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Abstract

Purpose To examine the criterion validity, responsive-
ness, and minimal clinically important difference (MCID)
of the EuroQoL 5-Dimensions Questionnaire (EQ-5D-5L)
and visual analog scale (EQ-VAS) in people receiving
rehabilitation after stroke.

Methods The EQ-5D-5L, along with four criterion mea-
sures—the Medical Research Council scales for muscle
strength, the Fugl-Meyer assessment, the functional inde-
pendence measure, and the Stroke Impact Scale—was
administered to 65 patients with stroke before and after 3-
to 4-week therapy. Criterion validity was estimated using
the Spearman correlation coefficient. Responsiveness was
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analyzed by the effect size, standardized response mean
(SRM), and criterion responsiveness. The MCID was
determined by anchor-based and distribution-based
approaches. The percentage of patients exceeding the
MCID was also reported.

Results Concurrent validity of the EQ-Index was better
compared with the EQ-VAS. The EQ-Index has better
power for predicting the rehabilitation outcome in the
activities of daily living than other motor-related outcome
measures. The EQ-Index was moderately responsive to
change (SRM = 0.63), whereas the EQ-VAS was only
mildly responsive to change. The MCID estimation of the
EQ-Index (the percentage of patients exceeding the MCID)
was 0.10 (33.8 %) and 0.10 (33.8 %) based on the anchor-
based and distribution-based approaches, respectively, and
the estimation of EQ-VAS was 8.61 (41.5 %) and 10.82
(32.3 %).

Conclusions The EQ-Index has shown reasonable con-
current validity, limited predictive validity, and accept-
able responsiveness for detecting the health-related quality
of life in stroke patients undergoing rehabilitation, but not
for EQ-VAS. Future research considering different recov-
ery stages after stroke is warranted to validate these
estimations.

Keywords Stroke - Quality of life - Rehabilitation -
Validity - MCID - EQ-5D-5L

Abbreviations

ES Effect size

FIM Functional independence measure
FMA Fugl-Meyer assessment

HRQoL Health-related quality of life

MCID  Minimal clinically important difference
MMSE  Mini-Mental State Examination
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MRC Medical Research Council scales for muscle
strength

SIS Stroke Impact Scale

SRM Standardized response mean

UE Upper extremity

VAS Visual analog scale

Introduction

Stroke is one of the leading causes of serious lifetime
disabilities. With possible chronic deficits of both func-
tional difficulties and activity limitations [1], the patient’s
health-related quality of life (HRQoL) is deteriorated [2,
3]. Patient-centered HRQoL [4] has recently been recog-
nized as one of the important outcome measures in stroke
rehabilitation [5]. Obtaining information about patient-
centered outcome HRQoL in stroke survivors is necessary
for clinical practice and research areas to measure baseline
data [3, 6] and set interventional goals for monitoring the
success of interventions [7-9].

The EuroQoL 5-Dimensions Questionnaire (EQ-5D) is a
generic HRQoL measurement with evidence of good reli-
ability and validity in various disease populations [10-13],
including stroke [14—18]. The EQ-5D contains the self-
reported health state profile of five dimensions (mobility,
self-care, usual activity, pain/discomfort, and depression/
anxiety) and a visual analog scale (EQ-VAS) [19]. The
health status measured by the five dimensions can be
converted to a single utility value (EQ-Index score) to
inform economic evaluations of health care interventions.
The EQ-VAS derives information from a vertical 0- to
100-point VAS for rating overall subjective health status.
Given the brevity and simplicity of EQ-5D, stroke patients
were more able to complete the questionnaire without
missing data compared with the Short-Form 36 (66 vs.
60 %, p < 0.001) [16].

The classic three-level version of the EQ-5D, the EQ-
5D-3L, has been investigated in stroke trials and showed
good psychometric properties, including stable test-retest
reliability [14, 18], acceptable construct validity, and
concurrent validity [15-18]. A five-level version of the EQ-
5D (EQ-5D-5L) was recently developed by the EuroQoL
Group to improve the sensitivity and psychometric prop-
erties [20]. To our knowledge, only three studies have
adopted the EQ-5D-5L in stroke populations, demonstrat-
ing a reduced ceiling effect, increased discriminatory
power [21], and better construct validity [22], but less
responsiveness to change [23] compared with the EQ-5D-
3L. Nevertheless, little is known about the criterion validity
of the EQ-5D-5L. Moreover, the longitudinal validity of
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changes (i.e., the responsiveness to changes) in stroke
populations was inconsistent regardless of the EQ-5D-3L
or EQ-5D-5L. Golicki et al. [23] and Pickard et al. [6]
demonstrated a moderate to large responsiveness, but
Hunger et al. [18] showed a rather limited responsiveness.
The diverse findings might result from the stroke stage of
patients recruited [23]. Patients included within 2 weeks of
stroke onset [6, 23] were more responsive to the inter-
vention because of their extreme health conditions than
those included with onset beyond 2 weeks [17, 18]. Re-
evaluating the responsiveness of the EQ-5D-5L with
patients beyond 2 weeks might be necessary.

Moreover, few studies have examined the clinimetric
property—the minimal clinically important difference
(MCID)—of the EQ-5D-5L. MCID refers to the smallest
meaningful change in a score considered clinically
important and constitutes a meaningful change in health
status that patients perceive as beneficial important changes
or as harmful [24, 25]. The importance of the MCID is that
a statistical change is not synonymous with a clinically
important change, which is important for consideration
when patient-reported outcomes are interpreted.

The purpose of the present study was to assess the cri-
terion validity, responsiveness, and MCID of the EQ-5D-
5L in stroke patients undergoing rehabilitation. We also
sought to re-evaluate the responsiveness of the EQ-5D-5L
in stroke patients beyond 2 weeks.

Methods
Patients

The data used in this study were collected between July
2012 and December 2013 from the departments of reha-
bilitation in five medical centers in Taiwan. Inclusion cri-
teria were (1) no serious cognitive function deficits as
defined by a score of more than 21 on the Mini-Mental
State Examination (MMSE) [26], (2) no excessive spas-
ticity in the upper extremity (Modified Ashworth Scale
score <3) [27], (3) able to follow instructions to complete
the questionnaire and perform therapeutic activity, and (4)
age 20-80. The institutional review board at each partici-
pating site approved the study, and all participants signed a
consent form before entry into the study. Eligible partici-
pants were randomly assigned to receive an intensive 1.5-
to 2-h therapy session, five times weekly, for 3—4 weeks.

Patients answered the self-reported questionnaires by
themselves before and after the intervention, including the
EQ-5D-5L, EQ-VAS, and Stroke Impact Scale (SIS) 3.0.
Three objective assessments were conducted before and
after the intervention by the raters, including the Medical
Research Council scales for muscle strength (MRC), the
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Fugl-Meyer assessment (FMA), and the functional inde-
pendence measure (FIM). The raters were trained to
administer the outcome measures properly.

Outcome measures
EQ-5D

In this study, patients chose five levels of severity (1, no
problem; 2, slight problem; 3, moderate problem; 4, severe
problem; and 5, unable to/extreme problem) in five
dimensions (mobility, self-care, usual activity, pain/dis-
comfort, and depression/anxiety) and rated their overall
health status via the EQ-VAS. Thus, responses for the five
dimensions could be combined as a five-digit health status
profile, from “1-1-1-1-1,” indicating no problem at all, to
“5-5-5-5-5,” indicating an extremely terrible health sta-
tus in all five dimensions.

Although the three-level version of EQ-5D (EQ-5D-3L)
can be converted to a utility index through some country-
specific value sets, the EuroQoL Group has not released the
official value set for the EQ-5D-5L. In the interim, we
obtained the value set by using the EuroQoL Group’s
crosswalk methodology for converting the EQ-5D-3L to
the EQ-5D-5L [28]. Specifically, we adopted the Japanese
value set, which is the only available Asian value set in the
crosswalk project [29]. Accordingly, a utility value “1”
indicates the best health status, whereas “—0.111" suggests
the worst health status.

Criterion measures
Medical Research Council scales

The MRC scale is a measure of muscle strength graded
from O (no strength) to 5 (normal strength against full
resistance) [30]. The MRC scale is a frequently used tool in
routine clinical and scientific studies [31, 32], and has
reasonable reliability and validity for assessing muscle
strength [33].

Fugl-Meyer assessment

The FMA is one of the outcome measures for assessing UE
motor function in stroke rehabilitation [34]. The FMA
assesses the movement and reflexes of the shoulder/el-
bow/forearm, wrist, and coordination/speed with 33 three-
level items (0, cannot perform; 1, performs partially; and 2,
performs fully). Larger scores (maximum score is 66) on
the FMA indicate the optimal recovery. The FMA has good
psychometric properties [35, 36] and reasonable respon-
siveness [36].

Functional independence measure

The FIM is a widely used measure of functional indepen-
dence in stroke rehabilitation [37, 38]. The FIM has 18
items for measuring basic activities of daily living (ADL)
by the rater. Each item is rated from 1 (complete assis-
tance) to 7 (complete independence) based on the required
level of assistance to perform the tasks, with results com-
bined into an overall score (maximum score, 126). The
FIM has good reliability, validity, and responsiveness in
stroke studies [39—41].

Stroke Impact Scale 3.0

The SIS 3.0, which is one of the most comprehensive stroke-
specific HRQoL instruments, assesses various aspects of life
function related to health. The SIS 3.0 includes eight
domains (59 items): strength, hand function, ADL/instru-
mental ADL, mobility, communication, emotion, mem-
ory/thinking, and social participation. Each item is scored by
the patients based on the difficulty they perceived during the
last week (1, extremely difficult; 2, very difficult; 3, some-
what difficult; 4, a little difficult; and 5, not difficult at all).
The subscales of strength, hand function, ADL/instrumental
ADL, and mobility can be further summarized as the phys-
ical scores. The SIS 3.0 has good test—retest reliability [42],
internal consistency [42], adequate construct validity [42],
and appropriate responsiveness compared with other stroke-
related HRQoL assessments [43].

In addition, the SIS includes a global rating scale to
assess the patient’s perceived recovery from stroke, with 0
indicating no recovery and 100 indicating full recovery.
We chose the perceived recovery score from stroke as the
anchor for the calculation of criterion responsiveness and
MCID because the score directly reflects the patient’s
perspective, which studies suggested to use the global
rating scale as the anchors [44].

Data analysis
Criterion validity

Criterion validity of the EQ-5D-5L, including concurrent
and predictive validity, was examined using the Spearman
rank correlation coefficient (p). To assess the concurrent
validity of the EQ-Index, EQ-VAS, and the response level
of each dimension, pre-intervention and post-intervention
scores were correlated with their respective pre-interven-
tion and post-intervention scores on the criterion measures.
To assess the predictive validity of EQ-5D-5L, these scores
at pre-intervention were correlated with criterion measures
at post-intervention. The strength of the relationship was
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considered low (p < 0.25), fair (p = 0.25-0.5), good
(p = 0.5-0.75), and excellent (p > 0.75).

Because of the multidimensional concept of the EQ-5D,
we used different gold standards as criterion measures to
cover the domains of physical function and functional inde-
pendence contained in the EQ-5D. The MRC scales and FMA
for assessing muscle strength and UE function, respectively,
were adopted as criterion measures because previous studies
demonstrated that physical function was negatively related to
the HRQoL [45, 46]. Functional independence is also one of
the major components of HRQoL in stroke survivors [47],
and so we adopted the FIM as another criterion measure.
Furthermore, because validating whether the brief EQ-5D-5L
assesses similar concepts as those evaluated by the compre-
hensive HRQoL is essential, we included the SIS 3.0 as a
criterion measure. If the association strength between out-
come measures and criterion measures that measure similar
constructs is good, accordingly, there will be good concurrent
validity between the EQ-Index, EQ-VAS, and the criterion
measures. In contrast, there would be absent to low concur-
rent validity between the EQ-Index, EQ-VAS, and cognitive
and communication domains of the SIS because there is no
such descriptive concept in the EQ-5D-5L.

Responsiveness

There is no consensus among researchers regarding which
methods are better for calculating responsiveness [48, 49].
In the present study, we used three approaches to examine
the responsiveness: effect size (ES), standardized response
mean (SRM), and criterion responsiveness. ES is defined as
the observed change in scores between pre-intervention
and post-intervention divided by the standard deviation
(SD) of the baseline (pre-intervention) score. SRM is
defined as the change scores between pre-intervention and
post-intervention measures divided by the SD of the
change scores [48]. For the criterion-based responsiveness,
we used the “perceived recovery scores” of the SIS 3.0 as a
criterion by calculating the Spearman correlation between
the change in the EQ-5D and the change in the perceived
recovery scores of the SIS 3.0. According to Cohen criteria
[50], the values are categorized as large (>0.8), moderate
(0.5-0.8), and small (<0.5).

MCID

It has been suggested that the estimation of MCID should be
based on multiple approaches, such as the distribution-based
and anchor-based approaches, to triangulate the MCID [24,
25]. The distribution-based method was based on the Cohen
ES benchmark, for which Norman et al. [51] suggest 0.5 SD
of baseline as a small but important change for the inter-
vention effectiveness. The anchor-based method estimates
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the MCID by comparing change scores with an external
anchor, which is often based on a patient’s global rating of
change. In the present study, the perceived recovery score of
the SIS 3.0 was taken as the external anchor, corresponding
to patients who were defined as having MCID. We used a
previous study’s suggestion for considering a 10-15 %
change as a clinically important change [52].

Results

Of the recruited 70 stroke patients, three patients refused to
participate in the post-intervention assessment, and two were
excluded from the final analysis because of missing data on
the SIS subscales. Table 1 summarizes the demographic and
clinical features of the 65 participants. The median time
between stroke onset and intervention was 17 (range 0.4-94)
months. The response distribution of each dimension of the
EQ-5D-5L at pre-intervention and post-intervention is
shown in Fig. 1. The most frequently reported problems
were self-care, usual activity, and mobility, followed by
pain/discomfort and anxiety/depression. At the pre-inter-
vention assessment, 13 respondents (20 %) reported the best
health status (1-1-1-1-1), and 20 respondents (30.7 %)
reported the best possible health status after intervention.
The median EQ-Index was 0.719 (range —0.018 to 1) at the
pre-intervention session and 0.813 (range 0.364-1) at the
post-intervention session. The median score for EQ-VAS
was 65 (range 0—100) at the pre-intervention session and 70
(range 5-100) at the post-intervention session.

Pre-intervention and post-intervention concurrent
validity

Table 2 reports the Spearman correlation coefficients for the
EQ-Index, EQ-VAS, the response levels of each dimension,
and the criterion measures related to physical function (i.e.,

Table 1 Demographic and clinical characteristics of the participants
(n = 65)

Gender

Male/female 48/17
Age (years) 52.8 £ 11.6
Side of stroke

Left/right 32/33
Months (median) since stroke onset (range) 19.7 (0.4-94)

Median Brunnstrom stage of proximal/distal 3 (1-6)/3 (1-5)

UE (range)

Mini-Mental State Examination Scores 273 £ 2.5

Continuous variables are expressed as mean £ SD or median (range)
and categoric variables as number

UE upper extremity
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MRC and FMA), ADL (i.e., FIM), and comprehensive
HRQoL (i.e., SIS 3.0) at pre-intervention and post-inter-
vention sessions. The correlations were generally higher at
the post-intervention session than at the pre-intervention
session. The EQ-Index demonstrated fair to good concurrent
validity with the FIM, SIS-ADL, SIS mobility, and SIS
physical scores (p = 0.255-0.703, P < 0.05), whereas the
EQ-VAS only showed low to fair concurrent validity with
the FIM, SIS mobility, and SIS physical scores
(p = 0.249-0.345, P < 0.05). As predicted, associations
were absent between the outcome measures and the criterion

80%
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40%

30%
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measures without concept overlapping (i.e., SIS mem-
ory/thinking and SIS communication).

The individual dimensions of “mobility” and “self-
care” showed fair to good concurrent validity with the
physical function criterion measures (i.e., SIS strength, SIS
mobility, and SIS physical scores) and the ADL criterion
measures (i.e., FIM and SIS-ADL; p = —0.249 to —0.771,
P < 0.05). The “usual activity” dimension showed fair
concurrent validity with the FIM, SIS-ADL, SIS mobility,
and SIS physical scores, and “pain/discomfort” and
“anxiety/depression” showed fair concurrent validity with
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Fig. 1 Responses to each dimension of the EQ-5D-5L at pre-intervention and post-intervention assessments
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the psychological domain of the SIS (i.e., SIS emotion;
p = —0.298 to —0.412, P < 0.05).

Predictive validity

The EQ-Index at the pre-intervention session only showed
a fair predictive validity (p = 0.25, P < 0.05) with the
SIS-ADL at the post-intervention session (Table 3). With
regard to the individual dimension, the mobility dimension
showed fair predictive validity (p = —0.27, P < 0.05)
with the FIM; the pain/discomfort dimension had fair
predictive validity with the four SIS subscales, including
strength, emotion, mobility, and physical score
(p = —0.27 to —0.34, P < 0.05); the anxiety/depression
dimension was able to predict the SIS hand function
(p = —0.26, P < 0.05).

Responsiveness

Table 4 reports the responsiveness results of the EQ-Index
and EQ-VAS. Although the ES and criterion-based
approaches revealed that the EQ-Index indicated small
responsiveness (0.40 and 0.46, respectively), the SRM of
the EQ-Index indicated moderate responsiveness (0.63).
As for the EQ-VAS, limited responsiveness was demon-
strated for ES (0.3), SRM (0.34), and criterion-based
responsiveness (0.29).

MCID

The MCID estimations, derived from the anchor-based and
distribution-based methods, are presented in Table 5. The
number of participants whose changes exceeded the MCID
of the EQ-Index and EQ-VAS are presented as well. The
anchor-based MCID, which was based on 26 participants
whose self-rated recovery score of the SIS reached
10-15 %, equated to a change of 0.10 for the EQ-Index and
8.61 for the EQ-VAS. Accordingly, changes in 22 partici-
pants (33.8 %) and 27 participants (41.5 %) reached the
anchor-based MCID estimation of the EQ-Index and the
EQ-VAS, respectively. However, the distribution-based
MCID estimation (i.e., 0.5 SD of baseline) was 0.10 for the
EQ-Index and 10.82 for the EQ-VAS. The estimation
indicated that 22 (33.8 %) and 21 participants (32.3 %) had
positive changes that exceeded the distribution-based
MCID of the EQ-Index and EQ-VAS, respectively.

Discussion
To our knowledge, this is the first study to investigate the

criterion validity and MCID of the EQ-5D-5L in stroke
patients receiving rehabilitation. Inconsistent with the

Table 3 Predictive validity of EQ-5D-5L

HRQoL

UE ADL

Muscle

function

FMA

strength

MRC

SIS

FIM

Physical summary

score

Mobility Hand Social

Emotion Communication ADL

Strength  Memory

participation

function

—0.06

0.20
0.14

0.01

0.09

0.02

0.25%
0.06

0.04 0.06 0.17 0.01
0.17 0.06 —0.03

0.12

0.24
0.02

0.08
0.11

0.02
—0.02

EQ-Index
EQ-VAS

0.20

0.01

EQ-5D dimension

—0.05

—-0.22
—0.05
—0.13
—0.23

0.09

0.06

0.16
—0.11
—0.20
—0.26%*

—0.10
0.01
0.11

—0.33*

—0.08

—0.10
—0.05

—0.10
-0.14
—0.05
—0.05

0.01

—0.10
—0.06

0.02
—0.08
—0.21
—0.20
—0.15

—0.19

—0.27*
—0.20
—0.14
—0.14

0.

—0.03

0.03
0.17
—0.10
-0.19
—0.04

Mobility

0.15
—0.08
—0.34*
—0.10

0.05
—0.10
—0.28*
—0.10

05

0.
—-0.22
-0.19

—0.11

Self-care

0.01
—0.11
—0.02

0.05
—0.27*
—-0.20

Usual activity

Pain/discomfort

04

Anxiety/

depression

For the EQ-Index and EQ-VAS, higher score indicates better health status. On the other hand, the response level of EQ-5D dimension is otherwise: Higher score indicates more severe problem

Spearman p: ** P < 0.01 level; * P < 0.05
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Table 4 Responsiveness statistics

EQ-Index EQ-VAS
Responsiveness
ES 0.40 0.30
SRM 0.63 0.34
Criterion approach 0.46 0.29

Table 5 MCID estimation with anchor-based and distribution-based
approaches

EQ-Index EQ-VAS
MCID
Anchor-based: SIS recovery 0.10 8.61
score (10-15 %)
Distribution-based: 0.5 SD 0.10 10.82
Those exceeding MCID [n (%)]
Anchor-based: SIS recovery 22 (33.8) 27 (41.5)
score (10-15 %)
Distribution-based: 0.5 SD 22 (33.8) 21 (32.3)

SD standard deviation

results reported by Golicki et al. [23] that suggested
moderate responsiveness for both the EQ-Index and EQ-
VAS of the EQ-5D-5L, our results showed that only the
EQ-Index was moderately responsive to changes based on
the SRM value. Also, the MCID values identified in the
present study might help clinicians and researchers deter-
mine whether change scores indicate clinical improvement
after an intervention.

Criterion validity

By examining the correlation between the EQ-5D-5L and
criterion measures, the present study showed limited con-
current validity at the pre-intervention session and
acceptable concurrent validity at post-intervention
(Table 2). Moreover, our preliminary findings indicated the
inferior predicting power of the EQ-5D-5L (Table 3).
These issues are further discussed in the following section.

Concurrent validity

At the pre-intervention session, the EQ-Index and the EQ-
mobility dimension showed fair correlation with FIM.
However, no other correlations between the EQ-5D and
objective criterion measures at the pre-intervention session
were identified. This finding suggested that a discrepancy
exists between the patient’s self-perception of QoL and the
objective evaluation of physical function and functional
independence. Furthermore, the lack of correlation
between the EQ-5D and subjective SIS at the pre-
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intervention session might be related to the questionnaire
discrepancy—the subjective SIS tends to evaluate different
aspects of patients’ impairments for performing designated
activities, whereas EQ-5D emphasizes the general perfor-
mance during usual activities. For example, the SIS-ADL
asks whether the patient could cut the food, dress the top
part of the body, etc., and EQ-5D asks whether patients
have problems in household, work, and leisure activities
without focusing on how difficult it is for them to perform
subtasks comprising one household, work, or leisure task.

After the 3- to 4-week intervention, correlations were
increased between the EQ-5D and criterion measures,
including objective and subjective measures. The interven-
tion might facilitate a realistic perception by patients about
QoL, and such perception might better agree with objective
assessment outcomes in patients’ performance of functional
independence. In addition, the intervention improved stroke-
related impairments that were reflected by the SIS subscales
such as SIS-ADL, increasing the consistency of self-rating
scores between the general scale of EQ-5D and the more
specific and comprehensive scale of SIS.

Specifically, EQ-Index, EQ-mobility, and EQ-self-care
had good to excellent concurrent validity with FIM and SIS
mobility at the post-intervention session, supporting the
important role of functional independence in HRQoL for
stroke survivors [47]. Also, the EQ-Index had fair correlation
with SIS-ADL, strength, social participation, and emotion
subscales at the post-intervention session. The lower corre-
lation between the EQ-Index and SIS emotion might have
been caused by the poor measurement properties of the SIS
emotion subscale [18, 53]. As hypothesized, there were
absent correlations with SIS memory/thinking and SIS
communication given the non-overlapping concept in the
EQ-5D self-classifier. Compared with the EQ-Index, EQ-
VAS only showed low to fair correlation with FIM, SIS
strength, and SIS mobility at the post-intervention session,
suggesting the poor validity of EQ-VAS.

Although EQ-5D showed fair correlation with SIS
strength, neither the EQ-Index nor individual dimensions
showed correlation with objective MRC scores. Given that
EQ-5D emphasizes the general HRQoL, SIS strength,
addressing muscle strength based on the daily activity (i.e.,
grip of your hand that was mostly affected by your stroke),
would show a more similar concept with EQ-5D compared
with the fundamental strength assessment by MRC based
on individual joint movement (i.e., wrist extension, with 0
as no movement to 5 as a lot of strength). As for the invalid
concurrent validity with FMA, we speculated that the FMA
assessed the impairment of the motor component so that
the patient’s subjective HRQoL was not directly related to
this impairment assessment. Future study with different
criterion measures should be done to clarify these
speculations.
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Predictive validity

Our preliminary findings of predictive validity showed
the EQ-Index at the pre-intervention session could fairly
predict the SIS-ADL at the post-intervention session,
indicating stroke patients with better perceived health
status before the intervention were associated with a
more favorable rehabilitation outcome of the ADL
function.

This finding implicates that the predictive validity of
EQ-5D-5L is better to apply in the ADL rehabilitation
outcome measures than the objective motor-related out-
come measures. However, EQ-VAS had no predictive
power for predicting the rehabilitation outcomes. The
general concept of health status in stroke survivors does not
seem to be a good index for predicting rehabilitation out-
come. Future studies should address this issue.

As for the individual dimension, EQ-mobility could
fairly predict the FIM, suggesting a better functional
independence outcome in patients who had better
mobility at the pre-intervention session. Interestingly, the
EQ-pain/discomfort dimension had fair predictive power
for predicting post-intervention rehabilitation outcomes
of the SIS subscales (i.e., strength, emotion, mobility,
and physical scores), suggesting a better rehabilitation
outcome in patients who experienced less pain at the pre-
intervention session. Pain that occurs after stroke is one
of the most common medical complications to adversely
affect the course of rehabilitation. Appropriate and
timely pain management leads to maximum function in
ADL and adequate QoL [54]. Also, the EQ-anxiety/de-
pression domain had fair power for predicting the sub-
jective SIS hand function but not for the objective UE
function measure (i.e., FMA). This result was in line
with the argument that both psychological and physical
impairments are important for HRQoL in stroke sur-
vivors [55].

Furthermore, a close look at the raw data of predictive
validity suggested there might be differential associations
in patients at subacute (beyond 2 weeks and <3 months
after stroke onset) and chronic (beyond 3 months after
stroke onset) stages. An additional analysis based on sub-
acute and chronic stages showed the predictive validity was
better in subacute patients compared with chronic patients.
Interestingly, EQ-pain/discomfort and EQ-anxiety/depres-
sion in subacute patients might be more important predic-
tive factors of UE function, functional independence level,
and SIS subscales (p = —0.49 to —0.69, P < 0.05). The
additional analyses demonstrate that the predictive power
of the various dimensions of the EQ-5D depends on the
patient’s post-stroke stage. Further research should address
the role of the different dimensions of the EQ-5D and its
predictive validity at different post-stroke stages.

Responsiveness

Compared with the moderate to large responsiveness results
for the EQ-Index and EQ-VAS in the Golicki et al. [23] study,
our results were rather limited: The EQ-Index was moderately
responsive to changes based on the SRM index, whereas the
EQ-VAS was only mildly responsive to changes. As indicated
by Pickard et al. [6], the EQ-5D is highly responsive in
patients with extreme health conditions before intervention.
The difference in the results obtained by Golicki et al. [23] and
the present results might be related to the patients’ stage of
stroke. Golicki et al. [23] recruited acute patients, whereas the
present study recruited subacute and chronic patients. We
further performed an additional responsiveness analysis based
on subacute and chronic patients. As expected, subacute
patients with worse functional status before the intervention
were more responsive to the rehabilitation than the chronic
patients. However, a conclusion that the subacute stroke
patients are more eligible for the EQ-5D-5L as a measure of
HRQoL than chronic stroke patients should be exercised
cautiously because the findings are based on a subgroup
analysis with a small sample size. Future study should further
address the responsiveness issue by directly incorporating a
larger sample size for the different stroke stages.

MCID

To our knowledge, empirical work has not been performed
to assess the MCID of the EQ-5D-5L in stroke populations,
although it has been tested in other diseases [56, 57]. On
the basis of the anchor-based approach, we found the
MCID values were 0.10 for the EQ-Index and 8.61 for the
EQ-VAS. The MCID values calculated by the distribution-
based method were 0.10 for the EQ-Index and 10.82 for the
EQ-VAS. Combining the two approaches for the MCID,
participants who achieved values of 0.10 on the EQ-Index
and 8.61-10.82 on the EQ-VAS are likely to have a clin-
ically important change.

Moreover, to determine whether the rehabilitation is
effective for patients, an examination of how many par-
ticipants (i.e., the percentages of a group) reach or exceed
the values of the MCID instead of focusing on the MCID
values alone is necessary [25]. Thus, the percentages of
patients who achieve MCID can be considered as another
benchmark for evaluating the effectiveness of an inter-
vention. The present results showed that 33.8 and 41.5 %
of patients achieved the anchor-based MCID of the EQ-
Index and EQ-VAS estimations, respectively, whereas 33.8
and 32.3 % of patients achieved the distribution-based
MCID of the EQ-Index and EQ-VAS. Finally, the MCID
estimation also depends on the stages of stroke; the MCID
estimations of the EQ-Index and EQ-VAS in subacute
patients were larger than those in chronic patients.
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Study limitations

Two limitations may influence the interpretation of our
findings. First, the predictive validity, responsiveness, and
MCID may vary across demographic characteristics and
interventions. Thus, the results of the present study might
not generalize to other populations with different charac-
teristics. Second, only patients with an MMSE of 21 or
more were included in the present study; thus, the results
may not be generalized to patients with cognitive
impairment.

Conclusions

This is the first study to explore the criterion validity and
MCID of the EQ-5D-5L in stroke patients receiving reha-
bilitation. The present study generally showed the reason-
able criterion validity and responsiveness of the EQ-Index
compared with the EQ-VAS. The results also suggested
that the EQ-5D-5L has better power for predicting the
rehabilitation outcome in ADL compared with other motor-
related outcome measures. The MCID estimation provides
clinicians with the EQ-5D-5L benchmark for evaluating
the therapeutic effect in stroke patients undergoing
rehabilitation.

Finally, the psychometric and clinimetric properties of
the EQ-5D-5L seemed to further depend on the patient’s
stroke stage. Further research with larger samples is
required to explore the psychometric and -clinimetric
properties of the EQ-5D-5L in patients at different stages
of stroke recovery.
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