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A B S T R A C T

Background: When the EuroQol EQ-5D is applied in settings other than resource allocation, a non–preference-based score
may be more appropriate than societal, preference-weighted utility. To develop a psychometric score for the EQ-5D, its
structural relationship, ie, how the 5 items/dimensions interrelate, must be understood to inform appropriate methods of
summarizing the instrument.

Objectives: To explore psychometrically derived approaches of elucidating the 5-level EQ-5D (EQ-5D-5L) item structure.

Methods: Three measurement models were assessed. All 5 items were modeled as reflective indicators using confirmatory
factor analysis. EQ-5D-5L items were conceptualized as formative indicators, and other health scales (eg, the short form 36
health survey) were conceptualized as reflective indicators in Multiple Indicators Multiple Causes models (external MIMIC).
The EQ-5D-5L items were modeled as a combination of formative and reflective indicators in internal MIMIC models. Results
across 9 data sets from various countries and patient groups were examined to determine their robustness.

Results: All items loaded well (0.63-0.96) in the confirmatory factor analysis except for anxiety/depression (0.20-0.66,
excluding 1 outlier). The model fit statistics of the external MIMIC models were poor, and the coefficients of the Self-Care
dimension were small. The internal MIMIC model with Mobility, Pain/Discomfort, and Anxiety/Depression as formative
indicators and Self-Care and Usual Activities as reflective indicators fit best. The model results of the Spanish valuation
data set were outliers.

Conclusions: Although there were some variations in results across subgroups, the relationship between the items remained
robust. The evidence calls for testing of formative/reflective combination approaches to summarize the EQ-5D-5L.

Keywords: EQ-5D-5L, formative measurement model, Multiple Indicators Multiple Causes (MIMIC), noneconomic scoring
approaches, reflective measurement model.
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Introduction

The EQ-5D is a health status questionnaire that covers 5 di-
mensions of health—Mobility (MO), Self-Care (SC), Usual Activities
(UA), Pain/Discomfort (PD), and Anxiety/Depression (AD)—using 1
item per dimension.1 The instrument also includes a visual
analogue scale (VAS) anchored by 0 (worst imaginable health) and
100 (best imaginable health). The original 3-level version (EQ-5D-
3L) was expanded to 5 levels of severity (EQ-5D-5L) to minimize
ceiling effects and increase sensitivity.2,3

Although the EQ-5D rose to prominence as a preference-based
measure of health for use in cost-utility analyses, it is currently
applied in an array of broader settings.4–8 These include mea-
surement of individual health status in clinical practice,
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population health surveillance, and assessment of healthcare
quality, as well as aiding medical decision making and patient
communication.4,6,8–10 EQ-5D use continues to increase in
prevalence and importance as healthcare stakeholders around the
world find relevant applications for the EQ-5D and other measures
of health-related quality of life (HRQOL).8

Three methods of presenting EQ-5D responses are
recommended in the EuroQol Group’s user guide: (1) calcula-
tion of index-based scores using preference-based utility
weights, (2) summarization of responses descriptively by using
counts and percentages, and (3) use of the VAS.1,11 Nonutility
methods of summarizing the EQ-5D, that is, methods 2 and 3,
can be used when no utility weights are available (eg, EQ-5D-Y).
Descriptive summarization evaluates each dimension
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separately and does not leverage the full information
provided by the EQ-5D, thereby limiting statistical inferences
regarding the overall health state. Analysis of the 5-digit string
(eg, 11111 [no problems on any dimension]) is possible but
difficult to aggregate and interpret; furthermore, classification
of change in overall health is challenging when some di-
mensions improve while others worsen.4 Thus, neither
descriptive use of individual health dimensions nor the 5-digit
EQ-5D-5L string is commonly used for statistical inference.
Although the VAS appears to overcome these hurdles, it does
not summarize the EQ-5D items because it measures health
more broadly.12,13

Using a value set to score the EQ-5D-5L appeals to end users
for simplicity and familiarity. Nevertheless, applying
preference-based scoring when the EQ-5D-5L is used as a
patient-reported outcome or measure of population health may
not be theoretically justified and can introduce additional
statistical biases.6,14 Preferences captured in value sets are elicited
from the general population and represent choices made in
resource (eg, tax revenue) allocation decisions in healthcare.
Applying a societal value set to health in clinical or
population settings fails to inform the respondent’s level of
HRQOL (latent construct of interest) because only the general
population’s preference for the health state on a dead to full
health (0-1) scale is reflected by the utility weight.
Because societal preferences lack proven relevance outside of
economic evaluations of healthcare interventions, nonpreference,
psychometric scoring approaches should be considered
with respect to the way the EQ-5D is presented, described,
analyzed, and interpreted to potentially better measure HRQOL in
non–preference-based ways.

To generate psychometric scoring of the EQ-5D, an
understanding of its internal structure, that is, how the 5 items/
dimensions are related to each other, is essential. The
interrelationship of the EQ-5D items has not been thoroughly
addressed in the literature.15,16 This fundamental knowledge
would inform appropriate grouping and summarization of the
EQ-5D dimensions to develop valid psychometric weights.

Two prominent approaches to describe the structure of a set of
items are the “reflective indicators model” and the “formative
indicators model.”17,18 The reflective model is the classic
psychometric perspective of health measurement and is
illustrated in path diagrams with the arrows directed from the
latent trait to the indicators (HRQOL / reflective indicators). The
reflective indicators are interrelated as manifestations of the
latent construct, meaning changes in the underlying construct are
reflected by changes in the observable indicators. HRQOL
instruments such as the short form 36 health survey (SF-36) and
the Patient-Reported Outcomes Measurement Information
System19–21 are constructed on the basis of the reflective model,
using classical test theory or item response theory to develop
scoring algorithms.

The formative measurement model estimates a latent
construct using linear combinations of observable indicators to
create a composite measure.17,18 A change in the latent construct is
a result of changes to formative indicators, depicted in path dia-
grams with the arrows directed from the indicators to the latent
trait (formative indicators / HRQOL). Formative models have
roots in sociology where complex ideas, such as socioeconomic
status, cannot easily be captured using a single item. The EQ-5D
instrument was intended as a formative measure, using 5
dimensions to create a composite measure of health status (ie, the
EQ-5D health state). Variations on the classic measurement
models are also possible using combinations of formative and
reflective indicators.16
An obvious need has grown for the application of psychometric
scoring methods for the EQ-5D to keep pace with expanding
HRQOL research.8 To date, non–preference-based methods have
been investigated only to a limited extent,4,22–24 and none were
based on EQ-5D internal structure findings. Because future
development of psychometrically based scoring methods should
be based on the underlying structural relationship of the EQ-5D
items, we used reflective and formative approaches to model the
EQ-5D and understand the relationship of the items with each
other. The aims of this study were (1) to examine the structural
relationships of the EQ-5D-5L items on the basis of reflective
and/or formative frameworks and (2) to examine the robustness
of these models in different patient groups and data sets.

Methods

Data Sets

To assess item structure for the EQ-5D-5L, we conducted
secondary data analysis on 9 data sets, characterized as general
population data (n = 4), patient data (n = 3), and patient and
healthy population mix (n = 2). Diverse data sets were chosen to
evaluate the robustness of results across respondent types,
countries, study designs, and modes of administration of the
EQ-5D-5L questionnaire. Subgroup analyses were conducted for
each data set and 9 disease groups were determined by the
information available (respiratory diseases, musculoskeletal
diseases, heart disease, depression/mental health, stroke, diabetes,
cancer, liver disease, and kidney disease).

Population Data Sets

In valuation studies, general population respondents
self-described their health using the EQ-5D-5L descriptive system
at the time of the valuation interview. For these analyses, we used
valuation data sets from Indonesia,25 Spain,25,26 Canada,27 and the
United States.28

Patient Data Sets

Baseline data from several patient longitudinal data sets were
used. The first data set was a German study that sought to validate
the Veteran’s Rand 36 and 12 instruments against the SF-36 and
SF-12 (VR validation study) at the beginning and the end of
physical or mental rehabilitation. A separate group of German
physical and psychosomatic rehabilitation patients was sampled
to conduct a head-to-head comparison study of the EQ-5D-3L and
the EQ-5D-5L29 at the beginning and the end of their
rehabilitation (German 3L/5L study).

The Alberta PROMs and EQ-5D Research Support Unit
(APERSU)5 used the EQ-5D-5L in the Alberta Caring for Diabetes
Study.30 More than 2000 patients with type 2 diabetes completed
the EQ-5D-5L and other self-assessed health instruments, and
provided information about self-reported behaviors, symptoms,
and healthcare.

General Population/Patient Mix

Two data sets had a mix of general population and patient
respondents: (1) a large data set that included patient samples
from 7 countries, which was the basis for developing interim,
preference-based scoring for the 5L (crosswalk data set),3 and
(2) the data set from the international Multi-Instrument
Comparison (MIC) study that collected data encompassing a
range of preference and subjective well-being instruments as well
as various disease states from more than 8000 respondents
representing 6 countries using online surveys.31



Figure 1. Examined item structures.
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AD indicates Anxiety/Depression; BP, bodily pain; GH, general health perceptions; HRQOL, health-related quality of life; HRQOL-P, physical health-related quality of life;
HRQOL-M, mental health-related quality of life; HUI3, Health Utility Index; MH, mental health; MIMIC, multiple indicators, mutliple causes; MO, Mobility; PD, Pain/
Discomfort; PF, Physical Functioning; QWB, Quality of Well Being Scale; RE, Role Emotional; RP, Role Physical; SC, Self-Care; SF, social role functioning; UA, Usual Activities;
VAS, Visual Analogue Scale; VT, vitality.
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Analysis

Measurement models
To examine the underlying structure of the EQ-5D-5L, we

tested (1) reflective (model 1), (2) formative (models 2a and 2b),
and (3) reflective and formative combination (models 3a and 3b)
approaches to conceptualizing the EQ-5D-5L measurement model,
as summarized in Figure 1. Factor and regression structures were
allowed to vary across data sets and respondent groups. Data
cleaning and organization were conducted using SAS 9.4 (SAS
Institute, Cary, NC),32 STATA 14.0 (StataCorp, College Station, TX),33

and SPSS 22 (IBM, Armonk, NY),34 and analyses were conducted
using M-Plus 8.0 (Muthén & Muthén, Los Angeles, CA).35 Although
many approaches can be used to understand the relationship
between the EQ-5D items, we focused on 3 different approaches
in this article that best facilitate understanding the extent to
which the items are interrelated and the dimensionality of the
EQ-5D as an operationalization of HRQOL.

Reflective approach. We tested a purely reflective model:
whether 5 items of the EQ-5D-5L were reflective indicators of a
single latent construct (HRQOL / EQ-5D-5L items) and
therefore be summarized as a single score (model 1) using
confirmatory factor analysis (CFA). Although the EQ-5D-5L may
contain more than 1 latent factor, we tested, as a baseline
assessment, whether its 5 items can be summarized as a
single reflective score. EQ-5D items were modeled continuously
(maximum likelihood) as well as categorically (robust mean-
and variance-adjusted weighted least square).

Formative approach. To explore the EQ-5D-5L using a
purely formative approach, we examined Multiple Indicators
Multiple Causes (MIMIC) models—a specific type of structural
equation model comprising (1) a measurement model
that accounts for the reflective factors addressing 1 or more
continuous latent factor(s) and (2) a regression model that
estimates the association between the formative variables and
the latent factor(s).36 For this approach, external, established
HRQOL measures were used to assess how the EQ-5D-5L items
may be composites of HRQOL. The inclusion of other health
scales in this MIMIC model allowed for better exploration and
triangulation of EQ-5D item structure; future scoring algorithms
need not depend on non–EQ-5D measures. The MIC data,
because of the richness of included measures, were well suited
for this purpose. All EQ-5D-5L items were conceptualized as
composite indicators (ie, regression covariates) and self-assessed
health scales as reflective indicators (EQ-5D-5L items / HRQOL
/ self-assessed health scales). Because these MIMIC models
used HRQOL measures other than the 5 items of the EQ-5D-5L,
we defined them as “external” MIMIC models.

Two external MIMIC models were fitted: (1) HRQOL as a single
latent construct (model 2a) and (2) HRQOL as a second-order factor
made up of physical and mental health factors (model 2b). We first
fitted external MIMIC using the 8 SF-36 subscales because it is



Table 1A. Data set characteristics.

Indonesian 5L
valuation,
N (%)

Spanish 5L
valuation,
N (%)

Canadian 5L
valuation,
N (%)

US 5L
valuation,
N (%)

MIC data
set, N (%)

Total N 1055 1000 1210 1134 8022

Women 526 (49.91) 525 (52.50) 664 (54.88) 565 (49.78) 4174 (52.03)

Men 528 (50.09) 475 (47.50) 546 (45.12) 565 (49.78) 3848 (47.97)

Age (y), mean 6 SD 35.81 6 13.65 43.78 6 17.27 47.59 6 17.38 46.93 6 18.11 44.34 6 21.74

EQ-5D VAS, mean 6 SD 79.39 6 14.01 82.33 6 14.54 82.3 6 14.22 80.08 6 16.22 67.13 6 21.67

EQ-5D-5L full
health (11111)

464 (44.02) 580 (58.00) 401 (33.14) 346 (30.48) 1531 (19.09)

Worst health (55555) 0 (0.00) 0 (0.00) 1 (0.08) 2 (0.18) 0 (0.00)

EQ-5D-5L
dimension

Mobility No problems 970 (92.03) 886 (88.60) 919 (75.95) 795 (70.04) 5337 (66.53)
Slight problems 71 (6.74) 73 (7.30) 204 (16.86) 209 (18.41) 1491 (18.59)
Moderate problems 11 (1.04) 33 (3.30) 66 (5.45) 85 (7.49) 824 (10.27)
Severe problems 2 (0.19) 7 (0.70) 17 (1.40) 33 (2.91) 340 (4.24)
Unable to 0 (0.00) 1 (0.10) 4 (0.33) 13 (1.15) 30 (0.37)

Self-Care No problems 1034 (98.10) 957 (95.70) 1118 (92.40) 1042 (91.81) 7033 (87.67)
Slight problems 18 (1.71) 32 (3.20) 77 (6.36) 45 (3.96) 646 (8.05)
Moderate problems 1 (0.09) 10 (1.00) 9 (0.74) 30 (2.64) 273 (3.40)
Severe problems 1 (0.09) 1 (0.10) 4 (0.33) 10 (0.88) 62 (0.77)
Unable to 0 (0.00) 0 (0.00) 2 (0.17) 8 (0.70) 8 (0.10)

Usual
Activities

No problems 940 (89.18) 688 (68.80) 903 (74.63) 840 (74.01) 5182 (64.60)
Slight problems 102 (9.68) 222 (22.20) 208 (17.19) 179 (15.77) 1739 (21.68)
Moderate problems 12 (1.14) 73 (7.30) 87 (7.19) 85 (7.49) 794 (9.90)
Severe problems 0 (0.00) 16 (1.60) 11 (0.91) 18 (1.59) 256 (3.19)
Unable to 0 (0.00) 1 (0.10) 1 (0.08) 48 (4.23) 51 (0.64)

Pain/
Discomfort

No problems 636 (60.34) 792 (79.20) 569 (47.02) 550 (48.46) 2340 (29.17)
Slight problems 385 (36.53) 154 (15.40) 465 (38.43) 370 (32.60) 3251 (40.53)
Moderate problems 27 (2.56) 38 (3.80) 131 (10.83) 153 (13.48) 1619 (20.18)
Severe problems 6 (0.57) 10 (1.00) 40 (3.31) 45 (3.96) 697 (8.69)
Extreme problems 0 (0.00) 6 (0.60) 5 (0.41) 17 (1.50) 115 (1.43)

Anxiety/
Depression

No problems 693 (65.75) 913 (91.30) 751 (62.07) 689 (60.70) 4012 (50.01)
Slight problems 297 (28.18) 60 (6.00) 322 (26.61) 267 (23.52) 2348 (29.27)
Moderate problems 58 (5.50) 22 (2.20) 112 (9.26) 135 (11.89) 1107 (13.80)
Severe problems 4 (0.38) 4 (0.40) 19 (1.57) 26 (2.29) 393 (4.90)
Extreme problems 2 (0.19) 1 (0.10) 6 (0.50) 18 (1.59) 162 (2.02)

ABCD indicates Alberta Caring for Diabetes; APERSU, Alberta PROMs and EQ-5D Research Support Unit; MIC, Multi-Instrument Comparison; SD, standard deviation; VAS,
visual analogue scale; VR, Veteran’s Rand.
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considered a criterion standard of self-assessed HRQOL (models
2a-1 and 2b-1).21 Well-regarded subjective health summary scores
(Health Utility Index 3 [HUI3], Quality of Well-Being Scale [QWB],
and VAS) were then added to model 2a-1 to assess any substantive
changes in the model. HUI3 subscales were added to model 2b-1 to
assess the robustness of results.37 SF-36 subscales were used in
external MIMIC models; orthogonal scorings of the mental
component and physical components were not used. Standardized
coefficients of the EQ-5D-5L items were examined to learn about
items’ relationship with the latent factor(s).

Reflective and formative combination approach. The
internal structure of the EQ-5D-5L was further investigated using
MIMIC models. Because these models used only the 5 items of
the EQ-5D-5L, they were defined as “internal” MIMIC models
(EQ-5D-5L item subgroup / HRQOL / EQ-5D-5L item
subgroup). Unlike the CFA and the external MIMIC models,
internal MIMIC models cannot be used to generate usable
scoring weights; they can, however, clarify the internal structure
of EQ-5D-5L items, which can then be harnessed using other
structural equation modeling methods to generate weights for
the EQ-5D.
The evaluated internal structures were based on previous work
by Gamst-Klaussen et al16; the authors hypothesized certain
dimensions of the EQ-5D-5L to be reflective indicators and others
to be formative indicators on the basis of previous investigations
of the EQ-5D in existing models of HRQOL, such as the Wilson and
Cleary model and the International Classification of Functioning,
Disability and Health.38–41 Two structures from Gamst-Klaussen
et al16 were investigated as internal MIMIC models: (1) model
3a: causal indicators, AD, PD; reflective indicators, MO, SC, UA, and
(2) model 3b: causal indicators, MO, AD, PD; reflective indicators,
SC, UA.

Model Fit

For the CFA and the external MIMIC models, standardized factor
loadings and coefficients, respectively, were examined to learn
about items’ relationship with the latent trait. For all model types,
c2, root mean square error of approximation (RMSEA), standardized
root mean square residual (SRMR), comparative fix index (CFI), and
Tucker-Lewis index (TLI) were examined to assess model fit. As
guided by the evaluation recommendations reported by Hu et al,
RMSEA and SRMR less than 0.08 were considered to indicate good



Table 1B. Data set characteristics.

APERSU
ABCD, N (%)

Crosswalk
study, N (%)

German 3L/5L
study (baseline),

N (%)

VR validation
(baseline),
N (%)

2040 3691 230 559

917 (44.95) 1936 (52.45) 160 (69.57) 182 (32.56)

1110 (54.41) 1740 (47.14) 70 (30.43) 361 (64.58)

64.40 6 10.72 51.46 6 20.08 56.46 6 11.45 53.63 6 10.67

Not available 63.82 6 22.74 57.66 6 16.80 57.80 6 19.15

338 (16.57) 537 (14.55) 6 (2.61) 9 (1.61)

1 (5.00) 13 (0.35) 9 (3.91) 0 (0.00)

EQ-5D-5L
dimension

Mobility 965 (47.73) 1828 (49.53) 83 (36.09) 216 (38.64)
508 (25.12) 676 (18.31) 55 (23.91) 127 (22.72)
401 (19.83) 612 (16.58) 72 (31.30) 133 (23.79)
141 (6.97) 418 (11.32) 18 (7.83) 69 (12.34)

7 (0.35) 140 (3.79) 1 (0.43) 4 (0.72)
Self-Care 1798 (88.92) 2533 (68.63) 169 (73.48) 409 (73.17)

151 (7.47) 499 (13.52) 39 (16.96) 85 (15.21)
61 (3.02) 337 (9.13) 16 (6.96) 41 (7.33)
9 (0.45) 150 (4.06) 5 (2.17) 12 (2.15)
3 (0.15) 146 (3.96) 0 (0.00) (0.00)

Usual Activities 1074 (53.14) 1443 (39.10) 48 (20.87) 115 (20.57)
541 (26.77) 836 (22.65) 69 (30.00) 177 (31.66)
301 (14.89) 703 (19.05) 80 (34.78) 145 (25.94)
84 (4.16) 420 (11.38) 28 (12.17) 100 (17.89)
21 (1.04) 255 (6.91) 4 (1.74) 11 (1.97)

Pain/Discomfort 535 (26.47) 1205 (32.65) 19 (8.26) 37 (6.62)
830 (41.07) 1074 (29.10) 65 (28.26) 146 (26.12)
490 (24.25) 880 (23.84) 109 (47.39) 256 (45.80)
140 (6.93) 409 (11.08) 36 (15.65) 107 (19.14)
26 (1.29) 92 (2.49) (0.00) 5 (0.89)

Anxiety/Depression 1093 (54.08) 1416 (38.36) 82 (35.65) 237 (42.40)
599 (29.64) 1068 (28.94) 77 (33.48) 147 (26.30)
275 (13.61) 742 (20.10) 52 (22.61) 98 (17.53)
46 (2.28) 334 (9.05) 14 (6.09) 57 (10.20)
8 (0.40) 103 (2.79) 4 (1.74) 9 (1.61)

ABCD indicates Alberta Caring for Diabetes; APERSU, Alberta PROMs and EQ-5D Research Support Unit; MIC, Multi-Instrument Comparison; SD, standard deviation; VAS,
visual analogue scale; VR, Veteran’s Rand.
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fit, whereas CFI and TLI more than 0.9 indicated good fit.42–44

Evaluation recommendations are important but can be relatively
arbitrary.45 Relative model performance was more important than
absolute model fit in this study because the primary aim was to
compare measurement models. Because model fit metrics
determine fit from different aspects of the model, a comprehensive
evaluation of model differences and/or these metrics may be
necessary if 2 indices report conflicting information.45

Results

The individual data sets had between 230 and 8022
respondents. Across all data sets, 26 521 respondents (Table 1) and
25 types of diseases/conditions from 13 countries were captured.
Relatively healthier populations (valuation studies) were
sometimes missing endorsements of level 4 (severe problems)
and/or level 5 (extreme problems) of the level 5-EQ-5D.

We tested model 1 using CFA; all EQ-5D-5L items were treated
as reflective indicators of a single latent trait. Modeling the EQ-5D
item responses as categorical variables (RMSEA 0.049-0.225, good
to mediocre fit; Table 2) demonstrated a better fit than modeling
them as continuous variables (RMSEA 0.080-0.225, mostly poor
fitting; data not shown). CFI and TLI were mostly higher than 0.9,
indicating acceptable fit (Table 2).
Model 1 was robust across nearly all subgroups and data sets,
with dimension factor loadings ranging from 0.63 to 0.96 except
for AD (standard loadings 0.20-0.66). AD loading was overall
moderate (0.527), weak in 1 data set (0.203; German 3L/5L study),
and strong in 3 data sets (.0.6; stroke, Spanish valuation,
VR validation). AD had smaller loadings than did other dimensions
even for patients with depression and mental health concerns. In
contrast to other data sets, the Spanish valuation data showed the
highest factor loading on AD and low loadings for UA and
PD. Furthermore, neither a 1-factor CFA without AD nor a
second-order CFA with AD on one factor and non-AD dimensions
on a second factor improved model fit (data not shown).

Only the external MIMIC results in the MIC data set were
presented because it was the only data set that could support the
entire range of analyses (Table 3). The external MIMIC models had
poor absolute model fit, but they can be compared with each other
in relative terms to glean information about the EQ-5D item
structure. When only the SF-36 subscales were modeled as
reflective indicators, the 2-factor external MIMIC (model 2b-1)
performed marginally better than the 1-factor external MIMIC
(model 2a-1) (Table 3).

The addition of more reflective indicators (HUI3, VAS, and
QWB scores) (model 2a-2) did not substantially improve model fit
over model 2a-1 (Table 3). Similarly, the combination of HUI3 and



Table 2A. Model 1 CFA (1-factor solution).

Group Mobility Self-Care Usual Activities

Factor loading SE Factor loading SE Factor loading SE

Overall (all data) 0.906 0.003 0.899 0.004 0.909 0.003

Sex
Women 0.903 0.004 0.899 0.006 0.903 0.005
Men 0.912 0.005 0.900 0.006 0.917 0.004

Illness status
With 1+ self-reported illness 0.888 0.004 0.888 0.005 0.904 0.004
Healthy/general population 0.882 0.011 0.902 0.019 0.808 0.014

Disease group
Respiratory diseases 0.932 0.010 0.913 0.010 0.944 0.010
Musculoskeletal disease 0.859 0.010 0.818 0.014 0.913 0.009
Heart disease 0.909 0.012 0.869 0.015 0.923 0.011
Depression/mental health 0.852 0.017 0.829 0.021 0.826 0.015
Stroke 0.903 0.012 0.957 0.009 0.947 0.010
Diabetes 0.881 0.009 0.829 0.015 0.903 0.009
Cancer 0.909 0.015 0.827 0.029 0.913 0.015
Liver disease 0.867 0.030 0.870 0.034 0.915 0.019
Kidney disease 0.716 0.073 0.921 0.092 0.674 0.100

Data set
Indonesian valuation 0.712 0.043 0.791 0.063 0.632 0.044
Spanish valuation 0.888 0.019 0.915 0.024 0.771 0.021
Canadian valuation 0.888 0.014 0.879 0.022 0.921 0.012
US Valuation 0.845 0.016 0.895 0.021 0.872 0.015
MIC data set 0.908 0.004 0.856 0.007 0.923 0.004
APERSU ABCD 0.876 0.009 0.813 0.019 0.891 0.009
Crosswalk study 0.908 0.005 0.940 0.005 0.896 0.005
German 3L/5L study 0.815 0.034 0.717 0.057 0.815 0.036
VR validation 0.865 0.016 0.852 0.022 0.884 0.015

Note. Internal MIMIC only used the EQ-5D-5L items, so all data was collapsed for this analysis; reflective EQ-5D-5L items modeled as categorical variables.
ABCD indicates Alberta Caring for Diabetes; APERSU, Alberta PROMs and EQ-5D Research Support Unit; CFA, confirmatory factor analysis; CFI, comparative fix index;
MIC, Multi-Instrument Comparison; RMSEA, root mean square error of approximation; SE, standard error; TLI, Tucker-Lewis index; VR, Veteran’s Rand.
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SF-36 subscales in model 2b-2 improved model fit minimally over
SF-36 subscales alone in model 2b-1. Standardized coefficients
were larger for MO and PD in the 2-factor external MIMIC than in
the 1-factor model, whereas AD coefficients were larger in the
1-factor model. SC coefficients were much smaller than the other
dimensions in all external MIMIC models. Model 2b-1 fit statistics
were better for healthy subjects than for those with at least 1
health condition. Models 2a-1 and 2b-1 demonstrated similar
coefficients and model fit in other data sets (results not shown),
but models 2a-2 and 2b-2 could be fit only in the MIC data set.

Results of internal MIMIC models using categorical reflective
indicators were reported because of improved model fit over the
same models using continuous reflective indicators (Table 4).
Model 3b (formative indicators: MO, AD, PD; reflective indicators:
SC, UA) demonstrated superior c2 and RMSEA (,0.001-0.147) over
all other explored models across all subgroups and data sets, except
the Spanish valuation data set and liver disease. Furthermore, the
relative c2 improvements were substantial based on percent
change. The model 3b CFI and TLI statistics were slightly smaller
than those of CFA models but typically remained higher than 0.95,
demonstrating good model fit. On the basis of the totality of model
fit evidence, model 3b was determined to fit the data best. An
internal MIMIC model with only AD as a formative indicator and all
non-AD dimensions as reflective indicators had poorer model fit
than models 3a and 3b (data not shown).

In sensitivity analyses for internal MIMIC models, subgroup
analyses showed better fit for healthy respondents than for
patients. Nevertheless, model fit was not consistently better for
population data sets (ie, valuation studies) than for patient
samples (German 3L/5L, VR validation, and Alberta Caring for
Diabetes) (Table 4). Patient/health respondent mix data sets
(crosswalk and MIC) had the poorest fit.
Discussion

When developing scoring for an instrument, we consider
(1) how items should be combined and (2) the weights that
should be applied. In this article, we explored the first
consideration by examining the structure of EQ-5D-5L items,
applying reflective, formative, and combination models in 9 data
sets covering various languages, countries, study designs, and
patient types. Although standardized loadings and coefficients
varied across different data sets and subgroups, 2 findings
regarding the item structure of the EQ-5D instrument were
robust: (1) separate reflective and formative indicator subscores
may be appropriate given that the internal MIMIC models fit best
and (2) weights developed from purely reflective methods and
purely formative methods would differ drastically.

The single-factor CFA had acceptable absolute model fit
statistics and found that MO, SC, UA, and PD were highly relevant
to the latent trait, whereas AD demonstrated a weaker
relationship, that is, had smaller factor loadings. The general
poorer loading of AD may indicate that it does not address
physical health like the other items, matching reporting
elsewhere.46–48 Furthermore, CFA may be suboptimal when both



Table 2B. Model 1 CFA (1-factor solution).

Group Pain/Discomfort Anxiety/Depression Model fit statistics

Factor loading SE Factor loading SE c2 RMSEA CFI TLI

Overall (all data) 0.773 0.005 0.527 0.007 963.964 0.101 0.993 0.986

Sex
Women 0.773 0.007 0.496 0.010 498.513 0.100 0.993 0.985
Men 0.773 0.007 0.561 0.010 452.314 0.099 0.994 0.987

Illness status
With 1+ self-reported illness 0.739 0.006 0.458 0.009 905.538 0.115 0.990 0.980
Healthy/general population 0.681 0.016 0.484 0.020 151.618 0.070 0.984 0.967

Disease group
Respiratory diseases 0.715 0.022 0.482 0.027 65.021 0.096 0.996 0.993
Musculoskeletal disease 0.738 0.016 0.457 0.023 87.665 0.090 0.994 0.988
Heart disease 0.704 0.027 0.514 0.030 50.945 0.088 0.995 0.991
Depression/mental health 0.737 0.020 0.459 0.026 107.372 0.119 0.982 0.964
Stroke 0.661 0.031 0.659 0.031 166.314 0.225 0.989 0.978
Diabetes 0.798 0.012 0.524 0.019 93.874 0.074 0.996 0.992
Cancer 0.770 0.022 0.471 0.041 20.698 0.063 0.997 0.994
Liver disease 0.803 0.038 0.541 0.047 17.671 0.077 0.995 0.990
Kidney disease 0.755 0.081 0.480 0.144 6.270 0.071 0.990 0.981

Data set
Indonesian valuation 0.752 0.044 0.467 0.041 26.884 0.064 0.963 0.926
Spanish valuation 0.514 0.045 0.956 0.018 16.787 0.049 0.997 0.994
Canadian valuation 0.810 0.017 0.471 0.033 29.254 0.063 0.996 0.992
US Valuation 0.785 0.017 0.538 0.030 40.643 0.079 0.992 0.984
MIC data set 0.804 0.005 0.481 0.011 256.583 0.079 0.996 0.991
APERSU ABCD 0.809 0.009 0.542 0.020 54.996 0.070 0.992 0.897
Crosswalk study 0.732 0.009 0.476 0.015 391.063 0.145 0.990 0.979
German 3L/5L study 0.815 0.037 0.203 0.064 18.542 0.109 0.984 0.968
VR validation 0.802 0.019 0.619 0.029 14.233 0.060 0.998 0.996

Note. Internal MIMIC only used the EQ-5D-5L items, so all data was collapsed for this analysis; reflective EQ-5D-5L items modeled as categorical variables.
ABCD indicates Alberta Caring for Diabetes; APERSU, Alberta PROMs and EQ-5D Research Support Unit; CFA, confirmatory factor analysis; CFI, comparative fix index;
MIC, Multi-Instrument Comparison; RMSEA, root mean square error of approximation; SE, standard error; TLI, Tucker-Lewis index; VR, Veteran’s Rand.
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causal and effect indicators are present without a well-understood
conceptual model.16,49 Thus, either the latent construct of
health-related quality of life has 2 domains as measured by the
EQ-5D-5L or AD is a formative indicator of HRQOL.49,50

The external MIMIC model was especially powerful because it
allowed “regression” of EQ-5D-5L items onto 1 or more latent
traits as captured by other HRQOL metrics. The poor fit of external
MIMIC models may be due to the additional variance introduced
by HRQOL measures external to the EQ-5D, for example, the SF-36
and the QWB, because these measures assess different dimensions
of health or well-being. The improved fit statistics of the 2-factor
model over the 1-factor model may have been induced by the
mental and physical domains contained within the SF-36, which
were used to fit all external MIMIC models. Despite generally poor
model fit statistics of these models, the finding that SC had small
standardized coefficients converged with other regression-based
analyses of the EQ-5D items; the same phenomenon was
observed in linear regressions of the EQ-5D items onto the VAS in
data sets explored in this study and others.51–54 Information
overlap between SC and UA, also hypothesized by Gamst-Klaussen
et al,16 may minimize the contribution of SC in regression-derived
EQ-5D-5L weights.

Taken together, the CFA and external MIMIC results show that
EQ-5D items are unlikely to be all reflective or formative
indicators and neither method alone adequately captures the
EQ-5D item structure. The importance and contributions of AD
and SC to the overall HRQOL construct, as evidenced by item
loading/coefficient magnitude, differed by model and indicator
type. AD was the least important dimension in the CFA as a
reflective indicator but similarly weighted to other EQ-5D items as
a formative indicator in the external MIMIC. SC had high factor
loadings in the CFA but nearly negligible coefficients in the
external MIMIC. Use of the CFA or the external MIMIC alone for
scoring would incorrectly downweight AD or SC, respectively.

The internal MIMIC results reaffirmed that the use of the same
method, that is, formative or reflective, to summarize all items may
not be appropriate because they function differently. Model fit for
internal MIMIC model 3b (formative indicators: MO, PD, AD; reflec-
tive indicators:UA and SC)wasbetter than for bothmodels 1 and 2 in
mostdata sets andsubpopulations. Thesefindings confirmtheearlier
work by Gamst-Klaussen et al16 in a broad range of respondents.

Models fit better for healthy and general population
respondents than those with at least 1 illness across all 3 model
types. Magnitude of factor loadings was similar across sub-
populations within a narrow range; stroke patients, Spanish valu-
ation study, and German 3L/5L study were, however, significant
outliers. The Spanish valuation study data set was the most striking
outlier. For CFA, AD loaded the highest of all dimensions within the
data set, unlike other data sets, and its factor loading of 0.96 was far
larger than the AD loading in other data sets. A CFA in Spanish
patients with osteoarthritis had similar factor loadings to our
overall and musculoskeletal subgroup CFA results.55 Another CFA in
Spanish patients with depression does not mirror our CFA results in
patients with mental health concerns nor the CFA in the Spanish
valuation data set.56 Thus, the dissimilarity in CFA results between
Spanish valuation and other data sets cannot be attributed to dif-
ferences in language and culture. Model 3b also did not fit best in
the Spanish valuation data set, in contrast to other data sets.



Table 3. External MIMIC model results using MIC data set.

1-Factor models 2-Factor models

Model 2a-1 SF-36 subscales Model 2b-1 SF-36 subscales Model 2b-1 SF-36 subscales in
healthy subjects

Standardized
coefficient

SE P value Standardized
coefficient

SE P value Standardized
coefficient

SE P value

MO 20.198 0.010 ,.001 20.250 0.010 ,.001 20.158 0.020 ,.001

SC 20.014 0.008 .069 20.005 0.008 .490 0.030 0.016 .063

UA 20.271 0.010 ,.001 20.254 0.010 ,.001 20.157 0.020 ,.001

PD 20.341 0.009 ,.001 20.436 0.009 ,.001 20.467 0.024 ,.001

AD 20.341 0.008 ,.001 20.208 0.011 ,.001 20.001 0.021 .947

c2 17466.512 13838.965 2225.965

RMSEA 0.199 0.179 0.153
SRMR 0.094 0.090 0.550
CFI 0.68 0.748 0.649
TLI 0.604 0.677 0.649

Model 2a-2 SF-36, HUI3, and VAS Model 2b-2 SF-36 and HUI3 Model 2b-1 SF-36 subscales in
respondents with any self-reported
illness

Standardized
coefficient

SE P value Standardized
coefficient

SE P value Standardized
coefficient

SE P value

MO 20.225 0.009 ,.001 20.290 0.010 ,.001 20.263 0.011 ,.001

SC 20.063 0.007 ,.001 20.051 0.012 ,.001 20.017 0.009 .055

UA 20.247 0.010 ,.001 20.228 0.010 ,.001 20.258 0.011 ,.001

PD 20.326 0.008 ,.001 20.580 0.008 ,.001 20.426 0.011 ,.001

AD 20.359 0.007 ,.001 20.148 0.010 ,.001 20.217 0.013 ,.001

c2 10489.7 24450.78 11303.342

RMSEA 0.228 0.147 0.184
SRMR 0.092 0.104 0.096
CFI 0.711 0.729 0.730
TLI 0.596 0.688 0.654

Note. Results only presented for MIC; due to the number of other measures included, only the MIC dataset could support the most specifications of the external MIMIC;
similar model results were noted in other datasets for Models 2a-1 and 2b-1.
CFI indicates comparative fix index; Dimensions: AD, Anxiety/Depression; MO, Mobility; PD, Pain/Discomfort; SC, Self-Care; UA, Usual Activities; HUI3, Health Utility Index
3; MIC, Multi-Instrument Comparison; MIMIC, Multiple Indicators Multiple Causes; RMSEA, root mean square error of approximation; SE, standard error; SF-36, short
form 36 health survey; SRMR, standardized root mean square residual; TLI, Tucker-Lewis index; VAS, visual analogue scale.
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The next phase of non–preference-based score development
will need to explore whether measurement properties of items
differ across subgroups, that is, differential item functioning, and
the implications for scoring if variation exists. Despite
variations across subgroups, the item structure of the EQ-5D was
elucidated. Neither a reflective nor a formative model is ideal
because some dimensions are formative while others are
reflective, suggesting that future research should draw from the
structure of model 3b. Item groupings that fit with the analyses
presented can be (1) development of AD and non-AD subscores
and (2) development of 2 subscores: 1 for PD, MO, and AD, and 1
for SC and UA. Candidate scoring algorithms based on the results
of this study and unweighted summary scores should be
compared on the basis of measurement properties such as reli-
ability and responsiveness.23 Other important factors to be
considered in a scoring algorithm include (1) accurate description
of HRQOL, (2) practicality of implementation for the end user, and
(3) ease of score interpretation.

A major strength of the study is the use of a range of analyses
to enrich our understanding of the EQ-5D item structure across
different population and patient samples. Well-established,
external HRQOL metrics were also modeled with EQ-5D items to
account for HRQOL as a multidimensional latent construct. Such a
broad scope of modeling approaches applied to diverse data to
triangulate the item structure of the EQ-5D has not been
previously reported.

The study results were subject to several limitations. The data
sets were mostly from developed Western countries and not all
diseases were represented; thus, despite similar item structure
conclusions, the EQ-5D items may be interrelated differently in
other populations. Furthermore, many data sets were from
country-specific valuation studies; respondents in these studies
tended to be healthier, leading to less variation in the health states
captured. Modeling based on this narrow range of health may fail
to fully inform the structure for the broad range of applications of
the EQ-5D-5L as a generic instrument.
Conclusions

Although there were variations in results across subgroups and
data sets, the elucidated item structure was generally consistent



Table 4. Fit indices of internal MIMIC models.

Model 3a (formative: AD, PD; reflective:
MO, SC, UA)

Model 3b (formative: MO, AD, PD;
reflective: SC, UA)

c2 RMSEA CFI TLI c2 RMSEA CFI TLI

Overall (all data) 1158.929 0.124 0.972 0.936 216.831 0.075 0.984 0.945
Women 574.436 0.120 0.973 0.938 135.919 0.083 0.981 0.932
Men 579.404 0.126 0.972 0.937 65.448 0.059 0.991 0.967

Illness status
With 11 self-reported illness 1121.730 0.144 0.967 0.925 206.311 0.087 0.982 0.937
Healthy/general population 50.367 0.044 0.988 0.973 19.129 0.038 0.989 0.961

Disease group
Respiratory 30.725 0.072 0.996 0.992 4.588 0.032 0.998 0.994
Musculoskeletal 64.816 0.086 0.987 0.972 13.163 0.052 0.994 0.978
Heart disease 28.250 0.071 0.992 0.983 9.360 0.055 0.993 0.975
Depression/mental health 110.791 0.136 0.944 0.875 6.299 0.039 0.994 0.978
Stroke 22.211 0.085 0.997 0.993 4.324 0.043 0.998 0.994
Diabetes 91.508 0.082 0.986 0.968 6.990 0.028 0.997 0.991
Cancer 19.582 0.071 0.990 0.977 0.690 ,0.001 1.000 1.010
Liver disease 19.589 0.097 0.981 0.957 17.381 0.136 0.935 0.773
Kidney disease 2.215 ,0.001 1.000 1.130 1.579 ,0.001 1.000 1.099

Data set
Indonesian valuation 10.734 0.040 0.970 0.933 0.407 ,0.001 1.000 1.063
Spanish valuation 41.223 0.096 0.937 0.859 21.183 0.098 0.899 0.646
Canadian valuation 30.084 0.073 0.983 0.962 9.178 0.054 0.988 0.957
US valuation 62.062 0.113 0.953 0.895 10.994 0.063 0.981 0.935
MIC data set 331.688 0.101 0.980 0.954 37.143 0.047 0.993 0.976
APERSU ABCD 66.676 0.088 0.982 0.959 6.944 0.035 0.995 0.983
Crosswalk study 391.676 0.163 0.974 0.941 160.271 0.147 0.963 0.870
German 3L/5L study 18.216 0.125 0.949 0.886 3.823 0.063 0.980 0.929
VR validation study 17.646 0.081 0.988 0.972 6.732 0.068 0.986 0.949

Note. Bolded italics: chi-squared P-value . .05, indicating good model fit. Internal MIMIC only used the EQ-5D-5L items, so all data was collapsed for this analysis;
reflective EQ-5D-5L items modeled as categorical variables.
ABCD indicates Alberta Caring for Diabetes; APERSU, Alberta PROMs and EQ-5D Research Support Unit; CFI, comparative fix index; Dimensions: AD, Anxiety/Depression;
MO, Mobility; PD, Pain/Discomfort; SC, Self-Care; UA, Usual Activities; MIC, Multi-Instrument Comparison; MIMIC, Multiple Indicators Multiple Causes; RMSEA, root mean
square error of approximation; TLI, Tucker-Lewis index; VR, Veteran’s Rand.
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across subanalyses. In the CFA, AD does not seem to measure the
same latent trait as the other items, whereas the external MIMIC
demonstrated that SC contributes less to the variation in HRQOL
than do the other 4 dimensions. Internal MIMIC model 3b
clarified these results by showing that the EQ-5D is best
modeled with both reflective (UA and SC) and formative indicators
(MO, PD, and AD). The summation of evidence calls for testing of
formative/reflective combination approaches of summarizing the
EQ-5D-5L. These findings on the structure and relationships
between the EQ-5D-5L items illustrate the challenge in identifying
a broadly applicable non–preference-based approach to scoring
the EQ-5D.
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