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Abstract
Background Stroke has evolved to become a chronic disease and a major public health challenge. To adequately 
capture the full disease burden of stroke patients, the assessment of health-related quality of life (HRQoL) and 
thus the performance of respective measures is increasingly relevant. The aim of this analysis was to compare the 
measurement properties of two self-report instruments, the EQ-5D-5L and the Stroke Impact Scale 2.0.

Methods The data used for the analysis was derived from a quasi-experimental case management study for mildly 
to moderately affected incident stroke and transient ischemic attack (TIA) patients aged ≥ 18 in Germany. Data was 
collected patient-individually at 3, 6 and 12 months after initial stroke. The EQ-5D-5L and SIS 2.0 were compared in 
terms of feasibility, ceiling and floor effects, responsiveness and known-groups validity (Kruskal-Wallis H and Wilcoxon 
rank-sum test).

Results A response for all three follow-ups is available for n = 855 patients. The feasibility of the EQ-5D-5L is 
determined as good (completion rate: 96.4–96.6%, ≥ one item missing: 3.2 − 3.3%), whereas the SIS 2.0 is moderately 
feasible (overall completion rate: 44.9–46.1%, ≥ one item missing in domains: 4.7 − 28.7%). The SIS 2.0 shows 
substantial ceiling effects in comparable domains (physical function: 10.4 − 13%, others: 3.5–31.3%) which are mainly 
larger than ceiling effects in the EQ-5D-5L index (17.1–21.5%). In terms of responsiveness, the EQ-5D-5L shows small 
to moderate change while the SIS 2.0 presents with moderate to large responsiveness. The EQ-5D-5L index, mobility, 
usual activities and Visual Analogue Scale show known-groups validity (p < 0.05). Content-related domains of the 
SIS 2.0 show known-groups validity as well (p < 0.05). However, it is compromised in the emotion domain in both 
measures (p > 0.05).

Conclusions The EQ-5D-5L seems to be slightly more suitable for this cohort. Nonetheless, the results of both 
measures indicate limited suitability for TIA patients. Large-scale studies concerning responsiveness and known-
groups validity are encouraged.

Trial registration The study was registered in the German Clinical Trials Register, retrospective registration on 
21.09.2022. Registration ID: DRKS00030297.
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Background
For the last three decades, stroke has been top-ranked 
in the list of the largest causes of Disability-Adjusted 
Life Years and leading causes of death worldwide [1, 
2]. High rates of recurrence additionally contribute to 
a high burden of disease [3]. Although the incidence 
of stroke is declining, improved survivorship and an 
ageing population are leading to a higher prevalence 
of stroke, sequelae and an increasing need for care. 
Hence, stroke is considered a chronic disease, of which 
the burden is expected to increase significantly in the 
future [2, 4–6].

However, the disability inherently accompanied by 
stroke as estimated by clinical measures often do not 
portray the full range of medical, familial, social and pro-
fessional impairments and limitations faced post stroke. 
Consequently, patient-reported outcomes such as mea-
sures of Health-Related Quality of Life (HRQoL) have 
increasingly been integrated into clinical studies and 
post-stroke assessment [7–13]. Exemplary of such are 
the EQ-5D-5L (5L) and the Stroke Impact Scale 2.0 (SIS). 
The former was developed by the EuroQol Group, with 
the aim of establishing a standardized, generic instru-
ment for describing and valuing HRQoL in a wide variety 
of diseases and health care sectors [14, 15]. The 5L is a 
frequently used measure [16], for which adequate psy-
chometric performance has been demonstrated, both in 
the general population and for specific diseases, such as 
stroke [17–22]. However, it has been criticized that the 
5L does not assess the breadth of impairments, which 
occur post stroke and that are consequently relevant for a 
comprehensive assessment of HRQoL in stroke survivors 
[23]. A measure which addresses a wider range of pos-
sible impairments after stroke is the SIS. It is a disease-
specific instrument developed for patients with mild to 
moderate stroke. Alike the 5L, evidence suggests that the 
SIS is a valid instrument for the assessment of HRQoL 
[24, 25].

Although various measures have been utilized, dis-
cussions and studies have not come to a consensus on 
a standard measure of HRQoL in stroke. Both generic 
and stroke-specific instruments bare potentials and lim-
itations in terms of psychometric properties [8, 26, 27]. 
This highlights the need for analyses comparing differ-
ent measures of HRQoL within the same population [28] 
to enable evidence-based methodological decisions for 
future research. The investment in psychometric stud-
ies remains important in stroke research [7]. To the best 
of our knowledge, there has yet been no comparison of 
the generic 5L and the disease-specific SIS to determine 
the adequacy for the assessment of HRQoL in stroke 
patients. Thus, this analysis aimed at comparing the 
measurement properties of the 5L and the SIS in stroke 
patients undergoing case-management in Germany, by 

evaluating feasibility, ceiling and floor effects, responsive-
ness and known-groups validity.

Methods
Study sample
The data used for the current analysis was derived from 
a quasi-experimental case management study for stroke 
and transient ischemic attack (TIA) patients in Germany 
and collected between 06/2018 and 03/2021. Owing to 
the study design (matching of controls) only patients 
assigned to the intervention group were included in this 
analysis. Patients’ eligibility criteria include: (i) ICD-10 
codes I60 (Subarachnoid haemorrhage), I61 (Intracere-
bral haemorrhage), I62 (Other non-traumatic intracere-
bral haemorrhage), I63 (Ischemic stroke), I64 (Stroke, not 
described as haemorrhage or infarction) and G45 (Tran-
sient ischemic attack), (ii) aged ≥ 18 years, (iii) modified 
Rankin Scale (mRS) 0–4 at baseline (stroke unit) (out 
of 6; the higher the score the higher the disability), (iv) 
long term care grade < 4 (out of 5; the higher the grade 
the greater the need for assistance), (v) first ever stroke. 
The following criteria resulted in exclusion of patients: (i) 
in-patient long-term care (ii) severe comorbidities (e.g. 
malignant neoplasm, Alzheimer’s disease or other neu-
rogenerative diseases, organic mental disorders). Meth-
ods of the study have been reported in detail elsewhere 
[29]. Patients with a confirmed stroke or TIA diagnosis 
according to claims data were included in the analysis. 
Potential biases of the COVID-19 pandemic on the study 
participants’ HRQoL such as reduced HRQoL outcomes 
due to restrictions in daily life and poorer psychologi-
cal health outcomes [30, 31], were analyzed separately 
and rejected by statistical comparison of the two cohorts 
(pre-pandemic vs. pandemic).

Outcome measures
Patients’ post-stroke level of disability was assessed by 
the clinician-reported mRS [32, 33] which is a validated 
stroke- and neurology-specific scale ranging from 0 (no 
symptoms at all) to 6 (death) [34]. Their performance 
in activities of daily living (ADL) was measured by the 
Barthel Index (BI). The BI is a validated measure scor-
ing 0 (unable to carry out ADL) − 100 (able to carry out 
ADL) [35, 36]. For analysis purposes, the BI scoring was 
categorized into three groups: i) ≤ 50, ii) 51–75, iii) ≥ 76 
[37]. Self-reported HRQoL based on the 5L and the SIS 
was collected during rehabilitation at 3 (t1), within the 
home setting at 6 (t2) [38] and at the end of interven-
tion phase at 12 (t3) months after initial stroke. A study 
nurse reminded patients to respond within three weeks 
after sending out the paper-based questionnaires. The 
descriptive system of the 5L covers five dimensions: 
mobility (MO), self-care (SC), usual activities (UA), pain/
discomfort (PD) and anxiety/depression (AD). Each 
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dimension can be described by five levels of problems: 
1 - no problems, 2 - mild problems, 3 – moderate prob-
lems, 4 – severe problems and 5 - extreme problems. A 
total of 3125 possible health states can be distinguished 
by the 5L, which can be described in a five-digit profile 
[39]. Next to the descriptive system a Visual Analogue 
Scale (EQ VAS) is included in the 5L. For the EQ VAS, 
respondents were asked to assess their overall health on a 
scale from 0 (worst imaginable health) to 100 (best imag-
inable health) [40]. The German preference-based value 
set by Ludwig and colleagues was used to calculate the 5L 
index. The 5L index values for the German value set range 
from − 0.661 to 1 [41]. The SIS consists of 64 items com-
prised into eight domains: (i) strength, (ii) hand function, 
(iii) mobility, (iv) (instrumental) activities of daily living 
(ADL/IADL), (v) memory, (vi) communication, (vii) emo-
tion, (viii) participation and role function. Each item is 
rated by a five-point Likert scale indicating the extend of 
disability and difficulty faced by the patient: (i) could not 
do it at all, (ii) very difficult, (iii) somewhat difficult, (iv) a 
little difficult, (v) not difficult at all. For each domain an 
aggregate score, based on a scoring algorithm, can be cal-
culated [42]. Following this method, each domain gener-
ates scores in the range of 0 to 100, representing the worst 
and the best score possible, respectively [24]. Moreover, a 
physical function domain can be calculated by averaging 
across the domains: strength, hand function, ADL/IADL 
and mobility [43]]. Apart from the named domains, the 
SIS includes the assessment of patients’ global perception 
of recovery in the form of a VAS that is different from the 
EQ VAS. On the SIS VAS, 0 means not recovered and 100 
is considered as full recovery [24].

Data analysis
Initially, descriptive analysis of socio-demographic char-
acteristics was carried out. The analysis of characteristics 
was based on the sample of patients, which have returned 
the 5L from t1 to t3. Psychometric analysis was based 
on follow-up data from t1 to t3. By generating a physical 
function domain for the SIS, comparison to the 5L index 
was facilitated, as the focus of the 5L dimensions lies pri-
marily within physical aspects (MO, SC, UA, PD).

Feasibility
Feasibility was determined by absolute numbers and per-
centage of missing values per dimension and completion 
rate of the whole 5L questionnaire. The corresponding 
EQ VAS was analyzed in terms of completion rate. Like-
wise, the domains and individual items of the SIS, were 
assessed by absolute numbers and percentage of missing 
scores. Additionally, the domains and the overall ques-
tionnaire were assessed by completion rate. In order to 
compare the feasibility of both measures, the 5L index 
was contrasted to each domain of the SIS. Furthermore, 

feasibility of the measures respective VAS was compared. 
Patients who have returned the instrument of inter-
est at all time points were considered for the analysis of 
feasibility.

Floor and ceiling effects
For the 5L, profiles of “11111” and “55555” were con-
sidered for floor and ceiling effects, respectively. Analo-
gously, the calculated score of 0 or 100 indicated either 
floor or ceiling effects in the domains of the SIS, the SIS 
VAS and the EQ VAS. According to Terwee et al. (2007), 
a threshold of > 15% of the respondents achieving the 
highest or lowest possible score, served as indication 
for a ceiling or floor effect [44]. As the analysis of floor 
and ceiling effects requires completed instruments or 
domains (complete case analysis), patients with a com-
plete 5L index or SIS domains at the respective time 
points were considered for the analyses.

Responsiveness
For the responsiveness analysis the BI was utilized as an 
external anchor. Since no “gold standard” has been estab-
lished, relevant change was determined by minimal clini-
cally important difference (MCID) as estimated by Hsieh 
and colleagues [45] and adjusted by the team of Golicki 
[18]. A change of the BI by ≥ 9.25 points between two 
time points was considered as either improvement or 
as deterioration. Patients with a change in the BI < 9.25 
points between two time points were regarded as stable. 
In the analysis, responsiveness was determined by Effect 
Size (ES) and Standardized Response Mean (SRM). Both 
ES (mean change in scores, divided by the standard devi-
ation of baseline scores [46]) and SRM (mean change in 
scores divided by the standard deviation of the change 
score [47]) were interpreted according to commonly 
accepted criteria: > 0.8 large, 0.5–0.8 moderate and < 0.5 
small [48]. For the assessment of responsiveness of the 5L 
index, the SIS physical function domain and respective 
VAS, a complete case analysis from t1, to t3 was used to 
ensure the analysis of one cohort.

Known-groups validity
Due to non-normality of the data, nonparametric tests 
were used to determine known-groups validity: Kruskal-
Wallis H test and Wilcoxon rank-sum test (two-sided 
due to non-uniform directions of scores between groups 
according to instrument). If the omnibus test produced 
statistically significant results, a nonparametric post-hoc 
Dunn-Bonferroni test was performed. Complete cases 
were used for this analysis. It was hypothesized that 
HRQoL measured by the 5L, SIS, their respective VAS 
and select dimensions would differ by age [49–51], sex 
[50, 52], mRS [49, 51, 53], BI [54–56] and type of stroke 
[57]. For the analyses, age groups were categorized as 
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follows: ≤ 44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 
75–79, 80–84 and ≥ 85. BI was grouped into five catego-
ries: 0–24, 25–49, 50–74, 75–99 and 100. Known-groups 
validity was examined cross-sectionally by including 
patients with complete questionnaires or domains at 

t1. To contrast the 5L and the SIS, the following com-
parisons were made: 5L index vs. SIS physical function 
domain; EQ VAS vs. SIS VAS; 5L AD vs. SIS depression; 
5L UA vs. SIS ADL/IADL; 5L MO vs. SIS mobility.

To avoid selection bias, for each above-mentioned 
analysis, we compared patient characteristics of patients 
with complete and incomplete questionnaires before 
carrying out complete case analyses. Statistical analyses 
and reporting were guided by the COSMIN design and 
reporting standards [58]. All statistical analyses were 
performed with R Statistical Software version 4.3.1 [59] 
using the following packages: DescTool [60], tidyverse 
[61] and FSA [62]. Results were considered statisti-
cally significant at p < 0.05 and all statistical tests were 
two-sided.

Results
The response rate for both measures at the respective 
time points is 73% (t1), 72% (t2) and 69% (t3). Complete 
follow-up data, in the sense that all three questionnaires 
of the SIS were returned, is available for n = 856 patients. 
Data of patients that have completed all three follow-ups 
of the 5L is available for n = 855 patients. An overview of 
the demographic and disease characteristics based on the 
cohort, which returned all 5L assessments is provided in 
Table 1.

The proportion of at least one dimension missing in the 
5L ranges from 3.2% (t3) to 3.4% (t1, t2). The completion 
rate of the 5L is > 95% for all time points. For the SIS, the 
proportion of at least one item missing per domain, has 
a range between 4.8% (t3) in the communication domain 
and 28.7% (t2) in the domain concerning participation 
& role function. For the overall SIS the completion rate 
is < 50% at all follow-ups. The domains with the high-
est and lowest rate of completion at all time points are 
communication (93.9− 95.2%) and participation & role 
function (71.3%− 72.3%), respectively (Table 2). The most 
frequently missing values on an item level are concerning 
strength in the most affected foot/ankle (23.4 − 24.9%), 
strength in the primarily affected leg (20.6 − 22%), partici-
pation in religious activities (19.6 − 21%), strength of grip 
in the most affected hand (15.1 − 16.6%) and strength in 
the most affected arm (15 − 16.1%) (Supplementary Table 
1, Additional File 1). Overall, the completion rate of both 
VAS is similarly high. However, the EQ VAS completion 
rate is slightly higher than the SIS EQ VAS across all time 
points (t1: 96.96% vs. 94.98%, t2: 98.13% vs. 96.14%).

VAS for the time point points t1 – t3. 5L EQ-5D-5L, SIS 
Stroke Impact Scale, VAS Visual Analogue Scale.

Ceiling effects are detectable in the 5L, as the 15% 
threshold is exceeded at t1 (17.1%), t2 (18.4%) and t3 
(21.5%). For each time point, the proportion of patients 
reporting the highest possible health status as measured 
by the 5L is higher in comparison to the SIS physical 

Table 1 Demographic characteristics of the study sample at 
baseline
Characteristics (n = 855)
Age, years
Mean (SD) 69.91 (12.17)
Range 27–93
Sex, n (%)
Female 379 (44.3)
Male 476 (55.7)
Type of stroke (ICD-10), n (%)
I60 0 (0)
I61 33 (3.4)
I62 0 (0)
I63 674 (69.3)
I64 0 (0)
G45 148 (15.2)
Recurrence, n (%) 56 (6.6)
Barthel Index, mean (SD) 82.97 (22.72)
Barthel Index, n (%)
0–24 16 (1.9)
25–49 66 (7.7)
50–74 118 (13.8)
75–99 269 (31.5)
100 336 (39.3)
Missing 50 (5.8)
Modified Rankin Scale, median 2
Modified Rankin Scale, n (%)
0 88 (9.1)
1 195 (20.1)
2 255 (26.2)
3 225 (23.2)
4 92 (9.5)
EQ-5D-5L, mean (SD) 0.78 (0.27)
EQ-5D-5L VAS, mean (SD) 67.67 (21.15)
Stroke Impact Scale, mean (SD)
Strength 69.84 (23.25)
Memory & thinking 84.28 (18.32)
Emotion 71.94 (16.89)
Communication 87.9 (16.42)
ADL/IADL 82.82 (21.38)
Mobility 81.6 (21.93)
Hand function 75.8 (29.45)
Participation & role function 72.04 (26.64)
Stroke Impact Scale VAS, mean (SD) 69.89 (21.03)
I60 Subarachnoid haemorrhage, I61 Intracerebral haemorrhage,

I62 Other non-traumatic intracerebral haemorrhage, I63 Ischemic stroke,

I64 Stroke, not described as haemorrhage or infarction,

G45 Transient ischemic attack, VAS Visual Analogue Scale,

ADL/IADL Activities of daily living/ instrumental activities of daily living
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Table 2 Feasibility of the 5L and the SIS for t1 – t3

Measure/ dimension/
domain

3 months (t1) 6 months (t2) 12 months (t3)
≥ one item 
missing,
n (%)

Missing,
n (%)

Completion 
rate, %

≥ one item 
missing, n 
(%)

Missing,
n (%)

Completion 
rate,
%

≥ one item 
missing,
n (%)

Missing,
n (%)

Completion 
rate, %

n = 855
5L 29 (3.4) 96.6 17 (3.4) 96.6 27 (3.2) 96.4
5L
MO

12 (1.4) 13 (1.5) 11 (1.3)

5L
SC

7 (0.8) 11 (1.3) 10 (1.7)

5L
UA

9 (1.1) 12 (1.4) 11 (1.3)

5L
PD

10 (1.2) 11 (2.9) 14 (1.6)

5L
AD

7 (0.8) 8 (0.9) 6 (0.7)

n = 856
SIS 45.1 44.9 46.1
SIS
strength

226 (26.4) 73.6 229 (26.7) 73.3 216 (25.2) 74.8

SIS 
memory & thinking

60 (7) 92.1 63 (7.4) 92.6 56 (6.5) 93.5

SIS
emotion

96 (11.2) 88.8 94 (11) 89 105 (12.3) 87.7

SIS
communication

48 (5.6) 94.4 52 (6.1) 93.9 41 (4.8) 95.2

SIS
ADL/IADL

86 (10) 90 85 (10) 90.1 102 (11.9) 88.1

SIS
mobility

58 (6.8) 93.2 78 (9.1) 90.9 67 (7.8) 92.2

SIS
hand function

101 (11.8) 88.2 118 (13.8) 86.2 111 (13) 87

SIS participation & role 
function

237 (27.7) 72.3 246 (28.7) 71.3 239 (27.9) 72

5L EQ-5D-5L, MO Mobility, SC Self-Care, UA Usual Activities, PD Pain/Discomfort, AD Anxiety/Depression, SIS Stroke Impact Scale

Fig. 1 Ceiling effects of the 5L index, 5L VAS, SIS physical domain and SIS
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function domain, the SIS VAS and the EQ VAS. Although, 
the respective percentage of patients with a maximum 
score in the SIS physical function domain increases over 
time, the percentages at t1 (10.4%), t2 (12.2%) as well as 
t3 (13%) indicate no ceiling effects (Fig. 1). The SIS hand 
function domain indicates on average the highest ceiling 
effect with 31.3% at each time point. The only domain 
that does not demonstrate ceiling effects was SIS emo-
tion (Supplementary Table 2, Additional File 1). Although 
ceiling effects are detected for neither VAS measure, the 
SIS VAS shows a higher proportion of patients reporting 

a score of 100 at each measured time point. For all mea-
sures and domains no floor effects are identified, as the 
proportion of patients reporting the worst (health) status 
is < 5% (Supplementary Fig. 1, Additional File 1).

Both instruments demonstrate small to moderate ES 
and SRM for all time point comparisons in patients that 
improved (Table  3). When directly comparing the 5L 
index and the SIS physical function domain, the latter 
predominantly reveals higher ES and SRM in improved 
patients as well as in patients that deteriorated. In 
patients that improved, solely the SIS physical function 

Table 3 Responsiveness of the 5L index and the SIS physical domain
Measure Improved Barthel Index Deteriorated Barthel Index

n Mean
difference

ES SRM n Mean
difference

ES SRM

3 months (t1) to 6 months (t2)
5L
index

56 0.07* 0.21 0.34 8 -0.15 -0.66 -0.64

SIS physical 12 8.84* 0.31 0.71 2 -16.3 -1.61 -2.38
3 months (t1) to 12 months (t3)
5L
index

87 0.06 0.16 0.21 16 -0.27* -0.15 -0.97

SIS physical 17 3.35 0.12 0.32 4 -24.53 -0.57 -0.88
6 months (t2) to 12 months (t3)
5L
index

33 0.06* 0.16 0.24 12 -0.18 -0.42 -0.47

SIS physical 5 5.77 0.17 0.63 5 -20.08 -1.01 -0.88
ES Effect Size, SRM Standardized Response Mean, 5L EQ-5D-5L, SIS Stroke Impact Scale,

VAS Visual Analogue Scale, * p < 0.05

Table 4 Known-groups validity of the 5L and the SIS for different groups
Dimension Sexa

p-value
Age groupsb

H (df)
Diagnosisb

H (df)
mRSb

H (df)
BIb, c

H (df)
5L index 
(n = 783)

< 0.001 51.67 (9)** 17.62 (2)** 90.17 (4)** 84.8 (2)**

SIS physical (n = 190) < 0.001 43.391 (9)** 16.73 (2)** 39.06 (4)** 28.04 (2)**
5L VAS
(n = 804)

< 0.001 41.73 (9)** 18.65 (2)** 81.43 (4)** 63.45 (2)**

SIS VAS
(n = 768)

< 0.001 23.15 (9)* 42.44 (2)** 103.91 (4)** 49.99 (2)**

5L AD
(n = 783)

< 0.001 16.05 (9) 0.59 (2) 21.68 (4)** 20.22 (2)**

SIS emotion (n = 190) < 0.05 12.75 (9) 1.92 (2) 7.15 (4 7.29 (2)*
5L UA
(n = 783)

< 0.001 54.45(9)** 35.41 (2)** 142.28 (4)** 111.88 (2)**

SIS ADL/IADL
(n = 190)

< 0.001 45.08 (9)** 14.43 (2)** 38.83 (4)** 32.03 (2)**

5L MO
(n = 783)

< 0.001 70.97 (9)** 13.71 (2)* 80.77 (4)** 96.76 (2)**

SIS mobility (n = 190) < 0.001 46.45 (9)** 8.42 (2)* 30.64 (4)** 26.31 (2)**
df degrees of freedom, BI Barthel Index 5L EQ-5D-5L, SIS Stroke Impact Scale,

VAS Visual Analogue Scale, AD Anxiety/Depression, UA Usual Activities, MO Mobility,

* p < 0.05, ** p < 0.001
a Wilcoxon rank-sum W
b Kruskal-Wallis H
c for the Barthel Index: 5L index, 5L AD, 5L UA, 5L MO n = 737; 5L VAS n = 758; SIS physical, SIS emotion, SIS ADL/IADL, SIS mobility n = 182; SIS VAS n = 723
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domain from 3 to 6 months and from 6 to 12 months 
demonstrates moderate effects (SRM = 0.71, SRM = 0.63, 
respectively). Results for ES and SRM in patients that 
deteriorated are of negative value. The SIS physical func-
tion domain shows large ES and SRM in patients that 
deteriorated. For the 5L index all changes indicate small 
to moderate ES, except for the deterioration from 3 to 12 
months, which is large (SRM = -0.97). ES and SRM of the 
EQ VAS and the SIS VAS indicate small ES for patients 
that improved as well as patients that deteriorated in 
the BI. The EQ VAS predominantly proves higher ES 
and SRM than the SIS VAS, especially in patients that 
improved in terms of the BI (Supplementary Table 3, 
Additional File 1).

The median differences of the 5L index, UA, MO and 
VAS between categories of the mRS, BI, type of stroke, 
age and sex are statistically significant (p < 0.05); prov-
ing their known-groups validity. Similarly, the content-
related domains of the SIS (physical function, ADL/
IADL, mobility) show known-groups validity (p < 0.05). 
However, known-groups validity of the 5L and SIS is 
partly compromised because of results in AD and in the 
emotion domain. The respective analyses of median dif-
ferences between age groups and diagnosis do not result 
in statistical significance (p > 0.05) (Table  4). Post-hoc 
tests indicate differences between groups with larger dif-
ferences in mRS, BI and age groups as well as differences 
between confirmed stroke diagnosis (I63, I61) and TIA 
diagnosis (G45) (data available upon request).

Discussion
The aim of this study was to compare the measurement 
properties of the 5L in comparison to the SIS in a cohort 
of mildly to moderately affected stroke and TIA patients 
undergoing case management. Performance was assessed 
in terms of feasibility, ceiling and floor effects, respon-
siveness and known-groups validity. To the best of our 
knowledge this is the first study to compare the measure-
ment properties of the 5L and the SIS.

The 5L index indicates excellent feasibility. Similar results 
have been found in previous research [20, 63]. However, it 
should be kept in mind that the reminding service of a study 
nurse might have decreased the proportion of missing val-
ues in the 5L and in the SIS. When compared to the feasibil-
ity of the EQ-5D-3L in stroke patients, the current analysis 
indicates improvement in terms of missing values which 
aligns with prior research [20, 64]. It might be explained by 
the extension of response levels. Evidence shows that three-
point scales does not always allow participants to adequately 
express their feelings [65]. With regard to the EQ mea-
sures, the 5L might enable better engagement with the task 
to reflect the patients´ true HRQoL status. Higher rates of 
missingness in the SIS might be explained by the length of 
the SIS. Prior research has suggested that the length of the 

questionnaire may be a substantial patient burden; result-
ing in the simplification of the measure to a short form [66]. 
Besides that, the moderate feasibility results of the SIS sup-
port prior evidence of measurement properties [67, 68]. The 
work of Caël and colleagues (2015) indicates that items with 
the most frequently missing values are concerning religion, 
work and recreational activity. This is similar to presented 
results. Much alike this study, the sample includes TIA 
patients, in which symptoms usually resolve within ≤ 24 h 
[69]. Thus, physical consequences such as strength and hand 
function might not be of relevance leading to missing values. 
Additionally, it is no surprise that around 20% of patients 
did not answer the item concerning religious participation, 
as in 2018 around 27% of the German population declared 
to have no religious beliefs [70]. Although selection bias was 
ruled out by comparison of completers and non-completers, 
the above-mentioned results and prior literature suggests 
that missingness can nonetheless be influenced by other 
external factors not assessed in our study. Despite lacking 
comparable research, the EQ VAS and the SIS VAS show 
high completion rates across all time points, indicating good 
to excellent feasibility owing to the simplicity of the measure 
and its potential of quick assessment [71]. In a more detailed 
perspective, the EQ VAS presents with a slightly higher 
completion rate across all time points. Possible reasons for 
these marginal differences may lie within the description 
and content of the EQ VAS. For the EQ VAS, patients are 
asked to determine their health status of the correspond-
ing day. This might present as less difficult to answer than 
with the SIS VAS asking patients about their current state 
of recovery from stroke, which spans over a longer period 
of time and recall of memory. Due to (temporary) cognitive 
impairments and difficulty remembering their post-stroke 
status [72], patients might be more inclined to omit answer-
ing the SIS VAS.

The evidence on ceiling and floor effects in the 5L and 
the SIS are inconsistent in published literature [20, 24, 
25, 63, 67, 73, 74]. The current analysis, however, sup-
ports evidence of no floor effects and high ceiling effects 
in both measures in a cohort of elderly mild to moder-
ately affected stroke patients. Differences in evidence 
might be explained by varying cohorts. The prior cited 
studies all excluded patients with TIA and showed lower 
baseline scores on the respective measures (e.g. mean 5L 
index: 0.526 [20]; mean SIS VAS: 51.6–63.6 [24]) as com-
pared to this study. The current sample included patients 
with TIA (mean 5L index 0.78; mean SIS VAS: 69.89), 
for which especially physical impairments are expected 
to decrease or vanish altogether while psychological 
issues might persist [75–77]. However, most dimensions 
of the 5L focus on physical disability (MO, UA, SC, PD) 
and less on emotional factors. The results might thus 
imply limited suitability of the 5L for TIA patients. How-
ever, it could also be explained by a response shift often 
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occurring in longitudinal HRQoL data as patients change 
their personal meaning of HRQoL or certain aspect of 
HRQoL over time. This is usually based on experiences 
or expectations that changed due to a shift in value and 
priorities as a result of adjustment to chronic disease [78, 
79]. Diagnosis-related differences might also explain vari-
ability in ceiling effects between the SIS domains. (Long-
term) symptoms of stroke are particularly individual and 
dependent on type and severity of stroke [80–84]. Hence, 
the SIS may lack sensitivity for some patients with only 
mild impairments and, thus, may compromise the suit-
ability in those patients. When set against each other, 
the 5L indicates larger ceiling effects than the SIS physi-
cal function domain. However, ceiling effects of other 
SIS domains such as hand function, mobility, memory 
& thinking, ADL/IADL and communication exceed the 
results of the 5L index.

The small to moderate responsiveness of the 5L as 
observed in this study predominantly aligns with previous 
evidence [74]. However, another study has primarily found 
moderate responsiveness. Owing to the chosen time frame, 
Golicki and colleagues (2015) included patients in their 
acute phase [18], which is characterized by higher impair-
ment and the most substantial progress in recovery [74]. 
This was also evident in the mean 5L utility at baseline 
(0.577). In contrast to that, the current analysis of respon-
siveness was based on data from three months and onwards 
and included TIA patients which resulted in higher 5L util-
ity at baseline to begin with (0.78). The conclusion that the 
5L index is more responsive in patients with extreme health 
conditions is hereby underlined [85]. To gather a compre-
hensive assessment of responsiveness, complete data of the 
first year including assessment at baseline and different time 
intervals than chosen in this study should be integrated in 
future analyses. The SIS physical function domain certainly 
indicates better responsiveness than the 5L index. None-
theless, merely slight differences between the measures 
are observable and both measures as well as the respec-
tive VAS predominantly present with small responsive-
ness. Overall, the present results of the SIS indicate small 
to moderate responsiveness in patients that have improved 
according to the BI and large responsiveness in patients with 
deterioration in the BI. However, small sample sizes limit 
interpretability of the analysis. No other comparable and 
methodologically robust studies concerning the responsive-
ness of the SIS physical function domain were identified. 
Thus, future research should generate larger sample sizes. 
Besides, the current analysis merely inspects responsiveness 
of the physical function domain; further research including 
all SIS domains is needed for a comprehensive assessment 
of the SIS.

With regards to known-groups validity of the 5L index, 
EQ VAS, the 5L dimensions UA and MO discriminate 
between mRS, type of stroke, BI, sex and age. Besides 

that, with the presented results, prior research concern-
ing the 5L index and the EQ VAS is confirmed [20]. 
However, prior results were merely based on descriptive 
data. The absence of high-quality evidence highlights the 
relevance of the presented results. With regard to the 
SIS, the domains physical function and ADL/IADL dis-
criminated between the mRS, type of stroke, BI, sex and 
age. This result is contrary to prior research. In a French 
cohort of mildly to severely affected stroke patients, Caël 
and colleagues (2015) concluded that the SIS did not 
discriminate between type of stroke, sex and age [67]. 
These contradicting results might be explained by sub-
stantial ceiling effects in mildly affected stroke patients 
[86], making it harder for the instrument to discriminate 
between groups. Furthermore, with the current analysis, 
the hypothesis of known-groups validity of the SIS emo-
tion domain could not be confirmed. This aligns with 
prior research [24].

Several limitations may influence the interpretation of the 
discussed findings. Generally, there is no “gold standard” 
for the assessment of feasibility, responsiveness and known-
groups validity. Results of feasibility might be influenced 
by the reminding service of a study nurse, which limits the 
generalizability for other stroke studies. However, this ser-
vice may have reduced non-response bias as a larger group 
of patients could have possibly been reached over all the 
time points. Moreover, the threshold for relevant change of 
the BI was based on MCID from a study by Hsieh and col-
leagues (2007) and adapted for a 100-point scale by the team 
around Golicki (2015) [18, 45]. Nonetheless, the adaptation 
was not further validated. Comparable studies to deter-
mine MCID for a 100-point BI are still needed. Besides that, 
using Cohen´s D threshold (> 0.8 large, 0.5 to 0.8 moderate, 
< 0.5 small) to determine responsiveness by SRM is debat-
able. Interpretation of responsiveness could lead to over- or 
underestimation [87, 88]. Furthermore, methods for assess-
ing known-groups validity with > 2 groups (Kruskal-Wallis 
H test) do not allow hypothesizing a direction of compari-
son [89] reducing the informative power of the analysis. It 
is additionally mentionable that the analyzed measurement 
properties are not exhaustive. Other measurement prop-
erties such as construct validity (convergent and diver-
gent validity) could not be assessed due to unavailability 
of required data [90–92] and should thus be considered in 
future research. Overall, when interpreting the results, it 
should be kept in mind that the patients used for this analy-
sis are not representative of German stroke patients, as they 
were treated by case-management and patients with severe 
impairments (mRS > 5, nursing care level > 4) were excluded. 
A similarly designed study evaluating the HRQoL of stroke 
patients observed slightly worse mean SIS domain and SIS 
VAS scores at baseline as compared to the current study 
(current study SIS VAS: 69.89; similar study: 64.53) [93]. The 
mean 5L index and EQ VAS of the general population in 
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Germany (0.88 and 79.45, respectively) are above the aver-
age of the observed stroke case management patients (0.78 
and 67.67, respectively) [41, 94]. Furthermore, the findings 
on the 5L index cannot be generalized internationally as a 
German value set by Ludwig and colleagues (2018) was 
used to calculate utilities [41]. Finally, as two measures of 
HRQoL presenting with similar items and domains were 
administered, order effects cannot be ruled out [95–97]. 
Nevertheless, the large overall sample size is a strength of 
the analyses.

In conclusion, both the 5L and the SIS show adequate 
feasibility, responsiveness, known-group validity and ceil-
ing effects at three to twelve months post stroke. However, 
the 5L appears to be slightly more suitable in terms of fea-
sibility, ceiling effects and known-groups validity for this 
cohort of mildly to moderately affected stroke and TIA 
patients when compared to SIS domains. Nonetheless, 
the results of both measures indicate limited suitability 
for TIA patients. Further large-scale studies concerning 
responsiveness and known-groups validity are encouraged.

Abbreviations
5L  EQ-5D-5L
AD  EQ-5D-5L anxiety/depression
ADL  Activities of daily living
BI  Barthel Index
EQ VAS  EQ-5D-5L visual analogue scale
ES  Effect Size
HRQoL  Health-Related Quality of Life
IADL  Instrumental activities of daily living
MCID  Minimal clinically important difference
MO  EQ-5D-5L mobility
mRS  Modified Rankin Scale
PD  EQ-5D-5L pain/discomfort
SC  EQ-5D-5L self-care
SIS  Stroke Impact Scale
SRM  Standardized Response Mean
TIA  Transient ischemic attack
UA  EQ-5D-5L usual activities

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12955-024-02252-z.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
Conceptualization: JS, JD; Methodology: JS, SE; Formal analysis and 
investigation: JS; Writing - original draft preparation: JS; Writing - review and 
editing: JD, SE, WG. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This study was 
funded by the Federal Joint Committee (G-BA). Grant number: 01NVF17025.
Open Access funding enabled and organized by Projekt DEAL.

Data availability
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol followed the ethical principles of the Helsinki declaration 
and was approved by the Ethics Committee of Bielefeld University (EUB) No 
2018-046, approval issued on 08 February 2018. Written informed consent was 
obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 10 October 2023 / Accepted: 20 April 2024

References
1. GBD 2016 Stroke Collaborators. Global, regional, and national burden of 

stroke, 1990–2016: a systematic analysis for the global burden of Disease 
Study 2016. Lancet Neurol. 2019;18:439–58. https://doi.org/10.1016/
S1474-4422(19)30034-1.

2. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases 
and injuries in 204 countries and territories, 1990–2019: a systematic analysis 
for the global burden of Disease Study 2019. Lancet. 2020;396:1204–22. 
https://doi.org/10.1016/S0140-6736(20)30925-9.

3. Mohan KM, Wolfe CDA, Rudd AG, Heuschmann PU, Kolominsky-Rabas 
PL, Grieve AP. Risk and cumulative risk of stroke recurrence: a systematic 
review and meta-analysis. Stroke. 2011;42:1489–94. https://doi.org/10.1161/
STROKEAHA.110.602615.

4. Crichton SL, Bray BD, McKevitt C, Rudd AG, Wolfe CDA. Patient outcomes 
up to 15 years after stroke: survival, disability, quality of life, cognition and 
mental health. J Neurol Neurosurg Psychiatry. 2016;87:1091–8. https://doi.
org/10.1136/jnnp-2016-313361.

5. Edwards JD, Kapral MK, Fang J, Swartz RH. Long-term morbidity and mortality 
in patients without early complications after stroke or transient ischemic 
attack. CMAJ. 2017;189:E954–61. https://doi.org/10.1503/cmaj.161142.

6. Wafa HA, Wolfe CDA, Emmett E, Roth GA, Johnson CO, Wang Y. Burden of 
stroke in Europe: thirty-year projections of incidence, prevalence, deaths, 
and disability-adjusted life years. Stroke. 2020;51:2418–27. https://doi.
org/10.1161/STROKEAHA.120.029606.

7. Cameron LJ, Wales K, Casey A, Pike S, Jolliffe L, Schneider EJ et al. Self-
reported quality of life following stroke: a systematic review of instruments 
with a focus on their psychometric properties. Quality of life research: an 
international journal of quality of life aspects of treatment, care and rehabili-
tation 2021. https://doi.org/10.1007/s11136-021-02944-9.

8. Carod-Artal FJ, Egido JA. Quality of life after stroke: the importance of a 
good recovery. Cerebrovasc Dis. 2009;27(Suppl 1):204–14. https://doi.
org/10.1159/000200461.

9. Greiner W, Witte J, Gensorowsky D. Nutzenbewertung Von Arzneimitteln in 
Deutschland: Schwerpunkt: Höchstpreise für Ein Mehr an Lebensqualität 
[AMNOG-Report 2019. Value Assessment of Parmaceuticals in Germany. 
Focus: Maximum prices for more health?]. Heidelberg: medhochzwei Verlag 
GmbH; Mai; 2019.

10. Golomb BA, Vickrey BG, Hays RD. A review of health-related quality-of-life 
measures in stroke. PharmacoEconomics. 2001;19:155–85. https://doi.
org/10.2165/00019053-200119020-00004.

11. Pound P, Gompertz P, Ebrahim S. A patient-centred study of the 
consequences of stroke. Clin Rehabil. 1998;12:338–47. https://doi.
org/10.1191/026921598677661555.

12. Salter KL, Moses MB, Foley NC, Teasell RW. Health-related quality of life after 
stroke: what are we measuring? Int J Rehabil Res. 2008;31:111–7. https://doi.
org/10.1097/MRR.0b013e3282fc0f33.

13. Katzan IL, Thompson NR, Lapin B, Uchino K. Added value of patient-reported 
outcome measures in Stroke Clinical Practice. J Am Heart Assoc. 2017. 
https://doi.org/10.1161/JAHA.116.005356.

14. EuroQol Group. EuroQol - a new facility for the measurement of health-
related quality of life. Health Policy. 1990;16:199–208. https://doi.
org/10.1016/0168-8510(90)90421-9.

https://doi.org/10.1186/s12955-024-02252-z
https://doi.org/10.1186/s12955-024-02252-z
https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1161/STROKEAHA.110.602615
https://doi.org/10.1161/STROKEAHA.110.602615
https://doi.org/10.1136/jnnp-2016-313361
https://doi.org/10.1136/jnnp-2016-313361
https://doi.org/10.1503/cmaj.161142
https://doi.org/10.1161/STROKEAHA.120.029606
https://doi.org/10.1161/STROKEAHA.120.029606
https://doi.org/10.1007/s11136-021-02944-9
https://doi.org/10.1159/000200461
https://doi.org/10.1159/000200461
https://doi.org/10.2165/00019053-200119020-00004
https://doi.org/10.2165/00019053-200119020-00004
https://doi.org/10.1191/026921598677661555
https://doi.org/10.1191/026921598677661555
https://doi.org/10.1097/MRR.0b013e3282fc0f33
https://doi.org/10.1097/MRR.0b013e3282fc0f33
https://doi.org/10.1161/JAHA.116.005356
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1016/0168-8510(90)90421-9


Page 10 of 11Schmidt et al. Health and Quality of Life Outcomes           (2024) 22:45 

15. Devlin N, Parkin D, Janssen B. Methods for Analysing and reporting EQ-5D 
data. Cham (CH); 2020.

16. Devlin NJ, Brooks R. EQ-5D and the EuroQol Group: past, Present and Future. 
Appl Health Econ Health Policy. 2017;15:127–37. https://doi.org/10.1007/
s40258-017-0310-5.

17. Feng Y-S, Kohlmann T, Janssen MF, Buchholz I. Psychometric properties of the 
EQ-5D-5L: a systematic review of the literature. Qual Life Res. 2021;30:647–73. 
https://doi.org/10.1007/s11136-020-02688-y.

18. Golicki D, Niewada M, Karlińska A, Buczek J, Kobayashi A, Janssen MF, Pickard 
AS. Comparing responsiveness of the EQ-5D-5L, EQ-5D-3L and EQ VAS in 
stroke patients. Qual Life Res. 2015;24:1555–63. https://doi.org/10.1007/
s11136-014-0873-7.

19. Hinz A, Kohlmann T, Stöbel-Richter Y, Zenger M, Brähler E. The quality of life 
questionnaire EQ-5D-5L: psychometric properties and normative values for 
the general German population. Qual Life Res. 2014;23:443–7. https://doi.
org/10.1007/s11136-013-0498-2.

20. Golicki D, Niewada M, Buczek J, Karlińska A, Kobayashi A, Janssen MF, Pickard 
AS. Validity of EQ-5D-5L in stroke. Qual Life Res. 2015;24:845–50. https://doi.
org/10.1007/s11136-014-0834-1.

21. Kangwanrattanakul K, Parmontree P. Psychometric properties comparison 
between EQ-5D-5L and EQ-5D-3L in the general Thai population. Qual Life 
Res. 2020;29:3407–17. https://doi.org/10.1007/s11136-020-02595-2.

22. Kangwanrattanakul K. Normative profile of the EQ-5D-5L dimensions, EQ-
5D-5L index and EQ-VAS scores for the general Thai population. Qual Life Res. 
2023;32:2489–502. https://doi.org/10.1007/s11136-023-03420-2.

23. Hunger M, Sabariego C, Stollenwerk B, Cieza A, Leidl R. Validity, reliability 
and responsiveness of the EQ-5D in German stroke patients undergoing 
rehabilitation. Qual Life Res. 2012;21:1205–16. https://doi.org/10.1007/
s11136-011-0024-3.

24. Duncan PW, Wallace D, Lai SM, Johnson D, Embretson S, Laster LJ. The stroke 
impact scale version 2.0. Evaluation of reliability, validity, and sensitivity to 
change. Stroke. 1999;30:2131–40. https://doi.org/10.1161/01.str.30.10.2131.

25. Petersen C, Morfeld M, Bullinger M. Fragebogen über die Folgen eines 
Schlaganfalls. Testung Und Validierung Der Deutschen Version Der Stroke 
Impact scale [Questionnaire about the consequences of Stroke: testing and 
validation of the German version of the stroke impact scale (SIS)]. [Testing 
and validation of the German version of the stroke impact Scale]. Fortschr 
Neurol Psychiatr. 2001;69:284–90. https://doi.org/10.1055/s-2001-14465.

26. Owolabi MO. Which is more valid for stroke patients: generic or stroke-spe-
cific quality of life measures? Neuroepidemiology. 2010;34:8–12. https://doi.
org/10.1159/000255460.

27. Reeves M, Lisabeth L, Williams L, Katzan I, Kapral M, Deutsch A, Prvu-Bettger 
J. Patient-reported outcome measures (PROMs) for Acute Stroke: Ratio-
nale, methods and future directions. Stroke. 2018;49:1549–56. https://doi.
org/10.1161/STROKEAHA.117.018912.

28. Patrick DL, Deyo RA. Generic and disease-specific measures in assessing 
health status and quality of life. Med Care. 1989;27:S217–32. https://doi.
org/10.1097/00005650-198903001-00018.

29. Duevel J, Elkenkamp S, Gensorowsky D, Brinkmeier M, Galle G, Miethe J. & 
Greiner W. A Case Management Intervention in Stroke Care: Evaluation of a 
quasi-experimental study. ZEFQ (Zeitschrift fuer Evidenz, Fortbildung und Qual-
itaet im Gesundheitswesen). 2024. https://doi.org/10.1016/j.zefq.2024.03.008

30. Violato M, Pollard J, Lloyd A, Roope LSJ, Duch R, Becerra MF, Clarke PM. 
The COVID-19 pandemic and health-related quality of life across 13 high- 
and low-middle-income countries: a cross-sectional analysis. PLoS Med. 
2023;20:e1004146. https://doi.org/10.1371/journal.pmed.1004146.

31. Ozkan H, Ambler G, Banerjee G, Chan E, Browning S, Mitchell J, et al. The 
impact of the UK COVID-19 pandemic on patient-reported health outcomes 
after stroke: a retrospective sequential comparison. J Neurol. 2022;269:1741–
50. https://doi.org/10.1007/s00415-021-10819-9.

32. Farrell B, Godwin J, Richards S, Warlow C. The United Kingdom transient isch-
aemic attack (UK-TIA) aspirin trial: final results. J Neurol Neurosurg Psychiatry. 
1991;54:1044–54. https://doi.org/10.1136/jnnp.54.12.1044.

33. Rankin J. Cerebral vascular accidents in patients over the age 
of 60. II. Prognosis. Scott Med J. 1957;2:200–15. https://doi.
org/10.1177/003693305700200504.

34. Banks JL, Marotta CA. Outcomes validity and reliability of the modified Rankin 
scale: implications for stroke clinical trials: a literature review and synthesis. 
Stroke. 2007;38:1091–6. https://doi.org/10.1161/01.STR.0000258355.23810.c6.

35. Quinn TJ, Langhorne P, Stott DJ. Barthel index for stroke trials: development, 
properties, and application. Stroke. 2011;42:1146–51. https://doi.org/10.1161/
STROKEAHA.110.598540.

36. Mahoney FI, BARTHEL DW. Functional evaluation: the Barthel Index. Md State 
Med J. 1965;14:61–5.

37. Saxena SK, Ng TP, Yong D, Fong NP, Gerald K. Total direct cost, length of hos-
pital stay, institutional discharges and their determinants from rehabilitation 
settings in stroke patients. Acta Neurol Scand. 2006;114:307–14. https://doi.
org/10.1111/j.1600-0404.2006.00701.x.

38. Schupp W. Was Rehabilitation Nach Schlaganfall für den Langzeitverlauf 
Leisten Kann. DNP. 2016;17:22–8. https://doi.org/10.1007/s15202-016-1463-z.

39. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Devel-
opment and preliminary testing of the new five-level version of EQ-5D 
(EQ-5D-5L). Qual Life Res. 2011;20:1727–36. https://doi.org/10.1007/
s11136-011-9903-x.

40. EuroQol Research Foundation. EQ-5D-5L User Guide; 2019.
41. Ludwig K, Graf von der Schulenburg J-M, Greiner W. German value set for the 

EQ-5D-5L. PharmacoEconomics. 2018;36:663–74. https://doi.org/10.1007/
s40273-018-0615-8.

42. Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 Health Survey Manual and 
Interpretation Guide. Boston, Massachusetts: The Health Institute, New 
England Medical Center; 1993.

43. Duncan PW, Bode RK, Min Lai S, Perera S. Rasch analysis of a new stroke-
specific outcome scale: the stroke impact scale. Arch Phys Med Rehabil. 
2003;84:950–63. https://doi.org/10.1016/s0003-9993(03)00035-2.

44. Terwee CB, Bot SDM, de Boer MR, van der Windt DAWM, Knol DL, Dekker J, et 
al. Quality criteria were proposed for measurement properties of health sta-
tus questionnaires. J Clin Epidemiol. 2007;60:34–42. https://doi.org/10.1016/j.
jclinepi.2006.03.012.

45. Hsieh Y-W, Wang C-H, Wu S-C, Chen P-C, Sheu C-F, Hsieh C-L. Establish-
ing the minimal clinically important difference of the Barthel Index in 
stroke patients. Neurorehabil Neural Repair. 2007;21:233–8. https://doi.
org/10.1177/1545968306294729.

46. Kazis LE, Anderson JJ, Meenan RF. Effect sizes for interpreting 
changes in health status. Med Care. 1989;27:S178–89. https://doi.
org/10.1097/00005650-198903001-00015.

47. Middel B, van Sonderen E. Statistical significant change versus relevant or 
important change in (quasi) experimental design: some conceptual and 
methodological problems in estimating magnitude of intervention-related 
change in health services research. Int J Integr Care. 2002;2:e15. https://doi.
org/10.5334/ijic.65.

48. Cohen J. Statistical Power Analysis for the behavioral sciences. 2nd ed. New 
York: Routledge; 1988.

49. Sadlonova M, Wasser K, Nagel J, Weber-Krüger M, Gröschel S, Uphaus T, et 
al. Health-related quality of life, anxiety and depression up to 12 months 
post-stroke: influence of sex, age, stroke severity and atrial fibrillation - A 
longitudinal subanalysis of the Find-AFRANDOMISED trial. J Psychosom Res. 
2021;142:110353. https://doi.org/10.1016/j.jpsychores.2020.110353.

50. Milani G, Mantovani L, Baroni A, Lamberti N, Basaglia N, Lavezzi S, et al. Varia-
tions in Health-Related Quality of Life after Stroke: insights from a clinical trial 
on Arm Rehabilitation with a long-term Follow-Up. Adv Rehabil Sci Pract. 
2023;12:27536351231214845. https://doi.org/10.1177/27536351231214845.

51. Deb-Chatterji M, Pinho J, Flottmann F, Meyer L, Broocks G, Brekenfeld C, et al. 
Health-related quality of life after thrombectomy in young-onset versus older 
stroke patients: a multicenter analysis. J Neurointerv Surg. 2022;14:1145–50. 
https://doi.org/10.1136/neurintsurg-2021-017991.

52. Bushnell CD, Reeves MJ, Zhao X, Pan W, Prvu-Bettger J, Zimmer L, et al. Sex 
differences in quality of life after ischemic stroke. Neurology. 2014;82:922–31. 
https://doi.org/10.1212/WNL.0000000000000208.

53. Tsalta-Mladenov M, Andonova S. Persisting consequences of ischemic stroke 
after three months, assessed with the stroke impact Scale Version 3.0. Neurol 
Res. 2022;44:503–10. https://doi.org/10.1080/01616412.2021.2024714.

54. Rudberg A-S, Berge E, Gustavsson A, Näsman P, Lundström E. Long-term 
health-related quality of life, survival and costs by different levels of func-
tional outcome six months after stroke. Eur Stroke J. 2018;3:157–64. https://
doi.org/10.1177/2396987317753444.

55. Oliveira-Kumakura ARS, Batista LMOS, Spagnol GS, Valler L. Functionality 
and quality of life in Brazilian patients 6 months post-stroke. Front Neurol. 
2023;14:1020587. https://doi.org/10.3389/fneur.2023.1020587.

56. Carod-Artal FJ, Trizotto DS, Coral LF, Moreira CM. Determinants of quality 
of life in Brazilian stroke survivors. J Neurol Sci. 2009;284:63–8. https://doi.
org/10.1016/j.jns.2009.04.008.

57. Ramírez-Moreno JM, Muñoz-Vega P, Alberca SB, Peral-Pacheco D. Health-
related quality of life and fatigue after transient ischemic attack and minor 

https://doi.org/10.1007/s40258-017-0310-5
https://doi.org/10.1007/s40258-017-0310-5
https://doi.org/10.1007/s11136-020-02688-y
https://doi.org/10.1007/s11136-014-0873-7
https://doi.org/10.1007/s11136-014-0873-7
https://doi.org/10.1007/s11136-013-0498-2
https://doi.org/10.1007/s11136-013-0498-2
https://doi.org/10.1007/s11136-014-0834-1
https://doi.org/10.1007/s11136-014-0834-1
https://doi.org/10.1007/s11136-020-02595-2
https://doi.org/10.1007/s11136-023-03420-2
https://doi.org/10.1007/s11136-011-0024-3
https://doi.org/10.1007/s11136-011-0024-3
https://doi.org/10.1161/01.str.30.10.2131
https://doi.org/10.1055/s-2001-14465
https://doi.org/10.1159/000255460
https://doi.org/10.1159/000255460
https://doi.org/10.1161/STROKEAHA.117.018912
https://doi.org/10.1161/STROKEAHA.117.018912
https://doi.org/10.1097/00005650-198903001-00018
https://doi.org/10.1097/00005650-198903001-00018
https://doi.org/10.1016/j.zefq.2024.03.008
https://doi.org/10.1371/journal.pmed.1004146
https://doi.org/10.1007/s00415-021-10819-9
https://doi.org/10.1136/jnnp.54.12.1044
https://doi.org/10.1177/003693305700200504
https://doi.org/10.1177/003693305700200504
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1161/STROKEAHA.110.598540
https://doi.org/10.1161/STROKEAHA.110.598540
https://doi.org/10.1111/j.1600-0404.2006.00701.x
https://doi.org/10.1111/j.1600-0404.2006.00701.x
https://doi.org/10.1007/s15202-016-1463-z
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s40273-018-0615-8
https://doi.org/10.1007/s40273-018-0615-8
https://doi.org/10.1016/s0003-9993(03)00035-2
https://doi.org/10.1016/j.jclinepi.2006.03.012
https://doi.org/10.1016/j.jclinepi.2006.03.012
https://doi.org/10.1177/1545968306294729
https://doi.org/10.1177/1545968306294729
https://doi.org/10.1097/00005650-198903001-00015
https://doi.org/10.1097/00005650-198903001-00015
https://doi.org/10.5334/ijic.65
https://doi.org/10.5334/ijic.65
https://doi.org/10.1016/j.jpsychores.2020.110353
https://doi.org/10.1177/27536351231214845
https://doi.org/10.1136/neurintsurg-2021-017991
https://doi.org/10.1212/WNL.0000000000000208
https://doi.org/10.1080/01616412.2021.2024714
https://doi.org/10.1177/2396987317753444
https://doi.org/10.1177/2396987317753444
https://doi.org/10.3389/fneur.2023.1020587
https://doi.org/10.1016/j.jns.2009.04.008
https://doi.org/10.1016/j.jns.2009.04.008


Page 11 of 11Schmidt et al. Health and Quality of Life Outcomes           (2024) 22:45 

stroke. J Stroke Cerebrovasc Dis. 2019;28:276–84. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2018.09.046.

58. Gagnier JJ, Lai J, Mokkink LB, Terwee CB. COSMIN reporting guideline 
for studies on measurement properties of patient-reported outcome 
measures. Qual Life Res. 2021;30:2197–218. https://doi.org/10.1007/
s11136-021-02822-4.

59. R Core Team. R: a language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing; 2021.

60. Signorell A, DescTools. Tools for Descriptive Statistics: R package version 
0.99.49; 2023.

61. Wickham H, Averick M, Bryan J, Chang W, McGowan L, François R, et al. 
Welcome Tidyverse JOSS. 2019;4:1686. https://doi.org/10.21105/joss.01686.

62. Ogle DH, Doll JC, Powell Wheeler A, Dinno A. FSA: Simple Fisheries Stock 
Assessment Methods: R package version 0.9.4.

63. Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, et al. 
Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across 
eight patient groups: a multi-country study. Qual Life Res. 2013;22:1717–27. 
https://doi.org/10.1007/s11136-012-0322-4.

64. Buchholz I, Janssen MF, Kohlmann T, Feng Y-S. A systematic review of studies 
comparing the Measurement Properties of the three-level and five-level 
versions of the EQ-5D. PharmacoEconomics. 2018;36:645–61. https://doi.
org/10.1007/s40273-018-0642-5.

65. OECD. OECD guidelines on Measuring Subjective Well-being. OECD; 2013.
66. Jenkinson C, Fitzpatrick R, Crocker H, Peters M. The stroke impact scale: 

validation in a UK setting and development of a SIS short form and SIS index. 
Stroke. 2013;44:2532–5. https://doi.org/10.1161/STROKEAHA.113.001847.

67. Caël S, Decavel P, Binquet C, Benaim C, Puyraveau M, Chotard M, et al. 
Stroke impact scale version 2: validation of the French version. Phys Ther. 
2015;95:778–90. https://doi.org/10.2522/ptj.20130012.

68. Duncan PW, Reker DM, Horner RD, Samsa GP, Hoenig H, LaClair BJ, Dudley 
TK. Performance of a mail-administered version of a stroke-specific outcome 
measure, the stroke impact scale. Clin Rehabil. 2002;16:493–505. https://doi.
org/10.1191/0269215502cr510oa.

69. Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJB, Culebras A, et 
al. An updated definition of stroke for the 21st century: a statement for 
healthcare professionals from the American Heart Association/American 
Stroke Association. Stroke. 2013;44:2064–89. https://doi.org/10.1161/
STR.0b013e318296aeca.

70. European Commission. Special Eurobarometer 484: Percep-
tions of antisemitism. 2019. https://data.europa.eu/data/datasets/
s2220_90_4_484_eng?locale=en.

71. Demoly P, Bousquet PJ, Mesbah K, Bousquet J, Devillier P. Visual analogue 
scale in patients treated for allergic rhinitis: an observational prospective 
study in primary care: asthma and rhinitis. Clin Exp Allergy. 2013;43:881–8. 
https://doi.org/10.1111/cea.12121.

72. Kurz A, Diehl J, Riemenschneider M, Perneczky R, Lautenschlager N. 
Leichte Kognitive Störung. Fragen zu Definition, diagnose, prognose und 
therapie [Minor cognitive impairment: definition, diagnosis, prognosis and 
treatment]. [Mild cognitive disorder. Questions of definition, diagnosis, 
prognosis and therapy]. Nervenarzt. 2004;75:6–15. https://doi.org/10.1007/
s00115-003-1568-4.

73. de Graaf JA, Visser-Meily JM, Schepers VP, Baars A, Kappelle LJ, Passier PE, et 
al. Comparison between EQ-5D-5L and PROMIS-10 to evaluate health-
related quality of life 3 months after stroke: a cross-sectional multicenter 
study. Eur J Phys Rehabil Med. 2021;57:337–46. https://doi.org/10.23736/
S1973-9087.21.06335-8.

74. Chen P, Lin K-C, Liing R-J, Wu C-Y, Chen C-L, Chang K-C. Validity, responsive-
ness, and minimal clinically important difference of EQ-5D-5L in stroke 
patients undergoing rehabilitation. Qual Life Res. 2016;25:1585–96. https://
doi.org/10.1007/s11136-015-1196-z.

75. Dollenberg A, Moeller S, Lücke C, Wang R, Lam AP, Philipsen A, et al. Preva-
lence and influencing factors of chronic post-traumatic stress disorder in 
patients with myocardial infarction, transient ischemic attack (TIA) and stroke 
- an exploratory, descriptive study. BMC Psychiatry. 2021;21:295. https://doi.
org/10.1186/s12888-021-03303-1.

76. Moran GM, Fletcher B, Feltham MG, Calvert M, Sackley C, Marshall T. Fatigue, 
psychological and cognitive impairment following transient ischaemic attack 
and minor stroke: a systematic review. Eur J Neurol. 2014;21:1258–67. https://
doi.org/10.1111/ene.12469.

77. Turner GM, McMullan C, Atkins L, Foy R, Mant J, Calvert M. TIA and 
minor stroke: a qualitative study of long-term impact and experiences 

of follow-up care. BMC Fam Pract. 2019;20:176. https://doi.org/10.1186/
s12875-019-1057-x.

78. Barclay-Goddard R, Lix LM, Tate R, Weinberg L, Mayo NE. Health-related 
quality of life after stroke: does response shift occur in self-perceived physical 
function? Arch Phys Med Rehabil. 2011;92:1762–9. https://doi.org/10.1016/j.
apmr.2011.06.013.

79. Schwartz CE, Sprangers MA. Methodological approaches for assessing 
response shift in longitudinal health-related quality-of-life research. Soc Sci 
Med. 1999;48:1531–48. https://doi.org/10.1016/s0277-9536(99)00047-7.

80. Hankey GJ, Stroke. Lancet. 2017;389:641–54. https://doi.org/10.1016/
S0140-6736(16)30962-X.

81. Adamit T, Maeir A, Ben Assayag E, Bornstein NM, Korczyn AD, Katz N. Impact 
of first-ever mild stroke on participation at 3 and 6 month post-event: the 
TABASCO study. Disabil Rehabil. 2015;37:667–73. https://doi.org/10.3109/096
38288.2014.923523.

82. Morley JE. An overview of cognitive impairment. Clin Geriatr Med. 
2018;34:505–13. https://doi.org/10.1016/j.cger.2018.06.003.

83. Schepker CA, Leveille SG, Pedersen MM, Ward RE, Kurlinski LA, Grande L, et al. 
Effect of Pain and mild cognitive impairment on mobility. J Am Geriatr Soc. 
2016;64:138–43. https://doi.org/10.1111/jgs.13869.

84. Verstraeten SMM, Mark RE, Sitskoorn MM. Motor and cognitive impairment 
after stroke: a common bond or a simultaneous deficit? Stroke Res Therapy. 
2016;1:1–10.

85. Pickard AS, Johnson JA, Feeny DH. Responsiveness of generic health-related 
quality of life measures in stroke. Qual Life Res. 2005;14:207–19. https://doi.
org/10.1007/s11136-004-3928-3.

86. Fayers PM, Machin D. Quality of life: the assessment, analysis, and reporting of 
patient-reported outcomes. 3rd ed. Hoboken: John Wiley & Sons Inc.; 2016.

87. Middel B, Kuipers-Upmeijer H, Bouma J, Staal M, Oenema D, Postma T, et 
al. Effect of intrathecal baclofen delivered by an implanted programmable 
pump on health related quality of life in patients with severe spasticity. 
J Neurol Neurosurg Psychiatry. 1997;63:204–9. https://doi.org/10.1136/
jnnp.63.2.204.

88. Sivan M. Interpreting effect size to estimate responsiveness of out-
come measures. Stroke. 2009;40:e709 e710-1. https://doi.org/10.1161/
STROKEAHA.109.566836.

89. McKight PE, Najab J. Kruskal-Wallis Test. In: Weiner IB, Craighead WE, edi-
tors. The Corsini Encyclopedia of psychology. Wiley; 2010. p. 1. https://doi.
org/10.1002/9780470479216.corpsy0491.

90. Krabbe PF. Validity. In: The Measurement of Health and Health Status: Elsevier; 
2017. pp. 113–134. https://doi.org/10.1016/B978-0-12-801504-9.00007-6.

91. Meirte J, van Daele U, Maertens K, Moortgat P, Deleus R, van Loey NE. Conver-
gent and discriminant validity of quality of life measures used in burn popu-
lations. Burns. 2017;43:84–92. https://doi.org/10.1016/j.burns.2016.07.001.

92. Fitriana TS, Purba FD, Rahmatika R, Muhaimin R, Sari NM, Bonsel G, et al. Com-
paring measurement properties of EQ-5D-Y-3L and EQ-5D-Y-5L in paediatric 
patients. Health Qual Life Outcomes. 2021;19:256. https://doi.org/10.1186/
s12955-021-01889-4.

93. Richardson M, Campbell N, Allen L, Meyer M, Teasell R. The stroke impact 
scale: performance as a quality of life measure in a community-based stroke 
rehabilitation setting. Disabil Rehabil. 2016;38:1425–30. https://doi.org/10.310
9/09638288.2015.1102337.

94. Grochtdreis T, Dams J, König H-H, Konnopka A. Health-related quality of life 
measured with the EQ-5D-5L: estimation of normative index values based on 
a representative German population sample and value set. Eur J Health Econ. 
2019;20:933–44. https://doi.org/10.1007/s10198-019-01054-1.

95. Izumi S, Hagiwara Y, Matsuyama Y, Shiroiwa T, Taira N, Kawahara T, et al. 
Impacts of the preceding cancer-specific health-related quality of life 
instruments on the responses to the subsequent EQ-5D-5L. Health Qual Life 
Outcomes. 2023;21:3. https://doi.org/10.1186/s12955-022-02085-8.

96. Garbarski D, Schaeffer NC, Dykema J. The effects of response option order 
and question order on self-rated health. Qual Life Res. 2015;24:1443–53. 
https://doi.org/10.1007/s11136-014-0861-y.

97. van Hout B, Janssen MF, Feng Y-S, 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;15:708–15. https://doi.org/10.1016/j.jval.2012.02.008.

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

https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.09.046
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.09.046
https://doi.org/10.1007/s11136-021-02822-4
https://doi.org/10.1007/s11136-021-02822-4
https://doi.org/10.21105/joss.01686
https://doi.org/10.1007/s11136-012-0322-4
https://doi.org/10.1007/s40273-018-0642-5
https://doi.org/10.1007/s40273-018-0642-5
https://doi.org/10.1161/STROKEAHA.113.001847
https://doi.org/10.2522/ptj.20130012
https://doi.org/10.1191/0269215502cr510oa
https://doi.org/10.1191/0269215502cr510oa
https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1161/STR.0b013e318296aeca
https://data.europa.eu/data/datasets/s2220_90_4_484_eng?locale=en
https://data.europa.eu/data/datasets/s2220_90_4_484_eng?locale=en
https://doi.org/10.1111/cea.12121
https://doi.org/10.1007/s00115-003-1568-4
https://doi.org/10.1007/s00115-003-1568-4
https://doi.org/10.23736/S1973-9087.21.06335-8
https://doi.org/10.23736/S1973-9087.21.06335-8
https://doi.org/10.1007/s11136-015-1196-z
https://doi.org/10.1007/s11136-015-1196-z
https://doi.org/10.1186/s12888-021-03303-1
https://doi.org/10.1186/s12888-021-03303-1
https://doi.org/10.1111/ene.12469
https://doi.org/10.1111/ene.12469
https://doi.org/10.1186/s12875-019-1057-x
https://doi.org/10.1186/s12875-019-1057-x
https://doi.org/10.1016/j.apmr.2011.06.013
https://doi.org/10.1016/j.apmr.2011.06.013
https://doi.org/10.1016/s0277-9536(99)00047-7
https://doi.org/10.1016/S0140-6736(16)30962-X
https://doi.org/10.1016/S0140-6736(16)30962-X
https://doi.org/10.3109/09638288.2014.923523
https://doi.org/10.3109/09638288.2014.923523
https://doi.org/10.1016/j.cger.2018.06.003
https://doi.org/10.1111/jgs.13869
https://doi.org/10.1007/s11136-004-3928-3
https://doi.org/10.1007/s11136-004-3928-3
https://doi.org/10.1136/jnnp.63.2.204
https://doi.org/10.1136/jnnp.63.2.204
https://doi.org/10.1161/STROKEAHA.109.566836
https://doi.org/10.1161/STROKEAHA.109.566836
https://doi.org/10.1002/9780470479216.corpsy0491
https://doi.org/10.1002/9780470479216.corpsy0491
https://doi.org/10.1016/B978-0-12-801504-9.00007-6
https://doi.org/10.1016/j.burns.2016.07.001
https://doi.org/10.1186/s12955-021-01889-4
https://doi.org/10.1186/s12955-021-01889-4
https://doi.org/10.3109/09638288.2015.1102337
https://doi.org/10.3109/09638288.2015.1102337
https://doi.org/10.1007/s10198-019-01054-1
https://doi.org/10.1186/s12955-022-02085-8
https://doi.org/10.1007/s11136-014-0861-y
https://doi.org/10.1016/j.jval.2012.02.008

	Comparing the EQ-5D-5L and stroke impact scale 2.0 in stroke patients: an analysis of measurement properties
	Abstract
	Background
	Methods
	Study sample
	Outcome measures
	Data analysis
	Feasibility
	Floor and ceiling effects
	Responsiveness
	Known-groups validity

	Results
	Discussion
	References


