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Abstract

Background Little is known about the progression of health-related quality of life (HRQoL) and predicting factors in spi-
nocerebellar ataxia (SCA). Such knowledge is crucial to identify modifiable factors promoting everyday life with SCA and
attenuating HRQoL decline.

Objectives This study is to assess HRQoL progression and identify factors affecting SCA patients” HRQoL.

Methods Longitudinal data (three-year follow-up) of 310 SCA patients of the European SCA3/Machado-Joseph-Disease
Initiative (ESMI) (2016-2022) and 525 SCA patients (SCA1, SCA2, SCA3 or SCA6) of the EUROSCA natural history
study cohort (2006-2015) were assessed. Both large cohort studies share standardized assessments of clinical measures,
SARA, INAS, PHQ-9, and HRQoL (EQ-5D-3L). The association between HRQoL and clinical measures was assessed by
Spearman Correlation (r*). Multivariable panel regression models were performed to evaluate the impact of patients’ socio-
demographics, age of onset, SCA type and body mass index (BMI), and clinical measures on HRQoL progression.

Results HRQoL significantly decreased over one (— 0.014, p = 0.095), two (— 0.028, p = 0.003), and three years (— 0.032, p
= 0.002). Ataxia severity and mental health strongly correlated with HRQOL (r°szgp = — 0.589; °pyyq o = — 0.507). HRQoL
more intensively declined in male (3 = — 0.024, p = 0.038) patients with an earlier age of onset (8 = 0.002, p = 0.058).
Higher progression of ataxia severity (3 = — 0.010, p < 0.001), mental health problems (8 = — 0.012, p < 0.001), and higher
BMI (8 = — 0.003, p = 0.029) caused more severe decline of patients’ HRQoL over time.

Discussion In absence of curative treatments, stronger focus on mental health and weight influence could help clinical
evaluation and accompany treatment improving SCA patients’ HRQoL, especially in male patients with early disease onset.
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ataxia with imbalance, coordination deficits and slurred
speech, increasing non-ataxia symptoms like sensory loss
and muscle weakness, and cognitive and mental health
problems [7, 8]. The long-term progression of clinical out-
comes in patients with SCA was evaluated in two previ-
ous studies [5, 9], demonstrating that symptoms such as
depression or fatigue increased throughout the disease.
Schmitz-Hiibsch et al. studied associated factors of self-
rated health in SCA patients in a cross-sectional study
sample [10]. The study conducted a multivariate analy-
sis, indicating that subjective health rated on a visual
analogue scale (EQ VAS) in SCA patients was associated
with ataxia severity, non-cerebellar involvement, and the
presence of depressive health status. So far, there is no
curative treatment available and therapeutic approaches
focus on managing the symptoms of SCAs [5]. Thus, it is
important to understand the progression and factors that
might influence patients’ well-being.

The physical limitations and mental health burden
caused by SCA diseases can directly affect the patients’
health-related quality of life (HRQoL) [11]. HRQoL
describes the individual’s perceived physical and mental
health status and well-being [12] and has become crucial
to understand, compare and predict outcomes of patients,
and support shared decision-making in the treatment pro-
cess [13]. Furthermore, better HRQoL has been found to
be a prognostic factor for better overall survival of patients
with various chronic illnesses [14]. Furthermore, Jacobi
et al. looked at patient-reported outcomes in SCA patients
longitudinally by using the EQ VAS instrument to identify
associations and looking at EQ-5D dimensions’ progres-
sions separately [15]. The findings showed that self-rated
health is associated with ataxia severity and dysphagia in
SCA1. However, the study could not show any associated
factors with self-rated health in SCA2, SCA3, and SCA6.

So far, no generic HRQoL measure has been evaluated
longitudinally in SCA patients apart from the use of the
EQ VAS as a visual analogue scale. The SF-36 and EQ-
5D-3L indexes were used in the cross-sectional analysis
for SCA3 patients [16]. Additionally, SF-36 and the EQ-
5D-3L index have been analysed cross-sectionally for
SCAI10 [17] and SCA12 patients [16]. Therefore, like with
all chronic diseases, knowledge about modifiable factors
affecting patients” HRQoL is vital to slow down disease
progression and improve long-term outcomes.

So far, only Jacobi et al. have looked at factors that
might influence self-rated health [15]. However, studies
that use longitudinal data to analyse the long-term progres-
sion of HRQoL in SCA patients are lacking. Thus, this
study aimed to demonstrate the progression of HRQoL
over time and assess factors influencing HRQoL in SCA1,
SCA2, SCA3, and SCAG6 patients.

Methods
Study Design, Recruitment, and Sample

We used data from two longitudinal, prospective, observa-
tional SCA cohort studies: (1) the European Spinocerebel-
lar Ataxia Registry (EUROSCA), initiated in 2005 and fol-
lowed up patients with SCA1, SCA2, SCA3, and SCAG6 for
11 years in 17 European study centers [6, 17], and (2) the
European Spinocerebellar Ataxia Type 3/Machado-Joseph
Disease Initiative (ESMI), which started in 2016 as a multi-
centre cohort study of SCA3 patients, their first-degree rela-
tives, and healthy controls [18]. Patients with SCA3 were
recruited for ESMI from 11 European and three US study
centers [18]. Written informed consent was obtained from
all study participants before enrolment in both studies. The
EUROSCA study is registered at ClinicalTrials.gov, num-
ber NCT02440763. Ethical committees of the participating
centres approved the EUROSCA and ESMI study [6, 18].

Sample Selection

In total, 1140 participants gave informed consent and par-
took in the studies (EUROSCA, 677 participants; ESMI, 463
participants). Of these, 298 were healthy controls (EURO-
SCA, 152 participants; ESMI, 146 participants) excluded
from this analysis. Thus, 842 patients with manifest SCA
(EUROSCA, 525; ESMI, 310) were included at baseline.
Until the 3-year follow-up, standardized study site consul-
tations were scheduled yearly with a permitted deviation of
two months. After the 3-year follow-up, study centre con-
sultations could be organized more freely. To improve the
quality and robustness of the results, we solely used data
between baseline and 3-year follow-up without missing
baseline data. The flow chart in Fig. 1 illustrates the partici-
pant flow, explaining inclusion and exclusion of participants.

Data Assessment and Measures

In both studies, patients completed a standardized array of
questionnaires and socio-demographics (age, gender, age of
ataxia onset) at baseline and each yearly follow-up [17, 18].
For baseline assessment, age was categorized age into age
groups. Patients’ body mass index (BMI) was assessed and
categorized in WHO criteria as underweight (< 18.5 kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/
m?), obese I (30-34.9 kg/m?), obese II (35-39.9 kg/m?), and
obese III (> 40 kg/mz) [19]. Restless legs syndrome (RLS)
diagnosis was present in both datasets. An RLS variable was
created to reduce disparities between the diagnosis in both
datasets. Furthermore, we included SCA1, SCA2, SCA3,
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Fig. 1 Flow chart for sample

| Eligible Patients with SCA 1, 2, 3 and 6; EUROSCA atbaseline - 525; ESMI - 317; Total - 842 |

selection with imputed data
from patient sample at baseline

Missing: EQ-5D-3L index -7

to 3-year-Follow-up time point

| Patients with EQSD3L - index at baseline; EUROSCA - 525; ESMI - 310; Total - 835 |

Missing at baseline:
SARA score - 3
INAS score - 87
PHQ9 score - 45

EQ VAS score - 10
Baseline variables (gender, age, BMI) - 58
Age of onset - 56

Patients with baseline variables, EQ-5D-3L, SARA, INAS, PHQ-9, EQ VAS and age of onset at
baseline EUROSCA - 348; ESMI - 242; Total - 575

v{ Missing: EQ-5D-3L index at 3-years follow-up - 201

EUROSCA -211; ESMI - 133; Total - n = 344

Patients with baseline variables and EQ-5D-3L index at baseline and 3-years Follow-up ‘

and SCAG patients in the data sets; however, we introduced
a dichotomous variable, SCA type, to account for the dis-
tinction between the more similar SCA1-SCA3 and SCA 6.

Both studies assessed patients’ HRQoL using the EQ-
5D-3L and depression using the Patient Health Question-
naire 9 (PHQ-9). Also, medical professionals assessed the
following clinical measures: ataxia severity using the Scale
for Assessment and Rating of Ataxia (SARA) and the Inven-
tory of Non-Ataxia Signs (INAS) at each follow-up visit [20,
21]. The activities of daily-living subscale of the Friedreich’s
ataxia rating scale (FARS-ADL) and the Philadelphia Sleep
Quality Index (PSQI) were further PROMs used in only
one cohort study and, therefore, not employed in the final
analysis. Similarly, only a subgroup of EUROSCA partici-
pants was assessed with the Montreal Cognitive Assessment
(MoCA) for cognitive impairment and therefore not used in
the analysis as well.

The measures used are described below.

EuroQol European Quality of Life 5 Dimensions 3
Levels (EQ-5D-3L)

The EQ-5D-3L is one of the most used generic preference-
based patient-reported outcome measures to assess patients'
HRQoL [22]. A large body of literature confirms that the
EQ-5D is a reliable and valid instrument for several neu-
rodegenerative diseases [23]. The EQ-5D consists of five
dimensions: mobility (MO), self-care (SC), usual activities
(UA), pain/ discomfort (PD), and anxiety/ depression (AD).
Each dimension is an item with three response levels: “17,
no problems; “2”, moderate problems; and “3”, extreme
problems.

The descriptive system is used to create health states
ranging from the best health state, “11111”, to the worst
health state, “33333” [24]. With a value set of the respond-
ers’ country/region, health states are converted into a single
utility index score. We tested the value sets for the two larg-
est participant groups, England and Germany, and compared
them to the European value set. The comparison showed
that the English and German value sets showed significant
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differences in marginal effects especially in the anxiety/dis-
comfort dimension which might influence the results. Based
on these findings and to improve reliability, we decided to
use the European value set instead to calculate the EQ-
5D-3L utility indices [25]. The EQ-5D-3L also contains a
visual analogue scale (EQ VAS) that asks participants to
self-rate their health from O (worst imaginable health) to 100
(best imaginable health) [26].

The Scale of the Assessment and Rating of Ataxia
(SARA)

The Scale of the Assessment and Rating of Ataxia (SARA)
is a validated and widely used clinical scale measuring
ataxia severity [27]. SARA comprises eight items that focus
on gait, stance, speech, finger-chase test, nose-finger test,
fast alternating movements, and heel-shin test [21]. Clinical
reviewers evaluate the items based on SCA patient’s per-
formance. A sum score is created from item scores ranging
from O (no ataxia) to 40 (most severe ataxia). Based on the
SARA sum score, ataxia severity can be classified into “no
to mild” (0-9.5), “moderate” (10-19.5), “strong” (20-29.5),
and “extreme” (30—40) [21, 28].

Inventory of Non-Ataxia Signs (INAS)

Apart from ataxia, numerous additional clinical signs are
associated with SCA [17]. To capture these signs, the Inven-
tory of Non-Ataxia Signs was used as a list of neurological
symptoms that can evaluate the presence and severity of
non-ataxia signs [27]. The INAS comprises 30 items that are
grouped into 16 non-ataxia signs. The count of these signs is
used to evaluate the severity, ranging from no to a maximum
of 16 present signs. The INAS was validated and is widely
used in various ataxia disorders [20].

Patient Health Questionnaire (PHQ-9)

The Patient Health Questionnaire (PHQ-9) is part of the self-
reported version of the PRIME-MD diagnostic instrument.
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It uses the 9-item depression module to diagnose depres-
siveness based on the Diagnostic and Statistical Manual of
Mental Disorders IV (DSM IV) [29]. The scoring system has
four levels ranging from “0” (not at all) to “3” (nearly every
day). The nine items can be computed into a sum score for
depression severity [30]. Depression severity ranges from
“none to minimal” (0—4), “mild” (5-9), “moderate” (10-14),
and “severe depression” (15-27) [29]. The PHQ-9 is widely
validated and used for SCA and other various illnesses [11,
31].

Statistical Analyses
Imputation Procedures

Only patients with complete baseline data were included.
Missing follow-up values of the SARA, INAS, PHQ-9, and
EQ-5D-3L utility index were imputed using multiple impu-
tations via chained equation (MICE), adding 50 estimates
for each missing, stratified for age, gender, SCA-type, and
baseline values or values of the previous data assessment.
Missing variables occurred for 3.1% of all variables but in
33.1% of all patients (see Supplementary Table 1) for 1-year,
2-year, and partly 3-year follow-up time points. The mean
of all imputed estimates replaced each missing follow-up
value [32]. This decision is based on Rosel et al. [33] which
recommends multiple imputations for missing EQ-5D values
when more than two time points are considered.

Bivariate Analyses

Based on the imputed patient sample, outcome measures
(SARA, INAS, EQ-5D-3L utility index, and PHQ-9) were
tested for correlation at baseline to evaluate the association
of the continuous variables using Spearman rank correla-
tions (r,). A correlation coefficient higher than 0.3 and 0.5
determines moderate or strong correlation, respectively
[34]. Furthermore, means and standard deviation were
calculated for each score at all time points and for score
changes between baseline and follow-up. Paired #-tests and
signed-rank tests were performed to assess the individual
within-subject score changes over three years, and percent-
age changes based on mean change were also calculated.

Multivariable Analyses

Panel regression models were used to identify factors influ-
encing the HRQoL over time. The panel regression models
included baseline, 1-, 2-, and 3-year follow-up data. We used
the EQ-5D-3L utility index as a dependent variable over
time. Patients’ socio-demographics (age, gender, age of SCA
onset), body mass index (BMI), SCA-type and SARA, INAS

and PHQ-9, and RLS syndrome were used as independent
variables.

As SCA 6 progressed clinically differently, we dichoto-
mized the SCA type variable differentiating between SCA1,
SCA2, SCA3, and SCA6. We tested for normal distribution
of the EQ-5D-3L before the model index. The EQ-5D-3L
index did not show skewed distributions or dominant floor
or ceiling effects from baseline to 3-year follow-up.

Sensitivity Analyses

Linear regression models were performed as sensitivity
analyses for the independent variables on EQ-5D-3L index
and EQ VAS. Linear regression models examined the asso-
ciation between HRQoL and all listed independent variables
from baseline to each of the three follow-up time points.
Furthermore, linear regressions tested for the influence of
study sites and SCA types on the patient sample to assess
whether country or disease differences could affect the
HRQoL progression.

All analyses were carried out using SAS (Version 9.4 M5,
SAS Institute, Cary, NC, USA) and STATA (Version 16.0,
Stata Corp, College Station, TX, USA).

Results
Sample

Table 1 shows patients’ characteristics. Fifty-three percent
were female and, on average, 51 years old with a SARA
score of 13 at baseline, indicating moderate ataxia severity.
The mean SCA onset age was 40. SCA3 was most com-
mon with 34%, followed by SCA2 (29%), SCA6 (19%), and
SCA1 (18%) (see supplementary table 2).

Correlation of HRQoL and Clinical Measures

HRQoL strongly correlated with ataxia severity (SARA: r,
=0.569, p < 0.001) and depressive symptoms (PHQ-9: r, =
0.507, p < 0.001) at baseline (see Fig. 2A).

Inverted means trends showed when comparing mean
EQ-5D-3L index with clinical measures over time. The
increase in patient depression over time (from 6.1 to 6.8,
+ 2.7%) was comparable to the reduction of the EQ-5D-3L
utility index (— 3.2%). However, ataxia severity (SARA:
from 13.3 to 17.3, + 10.2%) and non-ataxia signs (INAS:
from 3.9 to 5.1, + 7.3%) increased more intensively com-
pared to the percentage change of HRQoL. Fig. 2B and
Table 2 demonstrate the difference in HRQoL compared to
the clinical measures.
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Table 1 Descriptive socio-demographic and clinical statistics at base-
line (n = 344)

Socio-demographics

Women, n (%) 183 (53.2)
Age, mean (SD) 50.45 (13.82)
18-29 years, n (%) 23(6.6)
30-39 years, n (%) 58(16.9)
40-49 years, n (%) 92 (26.7)
50-59 years, n (%) 77 (22.4)
60-69 years, n (%) 56 (16.3)
70-89 years, n (%) 38(11.1)
Body mass index ( kg/m2 ), mean (SD) 24.70 (4.03)
Underweight, n (%) 14 (4.1)

Normal weight, n (%) 179 (49.7)
Overweight, n (%) 114 (33.1)
Obese 1, n (%) 40(11.6)

Obese II/111, n (%) 5(1.5)

Age of onset 40.38 (13.00)
Less than 40 years 172 (50.0)
More than 40 years 172 (50.0)

Disease duration 10.08 (5.84)

Quality of life

EQ-5D-3L index 0.665 (0.185)
EQ VAS 64.45 (20.01)

Clinical measures

SARA sum score 13.25 (6.83)
Mild ataxia severity (0-9), n (%) 105 (30.5)
Moderate ataxia severity (10-19), n (%) 186 (54.1)
Severe ataxia severity (20-29), n (%) 41(11.9)
Extreme ataxia severity (30-40), n (%) 12 (3.5)

INAS count 3.90 (2.24)
Less than 4 symptoms, 1 (%) 163 (47.4)
More than 4 symptoms, 7 (%) 181 (52.6)

PHQ?9 sum score 6.91 (6.93)
No depression (0-4) 172 (50.0)
Mild depression (5-9) 102 (29.7)
Moderate depression (10-14) 33(9.6)
Severe depression (15-27) 37(10.8)
RLS symptoms 17 (5.0)

SCA type
SCAIL n (%) 63 (18.3)
SCA2, n (%) 100 (29.1)
SCA3, n (%) 116 (33.7)
SCA6, n (%) 65 (18.9)

0nly in the ESMI dataset; Ponly in the EUROSCA dataset; SCA spi-
nocerebellar ataxia, SARA Scale for the Assessment and Rating of
Ataxia, INAS Inventory of Non-Ataxia Signs, PHQ-9 Patient Health
Questionnaire 9, RLS restless legs syndrome
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Description of HRQoL and Clinical Measures Over
Time

HRQoL (EQ-5D-3L utility index) decreased significantly
from 0.665 to 0.633 (— 0.032 (— 3.2%), SD 0.190, p = 0.002)
between baseline and the 3-year follow-up, with an average
annual decrease of 0.011. The change in HRQoL over time is
shown in Fig. 2B and Table 2. When comparing EQ-5D-3L
dimensions at baseline and after three years, the average level
score of the dimension mobility and pain/discomfort demon-
strated high disability at baseline but did not appear to change
significantly (4 0.02, respectively). Usual activities also
showed high disability at baseline. Contrary to this, the other
domains showed low disabilities at baseline and a decline over
time. Anxiety/depression and usual activities declined moder-
ately (+ 0.078 and + 0.073, respectively), and self-care dete-
riorated severely (+ 0.192) over 3 years (see Fig. 2C). Looking
at clinical measures, SARA, INAS, and PHQ-9 significantly
increased between baseline and the 3-year follow-up.

Looking at different patient subgroups, HRQoL more inten-
sively decreased over time in male, younger, more depressed,
under- /over-weight patients and patients with earlier disease
onset and mild ataxia severity. The most intensive decline of
HRQoL was seen for patients aged 18-29 (— 14.3%), with a
BMI between 30 and 35 (— 11.4%), a disease onset before age
40 (— 9.4%) and with mild ataxia severity at baseline (— 6.9%)
(see Supplementary Table 2).

Factors Influencing HRQoL Progression

Multivariable panel regression models confirmed subgroup
analyses. Higher BMI (f = — 0.0031; CI°°= [ 0.0060;
— 0.0003]; p = 0.029), male gender (p = — 0.0240; CI*?
[— 0.0460; — 0.0013]; p = 0.038), lower age of onset (f =
0.0022; CI°® = [~ 0.0001; 0.0045]; p = 0.058), and higher
increase in SARA (B = — 0.0096; CI”> = [— 0.0113; — 0.0080];
p <0.001), and PHQ-9 score (p =— 0.0120; CI*> = [— 0.0142;
— 0.0107]; p < 0.001) significantly reduced the EQ-5D-3L
index over time. The panel regression model had very high
predictability in-between time points (* = 0.598) and overall
(2 = 0.429) (see Table 3).

Linear regressions evaluating the impact of the independ-
ent variables on EQ-5D-3L index and EQ VAS from baseline
to 1-, 2- and 3-year follow-up confirmed findings of the panel
regression analyses and suggested that age and RLS might
have an impact on HRQoL progression at specific time points
(see Supplementary Table 3 and 5).
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A Scatter plots and correlation (rs) betwen clinical measures (A1. SARA sum score A2. INAS count A3. PHQ-9 score) and the EQ-5D-3L index at baseline
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Fig.2 Overview of the correlation and progression of the EQ-5D-3L compared to clinical measures

Discussion
Summary of Results

The study demonstrated for the first time HRQoL progres-
sion compared to disease-specific and generic health-related
measures in SCA and identified modifiable and non-mod-
ifiable factors in longitudinal data from two international
cohorts. SCA patients’ HRQoL decreased steadily over
three years. This decline significantly correlated with clini-
cal outcomes like ataxia severity and non-ataxia signs. The
panel regression results showed a negative impact of higher
depression and BMI on HRQoL. Lower ataxia severity,
male gender, and an early onset of SCA disorders negatively
affected patients” HRQoL over time. Our findings add evi-
dence about factors influencing HRQoL in SCA patients
by revealing potentially modifiable factors, like BMI and
depression, as predictors of a more intensive HRQoL decline
over time. Furthermore, the association between HRQoL
progression and ataxia severity showed that SARA is espe-
cially meaningful and relevant for patients predicting the
change in HRQoL over the disease course.

Modifiable Predictors of HRQoL

Patients’ depression can significantly modify overall HRQoL
progression. Major depression is frequent in SCA [11]. The
data showed that depression treatment could possibly inhibit
HRQoL progression; however, depression affecting HRQoL
in SCA has not yet been thoroughly investigated. Min-Ting
Lin et al. [35] suggested depression as a part of neurodegen-
eration in SCA. Silva et al. advocated for more attention and
interventions regarding depression [36]. Our results extended
these findings, indicating the impact of depression on patients’
future HRQoL [37, 38] Unlike common findings, we could
not find differences between genders and depression. Fur-
thermore, Hoche et al. [39] discussed possible associations
between cognitive impairment and depressive symptoms as
part of the Cerebellar Cognitive Affective/Schmahmann syn-
drome scale (CCAS). Cognitive Impairment can be associ-
ated with depression. However, due to the limited cognitive
assessment in both cohort studies with the MoCA only being
used in a subset of patients, our analysis could not evaluate
the influence of cognitive impairment on HRQoL and maybe
confounding the impact of depression. Future cohort studies
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Tablg 3 Pz.mel random.effects Variables B SE 1% p Value
(variable time) regression model
analysing factors influencing Age -0.0017 00010 [— 0.0037; 0.0003] 0.103
HRQOL (BQ-3B-31. index) BMI ~00031 00014  [-0.0060;—0.0003]  0.029%
3-year follow-up (n = 344) Male gender (reference female) —0.0240 0.0114 [— 0.0460; — 0.0013] 0.038*
Age of onset 0.0022 0.0012 [ 0.0001; 0.0045] 0.058T
Change of SARA between visits —0.0096 0.0008 [-0.0113; — 0.008] < 0.00] ***
Change of INAS between visits —0.0023 0.0024 [— 0.0070; 0.0023] 0.329
Change of PHQ-9 between visits —-0.0120 0.0009 [-0.0142; — 0.0107] < 0.00] ***
SCA type 6 (ref. SCA 1,2, 3) —0.0230 0.0186 [— 0.0595; 0.0133] 0.214
RLS syndrome —0.0200 0.0265 [ 0.0720; 0.0319] 0.448
Intercept 0.9981 0.0456 [0.9087; 1.0876] < 0.0001
R?
Within 0.078
Between 0.598
Overall 0.429

Max observations per group 4, Overall model significance p < 0.0001; +, * % and *** = levels of signifi-
cance (0.10-0.05, < 0.05, < 0.01, < 0.001)

should include the CCAS to better understand the associa-
tion between cognitive impairment, depressive symptoms,
and HRQoL. Additionally, Hsu et al. [40] underlined that
depression is associated with insomnia and that improving
both depression and insomnia could improve SCA patients’
HRQoL. Further research is needed to investigate if and to
what extent concomitant treatment of depression and sleep
disturbance in SCA could affect HRQoL in SCA patients.

Our data shows that BMI could be another modifiable
HRQoL determinant in both directions: underweight and obe-
sity. Our findings revealed that a higher BMI is associated
with a stronger HRQoL decline. However, baseline HRQoL of
underweight SCA patients is already significantly lower than
the average HRQoL of SCA patients. When left untreated,
weight influence could negatively affect SCA patients’
HRQOL progression. The adverse effects of both obesity
and underweight as disease progression modifiers have been
discussed in SCA2 and SCA3 patients [41, 42]. Our findings
show that underweight and obesity are possible predictors for
HRQoL progression in patients with SCA1, SCA2, SCA3,
and SCAG. Diallo et al. showed that BMI decline is related to
SCA progression, raising the question that obese SCA patient
subgroups might not profit from weight management [41, 42].
Further research is needed to evaluate the impact of BMI man-
agement on HRQoL in SCA patients.

Additionally, SCA patients might adapt to some ataxia
symptoms over time but struggle increasingly with other
not-ataxia-related symptoms like depression and limitations
in their everyday activities in more severe disease stages.
This is seen in the significant change in the EQ-5D-3L’s
self-care and depression/anxiety dimensions, implying an
increasing lack of independence. These findings contribute
to Lo et al. [48], stating that depression is not simply caused

by SCA diseases. The association of the self-care dimension
and PHQ-9 implies that a growing lack of independence and
loss of self-care might cause negative HRQoL progression.
Similar findings can be found in other neurodegenerative
diseases, like late-stage Parkinson’s disease [47] and a small
15 SCA10 patient study. Reis Santos et al. [49] showed an
association between functional dependence in activities of
daily living and lower HRQoL. This raises the question of
how the relationship between caregiver and SCA patient
changes over the course of the disease.

Non-modifiable Confounder of HRQoL

Gender plays a significant role in HRQoL progression for
SCA patients. Male SCA patients showed a significantly lower
HRQoL and a more substantial HRQoL decline. Similar find-
ings were observed in Parkinsons' disease. Several authors
reported on the impact of gender on HRQoL and life expec-
tancy in Parkinson’s disease [43, 44]. While men suffer pri-
marily from the progression of motor symptoms, women are
more frequently affected by depression and anxiety, impacting
HRQoL. Our study is the first to show gender differences in
HRQoL for SCA. Female patients’ HRQoL is less affected
by disease progression. Similarly, female patients struggle
less with ataxia-specific symptoms and more with non-ataxia
symptoms as shown by several studies [45—47]. These findings
could imply that clinical therapies need to be gender-specific.

Diallo et al. (2018) [4] and Jacobi et al. (2015) [5] showed
that SCA1, SCA2, and SCA3 patients have a faster disease
progression than SCA 6 patients. Our results similarly show
that HRQoL appears to have a less intensive decrease over
time in SCA6 compared to SCA1-SCA3 patients. However,
subgroup analysis showed that despite slower progression,
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factors influencing HRQoL progression appear similar in all
four SCA disorders.

An association between age and change in HRQoL
between baseline and 1-year and 2-year follow-up time
points was found. However, age was not significant in our
panel regression. Perez-Flores et al. [50] showed that age
was a significant predictor of HRQOL in patients with Frie-
dreich Ataxia. Our analysis confirmed this, demonstrating
that older age might be associated with a more intensive
decline in patients' HRQoL [50].

Strengths and Limitations

SCA disorders are rare, and this generally leads to studies
with small patient samples. Studies evaluating HRQoL in
SCA are lacking. By merging two of the largest recent cohort
studies, it was possible to create a longitudinal study sample
large enough to identify factors influencing HRQoL in rare
SCA. Additionally, a European value set was used compared
to several national value sets, possibly restricting the pre-
ciseness of the study sample.

We found differences in diagnosis and measurement of
RLS in both samples, leading to an exclusion of RLS in the
main analysis.

Merging data sets from different cohorts leads to sev-
eral limitations. In our study, it led to only the main clinical
measures and some sociodemographic factors to be taken
into account, which might limit the range of results. The
restriction to use baseline BMI shows this limitation. Diallo
et al. showed that BMI decline significantly impacts ataxia
severity, possibly leading to an overestimation of obesity
in our analysis [51]. Further studies should include further
clinical measures and lifestyle factors to identify additional
modifiable factors for future person-centred treatment plans.

We decided to include eight patients in our study sample
with premanifest stages of cerebellar syndrome because of
pre-existing clinical recruitment in both studies. Further-
more, we performed tests to identify the impact of these
patients on the analysis. While these patients did not impact
the results, future studies might be advised to clearly differ-
entiate between pre-manifest and manifest stages of disease.

Additionally, we were looking at several disorders at a
time (supplementary table 4). While SCA1, SCA2, and SCA3
appear comparable, SCAG6 significantly influences the HRQoL
progression, which might lead to overestimating or underes-
timating the effect of other influencing factors. Another limi-
tation is the time difference between both data sets. Over 15
years, changes in symptomatic treatment or health services
might have affected the course of the disease and HRQoL pro-
gression, limiting the generalizability of the presented results.
We also could not track the impact of disease duration in our
study. We also could not track the impact of cognitive impair-
ment frequent in cerebellar ataxias due to limited cognitive

€ @ Springer

assessment in both cohort studies which might lead to over or
underestimation of some of the factors found.

As population weights were not employed, age-related
HRQoL decline might have also overestimated our find-
ings. Furthermore, newer versions of questionnaires, such
as the EQ-5D-5L with five levels and further disease-specific
HRQoL, and patient-reported outcome measures, such as the
PROM-Ataxia [52], have been employed and might better
capture HRQoL in SCA patients. Whereas the EQ-5D-3L
index outperforms the EQ-VAS, Janssen et al. showed that
the EQ VAS underperforms in responsiveness and the EQ-
5D-3L index can overestimate health problems compared
to the EQ-5D-5L which should be the preferred HRQoL
measure in future studies.

Both cohort studies were primarily performed in Euro-
pean countries. Thus, differences between countries and con-
tinents might limit generalizability with a significant amount
of SCA patients being located in South America [53].

Summary

This is one of the first studies demonstrating the progres-
sion of HRQoL and identifying the main predicting factors
of HRQoL over time in SCA. Our findings revealed that a
higher depression score, BMI, and ataxia severity signifi-
cantly negatively affect SCA patients’ HRQoL. Male patients
and patients with an earlier SCA disease onset demonstrated
a more pronounced decline of HRQoL. Overall, the plurality
of unmodifiable and modifiable factors shows a significant
overall impact on the everyday life of SCA patients and sug-
gests that many patients not only clinically suffer but also
struggle psychosocially with the ongoing disease [54]. A
stronger focus on modifiable and potentially treatable fac-
tors, like mental health, obesity, and underweight, could
help clinical evaluation and treatment of SCA diseases and
improve health and well-being in patients with SCA. Further
research is needed to implement and evaluate multicompo-
nent interventions that address these modifiable factors in
SCA to improve patients’ HRQoL and everyday life. Future
studies are also needed to investigate how imaging or genetic
evaluation such as CAG repeat expansions would allow for
predictions on the progression of HRQoL.

Abbreviations CCAS: Cerebellar cognitive affective/Schmahmann
syndrome scale; ESMI: European Spinocerebellar Ataxia Type 3/
Machado-Joseph Disease Initiative; EUROSCA: European Spi-
nocerebellar Ataxia Natural History Study; SARA: Scale for the
Assessment and Rating of Ataxia; INAS: Inventory of Non-Ataxia
Signs; PHQ-9: Patient Health Questionnaire 9; DSM-IV: Diagnos-
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VAS: (EuroQol) European Quality of Life Visual Analogue Scale; EQ-
5D-3L: (EuroQol) European Quality of Life 5 Dimensions 3 Levels;
FARS-ADL: Friedreich’s Ataxia Rating Scale — Activities of Daily
Living; HRQoL: Health-related Quality-of-Life; MoCA: Montreal
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cognitive assessment; PRO: Patient-reported outcome; PROM: Patient-
reported outcome measurement; PSQI: Philadelphia Sleep Quality
Index; RLS: Restless legs syndrome; SCA: Spinocerebellar ataxia;
UHDRS: Unified Huntington Disease Rating Scale
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