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Abstract
Although health-related quality of life (HRQoL) has developed into a crucial outcome parameter in clinical research, evi-
dence of the EQ-5D-3L validation performance is lacking in patients with spinocerebellar ataxia (SCA) types 1, 2, 3, and 
6. The objective of this study is to assess the acceptability, validity, reliability, and responsiveness of the EQ-5D-3L. For 
n = 842 predominantly European SCA patients of two longitudinal cohort studies, the EQ-5D-3L, PHQ-9 (Patient Health 
Questionnaire), and ataxia-specific clinical assessments (SARA: Scale for Assessment and Rating of Ataxia; ADL: activities 
of daily living as part of Friedreich’s Ataxia Rating Scale; INAS: Inventory of Non-Ataxia Signs) were assessed at baseline 
and multiple annual follow-ups. The EQ-5D-3L was evaluated regarding acceptability, distribution properties, convergent 
and known-groups validity, test-retest reliability, and effect size measures to analyze health changes. The non-item response 
was low (EQ-5D-3L index: 0.8%; EQ-VAS: 3.4%). Ceiling effects occurred in 9.9% (EQ-5D-3L) and 3.0% (EQ-VAS) with 
a mean EQ-5D-3L index of 0.65 ± 0.21. In total, convergent validity showed moderate to strong Spearman’s rho (rs > 
0.3) coefficients comparing EQ-5D-3L and EQ-VAS with PHQ-9, SARA, ADL, and INAS. EQ-5D-3L could discriminate 
between groups of age, SARA, ADL, and INAS. Intra-class correlation coefficients (EQ-5D-3LICC: 0.95/EQ-VASICC: 0.88) 
and Kappa statistics (range 0.44 to 0.93 for EQ-5D-3L items) indicated tolerable reliability. EQ-5D-3L shows small (effect 
size < 0.3) to moderate (effect size 0.3–0.59) health changes regarding ataxia severity. The analysis confirms an acceptable, 
reliable, valid, and responsive recommended EQ-5D-3L in SCA patients, measuring the HRQoL adequately, besides well-
established clinical instruments.
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Introduction

Spinocerebellar ataxias (SCAs) comprise a heterogeneous 
group of autosomal dominantly inherited diseases caused 
by degeneration of the cerebellum and its connections 
[1]. SCAs have an estimated global prevalence of 3–4 per 
100,000. SCA 1, SCA 2, SCA 3, and SCA 6 account for 
more than half of the affected families [2, 3].

SCAs commonly manifest in the third and fourth decades 
of life [4] and are characterized by prominent ataxia often 
accompanied by additional neurological symptoms. Cogni-
tive impairment and depression may also occur [4]. Patients 
with SCA have a shorter life expectancy and suffer substan-
tial limitations in their daily activities. The disease-specific 
functional limitations and the emotional burdens harm the 
patient’s health-related quality of life (HRQoL) [5].
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Measuring HRQoL has become a crucial outcome in 
patients with chronic conditions to assess their subjective 
health perspective in clinical trials or to optimize treatment 
decision-making [6, 7]. Epstein et al. [8] referred in their 
work about self-rated health in Friedreich ataxia (FA) that 
HRQoL measures were potentially useful as clinical markers 
of the ataxia disease status. Only a few previous studies eval-
uated the impact of SCA on a patient’s HRQoL, revealing 
a significant decline over time and associations with ataxia 
severity, functional impairment, pain, depressive symptoms, 
and fatigue [9–11].

However, evidence about the validity of appropriate 
HRQoL measures in SCAs is missing. The National Insti-
tute for Health and Care Excellence (NICE) recommends 
using the widely used and well-established generic prefer-
ence-based EQ-5D in rare diseases [12]. Only one study 
focused on the psychometric properties of the EQ-5D-3L in 
patients with Friedreich ataxia [13]. Based on a sample of 
n = 56 patients, the authors rated the EQ-5D-3L as a meas-
ure with poor discriminative ability. However, the results of 
this cross-sectional study with a small sample size remain 
inconclusive and should be interpreted with caution. Further 
validation studies are needed to generate more robust results 
concerning the psychometric performance of HRQoL instru-
ments in SCA.

This analysis aimed to assess the psychometric properties 
of the EQ-5D-3L in terms of acceptability, validity, reliabil-
ity, and responsiveness. To this end, EQ-5D-3L from large 
samples of patients with SCA 1, 2, 3, and 6 were analyzed 
and followed up annually for several years in different obser-
vational multi-center studies. This large data set of a rare 
disorder allows us to validate the EQ-5D-3L longitudinally 
on an appropriate sample size for the first time.

Patients and Methods

Study Design, Recruitment, and Sample

We analyzed data from two prospective, longitudinal obser-
vational ataxia cohort studies carried out at several Euro-
pean and US study centers: [1] European Spinocerebellar 
Ataxia Type 3/Machado-Joseph Disease Initiative (ESMI) 
and [2] European Spinocerebellar Ataxia Registry (EURO-
SCA). ESMI is an ongoing, longitudinal cohort study of 
SCA 3 mutation carriers and controls. The cohort started 
in 2016 and is still ongoing in its 5th year of recruitment. 
Both recruitment and follow-ups take place in 11 European 
(majority of study participants) and three US study sites 
[14]. EUROSCA is a European longitudinal study with 
people with manifest SCA 1, 2, 3, and 6 carried out in 17 
European sites [15, 16]. The study was initiated in 2005, 
and participants were consecutively recruited and followed 

up until 2016 [15]. ESMI and EUROSCA were approved by 
the ethics committees of the participating centers and have 
been performed in accordance with the ethical standards 
laid down in the 1964 Declaration of Helsinki and its later 
amendments. Written informed consent was obtained from 
all study participants. EUROSCA was registered with a Clini 
calTr ials. gov number (NCT02440763).

In both studies, clinical visits were scheduled annually 
within the first 3 years after baseline (T0 = baseline, T1 = fol-
low-up 1, T2 = follow-up 2, T3 = follow-up 3). We checked 
for time between observations (T0−T1, T1−T2, and T2−T3), 
providing mean, standard deviation, and interquartile range 
in supplementary Table 1. Afterwards, participants entered 
an extension phase in which study visits were scheduled in 
combination with routine visits resulting in irregular inter-
vals. Therefore, only data from baseline to T3 were included 
in this analysis. The flow chart in Supplementary Figure 1 
illustrates patient selection from both studies.

SCA 1, 2, and 3 present a similar clinical picture with an 
age onset between 30 and 40 years and frequently more non-
ataxia symptoms [16, 17]. Patients suffering from SCA 6 are 
older (> 60 years old), show a slower disease progression, 
and have less additional non-ataxia signs, revealing SCA 
6 as a purely cerebellar disorder [16, 17]. Based on these 
aspects, patients of both studies were separated into two 
groups: patients with SCA 1, 2, or 3 vs. patients with SCA 6.

Measures

In both studies, patients completed a set of socio-demo-
graphics (age, sex), age of onset of gait difficulties, clinical, 
and health-related questionnaires at baseline and every fol-
low-up. The EQ-5D-3L and the Patient Health Questionnaire 
9 (PHQ-9) were administered as health-related question-
naires. Rater-based clinical ataxia-specific measures were 
the Scale for Assessment and Rating of Ataxia (SARA) and 
the activities of daily living (ADL) as part of Friedreich’s 
Ataxia Rating Scale and the Inventory of Non-Ataxia Signs 
(INAS). All measures were administered in one session by 
clinicians as face-to-face interviews in the respective study 
center.

EuroQol 5‑Dimensional 3‑Level—EQ‑5D‑3L

The EQ-5D consists of a thermometer-like visual analog 
scale (EQ-VAS) anchored by 0 (worst health) and 100 
(best health) to assess health status at the time of assess-
ment and a 5-item descriptive system with five dimensions: 
mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression. Each item has three levels of responses 
reflecting no, moderate, and extreme problems [17, 18]. The 
response pattern in these 5 items can be converted into a 
single index score, anchored between zero (for death) and 1 
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(perfect health). For our analyses, EQ-5D-3L indices were 
calculated using the European value set for use in multina-
tional studies [19].

Patient Health Questionnaire 9—PHQ‑9

The PHQ-9 is a widely validated self-reported questionnaire 
designed for use in primary care as a screening instrument 
for depressive symptoms [20, 21]. The score of the 9-item-
questionnaire ranges between 0 and 27 with the following 
score interpretation: 0 to 4 none to minimal, 5–9 mild, 10–14 
moderate, and ≥ 15 severe depression [21].

Scale of the Assessment and Rating of Ataxia—SARA 

SARA is a valid and reliable clinical rating of the severity 
of ataxia symptoms. SARA consists of eight items related 
to gait, stance, sitting, speech, finger-chase test, nose-finger 
test, fast alternating movements, and heel-shin test [22]. The 
sum score ranges between 0 (no ataxia) and 40 (most severe 
ataxia) [22]. We grouped the sum score into the following 
stages: SARA scores mild 0–9.5, moderate ≤ 19.5, strong ≤ 
29.5, and extreme ≤ 40 [23].

Inventory of Non‑Ataxia Signs—INAS

The INAS asks for a total of 30 items that are categorized 
into 16 non-ataxia signs. INAS count denotes the number of 
non-ataxia signs, ranging from zero (absence of non-ataxia 
signs) to a maximum of 16. A higher INAS count can be 
interpreted as a more complex extracerebellar disorder [24].

Activities of Daily Living (ADL) Part of the Friedreich Ataxia 
Rating Scale (FARS)

The FARS is a validated rater-based scale [25], comprising 
a measure of ataxia and ADL subscale and a neurological 
subscale. The scores of each measure can be added to make 
a total score ranging from 0 to 36, with higher scores rep-
resenting more severe impairment. ADL was only assessed 
in the ESMI study.

Statistical Analyses

Patients’ socio-demographics (gender, age), age of onset of 
gait, and clinical characteristics (SARA, INAS, and ADL) 
were analyzed descriptively. Chi-square tests or t-tests have 
been applied to examine differences between the two geno-
type groups (SCA 1, 2, and 3 vs. SCA 6).

For the psychometric analysis, the EQ-5D-3L was ana-
lyzed in terms of acceptability, distributional properties, 
convergent validity, known-groups validity, test-retest reli-
ability, and responsiveness to change. No imputation was 

used to deal with missing data, resulting in complete case 
analyses.

Completeness of Data

The frequency of missing values in both genotype groups for 
the EQ-5D-3L index and EQ-VAS was used as an indicator 
for acceptance.

Distributional Properties

Mean, standard deviation, minimum and maximum, and 
floor and ceiling effects were assessed for EQ-5D-3L index 
and EQ-VAS regarding the two genotype groups. Frequen-
cies of responses per EQ-5D-3L item are reported.

Convergent Validity

The association between the EQ-5D-3L dimensions, EQ-
5D-3L index, and EQ-VAS with SARA, INAS, ADL, and 
PHQ-9 were assessed using Spearman’s correlation coef-
ficient. Correlations were interpreted as follows: rsp < 0.3 
small, 0.3 ≥ rsp < 0.5 moderate, and rsp ≥ 0.5 high/strong 
[26, 27]. The sign of the coefficient can be positive as well 
as negative, indicating the direction of the relationship [28]. 
We expected higher correlations between EQ-5D dimensions 
mobility, self-care and usual activity and the SARA score, 
INAS count and ADL, and the EQ-5D dimensions pain/
discomfort and anxiety/depression with the PHQ-9. Lower 
correlations were expected between mobility, self-care, and 
usual activity with PHQ-9. For the convergent validity, we 
recognized all observations from baseline to T3. Further-
more, we created scatter plots with rugs for inspection of 
these associations for baseline and T3. Analyses were con-
ducted separately for each genotype group.

Known‑Groups Validity

Known-groups validity is the ability to distinguish between 
different health states and disease groups. We compared 
the EQ-5D-3L index between two groups of ages (≤ 51 
years old, > 51 years old), ataxia severity (SARA score: 
mild 0–9.5, moderate ≤ 19.5, strong ≤ 29.5, extreme ≤ 
40) [23], non-ataxia symptoms (INAS: ≤ 4 symptoms, > 
4 symptoms), depression (PHQ-9: minimal ≤ 4, moderate 
≤ 9) [21], and the EQ-VAS (low ≤ 60; high > 60). We 
hypothesized that the EQ-5D-3L index would be lower in 
older patients, patients with a higher SARA score, a higher 
INAS count, a higher PHQ-9, and a lower EQ-VAS value in 
both genotype groups.
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Test‑Retest Reliability

Test-retest reliability is expressed by the ability of a test’s 
consistency in repeated testing. We tested for consistency 
of scores over time comparing the EQ-5D-3L’s responses at 
baseline and T1 among “stable” patients according to their 
symptom severity. A patient was considered stable if there 
were no changes in the SARA score and INAS count within 
1 year. For the single-item dimensions of EQ-5D-3L, we 
calculated Cohens Kappa; for EQ-5D-3L index and EQ-
VAS, intraclass correlation coefficients (ICC) were reported. 
Cohens Kappa values > 0.40 [29] and ICCs values > 0.75 
[30] indicate acceptable reliability.

Responsiveness

Responsiveness refers to the EQ-5D-3L ability to capture 
changes in health over time. We analyzed the changes in the 
data pairs from baseline (T0) to T1, T0 to T2, and T0 to T3. 
Changes in the EQ-5D-3L index/EQ-VAS were then ana-
lyzed separately in subgroups of patients based on the SARA 
score: group 1 “no changes” in the SARA score (SARA 
score T0 = T1; T0 =  T2, and T0 = T3); group 2: “deterio-
rated” in the SARA score (SARA score T0 < T1; T0 < T2, 
and T0 < T3). Differences in the EQ-5D-3L index and EQ-
VAS between time points were divided by baseline standard 
deviation to produce standardized effect size (SES) or by the 
pooled standard deviation of change to calculate standard-
ized response means (SRM), calculated with paired sample 
t-tests. We interpreted the effect sizes as < 0.3 small, 0.3 
to 0.59 moderate, and ≥ 0.6 large [26] [31]. We expected 
to observe significant health changes in group 2 and no or 
minimal changes in group 1. Given the decreasing number 
of patients over time, we analyzed all patients regardless of 
genotype groups. SES and SRM are commonly used effect 
sizes in many validation studies of the EQ-5D [32], support-
ing the comparison of findings. For the SARA score, SES 
and SRM were also calculated.

Data were analyzed using IBM SPSS Statistics (Version 
21). The R package “ggplot2” was used to create graphs 
(Version 4.2.1).

Results

Sample

Table 1 presents the characteristics of the sample across both 
genotype groups. Patients were, on average, 49.9 ± 13.7 
years old, and 49% were women.

As known for SCA 6, the age of onset in that group 
started later in life with an average of 54.3 years compared 
to SCA 1–3 with 37.5 years. Most patients had a moderate 

ataxia severity (SARA mean score 14.0) and a mean EQ-5D 
index of 0.65 in both groups. SCA 6 patients reported lower 
INAS and a slightly lower PHQ-9.

Completeness of Data and Distributional Properties

Missing values occurred occasionally for the EQ-5D index 
(0.8%; n=7) and EQ-VAS (3.4%; n=29). Supplementary Fig-
ure 2 presents responses to the EQ-5D-3L items. The propor-
tion of patients reporting “no problems” in any dimension 
was 10.9% for SCA 1–3 and 3.7% for SCA 6 (Supplementary 
Table 2). More than 50% of patients reported no problems 
with SC and AD at baseline. Only a small proportion of 
patients reported extreme health-related problems. Table 1 
includes the distributional properties of the EQ-5D-3L index 
and EQ-VAS. The EQ-5D-3L-derived indices ranged from 
0.03 to 1.0, with a ceiling effect of 9.9% of overall patients. 
Ceiling effects of the EQ-VAS occurred in less than 4% of 
the total sample.

Convergent Validity

We observed low (r < 0.3) to strong (r ≥ 0.5) Spearman 
correlations between EQ-5D-3L dimensions and SARA, 
ADL, INAS, and PHQ-9. For patients with SCA 1–3, SARA, 
and ADL correlated strongly and statistically significant (p 
< 0.01) with the physical dimensions (self-care: rSARA  = 
0.596/rADL = 0.689; usual activity: rSARA  = 0.534/rADL = 
0.682) of EQ-5D-3L and low with mental items (pain/dis-
comfort:  rSARA = 0.120/rADL= 0.280; anxiety/depression: 
 rSARA = 0.193/rADL= 0.231; all correlations with p < 0.01). 
Contrary to this, PHQ-9 showed moderate to strong statisti-
cally significant (p < 0.01) correlations with pain/discomfort 
(rPHQ-9 = 0.355) and anxiety/depression (rPHQ-9 = 0.530). 
Findings were similar in SCA 6 patients, even though cor-
relations were constantly lower for this group. With respect 
to INAS, only in SCA 1–3 moderate correlations with p < 
0.01 were seen to mobility (rINAS = 0.410), self-care (rINAS 
= 0.419), and usual activity (rINAS = 0.431) while only poor 
correlations were seen for pain/discomfort (rINAS = 0.156) 
and anxiety/depression (rINAS = 0.146) and all dimensions 
in SCA 6 (rINAS < 0.3 with p < 0.01 in usual activity, pain/
discomfort, and anxiety/depression).

The EQ-5D-3L index showed moderate (rINAS = −0.381 
and rPHQ-9 = −0.474) to strong (rSARA  = −0.562 and rADL = 
−0.713) correlations (Table 2). EQ-VAS showed a strong 
correlation with ADL (rADL = −0.507) and a moderate corre-
lation with SARA (rSARA  = −0.396), INAS (rINAS = −0.329) 
and PHQ-9 (rPHQ-9 = −0.453) in the entire sample (Table 2). 
When analyzed by genotype groups, EQ-5D-3L was stronger 
correlated in patients with SCA 1–3. Correlations in this 
group were highest for ADL (rADL = −0.713), followed by 
SARA (rSARA  = −0.575) and PHQ-9 (rPHQ-9 = −0.493). 
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Table 1  Characteristics of the patients at baseline with full data of EQ-5D-3L and distributional properties of clinical parameters and patient-
reported outcomes

M mean, SD standard deviation, Min minimum, Max maximum, SARA  Scale for Assessment and Rating of Ataxia, INAS Inventory of Non-
Ataxia Signs, ADL activities of daily living (ADL) part of Friedreich’s Ataxia Rating Scale, EQ-VAS EuroQol Visual Analog Scale, PHQ-9 
Patient Health Questionnaire
*Chi-quadrat; **t-test

Total (n = 835) SCA 1–3 (n = 728) SCA 6 (n = 107) p-value

Sociodemographic variables
 Sex, % women 49.0 49.5 45.8 0.471*
 Age, M ± SD; range 49.9 ± 13.7; 14–85 47.7 ± 12.6; 14–84 65.0 ± 10.9; 37–85 < 0.01**
 Age of onset, M ± SD 39.8 ± 12.5 37.5 ± 11.1 54.3 ± 10.6 < 0.01**
Clinical parameters
 SARA score, M±SD 14.0 ± 8.6 (n = 832) 13.8 ± 8.9 (n = 725) 15.21 ± 6.8 0.061**
 INAS count, M ± SD 4.1 ± 2.6 (n = 748) 4.4 ± 2.6 (n = 656) 1.95 ± 1.6 (n = 92) < 0.01**
 ADL, M ± SD 9.2 ± 8.3 (n = 301) 9.2 ± 8.4 (n = 301) -
Patient-reported outcomes
 EQ-5D-3L Index
  M ± SD 0.65 ± 0.21 0.65 ± 0.22 0.65 ± 0.17 0.726**
  Min 0.03 0.03 0.21 -
  Max 1.0 1.0 1.0 -
  Ceiling effect, % (n) 9.9% (n = 83) 10.9 (n = 79) 3.7 (n = 4) -
  Floor effect, % (n) 0.6% (n = 5) 0.7 (n = 5) - -
 EQ-5D-VAS
  M ± SD 63.4 ± 21.2 (n = 813) 63.3 ± 21.5 (n = 707) 63.8 ± 18.9 (n = 106) 0.831**
  Min 0 0 20 -
  Max 100 100 100 -
  Ceiling effect, % (n) 3.0 (n = 24) 3.3 (n = 23) 0.9 (n = 1) -
  Floor effect, % (n) 0.6 (n = 5) 0.7 (n = 5) - -
 PHQ-9
  M ± SD 6.7 ± 5.8 (n = 786) 6.9 ± 5.8 (n = 679) 5.28 ± 5.4 (n = 107) < 0.01**

Table 2  Convergent validity 
of the EQ-5D-3L index and 
EQ-VAS, all observations (T0, 
T1, T2, T3)

r = data are given as Spearman’s correlation coefficient; n = number of observations; T0 = baseline, T1 = 
follow-up 1, T2 = follow-up 2, T3 = follow-up 3
SARA  Scale for Assessment and Rating of Ataxia, INAS Inventory of Non-Ataxia Signs, ADL activities of 
daily living (ADL) part of Friedreich’s Ataxia Rating Scale, EQ-VAS EuroQol Visual Analog Scale, PHQ-9 
Patient Health Questionnaire

Total SCA 1–3 SCA 6

r n p-value r n p-value r n p-value

EQ-5D-3L index
 SARA score −0.562 2528 < 0.01 −0.575 2178 < 0.01 −0.468 350 < 0.01
 ADL −0.713 768 < 0.01 −0.713 768 < 0.01
 INAS count −0.381 2261 < 0.01 −0.440 1956 < 0.01 −0.230 305 < 0.01
 PHQ-9 −0.474 2374 < 0.01 −0.493 2042 < 0.01 −0.376 332 < 0.01
EQ-VAS
 SARA score −0.396 2460 < 0.01 −0.423 2114 < 0.01 −0.230 346 < 0.01
 ADL −0.507 747 < 0.01 −0.507 747 < 0.01
 INAS count −0.329 2209 < 0.01 −0.352 1908 < 0.01 −0.379 301 < 0.01
 PHQ-9 −0.453 2350 < 0.01 −0.444 2019 < 0.01 −0.517 331 < 0.01
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EQ-VAS correlated moderately with all instruments. In the 
group of SCA 6 patients, EQ-5D-3L presented lower correla-
tion coefficients consistently with poor correlations for EQ-
5D-3L index and INAS (rINAS = −0.230) and EQ-VAS and 
SARA (rSARA  = −0.230) while EQ-VAS correlated strongly 
with PHQ-9 (rPHQ-9 = −0.517). All correlations were statisti-
cally significant. Figure 1 illustrates the correlation between 
the EQ-5D-3L index and SARA, INAS, PHQ-9, and ADL.

Known‑Groups Validity

In SCA 1–3, results fit the assumptions made for differences 
between known groups according to age, SARA, INAS, 
PHQ-9, and general health (EQ-VAS). EQ-5D-3L index was 
lower in older patients, patients with more severe ataxia, 
with higher INAS, higher likelihood of depression, and 
lower EQ-VAS (Table 3). In SCA 6, such differences were 

Fig. 1  Scatterplots with rugs 
between the EQ-5D-3L, SARA, 
INAS PHQ-9, and ADL for 
both genotype groups
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less pronounced and did not reach significance for age and 
INAS (Table 3).

Test‑Retest Reliability

Among 27 patients classified as stable at 12 months after 
baseline according to SARA, Kappa statistics of all EQ-
5D-3L items was > 0.4, demonstrating acceptable test-retest 
reliability. ICC calculation of the EQ-5D-3L (0.95) index 
and the EQ-VAS (0.88) indicated sufficient reliability.

Responsiveness

Clinically stable patients (no change in SARA score) showed 
no responsiveness for the EQ-5D-3L index and EQ-VAS. 
However, in the patient group with an increase in the SARA 
score over time (SARA score deteriorated), both the EQ-
5D-3L index and the EQ-VAS differed between baseline and 
follow-ups with almost none to small effect sizes. SES varied 
from 0.08 (T0 to T1) to 0.29 (T0 to T3) for the EQ-5D-3L index 
and 0.17 (T0 to T1) to 0.34 (T0 to T2) for the EQ-VAS. SRM 
ranged from 0.09 (T0 to T1) to 0.27 (T0 to T2/T3) for the EQ-
5D-3L index and 0.15 (T0 to T1) to 0.33 (T0 to T2) for the EQ-
VAS, respectively (Table 4). Regarding the solely observa-
tion of the SARA score, we found small (T0 to T1: 0.2SES and 
0.2SRM) to moderate (T0 to T2: 0.40SES and 0.39SRM; T0 to T3: 
0.59SES and 0.56SRM) changes in health for both effect sizes.

Discussion

To the best of our knowledge, this is the first longitudinal 
study reporting specific evidence on the psychometric prop-
erties of the EQ-5D-3L in patients with SCA. Results of 
this study fill the gap of inconclusive evidence by showing 
that the EQ-5D-3L demonstrates acceptability, reliability, 
good discriminative ability, moderate to strong conver-
gent validity, and small (EQ-5D-3L indices) to moderate 
(EQ-VAS with regard to ataxia severity) responsiveness to 
health changes in measuring HRQoL among patients with 
SCA 1, 2, 3, and 6. Our analysis supports the NICE recom-
mendations [12] to gain information about the EQ-5D-3L 
performance in rare diseases. It provides evidence that the 
EQ-5D-3L could be an appropriate measure to capture the 
patients’ HRQoL of SCA patients for use in clinical trials, in 
health economic evaluations, and in further research under-
standing HRQoL in people with that rare disease.

Distribution Properties

The extent of non-item response with less than 5% (EQ-5D 
index = 0.8% and EQ-VAS = 3.4%) is very low and accept-
able. Our results are consistent with the findings of other 
studies regarding item-based ceiling effects. Bolzan et al. 
[5] analyzed HRQoL in the pre-ataxic phases in a Brazil-
ian sample of SCA 3 patients using the EQ-5D-3L. The 

Table 3  Known-groups 
validity of the EQ-5D-3L, all 
observations (T0 to T3)

SARA score: mild 0–9.5, moderate ≤ 19.5, strong ≤ 29.5, extreme ≤ 40, PHQ-9: mild 0–9; moderate 
10–14
n number of observations, SARA  Scale for Assessment and Rating of Ataxia, INAS Inventory of Non-
Ataxia Signs, ADL activities of daily living (ADL) part of Friedreich’s Ataxia Rating Scale, EQ-VAS Euro-
Qol Visual Analog Scale, PHQ-9 Patient Health Questionnaire

Sub groups SCA 1–3 n p-value SCA 6 n p-value

Age
 ≤ 51 years old 0.65 ± 0.21 1272 < 0.01 0.67 ± 0.13 42 0.227
 > 51 years old 0.61 ± 0.22 920 0.65 ± 0.18 310
SARA score
 Mild 0.78 ± 0.16 611 < 0.01 0.77 ± 0.15 57 < 0.01
 Moderate 0.65 ± 0.16 951 0.65 ± 0.15 213
 Strong 0.52 ± 0.20 451 0.58 ± 0.16 62
 Extreme 0.35 ± 0.27 165 0.50 ± 0.19 18
INAS count
 ≤ 4 symptoms 0.72 ± 0.18 946 < 0.01 0.65 ± 0.16 344 0.231
 > 4 symptoms 0.57 ± 0.21 1010 0.60 ± 0.19 39
PHQ-9
 Mild 0.69 ± 0.19 1459 < 0.01 0.67 ± 0.16 280 < 0.01
 Moderate 0.49 ± 0.20 582 0.52 ± 0.17 52
EQ-VAS
 High (> 60) 0.72 ± 0.19 1063 < 0.01 0.69 ± 0.15 164 < 0.01
 Low (≤ 60) 0.55 ± 0.19 1063 0.59 ± 0.16 183
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results of this study demonstrated the highest proportion 
of “no problems” in self-care (73.9%) and the lowest in 
mobility (13%). Responses of our patients are in line with 
Bolzan et al. [5], occurring with the highest ceiling effects 
in self-care (only SCA 1–3) and the lowest in mobility (for 
both groups). Maas et al. [10] analyzed the discordance 
between the EQ-5D-5L and physician-rated motor symptom 
severity in early-to-middle-stage SCA 3, revealing a compa-
rable high “no problem” area in SC (70%). Ceiling effects 
of the EQ-5D-3L index are well known and highly differed 
in percentage in terms of the analyzed setting [32–34]. We 
detected acceptable ceiling effects of the EQ-5D-3L with 
10.9% in SCA 1–3 and 3.7% in SCA 6 patients with an 
index range of 0.03 to 1.0 (SCA 1–3) and 0.21 to 1.0 (SCA 
6). Bolzan et al. [5] showed that SCA patients differed in 
their HRQoL from healthy individuals, especially in the 
EQ-5D mobility dimension. Item responses of our sample 
show nearly identical results of a reduced HRQoL domi-
nantly in the dimension mobility with a proportion of > 
70% reporting at least some problem in both SCA groups. 
However, due to the evidence that the 3L tends to overes-
timate health problems resulting in a biased index score 
[35] and missing HRQoL data of SCA patients, we cannot 
conclusively state that our findings present the full range of 
health states in SCA patients.

Validity

It is well known that the EQ-5D-3L can be a useful tool to 
screen symptoms of anxiety and depression compared to the 
PHQ-9 [36], also evaluated as appropriate for use in SCA 
[37]. Symptoms of depression are common in SCA patients

[38]. According to our PHQ-9 screening results, no 
patient in our survey met the criterion for clinically rele-
vant depression. Nevertheless, we found moderate to strong 
correlations between EQ-5D-3L/EQ-VAS and the PHQ-9, 

which underlines the possibility of using EQ-5D as a sub-
stitute for capturing the patients’ mood.

Several validation studies in different settings and patient 
populations found at least moderate associations between 
the EQ-5D and disease-specific instruments and clinical 
assessments [39–41]. Our study also confirmed moderate 
to strong correlations between EQ-5D-3L-dimensions, EQ-
5D-3L index, and EQ-VAS with the disease-specific ratings 
of SARA, INAS, and ADL. This supports our hypothesis 
of convergent validity testing in an adequate correlation 
structure. Including all observations (T0 to T3) in the valid-
ity analysis may lead to within-subject effects as individu-
als with more data points are included. A separate analysis 
of all observations showed almost equally high correlation 
coefficients, indicating robust results when all time points 
(T0 to T3) are considered (Supplementary Table 3). The EQ-
5D-3L can also successfully differentiate among different 
stages of age and health components (SARA, INAS, PHQ-9, 
EQ-VAS). In addition to clinically relevant parameters in 
SCA patients, the EQ-5D-3L represented strong convergent 
validity and was useful in assessing a comprehensive picture 
of the patient’s health status.

Test‑Retest Reliability

A substantial body of literature analyzed the EQ-5D-3L’s 
reliability. We studied the test-retest reliability of the EQ-
5D-3L by calculating Cohen’s Kappa and ICCs for stable 
patients from baseline to T1. Both coefficients passed the 
threshold for tolerable reliability (Kappa range: 0.44–0.93; 
ICC: > 0.8). Our results replicate international findings, 
including those for rare diseases [39, 42], suggesting that 
the EQ-5D-3L shows acceptable reproducibility in SCA 
(Supplementary Table 4). Nevertheless, the results must be 
interpreted with caution and be seen more as a tendency 
regarding the small sample size of stable patients (N < 30).

Table 4  Responsiveness of 
EQ-5D-3L and EQ-VAS 
baseline (T0) to T1, T2, and 
T3; divided into SARA score 
“no change” and SARA score 
“deteriorated”

SES standardized effect size, SRM, standardized response mean, 3L EQ-5D-3L, VAS EQ-VAS, SARA  Scale 
for Assessment and Rating of Ataxia

Instrument SARA score no change SARA score deteriorated

n Mean Δ p-value SES SRM n Mean Δ p-value SES SRM

T0 to T1

 Index 77 0.02 0.185 0.08 0.15 463 0.02 0.06 0.08 0.09
 EQ-VAS 75 1.8 0.477 −0.09 −0.08 435 3.29 < 0.01 0.17 0.15
T0 to T2

 Index 38 −0.01 0.606 0.08 0.08 450 −0.05 < 0.01 0.25 0.27
 EQ-VAS 36 3.3 0.286 0.17 0.18 434 −7.1 < 0.01 0.34 0.33
T0 to T3

 Index 17 0.0002 0.995 0.001 0.002 367 −0.05 < 0.01 0.29 0.27
 EQ-VAS 17 −4.8 0.310 0.25 0.25 353 −6.48 < 0.01 0.27 0.25
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Responsiveness

The EQ-5D-3L’s ability to detect changes in health varies 
greatly by setting and patient group. Shah et al. [39] reported 
poor responsiveness of EQ-5D-3L in patients with rare lung 
diseases; whereas, Golicki et al. [43] documented a mod-
erate to good ability to detect changes in health in stroke 
patients. Compared to other HRQoL measures, the EQ-5D, 
especially the three-level version, is less responsive [32]. As 
EQ-5D indices and EQ-VAS values in patients deteriorated 
similarly to ataxia severity (SARA score), we can assume 
responsiveness to changes in ataxia severity in SCA 1–3 and 
SCA 6. In that case, we have to consider that SCA is a slowly 
progressive neurodegenerative disease, which means that 
changes in functional and mental health over the observed 
time are expectedly small. Therefore, we did not expect to 
see strong effect sizes for EQ-5D-3L.

Strengths and Limitations

The strength of our study is primarily in the study design and 
the included large population group. While analyses of rare 
diseases are often associated with a small number of cases in 
a cross-sectional design, we analyzed a longitudinal data set 
with a large sample of n = 842 SCA patients with multiple 
observations. Nevertheless, we know that the validation of 
the EQ-5D-3L in SCA patients is confronted with limita-
tions. First of all, the data set did not include additional well-
established HRQoL measurements. We therefore could not 
compare the EQ-5D-3L to other HRQoL instruments with 
comparable constructs, which limits the generalizability of 
the results. Another limitation is the design of the measure-
ment time points, defined as a 1-year follow-up. The 1-year 
distance between the time points can be interpreted as long, 
not capturing variations in the patient’s HRQoL. The slow 
progression of SCA diseases and the low clinical and patient-
reported changes in health status support the choice of 1-year 
follow-ups. Our test-retest reliability analysis must be inter-
preted with caution; it relies on only a small subgroup of sub-
jects classified as clinically stable. To obtain robust results, it 
would be favorable to administer the EQ-5D-3L, for example, 
on two consecutive days. However, our data deliver a good 
estimate of score stability when applied in larger intervals, 
which is the common clinical setting. There is a probability 
that combining SCA 1, 2, and 3 into one group will influence 
the interpretation of the results. Despite this, studies revealed 
that the clinical picture of these three SCA types is very sim-
ilar [16, 17], supporting the grouping of these three SCA 
disorders. Finally, the EQ-5D-3L is increasingly replaced by 
the 5L version. Several studies reported an improved sensi-
tivity with the 5L version, reducing ceiling and floor effects 
and improving other psychometric properties [32, 34]. We 
are conscious that using the 3L version in our survey leads 

to the risk of a reduced interpretation of the measurement 
properties. Due to this, further research should evaluate if 
an extension from three to five levels would influence the 
performance of the EQ-5D in SCA patients [44].

Conclusion

The psychometric analysis demonstrates that the EQ-5D-3L 
is an acceptable, valid, and reliable instrument for patients 
with SCA 1, 2, 3, and 6 and shows overall low responsive-
ness. Thus, the EQ-5D-3L could be used regularly in eco-
nomic evaluations in this rare disease area and as an addi-
tional instrument to the disease-specific HRQoL measures 
in SCA clinical research [45]. Nevertheless, further research 
is needed to evaluate if the 5L version would improve the 
psychometric properties of the EQ-5D in SCA.
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