy-patient)

MMSE Spearman’s Correlations between 
cognition bolt-on and 
MMSE § :
- Baseline: 20.35

(P , .01)
- 6 months: 20.52 

(P , .01)
- 12 months: 20.54 

(P , .01)

-

3L A-3L-Co-
04

Makai et al. 
2014

Older adults (551) 
diagnosed with 
dementia living in the 
nursing home for longer 
than two months and 
nursing professionals

Proxy-report
(perspective:
proxy-patient)

ICECAP-O Correlation 
not specified

Correlations between 
cognition bolt-on and 
ICECAP-O dimensions:
- Attachment: 0.14

(P $ .05)
- Security: 20.07

(P $ .05)
- Role: 0.52 (P , .01)
- Enjoyment: 0.25

(P , .05)
- Control: 0.54 (P , .01) 
Correlation between 
cognition bolt-on and 
ICECAP-O index value: 
0.48 (P , .01)

-

3L A-3L-Co-
10b

Hoeymans et 
al. 2005

Adult (181) from 

general population
Self-report SF-36 Spearman’s Correlations between 

cognition bolt-on and 
SF-36 ‖ domains: 
Physical functioning: 
20.21 (P , .01) 
Role-physical: 20.20
(P , .01)
Bodily pain: 20.16
(P , .01)
General health: 20.23 
(P , .01)
Vitality: 20.26 (P , .01) 
Social functioning: 
20.26 (P , .01) 
Role-emotional: 20.23 
(P , .01)
Mental health: 20.26 
(P , .01)

-

3L Unknown Arons & 
Krabbe 2011

Adult dementia patients 
and their caregivers

Self-report MMSE Spearman’s Correlations between 
cognition bolt-on and 
MMSE § :
- Baseline: 20.61

(P = .425)
- 6 months: 20.92 

(P = .267)
- 12 months: 20.68 
(P = .430)

-

3L Unknown Arons & 
Krabbe 2011

Adult dementia patients 
and their caregivers

Proxy-report
(perspective:
proxy-patient)

MMSE Spearman’s Correlations between 
cognition bolt-on and 
MMSE § :
- Baseline: 20.118 

(P = .123)
- 6 months: 20.143 

(P = .86)
- 12 months: 20.258 

(P = .02)

-

3L Unknown Sarabia-Cobo 
et al. 2017

Older adults (651) living 
in the nursing home for 
.3 months

Proxy-report
(perspective:
proxy-patient)

ICECAP-O Correlation 
not specified

Correlations between 
cognition bolt-on and 
ICECAP-O dimensions:
- Attachment: 0.02

(P $ .05)
- Security: 20.05

(P $ .05)
- Role: 0.36 (P , .01)
- Enjoyment: 0.47

(P , .01)
- Control: 0.35 (P , .01)
Correlation between
cognition bolt-on and
ICECAP-O index value:
0.54 (P , .01)

-

continued on next page
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Table 3. Continued

Version Wording
code

Publication Study population* EQ-5D Reporting Comparator Type of 
correlation

Dimension-level
analysis

Level sum score 
(LSS)-based analysis

3L Unknown Schölzel-
Dorenbos et 
al. 2012

Older adult patients with
mild to moderate 
dementia living 
independently

Proxy-report
(perspective: NR)

DQI Spearman’s Correlations between
cognition bolt-on and 
DQI domains:
- Memory § : 0.49

(P , .01)
- Orientation ¶ : 0.36

(P , .01)
- Independence ‖ : 0.39 

(P , .01)
- Social activities ‖ : 0.11 

(p.0.05)
- Mood ‖ : 0.19 (P , .05)

-

3L Unknown Schölzel-
Dorenbos et 
al. 2012

Older adult patients with 
mild to moderate 
dementia living 
independently

Self-report DQI Spearman’s Correlations between 
cognition bolt-on and 
DQI domains:
- Memory § : 0.35

(P , .01)
- Orientation ¶ : 0.32

(P , .01)
- Independence ‖ : 0.20 

(P , .01)
- Social activities ‖ : 

20.09 (p.0.05)
- Mood ‖ : 0.05 (p.0.05)

-

3L Unknown Van Dongen 
2017a

Repatriated military 
personnels receiving 
treatment for wounds 
on the lower extremity 
sustained in 
Afghanistan, 5 years 
post-injury

Self-report SF-36 Spearman’s Cognition bolt-on and 
SF-36 bodily pain ‖ r = 
20.29 (P , .05)

-

5L A-5L-Co-
01a

Igarashi et al. Older adults with 
dementia living in 
nursing homes and their 
caregivers

Proxy-report
(perspective:
proxy-patient)

MMSE Spearman’s Correlation between 
cognition bolt-on and 
MMSE §

Baseline: 20.640 (95% CI 
20.730 to 20.550)

-

5L A-5L-Co-
01a

Rencz and 
Janssen

Adult (181) general 
population

Self-report PROMIS-2912, 
PROMIS Global 
Health

Spearman’s Correlations between 
cognition bolt-on (P = 
NR), in absolute values: 
PROMIS-2912 § :
- Being able to 

concentrate: 0.35
- Being able to 

remember to do 
things: 0.32

- Cognitive function 
total score (raw): 0.37

PROMIS Global Health § ,
Mental Health (including 
mood and ability to 
think): 0.36

-

5L A-5L-Co-
02

De Graaf et al. 
2020

Adult patients with 
stroke, 3 months post-
stroke

Self-report mRS Spearman’s Correlation between 
cognition bolt-on and 
mRS § : 20.42 (P # .001)

- EQ-5D-5L LSS and 
mRS 20.66 (P # .001)

- EQ-5D-5L1cognition 
and mRS 20.67
(P # .001)

5L A-5L-Co-
16

Huang et al. 
2022

Rural adults (161) 
without any cognitive 
impairment or mental 
disease and with no 
serious hearing, vision 
or communication 
impairment

Self-report MMSE Spearman’s Correlations between 
memory bolt-on and 
MMSE dimensions (P , 

.01):
- Orientation: 0.424
- Registration: 0.216
- Attention and 

calculation: 0.376
- Recall § : 0.444
- Language: 0.425

-

5L A-5L-Co-
19

Huang et al. 
2022

Rural adults (161) 
without any cognitive 
impairment or mental 
disease and with no 
serious hearing, vision 
or communication 
impairment

Self-report MMSE Spearman’s Correlations between 
concentration bolt-on 
and MMSE dimensions 
(P , .01):
- Orientation: 0.225
- Registration: 0.187
- Attention and 

calculation § : 0.270
- Recall: 0.280
- Language: 0.255

-

continued on next page
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Table 3. Continued

Version Wording
code

Publication Study population* EQ-5D Reporting Comparator Type of 
correlation

Dimension-level
analysis

Level sum score 
(LSS)-based analysis

5L A-5L-Co-
27

Huang et al.
2022

Rural adults (161)
without any cognitive 
impairment or mental 
disease and with no 
serious hearing, vision 
or communication 
impairment

Self-report MMSE Spearman’s Correlations between
learning bolt-on and 
MMSE dimensions
(P , .01):
- Orientation § : 0.545
- Registration § : 0.401
- Attention and 

calculation § : 0.521
- Recall § : 0.596
- Language § : 0.604

-

5L A-5L-Co-
29

Huang et al. 
2022

Rural adults (161) 
without any cognitive 
impairment or mental 
disease and with no 
serious hearing, vision 
or communication 
impairment

Self-report MMSE Spearman’s Correlations between 
understanding bolt-on 
and MMSE dimensions 
(P , .01)
- Orientation § : 0.522
- Registration § : 0.347
- Attention and 

calculation § : 0.592
- Recall § : 0.448
- Language § : 0.522

-

5L Unknown Easton et al. 
2018

Older adults living in 
residential care facilities

Proxy-report 
(perspective: NR)

DEMQOL, PAS-
Cog, MBI, NPI-Q

Spearman’s Correlations between 
cognition bolt-on and 
DEMQOL-Proxy 
dimensions:
- Positive emotion ‖ : 

0.243 (P , .01)
- Negative emotion ‖ : 

0.025 (P $ .05)
- Memory § : 20.005

(P $ .05)
- Appearance: 0.128

(P , .05)
Correlations between 
cognition bolt-on and:
- DEMQOL-Proxy index 

value: 20.177 (P , .01)
- PAS-Cog § : 0.495 (P , 

.01)
- MBI § : 20.488 (P , .01)
- NPI-Q ‖ : 0.062 (P $ .05)

-

5L Unknown Easton et al. 
2018

Older adults living in 
residential care facilities

Self-report DEMQOL, PAS-
Cog, MBI, NPI-Q

Spearman’s Correlations between 
cognition bolt-on and 
DEMQOL dimensions:
- Positive emotion ‖ : 

0.181 (P , .05)
- Negative emotion ‖ : 

20.158 (P $ .05)
- Loneliness ‖ : 20.120 

(P $ .05)
- Cognition § : 20.304

(P , .01)
- Relationships ‖ : 

20.234 (P , .01) 
Correlations between 
cognition bolt-on and:
- DEMQOL index value: 

20.222 (P , .01)
- PAS-Cog § : 0.025 (P $ 

.05)
- MBI § : 20.039 (P $ .05)
- NPI-Q ‖ : 0.045 (P $ .05)

-

NR indicates not reported; P, P value. Outcome measures: DEMQOL, dementia quality of life-utility; DQI, dementia quality of life; ICECAP-O, ICEpop capability measure 
for older people; MBI, modified Barthel index; MMSE, mini mental state examination; mRS, modified Rankin scale; NPI-Q, neuropsychiatric inventory questionnaire; 
PAS-Cog, psychogeriatric assessment scales-cognitive impairment scale; PROMIS, patient-reported outcomes measurement information system; SF-36, 36-item short 
form health survey.
*(1) In instances in which multiple populations are involved (eg, adults and caregivers), we underlined the population corresponding to the information presented in 
the table, and (2) If the minimum age was not indicated, it was not clearly reported in the publication. However, no pediatric samples were included.
† In instances in which information was not assessed in Table 6 (indicated by ✗), it was because of (1) missing information (eg, correlations not reported for all EQ-5D 
dimensions), (2) EQ VAS only correlated with the cognition bolt-on but not with the EQ-5D1cognition level sum score, or (3) external measures not measuring relevant 
health-related quality of life construct.
‡ To evaluate convergence with or divergence from external measures, we relied on our research team’s judgment, which considered: (1) the wording of the bolt-on, (2) 
the population, and (3) the content of the external measure’s items.
§ External measures (ie, other than the EQ-5D descriptive system and EQ VAS) that were used to evaluate the convergent validity of the cognition bolt-ons in this 
systematic review).
‖ External measures (ie, other than the EQ-5D descriptive system and EQ VAS) that were used to evaluate the divergent validity of the cognition bolt-ons in this 
systematic review).
¶ Not assessed due to absence of wording.
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Table 4. Known-group validity of EQ-5D-3L and EQ-5D-5L cognition bolt-ons.

Known groups* Cognition bolt-on EQ-5D1cognition
bolt-on

In statistically significant outcomes, 
more cognition problems were 
reported by

3L 5L Total 3L 5L Total
Acute or chronic disease/condition, or
multimorbidity

91/52 21/02 16 11/02 21/02 3

Battle injury (military service members 
injured in battle vs not)

11 1 Injured in battle group

Brain injury (trauma patients with brain 
injury vs no brain injury)

11 1 Brain injury group

Burn (patients with severe vs minor burn 
injuries)

11 1 Severe burn group

Chronic disease (trauma/poisoning/injury 
patients with two or more chronic 
diseases vs one or none)

11 1 11 1 Multiple or with chronic disease(s) 
groups

Chronic Q-fever (patients with chronic Q-
fever vs QFS vs QFS-like disease)

11 1 QFS group

Comorbidities (patients with two or more 
comorbidities vs one or none, or with vs 
without comorbidities)

31/12 4 Multiple or more comorbidities groups

Delirium (survivors of critical illness with 
delirium vs without)

11 1 Delirium group

Dental conditions (patients with caries, 
fracture, denture problems, failed 
restoration, pulpal infection, wear, 
sensitivity, or aesthetics)

11 1 Denture problems group

Disability (former injury patients with vs 
without disability)

12 1 -

Disease or non-battle injuries (DNBI): 
repatriated military service members vs 
not due to DNBI

12 1 -

Frailty (former injury patients with higher 
vs lower frailty score)

11 1 Higher frailty group

HIV (HIV-positive vs negative individuals) 12 1 -

Stroke (former patients with ischemic 
stroke vs without, or with stroke vs 
matched injury)

11/12 2 Stroke group

Traumatic brain injury (patients with 
traumatic brain injury or PTSD vs 
without)

11 1 With traumatic brain injury or PTSD

Threats and perceptions 11/32 01/22 6 01/02 01/02 0

Fall risk (older adults with high vs low fall 
risk)

22 2 -

Threat of disability (former injury patients 
with self-perceived threat of disability vs 
none)

12 1 -

Threat to life (former injury patients with 
self-perceived threat of disability vs none)

11 1 With threat of life group

Environmental exposure 01/22 01/02 2 01/02 01/02 0

Mercury contact (miners with mercury 
exposure vs none)

12 1 -

Mining years (miners with more vs less 
than five years of exposure)

12 1 -

Caregiving 01/02 01/02 01/02 21/02 01/02 2

Clusters of dementia patients as 
assessed by caregivers (patients with 
more severe cognitive impairments vs 
less severe) †

21 2 Cluster of patients with more severe 
impairments

continued on next page
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Table 4. Continued

Known groups* Cognition bolt-on EQ-5D1cognition
bolt-on

In statistically significant outcomes, 
more cognition problems were 
reported by

3L 5L Total 3L 5L Total
Injury-related characteristics 121/22 01/02 14 01/02 01/02 0

Calcaneal compression angle (patients 
with negative calcaneal compression 
angle vs not)

11 1 Negative calcaneal compression angle 
group

Fracture (patients with high-energy vs 
low-energy trauma classification)

11 1 High-energy trauma group

Functional capacity index (patients with 
higher vs lower indices)

11 1 Lower capacity index group

Glasgow Outcome Scale-Extended 
(patients with better vs worse scores)

11 1 Worse scores group

Injury cause (caused by assaultive intent 
vs not, or nature of injury: fracture, 
sprain and strain, concussion, open 
wound/amputation, contusion/ 
superficial, other single injury)

21 2 Caused by assaultive intent group (more 
cognition problems), sprain and strain 
group (fewer cognition problems)

Injury location (eg, lower extremity, 
upper extremity, head and neck, spine 
and back, and torso)

31 3 Traumatic or brain, head or skull, or 
intracranial groups

Injury Severity Score (patients with higher 
vs lower scores)

11 1 Higher score group

New Injury Severity Score (patients with 
higher vs lower scores)

11 1 Higher score group

Pre-injury problems (with pre-injury 
problems vs not)

11 1 With pre-injury problems group

Prehospital Trauma Triage Protocol (level 
of injuries)

12 1 -

Revised Trauma Score (score level at 
emergency department)

12 1 -

Inpatient/outpatient care 31/52 01/12 9 11/02 01/02 1

Duration of medical evacuation from 
point of injury to arrival in hospital 
(within vs after 72 hours)

12 1 -

Emergency visit (patients with dental 
emergency vs not)

11 1 Emergency group

Hospital admission (admitted to the 
hospital vs not)

11/12 12 3 Hospital-admitted group

Hospital readmission (readmitted to the 
hospital vs not)

12 1 -

Hospitalization duration (shorter vs 
longer hospitalization, eg, 8-14 days vs 15 
1 days)

11 1 Longer hospitalization group

ICU admission (patients admitted to the 
ICU vs not)

11 1 ICU group

ICU duration (shorter vs longer ICU care) 12 1 -

Trauma care (higher vs lower level of 
facilities of trauma care required)

12 1 -

Lifestyle-related characteristics 11/32 01/02 4 01/02 01/02 0

Alcohol use (hazardous alcohol use vs 
not)

12 1 -

Body mass index (ie, underweight, 
normal, overweight, or obese)

12 1 -

Physical activity (active vs not) 11 1 Physically active group (in injury patients)

Smoking (regularly vs not) 12 1 -
continued on next page
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Table 4. Continued

Known groups* Cognition bolt-on EQ-5D1cognition
bolt-on

In statistically significant outcomes, 
more cognition problems were 
reported by

3L 5L Total 3L 5L Total
Mental health/disorder 11/12 01/02 3 01/02 21/02 2

Depression (depressive episode vs not) 12 1 -

PROMIS Global04 item (mental health, 
including mood and ability to think)

11 1 Worse mental health group

Psychiatric comorbidities (injured trauma 
patients with vs without any psychiatric 
comorbidity)

12 1 -

PTSD or symptoms (patients with PTSD or 
its symptoms vs without)

11 1 11 1 With PTSD (symptoms) group

Overall health 11/02 01/02 1 01/02 01/02 0

Fair/poor health vs good and very good/ 
excellent health

11 1 Poor health group

Severity groups (non-injury) 01/02 01/02 0 11/22 21/02 5

Mini Mental State Examination ‡ (patients 
with better vs worse scores)

11/22 3 Worse scores group

Modified Rankin Scale (patients with 
better vs worse scores)

21 2 Worse scores group

Socioeconomic characteristics 171/10- 01/02 27 61/02 11/12 8

Age 61/22 8 11 11 2 Older age (n = 5 publications) and 
younger age (n = 3)

Education (low vs higher groups) 21/12 3 11 1 Lower educated group

Employment (employed or working vs 
not)

21 2 Unemployed, or did not return to work 
post-burn group

Ethnicity 11 1 11 1 Moroccan, Surinamese, or Turkish 
groups (vs Dutch or Indonesian), and 
Pacific group (vs non-Pacific)

Financial status (sufficient vs not) 12 1 Financially challenged group

Household size (living alone vs not) 21/12 3 Living alone group

Insurance compensation (compensated 
vs not)

11 1 Uncompensated group

Insurance status (insured vs not) 11 1 Uninsured group

Neighborhood (more deprived vs not) 11 1 More deprived neighborhood group

Relationship status (married vs not) 12 1 -

Sex/gender (male vs female) 31/42 7 11 12 2 Female (n = 3 publications), male (n = 1)

Treatment/intervention 21/82 01/12 11 11/02 01/12 2

Expectant monitoring vs immediate 
delivery outcomes at postpartum, 6 
weeks

11 1 Expectant monitoring group

Frail older adult intervention 
(multidisciplinary comprehensive care 
model vs care as usual, assessment with 
vs without motivational interviewing)

12 12 2 -

Hemodialysis (recipient of 1 year and 
above vs less than 1 year)

12 1 -

Number of surgeries (patients with 1 vs 
more surgeries)

12 1 -

Preference for induction of labor (vs 
expectant management, or vs no 
preference) in late pregnancy

11 1 Preference for induction of labor group

Palliative care planning vs no planning 12 1 -

Surgery classification (eg, trauma vs non-
trauma surgeries, amputation vs limb 
salvage)

11/32 4 Trauma surgery group (vs oncology, 
vascular, gastrointestinal, or general 
surgery)

Use of mechanical ventilation vs no use 22 2 -
continued on next page
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Psychometric Properties 

Qualitative evidence
None of the publications reported evidence on content val-

idity or qualitative aspects of acceptability.

Bolt-on item response distribution, floor, and ceiling
Response distributions were available for 194 respondent 

groups (81% 3L) across 75 publications (see Appendix Table 4 in 
Supplemental Materials. For 3L bolt-ons, the highest floor was 
53% (older adults with cognitive impairment), whereas for 5L 
bolt-ons, it was 10% (1-year after major trauma, with psychiatric 
comorbidities). In multiple populations, no responses on the 
worst level were reported either for the 3L or 5L. The item-level 
ceiling for 3L bolt-ons ranged from 3% (dementia) to 100% (teeth 
sensitivity), whereas for 5L bolt-ons, it ranged from 5% (Q-fever 
fatigue syndrome) to 84% (adult general population). Based on a 
ceiling threshold of ,70%, 5L bolt-ons performed better (171/ 
72) than 3L bolt-ons (181/252). In most cases, respondents re-
ported more problems on at least 1 of the 5 core items than on 
the bolt-on (3L: 31/372; 5L: 21/182).

EQ-5D1bolt-on floor, ceiling, and informativity
At the instrument level, floor, ceiling, and absolute and rela-

tive informativity were reported in 4, 11, 4, and 4 publications, 
respectively (Table 2). For both the EQ-5D and the EQ-5D1bolt-
on, the floor was (close to) 0% in all of these publications. Add-
ing 3L bolt-ons resulted in an absolute reduction in ceiling of the 
EQ-5D ranging from 0.3%-point (1-month post-injury, no trau-
matic brain injury) to 28%-points (dementia). For the 5L, the 
absolute reduction in ceiling ranged from 0%-points (6-12 
months post-trauma/poisoning, with posttraumatic stress disor-
der) to 13%-points (adults without cognitive impairment, mental 
illness, or serious hearing, vision, or communication impair-
ments). Overall, there was limited evidence for adequate reduc-
tion in ceiling with the bolt-on (3L: 21/32; 5L: 61/32). In all 
cases, absolute informativity improved after adding the bolt-on 
(change 3L: 0.34-0.80; 5L: 0.63-0.68). However, relative infor-
mativity slightly deteriorated (change 3L: 20.02 to 20.04; 
5L: 20.02 to 20.03).

Divergent validity
Appendix Table 5 in Supplemental Materials presents the 

constructs that were and were not considered for divergent and 
convergent validity assessments. Eight publications assessed 
divergent validity (Table 3). Overall, the bolt-ons demonstrated 
divergence from the core EQ-5D dimensions (3L: 51/02; 5L: 41/ 
12). In all cases, the correlations with other instruments’ unrelated 
domains (eg, those of SF-36) were weak to moderate. However, 
some bolt-ons exhibited moderate or strong correlations with 
usual activities and anxiety/depression EQ-5D dimensions.

Convergent validity
Eight publications evaluated convergent validity of cognition 

bolt-ons with external instruments’ domains, the most common 
being the MMSE. Several HRQoL instruments’ relevant items used 
for convergence testing appeared in only 1 study each, such as 
PROMIS Global Health (r = 0.36), PROMIS-2912 (0.32-0.35), DE-
Mentia Quality of Life (0.01 to 0.30), and Dementia Quality of Life 
Instrument (0.35-0.49) (Note: correlation coefficients are in abso-
lute values). The performance of the bolt-ons was mixed (3L: 11/ 
42; 5L: 51/42).

Known-Groups validity
Overall, 54 publications assessed the known-groups validity of 

the bolt-ons across 72 different known groups (Table 4). The 3L 
and 5L bolt-on items were able to differentiate between 56% and 
29% of known groups, whereas the EQ-5D1bolt-on was able to 
differentiate between known groups in 88% (3L) and 80% (5L). The 
greatest amount of positive evidence was found for the following 
known groups: injury-related characteristics, acute and chronic 
conditions and comorbidities and sociodemographic factors. More 
evidence was available for the bolt-on items (3L: 151/182; 5L: 21/ 
42) than for the EQ-5D1bolt-on items (3L: 61/12; 5L: 31/1).

Structural validity
Two publications assessed the structural validity of the EQ-

5D with bolt-on(s) using external instruments included in the 
item pool, such as PROMIS-2912, SF-6D, SWLS, and OHIP-14 
(see Appendix Table 6 in Supplemental Materials. These used

Table 4. Continued

Known groups* Cognition bolt-on EQ-5D1cognition
bolt-on

In statistically significant outcomes, 
more cognition problems were 
reported by

3L 5L Total 3L 5L Total
Other groups 11/12 01/02 2 01/02 11/02 2

Level of albumin in blood (hemodialysis 
patients with higher vs lower blood 
albumin level)

11 1 Lower albumin group

Healthcare access (patients with trouble 
vs no trouble of access)

11 1 Trouble of access group

One year vs two years after trauma care 12 1 -

TOTAL 481/382 21/52 93 121/22 81/22 24

Note. “1” indicates statistically significant outcomes (P , .05, P , .01 or P , .001), whereas “2“ indicates insignificant outcomes. Bold indicates the total rows, 
representing the combined values of multiple categories. 
PTSD, posttraumatic stress disorder; QFS, Q-fever fatigue syndrome. 
*Assessment of 1 known-group category may be from more than 1 publication and may have different categorizations (eg, sex/gender is consistently male vs female 
across all publications, but number of comorbidities can be either with vs without or multiple vs one vs none).
† The 2 assessments were from 1 publication (Jonas et al., 2011) because they reported for both self-report and proxy-report.
‡ The 3 assessments were from 1 publication (Schiffczyk et al. 2010) because they reported self-report by patients, self-report by caregivers, and proxy-report 
(perspective: proxy-patient).
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Table 5. Explanatory power of EQ-5D-3L and EQ-5D-5L cognition bolt-ons with EQ VAS as the dependent variable.

Version Wording code Publication Study
population*

Reporting R-squared
(EQ-5D)

R-squared (EQ-
5D1bolt-on)

Assessed in 
Table 6 
(associations 
with EQ VAS)

3L A-3L-Co-03a Dijkshoorn
et al. 2022

Adult (181)
patients one year 
after ICU 
admission

Self-report 52.90% 56.90% ✔

3L A-3L-Co-03a Geraerds 
et al.

Adult (181) injury 
patients, 1 month 
post-injury

Self-report All patients: 
48.0% †

Patients with TBI: 
52.8% †

Patients with no 
TBI: 45.1% †

All patients: 
49.9% †

Patients with TBI: 
56.0% †

Patients with no 
TBI: 46.6% †

✔

3L A-3L-Co-03a Ophuis et al. 
2019

Adolescent or 
adult (151) 
patients with 
injury, 2.5 months 
post-injury

Self-report All patients: 
45.6% †

TBI patients: 
55.6% †

Non-TBI patients: 
44.5% †

All patients: 
46.9% †

TBI patients: 
56.5% †

Non-TBI patients: 
45.8% †

✔

3L Unknown Arons & 
Krabbe 2011

Adult dementia 
patients and their 
caregivers

Proxy-report
(perspective:
proxy-patient)

Baseline: 21.8% †

6 months: 15.9% † 

12 months: 
26.0% †

Baseline: 23.5% †,‡

6 months:
20.0% †,‡

12 months: 
28.7% †,‡

✔

3L Unknown Arons & 
Krabbe 2011

Adult dementia 
patients and their 
caregivers

Self-report Baseline: 38.0% †

6 months: 22.8% † 

12 months: 
31.6% †

Baseline: 37.7% †

6 months: 21.9% † 

12 months: 
30.8% †

✔

3L Unknown Arons & 
Krabbe 2011

Adult dementia 
patients and their 
caregivers

Self-report Baseline: 27.6% †

6 months: 25.0% † 

12 months: 
21.3% †

Baseline: 33.5% †,‡

6 months:
25.5% †,‡

12 months: 
27.6% †,‡

✔

5L A-5L-Co-01a Rencz and 
Janssen

Adults (181) from 
general 
population

Self-report Anxiety disease 
group: 46.27% † 

Hearing problems 
disease group: 
54.22% †

Anxiety disease 
group: 50.96% †,‡ 

Hearing problems 
disease group: 
56.42% †,‡

✔

5L A-5L-Co-01b Geraerds 
et al.

Adolescent or 
adult (151) 
patients 
presented at the 
emergency 
department due 
to trauma/ 
poisoning, 6-12 
months after 
trauma

Self-report Patients with TBI 
or PTSD: 41.3% 
Patients with no 
TBI and no PTSD: 
40.1%

Patients with TBI 
or PTSD: 41.5% † 

Patients with no 
TBI and no PTSD: 
41.4% †

✔

5L A-5L-Co-01b Geraerds 
et al.

Adult (181) Q-
fever patients, up 
to 10 years post-
infection

Self-report 45.6% † 45.7% † ✔

continued on next page
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principal component analysis, confirmatory factor analysis, and 
hierarchical cluster analysis, with no studies using item 

response theory approaches. Both publications reported that 
the cognition bolt-ons loaded on the same factor/cluster as the 
anxiety/depression item. In 1 of these studies, the cognition 
bolt-on did not load onto the cognition factor, which 
comprised PROMIS-2912 items “being able to remember to do 
things” (0.976) and “being able to concentrate” (0.933).

Associations with EQ VAS
Four publications assessed the correlations between EQ-

5D1bolt-ons and the EQ VAS. In 3 of these, the EQ-5D1bolt-on 
level sum scores demonstrated slightly stronger correlations 
with the EQ VAS compared with the EQ-5D alone (difference in r: 
0.005 to 0.017) (Table 3). Eight publications used multivariable 
regressions of the EQ VAS on the EQ-5D and bolt-on items (Table 5). 
For the 3L, the (adjusted) R-squared increase after adding the bolt-
on ranged from 0.05%-points to 6.3%-points (both in dementia). In
1 case, the adjusted R-squared decreased after adding the 3L 
cognition bolt-on (caregivers). For the 5L, the increase in (adjusted) 
R-squared ranged from 0.1%-points (Q-fever up to 10 years post-
infection) to 6.9%-points (adults without any cognitive impair-
ment, mental disease, or serious hearing, vision, or communication 
impairment). Overall, most bolt-on items performed well in terms 
of associations with EQ VAS (3L: 51/12; 5L: 61/12).

Responsiveness
Despite the large number of longitudinal studies, only 3 

publications reported on the responsiveness of bolt-ons (see 
Appendix Table 7 in Supplemental Materials. Two of these used 
the MMSE as an anchor for change, and 1 publication reported on

the Paretian classification of health change for the EQ-5D1bolt-
on. The results were not favorable for either bolt-on item 

(item-level responsiveness 3L: 01/02; 5L: 01/22, instrument-
level responsiveness: 01/12; 5L: 01/12).

Test-retest reliability
One publication reported unfavorable test-retest reliability 

evidence (3L: 01/02; 5L: 01/12) for the bolt-on using MMSE as 
an anchor (see Appendix Table 7 in Supplemental Materials.

Interrater agreement
Two publications assessed patient-proxy agreement for 

cognition bolt-ons, one in dementia and the other in pre-burn as 
assessed retrospectively (see Appendix Table 7 in Supplemental 
Materials. Both used a proxy-patient perspective. The results 
indicated good performance in the preburn sample.

Differential item functioning
None of the publications reported evidence on differential 

item functioning.

Overall Psychometric Performance by 3L Versus 5L, Bolt-
On Item Wording, and Disease Groups

Overall, 5L bolt-ons performed better than 3L bolt-ons based 
on the positive-to-non-positive ratio (3L: 551/572; 5L: 451/ 
282) (Table 6). The improvement achieved with the 5L was 
particularly noticeable for the item-level ceiling, with fewer 
nonpositive assessments (372 vs 182). For the 3L, the majority of 
evidence available was for global items (271/272), with limited 
for composites (31/02) and none for subdimension items. For 
the 5L, similarly, most evidence was mixed for global items (261/

Table 5. Continued

Version Wording code Publication Study
population*

Reporting R-squared
(EQ-5D)

R-squared (EQ-
5D1bolt-on)

Assessed in 
Table 6 
(associations 
with EQ VAS)

5L A-5L-Co-16, A-5L-
Co-19, A-5L-Co-27, 
A-5L-Co-29

Huang et al. 
2022

Rural adults (161) 
without any 
cognitive 
impairment or 
mental disease 
and with no 
serious hearing, 
vision or 
communication 
impairment

Self-report 40.4% † Four cognition 
bolt-ons were 
used in the same 
study:
-EQ-5D-5L 
1memory: 
42.8% †,‡ 

-EQ-5D-5L 
1concentration: 
42.1% †,‡ 

-EQ-5D-5L 
1learning: 
46.6% †,‡ 

-EQ-5D-5L 
1understanding: 
42.9% †,‡ 

-EQ-5D-5L 
1memory, 
concentration, 
learning, 
understanding: 
47.3% †,‡

✔ §

Note. All regression models were multivariate.
ISS indicates injury severity score; PTSD, posttraumatic stress disorder; SWLS, Satisfaction with Life Scale; TBI, traumatic brain injury.
*(1) In instances in which multiple populations are involved (eg, adults and caregivers), we underlined the population corresponding to the information presented in 
the table, and (2) if the minimum age was not indicated, it was not clearly reported in the publication. However, no pediatric samples were included.
† Adjusted R-squared.
‡ Cognition bolt-on operated as an ordinal variable (ie, not dummy-coded).
§ Four cognition bolt-on wordings were assessed for this study.
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Table 6. Results of psychometric assessment using the checklist.

Wording Ceiling (bolt-on 
item) using the 
70% cutoff*

Ceiling (bolt-on 
item) relative to 
the core EQ-5D 
dimensions*

Ceiling (EQ-5D 
1cognition)

Absolute
informativity
(EQ-5D
1cognition)

Relative
informativity
(EQ-5D
1cognition)

Divergent
validity
(bolt-on
item)**

Convergent
validity
(bolt-on
item)***

Three-level (3L) version

A-3L-Co-02 £ 11 11 12

A-3L-Co-03 ††,£ 62 52 32 21 22 11

A-3L-Co-03-modified ‡‡,§§ 22 22

A-3L-Co-05 £ 11 12

A-3L-Co-09 £ 22 22

A-3L-Co-10 £ 12 12 11

A-3L-Co-11 £ 22 32

A-3L-Co-12 £ 11/12 21

A-3L-Co-13-modified ‡‡ 11 12

A-3L-Co-16 £ 12 12

A-3L-Co-17 £ 21 22

A-3L-Co-19 £ 41/12 32

A-3L-Co-20 ‖‖ 11 12

A-3L-Co-21 ‖‖ 11 12 11

A-3L-Co-22 £ 11 12

A-3L-Co-22-modified ‡‡ 22 22

Unknown wording 51/72 112 11 31 11/32

3L global items (not modification) 101/142 31192 01/32 21/02 01/22 21/02 01/12

3L composite items (not modification) 21/02 01/22 11/02 0 0 0 0

3L TOTAL 181/252 31/372 21/32 21 22 51 11/42

Five-level (5L) version

A-5L-Co-01 ¶¶ 71/22 82 11/22 21 22 11/12 11/12

A-5L-Co-02 ¶¶ 11 11 11 11

A-5L-Co-03 ††,¶¶ 12 12

A-5L-Co-04 ¶¶ 11 12

A-5L-Co-08-modified ¶ 12

A-5L-Co-12 ¶¶ 11/12 12

A-5L-Co-16 ‡,££ 11 12 11 11

A-5L-Co-19 ‡,££ 11 12 11 12

A-5L-Co-20 ¶¶ 11 12

A-5L-Co-22 ¶¶ 12 12 12

A-5L-Co-25 ¶¶ 12 12

A-5L-Co-27 ‡,££ 11 11 11 11

A-5L-Co-29 ‡,££ 11 11 11 11

Unknown wording 21 22 21 22

5L global items (not modification) 111/62 01/142 21/32 21/02 01/22 21/12 21/12

5L subdimension items (not 
modification)

41/02 21/22 41 0 0 0 31/12

5L TOTAL 171/72 21/182 61/32 21 22 41/12 51/42

GRAND TOTAL (3L15L) 351/322 51/552 81/62 41 42 91/12 61/82

Note. Bold indicates the total rows, representing the combined values of multiple categories.
* The ceiling assessment using the 70% cutoff rule includes 7 additional assessments from 7 publications, as they did not require the core EQ-5D distributions, which 
were not reported in the following publications: De Graaf et al., 2020; Geraerds et al. 34 ; Goei et al., 2016; Looman et al., 2018; Mahapatra et al., 2002; Verbooy et al., 
2018; and Wolters et al., 2014.
† Three assessments were provided by 1 publication (Arons and Krabbe, 2011) because it reported 3 different reporting: self-report (patient), proxy-patient (caregiver), 
and proxy-proxy (self-report by caregiver).
‡ These 4 bolt-ons were used in a single publication/study (Huang et al, 2022).
§ The results of both the principal component and confirmatory factor analyses were used in our assessment because they aligned. 10
‖ Does not include the ceiling (bolt-on item) assessment relative to the core EQ-5D dimensions.
¶ Pictorial version of the EQ-5D-5L 1 5-level bolt-on.
£ 3L global items (not modification).
** Four assessments were provided by 2 publications (Easton et al, 2018 and Schölzel-Dorenbos et al, 2012) because each reported both self-report and proxy-report results. 
†† A-3L-Co-03 and A-5L-Co-03 have the same wording in terms of language, dimension headings, examples, and phrasing.
‡‡ Modified retrospective assessment (ie, pre-accident, pre-burn, pre-hospitalization, or pre-injury).
§§ Modified ‘last week’ recall period.
‖‖ 3L composite items (not modification).
¶¶ 5L global items (not modification).
££ 5L subdimension items (not modification).
*** Six assessments were provided by 3 publications (Arons and Krabbe, 2011; Easton et al, 2018 and Schölzel-Dorenbos et al, 2012), where each reported both self-
report and proxy-report results.
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Table 6. Continued

Known-
groups 
validity 
(bolt-on 
item)

Known-
groups 
validity 
(EQ-5D 
1cognition)

Structural
validity
(bolt-on
item)

Associations 
with EQ VAS † 
(EQ-5D 
1cognition)

Responsiveness 
(bolt-on item)

Responsiveness
(EQ-5D
1cognition)

Test-retest
reliability
(bolt-on
item)

Inter-rater
agreement
(bolt-on
item)

Total ‖

12 11/22

11/12 11 31 81/122

31/ 12 11 41/3-

11/02

11/12 11/32

11 21/12

21 12 21/3-

12 11/22

12 11/12

01/12

21 41/02

22 21 61/3-

11/02

21/02

11/02

41/12 41/32

31/10- 11/12 21/12 12 161/23-

51/52 51/02 01/12 31/02 0 01/12 0 0 271/272

0 0 0 0 0 0 0 0 31/02

151/182 61/12 12 51/12 0 12 0 11/12 551/572

11/22 21 12 § 21/12 22 12 12 171/162

11 51/02

11 11/12

11/02

01/12

11/12

11 41/02

11 31/12

11/02

01/22

12 01/22

11 41/02

11 41/02

12 12 41/42

21/32 31/02 01/12 21/12 01/22 01/12 01/12 261/222

0 0 0 41 0 0 0 151/12

21/42 31/12 12 61/12 22 12 12 0 451/282

171/222 91/22 22 111/22 22 22 12 11/12 1001/852
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222); however, for subdimension items (eg, memory, concen-
trating, learning, and understanding), the overall evidence was 
mostly positive (151/12). The most psychometric evidence was 
found for cognition (remembering, understanding, concentrating, 
and thinking) (A-5L-Co-01: 181/152) and thinking ability 
(remembering and concentrating) bolt-ons (A-3L-Co-03: 81/ 
122), with fewer than 10 assessments for all other bolt-ons. 

Only 2 patient populations were included in 10 studies each, 
in which a separate assessment of the psychometric performance 
of the bolt-ons was possible (see Appendix Tables 8 and 9 in 
Supplemental Materials. Overall, psychometric evidence was 
mixed in both patient populations, eg, head/brain injury (3L: 
111/112; 5L: 11/32) and dementia (3L: 91/82; 5L: 41/42). The 
mixed results found do not imply that these bolt-ons are un-
necessary in these groups, rather, they reflect that the items have 
not been developed according to established standards, such as 
those applied to the core instrument, EQ-5D-5L.

Discussion

This systematic review aimed to provide a comprehensive 
summary of psychometric properties of cognition bolt-ons for 
the adult versions of the EQ-5D. Key findings indicated that, as 
expected, 5-level bolt-ons tended to outperform 3-level bolt-
ons on tests associated with improved distributional proper-
ties. In cases in which evidence was available, bolt-ons 
demonstrated good performance in terms of divergent validity 
with the core EQ-5D. Known-groups validity, the measurement 
property for which the most evidence was available, was 
established for several relevant groups, including injury-related 
characteristics, acute and chronic conditions or comorbidities, 
and sociodemographic characteristics, such as age groups. In 
most populations, cognition bolt-ons also appeared to improve 
the associations with the EQ VAS. However, limited evidence 
was found for any bolt-ons in terms of improving the relative 
informativity of the EQ-5D, structural validity (eg, loading onto 
a separate factor from any core 5 items), responsiveness or test-
retest reliability, although the small number of publications 
limited the interpretation of these findings. No qualitative 
studies assessed the content validity or acceptability of existing 
bolt-ons, which is concerning because many studies used bolt-
ons without confirming their relevance or comprehensibility 
for the target population.

The demand for cognition bolt-ons is increasing across 
various applications, including clinical trials, population health 
surveys, disease burden studies, and cost-utility analyses. 26 

Although we found some psychometric evidence for the 28 bolt-
on items, the available data are insufficient to identify any as the 
best-performing candidate. Importantly, the EuroQol Group 
plans to pursue only 5L cognition bolt-ons in future develop-
ment and testing. 43 An important direction for future research is 
to evaluate the psychometric performance of composite (eg, 
memory/concentration) and subdimension bolt-ons (eg, con-
centration) in comparison with global ones (eg, cognition with 
examples). 44 Although our review showed promising perfor-
mance of subdimension items, the overall evidence was limited 
compared with global items. The study by Sampson et al (2020), 
which developed both global and subdimension items and 
benefited from the most extensive qualitative input, is consid-
ered a starting point for future developments, additionally 
because its source language is English (UK), similar to the core 
instrument. 44

A few potential limitations of this systematic review need to 
be mentioned. First, all studies were included regardless of the

relevance of the cognition bolt-on to the target population 
because we considered cognition to be a general HRQoL area 
applicable across a broad range of populations. However, the 
composition of some samples may not have been fully adequate 
for psychometric testing. Furthermore, we intended to extract 
data on missing values to assess feasibility, but this was not 
possible because of lack of reporting, unclear use of imputations 
and insufficient information on follow-up procedures for missing 
responses in many instances. The methodological quality of the 
included studies was not assessed before psychometric evalua-
tion because of the absence of specific checklists tailored for bolt-
ons, which are additional items rather than standalone in-
struments. Psychometric properties were assessed using a 
checklist developed based on existing bolt-on testing criteria, 24 

rather than a consensus-based structured approach. Numerical 
thresholds were used in multiple checklist items, which are 
difficult to apply universally to such a heterogeneous set of 
studies. For example, in item 1a, the 70% ceiling threshold was 
applied consistently across all bolt-on wordings, versions (3L vs 
5L) and populations; yet, it may be too high for certain pop-
ulations (eg, moderate-to-severe dementia) and too low for 
others (eg, dental problems). Although adjusting thresholds for 
individual studies might have offered greater precision, it could 
have introduced bias due to the researchers’ subjective judgment. 
We relied on subjective judgment for checklist items (eg, ade-
quacy of improvement compared with the EQ-5D) where only a 
small number of assessments were needed and where our team 

deemed it inappropriate to set a unified threshold. For future 
reviews of other bolt-ons, these numerical thresholds may need 
to be adjusted, and not every checklist item may be equally 
important. For example, associations with the EQ VAS may be 
unnecessary for symptom-specific bolt-ons (eg, itching and 
breathing or gastrointestinal problems). 11,45,46 We applied 
“relaxed” criteria to assess what we considered to be a form of 
known-group validity testing—essentially analyses that 
compared groups, not only studies that reported effect sizes or 
relative efficiencies, because these were extremely rare. 
Furthermore, the checklist was not formally validated (beyond 
the piloting conducted). Publication bias may be present because 
only 56% of all cognition bolt-on publications reported psycho-
metric results. We attempted to mitigate this bias by including all 
publications that reported at least 1 psychometric property, even 
if they only reported distributional properties (eg, item-level 
ceiling). Lastly, evidence was synthesized narratively, and no 
meta-analysis was conducted because of substantial heteroge-
neity in bolt-on wording, reporting, and study populations.

Conclusions

Despite the large number of publications with cognition bolt-
ons, the psychometric evidence base remains insufficient to 
identify a single preferred descriptor. Future research should 
prioritize the qualitative testing of promising candidate word-
ings. This should include translatability assessment, a critical step 
that has been absent in the development of existing bolt-ons. 
Preferably, quantitative psychometric testing across diverse 
populations, languages, and contexts should be conducted after a 
well-established set of items has been identified.
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