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Abstract 

Background: The EQ-5D-3L and EQ-5D-5L are two generic health-related quality of life measures, which may be 
used in clinical and health economic research. They measure impairment in 5 aspects of health: mobility, self-care, 
usual activities, pain/discomfort and anxiety/depression. The aim of this study was to assess the performance of the 
EQ-5D-3L and EQ-5D-5L in measuring the self-reported health status of older patients with substantial multimorbidity 
and associated polypharmacy.

Methods: Between 2017 and 2019, we administered EQ-5D-3L and EQ-5D-5L to a subset of patients participating 
in the OPERAM trial at 6 months and 12 months after enrolment. The OPERAM trial is a two-arm multinational cluster 
randomised controlled trial of structured medication review assisted by a software-based decision support system 
versus usual pharmaceutical care, for older people (aged ≥ 70 years) with multimorbidity and polypharmacy. In the 
psychometric analyses, we only included participants who completed the measures in full at 6 and 12 months. We 
assessed whether responses to the measures were consistent by assessing the proportion of EQ-5D-5L responses, 
which were 2 or more levels away from that person’s EQ-5D-3L response. We also compared the measures in terms of 
informativity, and discriminant validity and responsiveness relative to the Barthel Index, which measures independ-
ence in activities of daily living.

Results: 224 patients (mean age of 77 years; 56% male) were included in the psychometric analyses. Ceiling effects 
reported with the EQ-5D-5L (22%) were lower than with the EQ-5D-3L (29%). For the mobility item, the EQ-5D-5L 
demonstrated better informativity (Shannon’s evenness index score of 0.86) than the EQ-5D-3L (Shannon’s evenness 
index score of 0.69). Both the 3L and 5L versions of EQ-5D demonstrated good performance in terms of discriminant 
validity, i.e. (out of all items of the EQ-5D-3L and EQ-5D-5L, the pain/discomfort and anxiety/depression items had the 
weakest correlation with the Barthel Index. Both the 3L and 5L versions of EQ-5D demonstrated good responsiveness 
to changes in the Barthel Index.
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Introduction
Economic evaluations in health care involve the com-
parison of the costs and the benefits of different health 
technologies [1]. Cost-effectiveness analysis is a widely 
accepted form of economic evaluation. Cost-utility 
analysis (CUA) is a specific form of cost-effectiveness 
analysis in which the benefits of health technologies 
are measured in terms of quality adjusted life years 
(QALYs) [1]. The QALY is a composite measure of both 
quantity and quality of life.

EQ-5D is a generic measure of health-related qual-
ity of life (HrQoL) which can be used in clinical and 
economic studies, and is the recommended measure 
in National Institute of Health and Care Excellence 
(NICE) guidelines for calculating QALYs in cost-utility 
analysis in England and Wales [2]. EQ-5D consists of 5 
dimensions of health i.e. mobility, self-care, usual activ-
ities, pain/discomfort and anxiety/depression [3]. It also 
includes a visual analogue scale (EQ-VAS), which asks 
participants to rate their overall health on a scale from 
0 to 100. In the original of the EQ-5D (EQ-5D-3L), each 
dimension of health included 3 answer options (levels) 
to measure whether participants were experiencing no 
problems, some/moderate problems or severe/extreme 
problems [3]. However, there were concerns that the 
use of only 3-levels resulted in these levels being too 
broad so that the EQ-5D-3L measure offered only 
limited information on the degree to which respond-
ents’ health was impaired, and was also less sensitive 
to changes in respondents’ health status over time. As 
a result, a 5-level version of the EQ-5D (EQ-5D-5L) 
was subsequently developed and introduced in 2009 to 
address these concerns by providing two additional lev-
els for each dimension to enable a more nuanced pro-
file of an individual’s health status to be elicited. In the 
EQ-5D-5L, each dimension of health includes 5 levels 
to measure whether participants are experiencing no 
problems, slight problems, moderate problems, severe 
problems, or extreme/unable problems [4]. Henceforth 
in this article, we refer to the EQ-5D-3L and EQ-5D-5L 
instruments as 3L and 5L respectively.

For the purposes of economic evaluation, EQ-5D 
responses can be converted into a single index sum-
mary score based on questionnaire responses to the 
5 dimensions of health by using a valuation algorithm 
based on the social preferences of the general popula-
tion. Such evaluation algorithms are country-specific 
and are currently available for a number of countries.

The measurement properties of any HrQoL instru-
ment, such as distributional properties, consistency, 
reliability and validity, should be evaluated in order to 
assess its appropriateness for use in a specific patient 
population [5]. A measurement instrument may exhibit 
good distributional properties if the presence of ceiling 
and floor effects are low (so that responses are not con-
centrated within the highest and/or lowest levels of an 
instrument). Both 3L and 5L should demonstrate consist-
ency with each other if participants’ responses to the 5L 
matched with the corresponding levels of the 3L when 
both measures were administered at the same time point 
[6]. Reliability analysis assesses the ability of an instru-
ment to provide reproducible measurements, whereas 
validity analysis involves assessing the extent to which 
an instrument measures what it purports to measure [7]. 
Convergent (and discriminant) validity and responsive-
ness are two types of validity analysis. An instrument 
exhibits convergent validity if it is highly correlated with 
a related instrument, whereas an instrument exhibits dis-
criminant validity if it has a comparatively low correla-
tion with an unrelated instrument [5].

Responsiveness may be described as ‘longitudinal 
validity’, and assesses the degree to which an instrument 
is able to respond to a meaningful or clinically important 
external change over time [5, 8]. Given the most common 
function of the EQ-5D is to detect changes in HrQoL 
over time in clinical trials, it is particularly important to 
evaluate the responsiveness of EQ-5D. An anchor-based 
analysis may be performed to assess responsiveness. The 
objective of an anchor-based analysis is to assess whether 
scores on the measure of interest (i.e. 3L or 5L) change in 
the expected direction when compared with changes in 
the scores of a related construct or measure (the ‘anchor’ 
measure) [9, 10]. For an anchor-based responsiveness 
analysis to be undertaken, it is necessary that the anchor 
measure is responsive in the study population.

We are aware of two previous studies which have com-
pared the 3L and 5L versions of EQ-5D for people of any 
age with multimorbidity (defined in these studies as ≥ 2 
chronic conditions) [11, 12]. Our study is the first we 
are aware of, to examine the responsiveness of the 3L or 
5L in a population with substantial multimorbidity (our 
sample presented with a mean of 11.5 chronic conditions 
upon entry into our study) and polypharmacy (defined 
for this study, as 5 or more different regular drugs for 
more than 30  days). The definition of multimorbidity 
used in this study was based on the inclusion criteria for 

Conclusion: Both EQ-5D-3L and EQ-5D-5L demonstrated validity and responsiveness when administered to older 
adults with substantial multimorbidity and polypharmacy who were able to complete the measures.
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the underlying clinical trial that provided the data basis 
for the present study (presence of ≥ 3 concurrent chronic 
conditions), and is stricter than the definition of multi-
morbidity which is typically used in the clinical field 
(presence of ≥ 2 concurrent chronic conditions) [13, 14]. 
Studying the measurement properties of the 3L and 5L 
in this population is of significant interest, because this 
population is increasing in prevalence over time [15]. 
Our study is also the first head-to-head study we are 
aware of (i.e. the same individual completing both the 
3L and 5L) that has been undertaken for this population. 
In terms of studies comparing the measurement proper-
ties of 3L and 5L versions of EQ-5D, many studies have 
been carried out across other populations [16]. Most 
of these studies showed that the 5L is highly consistent 
with 3L responses, as well as offering a better level of per-
formance in terms of reduced ceiling effects and better 
informativity compared to the 3L [16–18]. Ceiling effects 
occur when a high proportion of subjects have maximum 
scores on the measurement of interest. A smaller num-
ber of studies, which have applied modern test theory 
through Rasch analysis, have also indicated improved 
performance of the 5L compared to the 3L in terms of 
demonstrating greater sensitivity [19, 20]. Furthermore, 
we are aware of only six studies comparing the respon-
siveness of the 5L and 3L. Of these, three studies found 
that the 5L was more responsive than the 3L [21–23], two 
found that the measures exhibited similar responsiveness 
[24, 25], and one study of 112 stroke patients indicated 
that the 3L was more responsive than the 5L [26].

The main objectives of this study were to:

a Assess discriminant validity, informativity and 
responsiveness of the 3L and 5L versions of EQ-5D in 
an older adult population with substantial multimor-
bidity, and polypharmacy.

b Assess consistency of the 3L and 5L, in an older adult 
population with substantial multimorbidity, and 
polypharmacy. Consistency involves assessing the 
extent to which responses based on 3L correspond to 
those based on 5L.

Methods
Data collection
The OPERAM clinical trial is a two-arm, cluster-
randomised controlled trial of a structured medica-
tion review assisted by a software-based decision 
support system versus usual care, funded by the Euro-
pean Union Horizon 2020 programme (trial identifier: 
NCT02986425) [14]. The trial was conducted in four 
centres in Belgium, Ireland, Netherlands, and Switzer-
land with a follow-up period of 12  months. The trial 

participants were 2,008 people aged 70  years or above 
with both multimorbidity (experiencing 3 or more 
chronic conditions concurrently) and polypharmacy 
(5 or more different regular drugs) [14]. The trial inter-
vention was based on the so-called ‘Systematic Tool to 
Reduce Inappropriate Prescribing’ (STRIP) assistant, 
which is deployed using a clinical decision support sys-
tem [27]. STRIP is a structured method for performing 
customised medication reviews and to detect potentially 
inappropriate prescribing [14], based on STOPP/START 
version 2 criteria for potentially inappropriate medi-
cations (STOPP) and potential prescribing omissions 
(START) [28]. Baseline characteristics of the OPERAM 
trial participants included a mean age of 80  years, 55% 
being male, 24% being university educated, and present-
ing with a mean of 11.0 comorbidities at baseline. The 
chronic comorbid conditions most commonly reported 
by OPERAM trial participants at baseline were hyper-
tension (n = 1309; 65%), hypercholesterolemia (n = 725; 
36%) and atrial fibrillation (n = 724; 36%). The OPERAM 
trial had broad eligibility criteria to improve representa-
tiveness for the population of interest, and external 
validity.

During the 6  month and 12  month participant tel-
ephone interviews, which took place between 2017 and 
2019, all trial participants were asked to verbally com-
plete questionnaires read out to them by the trial primary 
researcher, to elicit a range of trial outcomes (including 
the Barthel Index, EQ-VAS and EQ-5D-5L). The EQ-
5D-5L was included in the OPERAM trial as part of a 
pre-planned, within-trial health economic analysis, but 
also to assess HRQoL clinically [14] (primarily by using 
the EQ-VAS). In addition, after initial trial recruitment 
had been completed, the 3L questionnaire was adminis-
tered in the same way to a subset of participants of the 
OPERAM trial at the 6 month and 12 month follow-up 
time points. We chose these time points to collect EQ-5D 
data for assessment of responsiveness, as we judged that a 
6 month interval was sufficient time for clinically impor-
tant changes in patient’s health to occur. We did not use 
a longer time period, as it would have exacerbated the 
generation of missing data due to the substantial mortal-
ity rate in the target population. Based on the standard 
operating procedure for the administration of trial ques-
tionnaires, the 3L was administered at the end of the tel-
ephone interview. For patients with potential difficulty in 
concentrating, the 5L was the first questionnaire admin-
istered, followed in sequence by (1) the Morisky Medica-
tion Adherence Scale (MMAS-8), (2) the Barthel Index 
and (3) Beliefs about Medicines Questionnaire (BMQ).

In the course of the 6  month follow-up interviews, 
patients were consecutively added to the present study 
until a maximum of 75 participants was reached for each 
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country [implying a planned maximum of 300 partici-
pants in total; 300 being comparable to the sample size 
of other responsiveness studies comparing 3L and 5L 
[16]]. In this study nested within a multinational clinical 
trial, we used the combined sample across all countries 
to ensure sufficient statistical power. However, for the 
responsiveness analyses, we also carried out subgroup 
analyses at the country level to check for potential differ-
ences in the responsiveness of the instruments between 
countries. Questionnaires were completed by patients or 
proxies on behalf of the patient, usually a family mem-
ber or other responsible individual [i.e. nursing home 
employee (if applicable) or the patient’s GP [14]] if the 
patient presented with cognitive impairment or was oth-
erwise unable to respond. However, our present analysis 
was restricted to participants who self-completed the 
EQ-5D measures at 6 and 12  months. It was consid-
ered necessary to remove participants for whom a proxy 
EQ-5D report was obtained, as they were shown to have 
a markedly different health profile compared to partici-
pants who self-completed all EQ-5Ds, reflected by them 
having statistically significant lower 6  month Barthel 
Index score (i.e. greater impairments in activities of daily 
living; p < 0.001). Another reason for removing proxy 
EQ-5D responses was that these can be divergent from 
self-completed EQ-5D responses [29]. The inclusion of 
the proxy responses might have led to a situation where 
observed differences between 3 and 5L could partially be 
driven by the proxy responses, with no sufficient possibil-
ity to distinguish this. Therefore, we regarded it as more 
appropriate to focus on the responses directly provided 
by patients. Ethical approval for the study was obtained 
at the four OPERAM clinical sites.

Calculation of EQ‑5D scores
To be consistent and because no equivalent value set 
exists for Switzerland, we used German EQ-5D value 
sets for all analyses. The German time trade-off value set 
was used to calculate 3L scores (utilities) [30], and the 
German cross-walk algorithm was used to calculate 5L 
scores [31]. The German crosswalk algorithm maps 5L 
responses onto the German 3L value set to calculate 5L 
scores.

Statistical analysis
All psychometric analyses were restricted to participants 
who self-completed all items of the 3L and 5L instru-
ments at 6 months and 12 months.

Descriptive statistics
Descriptive statistics were calculated for the study sam-
ple, including participant characteristics and the dis-
tribution of participants across all of the levels and 

dimensions of the 3L and 5L at baseline (6  month 
responses) and follow-up (12 month responses) [26]. Vol-
ume and patterns of missing data for the 3L and the 5L 
were assessed. We also calculated correlation coefficients 
between the 3L and 5L index scores, between the 3L and 
VAS, and between the 5L and VAS. A very high correla-
tion between the 3L and 5L index scores might indicate 
the instruments produce similar results and imply that 
they could be used interchangeably [32].

Consistency and redistribution properties
The consistency of the EQ-5D at 6 months (i.e. first meas-
urement time point) was evaluated by cross-tabulating 
within-participant 3L and 5L responses. An inconsistent 
response was defined as a 5L response that was two or 
more levels away from the corresponding 3L response 
[6]. For example, an inconsistent response would be 
established for a participant who reported level 1 (no 
problems) using 3L but reported level 3 (some problems) 
or worse for the same dimension using 5L. An excep-
tion to this rule was made for the mobility item. Here, 
we considered responses from participants who reported 
with the 3L some problems in walking about, and also 
reported with the 5L being unable to walk about, to not 
be inconsistent. This is because the 3L mobility item is 
categorised into a person having “no problems in walk-
ing about”, “some problems in walking about” and being 
“confined to bed”. Patients who report being unable to 
walk about with the 5L, may not necessarily be confined 
to bed and may therefore instead logically report having 
“some problems in walking about” with the 3L.

The proportions of inconsistent responses for each of 
the dimensions were computed. For consistent responses, 
the redistribution properties of the 5L were also assessed 
in the cross-tabulation. For example, we were able to 
assess the redistribution of participants who reported 
‘some problems’ for a 3L dimension, across the ‘some 
problems’, ‘moderate problems’ and ‘severe problems’ lev-
els of the corresponding 5L dimension.

Ceiling effects
The proportion of participants who reported ‘no prob-
lems’ for each dimension of the 3L and the 5L was 
assessed. We also examined the proportion of partici-
pants who reported no problems for all dimensions of 3L 
and 5L (i.e. index scores of 1). McNemar’s test was used 
to test whether there were statistically significant differ-
ences in ceiling effects between the measures for each 
dimension [33]. A previous study of the general German 
population found that approximately 39% of respond-
ents aged 70–79 years and 7.6% of respondents aged 80+ 
years reported ‘no problems’ for all 5 items of the EQ-
5D-5L [34].



Page 5 of 17Bhadhuri et al. Health Qual Life Outcomes          (2020) 18:317  

Discriminant validity
The discriminant validity of the EQ-5D-3L and 5L was 
assessed by computing Spearman’s rho between each 
of the EQ-5D items, and the Barthel Index at 6 months 
[33]. The Barthel Index is a measure of individual perfor-
mance in activities of daily living (ADLs) widely used in 
the field of rehabilitation, consisting of 10 items. Barthel 
Index scores range from 0 (indicating ‘total’ dependency 
in ADLs) to 100 (indicating no dependency in ADLs) 
[35]. Spearman’s rho effect sizes of between 0.20 and 0.35 
were considered weak, between 0.35 and 0.50 moderate 
and > 0.50 strong [33]. We assessed discriminant valid-
ity for the 3L and the 5L by testing the hypothesis that 
Spearman’s rho for the EQ-5D anxiety/depression or 
pain/discomfort items with the Barthel Index would be 
lower than for the other EQ-5D items. This is because the 
other EQ-5D items (mobility, self-care, usual activities) 
measure functioning, thereby being expected to corre-
late better with the Barthel Index which measures ADL-
related functioning [36].

Responsiveness
The responsiveness of the EQ-5D-3L and 5L measures to 
changes in the Barthel Index and the EQ-VAS over time 
(i.e. between 6 and 12 months) was assessed by using an 
anchor-based analysis [8]. The Barthel Index and EQ-VAS 
were also secondary outcome measures in the OPERAM 
trial [14], due to their perceived responsiveness in the 
OPERAM population. The EQ-VAS is a visual analogue 
scale measure of a person’s self-assessed health with sta-
tus ranging from 0 to 100 [37]. The ‘anchor’ measures 
(Barthel Index and EQ-VAS) were each sub-divided into 
three categories to reflect whether (1) the participant’s 
score for the anchor measure improved clinically, (2) 
did not change in a clinically important way, or (3) clini-
cally worsened between 6 and 12 months. The threshold 
for a clinically important change was determined using a 
literature-based minimal clinically important difference 
(MCID) estimate of 8 points for the EQ-VAS [37], and 
any change in the total score of the Barthel Index can be 
considered clinically important [38]. Standardised effect 
sizes (Cohen’s D) were calculated for changes in EQ-5D 
scores between 6 and 12 months. Cohen’s D effect sizes 
of between 0.2 and 0.5 were considered small, 0.5 and 0.8 
moderate and > 0.8 large [39]. A high degree of respon-
siveness of the EQ-5D-3L/5L measures would be indi-
cated through their demonstrated ability to detect change 
in the anchor measures, i.e. positive effect sizes (moder-
ate or large) for the EQ-5D when there is an improvement 
in the anchor measure and negative effect sizes when 
there is a worsening in the anchor measure. In our study, 
both the EQ-5D-3L and EQ-5D-5L were administered in 
full, including their VAS parts that are introduced slightly 

differently. We assessed responsiveness of the EQ-5D-3L 
to change in the 3L-VAS measure, and responsiveness of 
the EQ-5D-5L to change in the 5L-VAS measure, as we 
observed differences between 3L-VAS responses and 
5L-VAS responses elicited at the 6 month time point, in 
15 out of the 224 participants in our sample (although we 
observed no differences between 3L-VAS responses and 
5L-VAS responses at the 6 month time point in 209 out 
of the 224 participants, suggesting that broadly, the VAS 
can still be considered a common anchor measure for our 
analysis). The 3L-VAS and the 5L-VAS measures are for 
all essential purposes, identical measures.

Informativity
Informativity of the EQ-5D-3L and the 5L measures 
were assessed at 6 months using the Shannon index (H′) 
and the Shannon evenness index (J′) [40]. H′ was calcu-
lated for each dimension of the 5L using the formula: 
H′ = − (proportion_none*log2(proportion_none) + pro-
portion_some*log2(proportion_some) + proportion_
moderate*log2(proportion_moderate) + proportion_
severe*log2(proportion_severe) + proportion_extreme/
unable*log2(proportion_extreme/unable), and similarly 
calculated for the 3L dimensions [21]. Higher H′ values 
indicate that responses to the dimension are more evenly 
spread across the different categories of the dimension, 
and consequently suggest greater informativity. The for-
mula for the Shannon evenness index is: J′ = H′/H′max. 
The value of H’max for the 3L is log2(3) = 1.58 and for 
the 5L is log2(5) = 2.32. Unlike H′ values, J′ values lie on 
a common 0 to 1 scale allowing for direct comparison of 
results from the 3L with the 5L.

Results
Descriptive statistics
At the 6  months follow-up in the OPERAM study, 256 
(83%) of patients reported the EQ-5D measures them-
selves, 45 (15%) had the EQ-5D measures reported by 
proxy by their next of kin, and 8 (2%) had the EQ-5D 
measures reported by proxy by some other individual 
(unspecified). Of the 256 participants, 224 participants 
also self-reported EQ-5D measures at 12  months, and 
with full completion of all 3L and 5L items at 6 and 
12  months. This sample of 224 participants was used 
for all analyses and included participants who reported 
inconsistent responses. Age, gender, education level and 
comorbidity characteristics of the sample analysed for 
this study, were broadly similar to the characteristics of 
the overall OPERAM trial population (described in the 
methods section).

Summary statistics are provided in Table  1, showing 
that 56% of participants were male, 28% were university 
educated, the highest level of education was completed 
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high school for 46% of participants, 26% of participants 
did not complete high school and 5% had spent some 
time in the 6  months before the trial started living in a 
nursing home. The average participant was experiencing 
a median of 10 coexistent chronic conditions upon enter-
ing the OPERAM trial. A small index score reduction of 
0.01 (rounded) was observed between 6 and 12 months 
for both the 3L and 5L.

In this sample at 6 months, 41 unique health states were 
represented using the EQ-5D-3L, and 99 states using the 
EQ-5D-5L. Spearman’s rho at 6  months between the 
3L and 5L index scores was 0.88 (95% CI: 0.84 to 0.90), 
between the 3L index scores and 3L-VAS was 0.41 (95% 
CI: 0.30 to 0.52), and between the 5L index score and 
5L-VAS was 0.44 (95% CI: 0.32 to 0.54).

Missing data was similar between both instruments 
(see footnotes of Appendix Tables 7 and 8).

With both the 3L and 5L, it was observed that there 
was a small reduction between the 6 and 12 month time 
points in the rate of participants reporting "no prob-
lems" in their ability to undertake usual activities [from 
73 to 68% with the 3L (Appendix Table  7), and from 
64 to 61% with the 5L (Appendix Table  8)]. There were 
no statistically significant changes at the 5% level in 
responses between 6 and 12  months, for any of the 3L 
and 5L dimensions (Appendix Tables 7 and 8). Whilst the 

pattern of change as indicated by 3L and 5L between the 
two time points is broadly similar, there were important 
differences. Notably, it was observed that for mobility 
and anxiety/depression, the direction of change was dif-
ferent between 3 and 5L (positive for 3L and negative for 
5L for both items; see Appendix Table 9).

Consistency
We assessed presence of inconsistent responses between 
3 and 5L, i.e. 5L responses that differed by ≥ 2 levels with 
the same person’s 3L response (highlighted in Appendix 
Table  10). There were 28 (3%) inconsistent responses 
between the 3L and 5L reported across items (7 (3%) 
inconsistent responses for the mobility item, 4 (2%) for 
the self-care item, 7 (3%) for the usual activities item, 4 
(2%) for the pain/discomfort item and 4 (2%) for the anxi-
ety/depression item). The 28 inconsistent responses were 
elicited from 26 participants in total.

Ceiling effects
A high presence of ceiling effect was observed for the 
self-care item for both instruments (84% of participants 
reported "no problems" for self-care with the EQ-5D-3L 
and 83% with the EQ-5D-5L). There was a substantially 
higher degree of ceiling effect with the EQ-5D-3L index 
score (29%) than with the EQ-5D-5L index score (22%), 

Table 1 Summary statistics (n = 224)

SD standard deviation
a At OPERAM trial baseline

Variable n Mean SD

Age (years) 224 77.5 5.35

Number of coexistent chronic  conditionsa 224 11.5 (median = 10) 6.01

Number of  medicationsa 224 9.3 3.34

Barthel Index 6 months 224 95.2 8.81

EQ-5D-3L index score 6 months 224 0.83 0.21

EQ-5D-3L index score 12 months 224 0.82 0.22

EQ-5D-5L index score 6 months 224 0.81 0.19

EQ-5D-5L index score 12 months 224 0.80 0.21

EQ-VAS score 6 months 224 69.9 15.71

Variable n (%)

Gender (male) 126 (56.2%)

Highest level of education—university 62 (27.6%)

Highest level of education—high school 102 (45.5%)

Highest level of education—less than high school 59 (26.3%)

Highest level of education—not applicable/reported 1 (0.4%)

Spent some time in the 6 months before trial in nursing home 10 (4.4%)

Country of residence—Switzerland 55 (24.5%)

Country of residence—Ireland 48 (21.4%)

Country of residence—Belgium 58 (25.8%)

Country of residence—Netherlands 63 (28.1%)
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which was a statistically significant difference (p < 0.001) 
(Table 2).

For comparison, 4 participants (2%) reported a VAS 
score of 100 at 6 months (indicating they have the ‘best 
health they can imagine’). All 4 of these participants also 
reported full health with both the 3L and 5L at 6 months. 
81 participants (36%) reported a Barthel Index score of 
100 at 6 months (indicating they have no dependency in 
ADLs). Of these, 58 participants reported full health with 
the 3L, and 44 participants reported full health with the 
5L at 6 months.

Validity
For discriminant validity, we assessed the correlation 
between the EQ-5D items and Barthel Index (Table  3). 
There were no statistically significant differences at the 
5% level between the 3L and 5L items, in terms of how 
correlated they were with the Barthel Index (absence of 
statistically significant differences was demonstrated 
from all 95% confidence intervals for the 3L items over-
lapping with the 95% confidence intervals for the cor-
responding 5L items). Although the difference was not 
statistically significant, it is observed that the negative 
correlation between the mobility domain and the Barthel 

index was larger in magnitude for the 5L. We found that 
out of all items of the 3L and 5L, the pain/discomfort and 
anxiety/depression items had the weakest correlation 
with the Barthel Index.

Responsiveness
142 participants (64%) reported no change in their total 
Barthel Index score between 6 and 12 months. Respon-
siveness analysis demonstrated both EQ-5D measures 
were responsive to changes in the Barthel Index from 6 
to 12  months (Table  4). Evidence of responsiveness of 
both measures to changes in the Barthel Index, was dem-
onstrated both in the overall sample (Table  4), as well 
as in each of the country-specific subgroups (Appen-
dix Tables  11, 12, 13, 14). Furthermore, compared to 
each other, both 3L and 5L measures were similar in 
their responsiveness to changes in the Barthel Index. 
For both the 3L and 5L, Cohen’s D effect sizes changed 
from a moderate positive effect when the Barthel Index 
improved to a small negative effect when the Barthel 
Index worsened.

Both the 3L and 5L demonstrated some degree 
of responsiveness to changes in the VAS from 6 to 
12  months (Table  5). Compared with each other, both 
3L and 5L measures demonstrated similar responsive-
ness to changes in the VAS. There was a small positive 
improvement in 3L and 5L scores as the patient’s VAS 
scores improved. This improvement in the overall sam-
ple appeared to be driven by improvements in 3L and 
5L scores in the Netherlands and Ireland (Appendix 
Tables 17, 18). However, there was no statistically signifi-
cant change in in 3L and 5L scores for the patients whose 
VAS scores worsened from 6 to 12 months.

Informativity
Shannon’s evenness indices indicated that the 3L and 
5L were informative for mobility, usual activities and 
pain/discomfort dimensions, although less informa-
tive for self-care and anxiety/depression dimensions 
(Table  6). The EQ-5D-3L was slightly more informative 

Table 2 Percentage of  patients with  a  ceiling effect 
for  each dimension of  the  completed EQ-5D-3L 
and  EQ-5D-5L instruments and  for  the overall measures 
at 6 months (n = 224)

*Probability values presented in italic indicate significant decreases in ceiling 
effects from using the EQ-5D-5L measure compared with the EQ-5D-3L measure 
(calculated using McNemar’s test)

EQ‑5D dimension EQ‑5D‑3L (%) EQ‑5D‑5L (%) p values*

Mobility 50.8 39.2  < 0.001
Self-care 84.3 83.4 0.48

Usual activities 72.7 63.8 < 0.001
Pain/discomfort 50.4 44.6 0.002

Anxiety/depression 83.4 79.0 0.003

Index score 29.4 22.3 < 0.001

Table 3 Correlation coefficients of dimensions of the EQ-5D measures with the Barthel Index (n = 224)

CI confidence interval
a Spearman’s rho effect sizes of between 0.20 and 0.35 are considered weak, between 0.35 and 0.50 moderate, > 0.50 strong
b Higher EQ-5D item score indicates worse health problems; higher EQ-5D index score indicates better health

Dimension RS between 3L and Barthel 
 Indexa,b

95% CI RS between 5L and Barthel 
 Indexa,b

95% CI

Mobility − 0.37 − 0.48 to − 0.25 − 0.42 − 0.52 to − 0.30

Selfcare − 0.57 − 0.65 to − 0.48 − 0.58 − 0.66 to − 0.48

Usual activities − 0.45 − 0.55 to − 0.34 − 0.42 − 0.52 to − 0.31

Pain/discomfort − 0.15 − 0.27 to − 0.02 − 0.16 − 0.28 to − 0.03

Anxiety/depression − 0.14 − 0.27 to − 0.01 − 0.13 − 0.26 to − 0.003



Page 8 of 17Bhadhuri et al. Health Qual Life Outcomes          (2020) 18:317 

with respect to self-care (EQ-5D-3L J′ = 0.48; EQ-5D-5L 
J′ = 0.42), and the EQ-5D-5L was substantially more 
informative with respect to mobility (EQ-5D-3L J′ = 0.69; 
EQ-5D-5L J′ = 0.86).

Discussion
In this study, we investigated the measurement proper-
ties of the EQ-5D-3L and EQ-5D-5L in older adults with 
substantial multimorbidity. From our analyses, we found 
a low proportion of inconsistent responses between the 
EQ-5D-3L and EQ-5D-5L, which was also found in the 
majority of previous studies comparing the 3L and 5L 
[16]. This indicates 5L responses distribute logically with 
the 3L responses. The EQ-5D-3L represented 41 unique 

health states out of a possible 243 states (17%), and the 
EQ-5D-5L represented 99 unique health states out of a 
possible 3,125 states (3%). This shows that more of the 
descriptive space of the 3L is used. Both the EQ-5D-3L 
and EQ-5D-5L exhibited discriminant validity with the 
Barthel Index; which was also found in a previous study 
[36]. Missing data occurrence at 12  months was also 
similar between the two measures. Almost all miss-
ing data resulted from participants not being available 
at 12  months to provide necessary information for sec-
ondary outcome measures of the main OPERAM trial 
through telephone interview (e.g. due to trial drop-out), 
and should not be considered reflective of the perfor-
mance of the EQ-5D measures themselves.

Table 4 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  Barthel Index 
(n = 224)

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

*p < 0.05; **p < 0.01; ***p < 0.001

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months 
(mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

Barthel Index

 Improved 0.68 0.83 0.16 (0.07 to 0.25) 0.66** 31 55

 No change 0.89 0.87 − 0.02 (− 0.05 to 0.02) − 0.09 142 25

 Worsened 0.74 0.66 − 0.08 (− 0.16 to 0.00) − 0.30* 50 28

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months 
(mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

Barthel Index

 Improved 0.68 0.81 0.13 (0.07 to 0.20) 0.66*** 31 59

 No change 0.87 0.86 − 0.01 (− 0.04 to 0.02) − 0.05 142 32

 Worsened 0.73 0.65 − 0.09 (− 0.14 to − 0.03) − 0.36** 50 32

Table 5 Assessment of responsiveness of the EQ-5D-3L and the EQ-5D-5L measures to changes in the VAS (n = 224)

MCID minimal clinically important change
a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

*p < 0.05; **p < 0.01

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 3L 
score increase

3L-VAS

 Improved 0.80 0.88 0.08 (0.02 to 0.14) 0.40* 52 44

 No MCID 0.85 0.81 − 0.04 (− 0.10 to 0.01) − 0.19 101 30

 Worsened 0.81 0.79 − 0.02 (− 0.06 to 0.02) − 0.07 71 21

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

N % reporting 5L 
score increase

5L-VAS

 Improved 0.78 0.84 0.06 (0.01 to 0.10) 0.31* 55 45

 No MCID 0.83 0.81 − 0.03 (− 0.07 to 0.02) − 0.13 98 36

 Worsened 0.80 0.78 − 0.02 (− 0.06 to 0.02) − 0.11 71 28
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We observed high rates of ‘no problems’ with 3L and 
5L self-care and anxiety/depression items, which could 
suggest that the EQ-5D description of levels excludes the 
type of self-care or anxiety/depression problems encoun-
tered by the patient population studied. Alternatively, it 
may be the case that patients genuinely do not have such 
problems, or that care settings are working well to enable 
self-care.

Consistent with most other studies [16, 41, 42] includ-
ing an assessment of the subgroup of multimorbid 
patients in a study by Thompson et al. [11], in our sam-
ple we observed a reduction in ceiling effects from using 
the EQ-5D-5L (22%) compared to the EQ-5D-3L (29%). 
The EQ-5D-5L therefore appears to better capture vari-
ability in health status among those who have a high level 
of health, compared with the EQ-5D-3L. Also consist-
ent with all the studies identified in a systematic review 
by Buchholz et  al. in 2018 [16] was our finding of an 
overall improvement in informativity from using the 5L 
compared to the 3L. This was the consequence of a sub-
stantially higher Shannon evenness index score for the 
mobility item of the 5L compared with the 3L; which 
was also observed in a study of multimorbid adults by 
Thompson et al. [11]. However, informativity in our study 
was higher on the 3L than with the 5L for self-care.

We observed similar responsiveness to change over 
time for the EQ-5D-3L and EQ-5D-5L. Several studies 
evaluating responsiveness have reported an improve-
ment in responsiveness from using the EQ-5D-5L com-
pared with the EQ-5D-3L [21–23], but other studies have 
reported either no difference in responsiveness [24, 25] or 
a reduced responsiveness from using the EQ-5D-5L com-
pared with the EQ-5D-3L [26]. Given the mixed findings 
across these responsiveness studies, there is currently 
no clear evidence that using the 5L instead of the 3L to 
collect utility data for economic evaluations, will lead 
to systemically different incremental QALY estimates. 
This contrasts with the notion by Hernandez-Alava et al. 
(2018), that using the 5L instead of the 3L will lead to sys-
temically lower estimates of incremental QALYs [43]. In 
our study, both the 3L and 5L were more responsive to 
the Barthel Index than they were to the VAS. This may 

be because the VAS measures a broader underlying con-
struct of health, whereas the Barthel Index is a disability-
specific measure. Feng et  al. also previously observed a 
weak correlation between EQ-VAS change scores with 5L 
change scores [44].

This is the first study to investigate measurement prop-
erties of the EQ-5D-3L and EQ-5D-5L in older adults 
with substantial multimorbidity, through a head-to-
head comparison. The 5L and 3L were not administered 
directly after each other, which probably reduced the 
possibility of a patient’s 3L response being directly influ-
enced by the 5L response immediately beforehand. Fur-
ther separation was not possible given the set-up of the 
OPERAM trial. We were able to carry out a robust assess-
ment of responsiveness through analysis of a sample of 
224 participants who we assessed over a 6-month follow-
up period. We assessed responsiveness within a clinical 
trial, and observed for our sub-sample, only a very small 
reduction in 3L and 5L scores between 6 and 12 months. 
The findings of our study may to an extent be relevant to 
other clinical trials during which small changes in health 
are occurring (particularly in trials with a similar popu-
lation to our own), and inform the decision of whether 
to select the 3L or 5L in such trials. A limitation of our 
study is that we only investigated responsiveness of the 
instruments to changes in the Barthel Index and the EQ-
VAS. Investigation of responsiveness of the instruments 
to other variables predicted to correlate with HRQoL in 
older multimorbid patients would have been desirable 
but these were not available. In our analyses, we assessed 
responsiveness of the EQ-5D-3L to change in the 3L-VAS 
measure, and responsiveness of the EQ-5D-5L to change 
in the 5L-VAS measure. We did this to prevent results 
from being biased in favour of one instrument over the 
other. This was due to our concern that an “order effect” 
might be induced [45], in which 5L-VAS responses were 
influenced by responding to the EQ-5D-5L directly 
beforehand and 3L-VAS responses were influenced by 
responding to the EQ-5D-3L directly beforehand.

Furthermore, as the sample size of proxy EQ-5D 
responses gathered was too small, and the participants 
from whom proxy responses were elicited had more 

Table 6 Shannon’s index (H′) and Shannon’s evenness index (J′) values for EQ-5D-3L and EQ-5D-5L measures at 6 months

Dimension 3L 5L

No. of patients H′ J′ No. of patients H′ J′

Mobility 224 1.09 0.69 224 1.99 0.86

Self-care 224 0.75 0.48 224 0.96 0.42

Usual activities 224 0.94 0.59 224 1.51 0.65

Pain/discomfort 224 1.27 0.80 224 1.85 0.80

Anxiety/depression 224 0.73 0.46 224 1.05 0.45
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physical health impairments than self-reporting partici-
pants, we removed proxy responders from our analyses. It 
was not feasible under these circumstances to investigate 
the measurement properties of proxy EQ-5D responses 
for older multimorbid adults. However, a separate analysis 
comparing the patient and proxy responses that we col-
lected is planned for a future publication. Another limita-
tion was that there may be country differences but that, 
given the sample size and the heterogeneity of the sam-
ple, these could be confirmed or assessed in detail. Larger 
studies would be required for this. Furthermore, our sam-
ple presented with a notably large number of multi-mor-
bidities (mean of 11.5; median of 10 concurrent chronic 
conditions); hence, caution in generalising our results to 
older adults with fewer comorbidities should be exercised.

Another possible limitation is that we decided to use 
the German crosswalk method to calculate 5L scores 
instead of the German 5L value set. We did this because 
using the crosswalk method instead of a national value 
set is still a recognized standard in some major guide-
lines for calculating 5L scores for economic evaluations 
[2], indicating this is currently best practice. The impli-
cations of this decision on the results from our study 
are not known.

One potential area of future research is to compare 
test–retest reliability of the EQ-5D-3L and the EQ-
5D-5L. Investigation of this property was beyond the 
scope of this study and few prior studies comparing the 
EQ-5D-3L and EQ-5D-5L have investigated this prop-
erty, which relates to how strongly correlated repeated 
EQ-5D scores are [16, 46].

Both the EQ-5D-3L and EQ-5D-5L demonstrated sat-
isfactory performance in this study, thus justifying their 
use as measures for HRQoL studies and cost-utility 
analyses of older people with multimorbidity. However, 
prominent guidelines recommend to use the EQ-5D-5L 
consistently across all diseases and populations [2], and 
the overall consensus of the literature comparing the 
measurement properties of the 3L and 5L in different 
patient populations, is that the 5L exhibits better meas-
urement properties compared to the 3L [16]. Neverthe-
less, it also needs to be considered that the 3L may be 
considered slightly less burdensome to complete than 
the 5L due to having fewer response options. Also, 
when compared to the 5L the appropriate value sets for 
the 3L are currently available more widely.

We conclude that both the EQ-5D-3L and EQ-5D-5L 
exhibit a reasonably high level of performance for 
measuring the health of older adults with substantial 
multimorbidity and associated polypharmacy and who 
display the ability to self-complete the questionnaires.
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Table 7 Descriptive statistics: reported level of problem by dimensions in EQ-5D-3L

*Non-parametric test for trend across ordered groups developed by Cuzick [47]. We used this to test for differences between 6 and 12 months in responses for each 
EQ-5D-3L item

**At 12 months, 224 participants self-reported the EQ-5D-3L in full; 19 provided no response to 3L; 13 had 3L proxy reported by next of kin

Dimension 6 months n (%) % 12 months n (%) % p value*

Mobility

 No problems 114 50.8 112 50.0 0.74

 Some problems 107 47.7 106 47.3

 Confined to bed 3 1.3 6 2.7

 ANY problem 110 49.0 112 50.0

Self-care

 No problems 189 84.3 183 81.7 0.45

 Some problems 26 11.6 31 13.8

 Unable to wash/dress 9 4.0 10 4.4

 ANY problem 35 15.6 41 18.2

Usual activities

 No problems 163 72.7 152 67.8 0.21

 Some problems 57 25.4 63 28.1

 Unable to perform 4 1.7 9 4.0

 ANY problem 61 27.1 72 32.1

Pain/discomfort

 No pain/discomfort 113 50.4 122 54.4 0.38

 Moderate pain/discomfort 97 43.3 90 40.1

 Extreme pain/discomfort 14 6.2 12 5.3

 ANY problem 111 49.5 102 45.4

Anxiety/depression

 Not anxious or depressed 187 83.4 182 81.2 0.54

 Moderately anxious/depressed 33 14.7 38 16.9

 Extremely anxious/depressed 4 1.7 4 1.7

 ANY problem 37 16.4 42 18.6

 No problem on all dimensions 66 29.4 66 29.4
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Table 8 Descriptive statistics: reported level of problem by dimensions in EQ-5D-5L

*Non-parametric test for trend across ordered groups developed by Cuzick [47]. We used this to test for differences between 6 and 12 months in responses for each 
EQ-5D-5L item

**At 12 months, 226 participants self-reported the EQ-5D-5L in full; 15 provided no response to 5L, 14 had 5L proxy reported by next of kin; 1 partially reported the 5L 
by responding only to the 5L usual activities, pain/discomfort and anxiety/depression items

Dimension 6 months n % 12 months n % p value*

Mobility

 No problems 88 39.2 90 40.1 0.87

 Slight problems 60 26.7 49 21.8

 Moderate problems 44 19.6 56 25.0

 Severe problems 27 12.0 24 10.7

 Unable to walk around 5 2.2 5 2.2

 ANY problem 136 60.5 134 59.7

Self-care

 No problems 187 83.4 177 79.0 0.21

 Slight problems 15 6.7 14 6.2

 Moderate problems 8 3.5 18 8.0

 Severe problems 7 3.1 6 2.6

 Unable to wash or dress 7 3.1 9 4.0

 ANY problem 37 16.5 47 21.0

Usual activities

 No problems 143 63.8 136 60.7 0.36

 Slight problems 35 15.6 32 14.2

 Moderate problems 34 15.1 40 17.8

 Severe problems 10 4.4 10 4.4

 Unable to do usual activities 2 0.8 6 2.6

 ANY problem 81 36.2 88 39.3

Pain/discomfort

 No pain/discomfort 100 44.6 111 49.5 0.50

 Slight pain/discomfort 46 20.5 37 16.5

 Moderate pain/discomfort 49 21.8 47 20.9

 Severe pain/discomfort 29 12.9 26 11.6

 Extreme pain/discomfort 0 0.0 3 1.3

 ANY problem 124 55.4 113 50.4

Anxiety/depression

 Not anxious or depressed 177 79.0 178 79.4 0.92

 Slightly anxious/depressed 28 12.5 26 11.6

 Moderately anxious/depressed 12 5.3 13 5.8

 Severely anxious/depressed 5 2.2 6 2.6

 Extremely anxious/depressed 2 0.8 1 0.4

 ANY problem 47 21.0 46 20.5

 No problem on all dimensions 50 22.3 49 21.9
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Table 9 “Any” problem rates reported using 3L / 5L at 6 and 12 months (%)

6 months 3L 12 months 3L Change in rate 
(3L) %

6 months 5L 12 months 5L Change 
in rate (5L) 
%

Mobility 49.1 50.0 0.9 60.7 59.8 − 0.9

Self-care 15.6 18.3 2.7 16.5 21.0 4.5

Usual activities 27.2 32.1 4.9 36.2 39.3 3.1

Pain/discomfort 49.6 45.5 − 4.0 55.4 50.4 − 4.9

Anxiety/depression 16.5 18.8 2.2 21.0 20.5 − 0.4

Table 10 Cross-tabulation of 3L and 5L responses at 6 months (n = 224)

*Bold values represent inconsistent responses. An inconsistent response was defined as an EQ-5D-5L response which was two or more levels away from the 
respondent’s EQ-5D-3L response. An exception to this rule was made for the mobility item. Here, we considered responses from participants who reported with the 3L 
some problems in walking about, and also reported with the 5L being unable to walk about, to not be inconsistent. This is because the 3L mobility item is categorised 
into a person having “no problems in walking about”, “some problems in walking about” and being “confined to bed”. People who report being unable to walk about 
with the 5L, may not necessarily be confined to bed and may therefore instead logically report having “some problems in walking about” with the 3L

3L 5L

Mobility No problems Some problems Moderate problems Severe problems Unable

No problems 85 25 4 0 0

Some problems 3 35 40 27 2

Confined to bed 0 0 0 0 3

3L 5L

Self‑care No problems Some problems Moderate problems Severe problems Unable

No problems 184 5 0 0 0

Some problems 3 10 7 6 0

Unable 0 0 1 1 7

3L 5L

Usual activities No problems Some problems Moderate problems Severe problems Unable

No problems 142 15 6 0 0

Some problems 1 20 28 8 0

Unable 0 0 0 2 2

3L 5L

Pain/discomfort No problems Some problems Moderate problems Severe problems Extreme

None 98 13 2 0 0

Moderate 2 33 47 15 0

Extreme 0 0 0 14 0

3L 5L

Anxiety/depression No problems Some problems Moderate problems Severe problems Extreme

None 176 11 0 0 0

Moderate 1 17 11 2 2
Extreme 0 0 1 3 0
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Table 11 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  Barthel Index, 
for the subgroup in Switzerland

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

*p < 0.05

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

Barthel Index

 Improved 0.41 0.79 0.38 (0.04 to 0.71) 1.63* 4 100

 No change 0.93 0.89 − 0.03 (− 0.10 to 0.02) − 0.23 39 15

 Worsened 0.84 0.70 − 0.13 (− 0.30 to 0.02) − 0.54 12 17

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

Barthel Index

 Improved 0.40 0.73 0.32 (0.01 to 0.63) 1.49 4 100

 No change 0.91 0.90 − 0.01 (− 0.05 to 0.02) − 0.11 39 15

 Worsened 0.78 0.71 − 0.06 (− 0.20 to 0.07) − 0.28 12 33

Table 12 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  Barthel Index, 
for the subgroup in Belgium

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

Barthel Index

 Improved 0.54 0.67 0.12 (− 0.21 to 0.45) 0.34 5 40

 No change 0.84 0.84 0.00 (− 0.04 to 0.03) 0.00 37 22

 Worsened 0.80 0.67 − 0.13 (− 0.29 to 0.03) − 0.65 15 20

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

Barthel Index

 Improved 0.63 0.64 0.01 (− 0.09 to 0.11) 0.07 5 20

 No change 0.81 0.81 0.00 (− 0.03 to 0.03) 0.00 37 38

 Worsened 0.75 0.63 − 0.11 (− 0.24 to 0.01) − 0.67 15 33

Table 13 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  Barthel Index, 
for the subgroup in Netherlands

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

Barthel Index

 Improved 0.79 0.88 0.09 (0.00 to 0.18) 0.58 11 55

 No change 0.87 0.90 0.02 (− 0.01 to 0.07) 0.22 37 41

 Worsened 0.69 0.63 − 0.03 (− 0.13 to 0.07) − 0.10 15 40

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

Barthel Index

 Improved 0.73 0.85 0.12 (0.02 to 0.22) 0.78 11 64

 No change 0.84 0.87 0.03 (− 0.01 to 0.08) 0.21 37 43

 Worsened 0.68 0.62 − 0.06 (− 0.15 to 0.03) − 0.21 15 27
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Table 14 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  Barthel Index, 
for the subgroup in Ireland

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months 
(mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

Barthel Index

Improved 0.71 0.87 0.15 (− 0.05 to 0.36) 0.74 11 45

No change 0.90 0.84 − 0.05 (0.18 to 0.06) − 0.25 29 24

Worsened 0.57 0.57 0.00 (− 0.29 to 0.29) 0.00 8 38

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months 
(mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

Barthel Index

 Improved 0.73 0.86 0.12 (− 0.01 to 0.26) 0.61 11 55

 No change 0.89 0.83 − 0.05 (− 0.16 to 0.05) − 0.25 29 31

 Worsened 0.69 0.59 − 0.09 (− 0.30 to 0.10) − 0.35 8 38

Table 15 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  VAS, 
for the subgroup in Switzerland

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

3L-VAS

 Improved 0.92 0.93 0.01 (− 0.03 to 0.05) 0.15 10 30

 No change 0.87 0.81 − 0.06 (− 0.19 to 0.07) − 0.22 25 24

 Worsened 0.85 0.84 − 0.01 (− 0.08 to 0.06) − 0.06 20 15

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

5L-VAS

 Improved 0.90 0.91 0.01 (− 0.02 to 0.04) 0.14 10 30

 No change 0.83 0.81 − 0.02 (− 0.10 to 0.07) − 0.06 25 28

 Worsened 0.84 0.85 0.01 (− 0.06 to 0.08) 0.05 20 20

Table 16 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  VAS, 
for the subgroup in Belgium

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

3L-VAS

 Improved 0.82 0.84 0.02 (− 0.05 to 0.09) 0.25 6 33

 No change 0.80 0.77 − 0.02 (− 0.11 to 0.06) − 0.12 32 25

 Worsened 0.80 0.77 − 0.02 (0.10 to 0.04) − 0.13 20 20

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

5L-VAS

 Improved 0.70 0.70 0.00 (− 0.15 to 0.15) − 0.01 9 33

 No change 0.80 0.78 − 0.02 (− 0.07 to 0.01) − 0.17 29 41

 Worsened 0.78 0.74 − 0.03 (− 0.12 to 0.05) − 0.18 20 30



Page 16 of 17Bhadhuri et al. Health Qual Life Outcomes          (2020) 18:317 

Received: 8 June 2020   Accepted: 14 September 2020

References
 1. Drummond F. Methods for the economic evaluation of health care 

programmes. Oxford: Oxford University Press; 2005.
 2. National Institute for Health and Care Excellence. Guide to the methods 

of technology appraisal 2013 2013. https ://www.nice.org.uk/artic le/
pmg9/chapt er/forew ord.

 3. Devlin NJ, Brooks R. EQ-5D and the EuroQol group: past, present and 
future. Appl Health Econ Health Policy. 2017;15(2):127–37.

 4. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Develop-
ment and preliminary testing of the new five-level version of EQ-5D 
(EQ-5D-5L). Qual Life Res. 2011;20(10):1727–36.

 5. Streiner DL, Norman GR. Health measurement scales: a practical guide to 
their development and use. Oxford: Oxford University Press; 2008.

 6. Conner-Spady BL, Marshall DA, Bohm E, Dunbar MJ, Loucks L, Al Khudairy 
A, et al. Reliability and validity of the EQ-5D-5L compared to the EQ-
5D-3L in patients with osteoarthritis referred for hip and knee replace-
ment. Qual Life Res. 2015;24(7):1775–84.

 7. Kimberlin CL, Winterstein AG. Validity and reliability of measure-
ment instruments used in research. Am J Health Syst Pharm AJHP. 
2008;65(23):2276–84.

 8. Bhadhuri A, Jowett S, Jolly K, Al-Janabi H. A comparison of the validity 
and responsiveness of the EQ-5D-5L and SF-6D for measuring health 
spillovers: a study of the family impact of meningitis. Med Decis Mak Int J 
Soc Med Decis Mak. 2017;37:882–93.

 9. Wyrwich KW, Norquist JM, Lenderking WR, Acaster S. Methods for inter-
preting change over time in patient-reported outcome measures. Qual 
Life Res. 2013;22(3):475–83.

 10. Keeley T, Al-Janabi H, Nicholls E, Foster NE, Jowett S, Coast J. A lon-
gitudinal assessment of the responsiveness of the ICECAP-A in a 
randomised controlled trial of a knee pain intervention. Qual Life Res. 
2015;24(10):2319–31.

 11. Thompson AJ, Turner AJ. A comparison of the EQ-5D-3L and EQ-5D-5L. 
Pharmacoeconomics. 2020;38:575–91.

 12. Agborsangaya CB, Lahtinen M, Cooke T, Johnson JA. Comparing the 
EQ-5D 3L and 5L: measurement properties and association with chronic 
conditions and multimorbidity in the general population. Health Qual 
Life Outcomes. 2014;12:74.

 13. Johnston MC, Crilly M, Black C, Prescott GJ, Mercer SW. Defining and 
measuring multimorbidity: a systematic review of systematic reviews. Eur 
J Pub Health. 2019;29(1):182–9.

Table 17 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  VAS, 
for the subgroup in Netherlands

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large. *p < 0.05

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

3L-VAS

 Improved 0.80 0.90 0.10 (0.02 to 0.17) 0.81* 13 69

 No change 0.85 0.87 0.01 (− 0.02 to 0.06) 0.12 32 41

 Worsened 0.75 0.74 − 0.01 (− 0.12 to 0.09) − 0.05 18 28

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

5L-VAS

 Improved 0.75 0.87 0.11 (0.02 to 0.20) 0.78 13 62

 No change 0.82 0.85 0.03 (− 0.01 to 0.06) 0.16 32 38

 Worsened 0.73 0.69 − 0.04 (− 0.14 to 0.06) − 0.14 18 39

Table 18 Assessment of  responsiveness of  the  EQ-5D-3L and  the  EQ-5D-5L measures to  changes in  the  VAS, 
for the subgroup in Ireland

a Cohen’s D effect sizes of between 0.2 and 0.5 are considered small, 0.5 and 0.8 moderate and > 0.8 large

EQ‑5D‑3L 
at 6 months (mean)

EQ‑5D‑3L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑3L (95% CI)

Effect size 
(Cohen’s D)a

n % reporting 3L 
score increase

3L-VAS

 Improved 0.73 0.84 0.10 (− 0.02 to 0.24) 0.41 23 39

 No change 0.92 0.71 − 0.20 (− 0.48 to 0.06) − 0.67 12 25

 Worsened 0.82 0.82 0.00 (− 0.08 to 0.09) 0.00 13 23

EQ‑5D‑5L 
at 6 months (mean)

EQ‑5D‑5L 
at 12 months (mean)

Difference between 12 
and 6 months EQ‑5D‑5L (95% CI)

Effect size 
(Cohen’s D)

n % reporting 5L 
score increase

5L-VAS

 Improved 0.76 0.83 0.06 (0.00 to 0.14) 0.30 23 48

 No change 0.91 0.72 − 0.19 (− 0.47 to 0.09) − 0.61 12 33

 Worsened 0.84 0.81 − 0.02 (− 0.07 to 0.01) − 0.18 13 23

http://www.nice.org.uk/article/pmg9/chapter/foreword
http://www.nice.org.uk/article/pmg9/chapter/foreword


Page 17 of 17Bhadhuri et al. Health Qual Life Outcomes          (2020) 18:317  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 14. Adam L, Moutzouri E, Baumgartner C, Loewe AL, Feller M, M’Rabet-
Bensalah K, et al. Rationale and design of OPtimising thERapy to prevent 
Avoidable hospital admissions in Multimorbid older people (OPERAM): a 
cluster randomised controlled trial. BMJ Open. 2019;9(6):e026769.

 15. Pefoyo AJ, Bronskill SE, Gruneir A, Calzavara A, Thavorn K, Petrosyan Y, 
et al. The increasing burden and complexity of multimorbidity. BMC 
Public Health. 2015;15:415.

 16. Buchholz I, Janssen MF, Kohlmann T, Feng YS. A systematic review of 
studies comparing the measurement properties of the three-level and 
five-level versions of the EQ-5D. Pharmacoeconomics. 2018;36(6):645–61.

 17. Rencz F, Lakatos PL, Gulacsi L, Brodszky V, Kurt Z, Lovas S, et al. Validity of 
the EQ-5D-5L and EQ-5D-3L in patients with Crohn’s disease. Qual Life 
Res. 2018;28:141–52.

 18. Marti-Pastor M, Pont A, Avila M, Garin O, Vilagut G, Forero CG, et al. Head-
to-head comparison between the EQ-5D-5L and the EQ-5D-3L in general 
population health surveys. Popul Health Metr. 2018;16(1):14.

 19. Pickard AS, De Leon MC, Kohlmann T, Cella D, Rosenbloom S. Psycho-
metric comparison of the standard EQ-5D to a 5 level version in cancer 
patients. Med Care. 2007;45(3):259–63.

 20. Wahlberg M, Zingmark M, Stenberg G, Munkholm M. Rasch analysis of 
the EQ-5D-3L and the EQ-5D-5L in persons with back and neck pain 
receiving physiotherapy in a primary care context. Eur J Physiother. 2019. 
https ://doi.org/10.1080/21679 169.2019.16468 01.

 21. Buchholz I, Thielker K, Feng YS, Kupatz P, Kohlmann T. Measuring changes 
in health over time using the EQ-5D 3L and 5L: a head-to-head compari-
son of measurement properties and sensitivity to change in a German 
inpatient rehabilitation sample. Qual Life Res. 2015;24(4):829–35.

 22. Gandhi M, Ang M, Teo K, Wong CW, Wei YC, Tan RL, et al. EQ-5D-5L is 
more responsive than EQ-5D-3L to treatment benefit of cataract surgery. 
The Patient. 2019;12(4):383–92.

 23. Jin X, Al Sayah F, Ohinmaa A, Marshall DA, Johnson JA. Responsiveness 
of the EQ-5D-3L and EQ-5D-5L in patients following total hip or knee 
replacement. Qual Life Res. 2019;28(9):2409–17.

 24. Jia YX, Cui FQ, Li L, Zhang DL, Zhang GM, Wang FZ, et al. Comparison 
between the EQ-5D-5L and the EQ-5D-3L in patients with hepatitis B. 
Qual Life Res. 2014;23(8):2355–63.

 25. Breheny K, Hollingworth W, Kandiyali R, Dixon P, Loose A, Craggs P, et al. 
Assessing the construct validity and responsiveness of Preference-
Based Measures (PBMs) in cataract surgery patients. Qual Life Res. 
2020;29:1935–46.

 26. Golicki D, Niewada M, Karlinska A, Buczek J, Kobayashi A, Janssen MF, 
et al. Comparing responsiveness of the EQ-5D-5L, EQ-5D-3L and EQ 
VAS in stroke patients. Qual Life Res. 2015;24(6):1555–63.

 27. Crowley EK, Sallevelt B, Huibers CJA, Murphy KD, Spruit M, Shen Z, 
et al. Intervention protocol: OPtimising thERapy to prevent avoidable 
hospital Admission in the Multi-morbid elderly (OPERAM): a structured 
medication review with support of a computerised decision support 
system. BMC Health Serv Res. 2020;20(1):220.

 28. O’Mahony D, O’Sullivan D, Byrne S, O’Connor MN, Ryan C, Gallagher P. 
STOPP/START criteria for potentially inappropriate prescribing in older 
people: version 2. Age Ageing. 2015;44(2):213–8.

 29. Devine A, Taylor SJ, Spencer A, Diaz-Ordaz K, Eldridge S, Underwood 
M. The agreement between proxy and self-completed EQ-5D for care 
home residents was better for index scores than individual domains. J 
Clin Epidemiol. 2014;67(9):1035–43.

 30. Ramos-Goni JM, Rivero-Arias O. eq5d: a command to calculate index 
values for the EQ-5D quality-of-life instrument. Stata J. 2011;11(1):120.

 31. van Hout B, Janssen MF, Feng YS, Kohlmann T, Busschbach J, Golicki D, 
et al. Interim scoring for the EQ-5D-5L: mapping the EQ-5D-5L to EQ-
5D-3L value sets. Value Health. 2012;15(5):708–15.

 32. De Smedt D, Clays E, Annemans L, De Bacquer D. EQ-5D versus 
SF-12 in coronary patients: are they interchangeable? Value Health. 
2014;17(1):84–9.

 33. Greene ME, Rader KA, Garellick G, Malchau H, Freiberg AA, Rolfson O. 
The EQ-5D-5L improves on the EQ-5D-3L for health-related quality-
of-life assessment in patients undergoing total hip arthroplasty. Clin 
Orthop Relat Res. 2015;473(11):3383–90.

 34. Huber MB, Felix J, Vogelmann M, Leidl R. Health-related quality of life of 
the general German population in 2015: results from the EQ-5D-5L. Int 
J Environ Res Public Health. 2017;14(4):426.

 35. Wade DT, Collin C. The Barthel ADL Index: a standard measure of physi-
cal disability? Int Disabil Stud. 1988;10(2):64–7.

 36. Golicki D, Niewada M, Buczek J, Karlinska A, Kobayashi A, Janssen MF, 
et al. Validity of EQ-5D-5L in stroke. Qual Life Res. 2015;24(4):845–50.

 37. Zanini A, Aiello M, Adamo D, Casale S, Cherubino F, Della Patrona S, 
et al. Estimation of minimal clinically important difference in EQ-5D 
visual analog scale score after pulmonary rehabilitation in subjects 
with COPD. Respir Care. 2015;60(1):88–95.

 38. Hsieh YW, Wang CH, Wu SC, Chen PC, Sheu CF, Hsieh CL. Establishing 
the minimal clinically important difference of the Barthel Index in 
stroke patients. Neurorehabil Neural Repair. 2007;21(3):233–8.

 39. Sullivan GM, Feinn R. Using effect size—or why the P value is not 
enough. J Grad Med Educ. 2012;4(3):279–82.

 40. Bas Janssen MF, Birnie E, Bonsel GJ. Evaluating the discriminatory 
power of EQ-5D, HUI2 and HUI3 in a US general population survey 
using Shannon’s indices. Qual Life Res. 2007;16(5):895–904.

 41. You R, Liu J, Yang Z, Pan C, Ma Q, Luo N. Comparing the performance 
of the EQ-5D-3 L and the EQ-5D-5 L in an elderly Chinese population. 
Health Qual Life Outcomes. 2020;18(1):97.

 42. Eneqvist T, Nemes S, Karrholm J, Burstrom K, Rolfson O. How do EQ-5D-3L 
and EQ-5D-5L compare in a Swedish total hip replacement population? 
Acta Orthop. 2020;91:1–7.

 43. Hernandez Alava M, Wailoo A, Grimm S, Pudney S, Gomes M, Sadique Z, 
et al. EQ-5D-5L versus EQ-5D-3L: the impact on cost effectiveness in the 
United Kingdom. Value Health. 2018;21(1):49–56.

 44. Feng Y, Parkin D, Devlin NJ. Assessing the performance of the EQ-VAS in 
the NHS PROMs programme. Qual Life Res. 2014;23(3):977–89.

 45. Strack F. “Order effects” in survey research: activation and information 
functions of preceding questions. In: Schwarz N, Sudman S, editors. 
Context effects in social and psychological research. New York: Springer; 
1992. p. 23–34.

 46. Arifin B, Purba FD, Herman H, Adam JMF, Atthobari J, Schuiling-Veninga 
CCM, et al. Comparing the EQ-5D-3 L and EQ-5D-5 L: studying measure-
ment and scores in Indonesian type 2 diabetes mellitus patients. Health 
Qual Life Outcomes. 2020;18(1):22.

 47. Cuzick J. A Wilcoxon-type test for trend. Stat Med. 1985;4(1):87–90. 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/21679169.2019.1646801

	Measurement properties of EQ-5D-3L and EQ-5D-5L in recording self-reported health status in older patients with substantial multimorbidity and polypharmacy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Data collection
	Calculation of EQ-5D scores
	Statistical analysis
	Descriptive statistics
	Consistency and redistribution properties
	Ceiling effects
	Discriminant validity
	Responsiveness
	Informativity

	Results
	Descriptive statistics
	Consistency
	Ceiling effects
	Validity
	Responsiveness
	Informativity

	Discussion
	Acknowledgements
	References


