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A B S T R A C T

Introduction: The aim of this study is to reappraise the progression of the five most common spinocerebellar
ataxias (SCAs) in the Chinese population and to establish a much-needed critical comparison with that in other
ethnic groups. There are very few longitudinal cohort studies of SCAs in Asian populations. An intriguing finding
in an earlier study demonstrated a faster progression of SCA among Chinese than that among Caucasians.
Methods: Patients with SCA1, SCA2, SCA3, SCA6 or SCA17 were consecutively assessed using the scale for the
assessment and rating of ataxia (SARA) for five years. A linear mixed model was used to compare the annual
progression rates measured using the SARA among patients with different SCA subtypes. Predictors of the
progression rates were analyzed.
Results: A total of 199 patients with SCA (10 with SCA1, 37 with SCA2, 118 with SCA3, 25 with SCA6 and 9 with
SCA17) were enrolled. The mean annual increase in SARA scores was 1.23 points for SCA1, 1.52 points for SCA2,
1.60 points for SCA3, 0.99 points for SCA6 and 3.26 points for SCA17. A larger CAG repeat length (≥74) was
associated with faster progression in SCA3, whereas a lower total SARA score at the first visit (< 12) was
associated with faster clinical progression in SCA6.
Conclusion: The results of this study confirm that the annual progression rates of SCA2 and SCA3 are comparable
between Han Chinese and other ethnic populations. More studies are warranted to confirm the rapid progression
of SCA17 observed in our cohort.

1. Introduction

Spinocerebellar ataxias (SCAs) are rare inherited neurodegenerative
diseases with clinical and genetic heterogeneities [1,2]. The prevalence
of SCA subtypes varies across different populations [3–5]. SCA1, SCA2,
and SCA3 are the most common subtypes in Caucasians, while SCA2,
SCA3, SCA6 and dentatorubral-pallidoluysian atrophy (DRPLA) are
more frequently encountered in Japanese and Chinese people [6,7].

The phenotypic features [8,9] and disease progression [10–13] of
SCA1, SCA2, SCA3 and SCA6 have previously been illustrated in a few
studies, mostly in Caucasians [8–13]. However, studies in Asians, in-
cluding one of ours, appear to convey a different perspective in terms of
disease progression and raise the concern that different genetic back-
grounds may play a role in SCAs [14,15].

In this article, we longitudinally and quantitatively investigated the
severity and progression of five common SCA subtypes over a long
follow-up period among a large group of Han Chinese patients in
Taiwan using the scale for the assessment and rating of ataxia (SARA).
We aimed to identify factors that determine the disease severity and
progression. We also examined the longitudinal changes in SARA sub-
scores for different SCA subtypes since they may potentially indicate
the preferential involvement of pathophysiological pathways in each
subtype. As potential treatments for SCAs will be emerging, knowledge
of the natural history and progression of each SCA subtype in each
population is essential to assess therapeutic effects.

https://doi.org/10.1016/j.parkreldis.2018.12.023
Received 16 April 2018; Received in revised form 15 December 2018; Accepted 19 December 2018

∗ Corresponding author. Department of Neurology, Taipei Veterans General Hospital, #201, Section 2, Shih-Pai Road, Taipei, 112, Taiwan.
∗∗ Corresponding author. Department of Neurology, Shuang-Ho Hospital, Taipei Medical University, New Taipei City, Taiwan.
E-mail addresses: ycliao5@vghtpe.gov.tw (Y.-C. Liao), bwsoong@gmail.com, 18222@s.tmu.edu.tw (B.-W. Soong).

1 These authors contributed equally to the manuscript.

Parkinsonism and Related Disorders 62 (2019) 156–162

1353-8020/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/13538020
https://www.elsevier.com/locate/parkreldis
https://doi.org/10.1016/j.parkreldis.2018.12.023
https://doi.org/10.1016/j.parkreldis.2018.12.023
mailto:ycliao5@vghtpe.gov.tw
mailto:bwsoong@gmail.com
mailto:18222@s.tmu.edu.tw
https://doi.org/10.1016/j.parkreldis.2018.12.023
http://crossmark.crossref.org/dialog/?doi=10.1016/j.parkreldis.2018.12.023&domain=pdf


2. Methods

2.1. Study design and participants

We consecutively enrolled 199 Chinese patients with SCA1, SCA2,
SCA3, SCA6 or SCA17 from the Neurology Clinic of Taipei Veterans
General Hospital between Oct. 2007 and Oct. 2016. Molecular testing
was performed according to the practice guideline recommended by the
SCAbase website (www.scabase.eu) [16]. Polymerase chain reaction
(PCR) was performed with fluorescent-labeled primer sets to amplify
the trinucleotide repeat regions in the ataxin 3 (ATXN3), ataxin 2
(ATXN2), calcium voltage-gated channel subunit alpha 1 A
(CACNA1A), ataxin 1 (ATXN1), and TATA-box binding protein (TBP)
genes separately. We used similar primer designs and PCR conditions as
those employed in a previous study [7]. Fragment length analysis was
conducted on an ABI Prism 3700 Genetic Analyzer (Applied Biosystems,
Waltham, MA). The study was approved by the Ethics Committee of
Taipei Veterans General Hospital. All participants were of Han Chinese
descent and had provided written informed consent prior to partici-
pating in the study.

2.2. Clinical evaluations

The age at onset (AO) was defined as the age at which the earliest
symptoms of ataxia occurred according to statements from the patients
or their caregivers. Disease duration was defined as the length of time
from symptom onset to the first visit to our clinic. Since most studies on
cerebellar ataxia used SARA, a reliable and validated measure to
evaluate the severity of ataxia [17,18], we also used the 40-point (0
being normal) SARA to score the clinical severity of ataxia. Between
Oct. 2007 and Oct. 2016, 199 study participants were rated annually
(± 3 months) by a single board-certified neurologist (B.W.S.) using the
SARA for a total of 721 ratings. Because the numbers of patients at-
tending our out-patient clinic regularly for more than 5 years in a row
were limited, only the first to the 5th SARA scores obtained annually
were included in the analyses. The 199 patients were examined 2 to 5
times (mean ± SD: 3.07 ± 1.04) over a follow-up period of 9–60
months, resulting in a total of 610 assessments.

2.3. Statistical analysis

To compare the characteristics of study participants across different
SCA subtypes, we used the chi-squared test for dichotomous variables
and one-way analysis of variance (ANOVA) for continuous variables.
Fisher's least significant difference (LSD) test for the post hoc analysis
was employed for pairwise comparisons between SCA3 and one of the
other SCA subtypes (i.e., SCA1, SCA2, SCA6 or SCA17). To investigate
factors that influence SARA total scores at the first visit, multivariate
stepwise regression was performed with the variables AO, disease
duration and CAG repeat length of the expanded alleles. Sex and repeat
length of the normal alleles were excluded from the multivariate re-
gression model since neither variable was associated with SARA total
scores in the univariate regression analysis.

The annual progression rate of SARA total score was calculated in
each SCA subtype using a linear mixed model with random effects on
the intercept and slope [19]. We first tested for a linear, quadratic or
cubic effect of time, and the linear model was selected according to the
Akaike information criterion. The linear mixed model was used to in-
vestigate differences in the slope (i.e., progression rates of SARA total
scores) across SCA subtypes. Since half of the subjects enrolled in this
study suffered from SCA3, pairwise comparison of the annual increase
in the SARA total score was conducted between patients with SCA3 and
those with the other SCA subtypes.

To identify factors that might influence the annual progression of
SARA total score in each SCA subtype, we used several scenarios to
divide the patients into two groups. We only performed subgroup

analyses for SCA2, SCA3, and SCA6 because the small sample sizes of
SCA1 and SCA17 patients may lead to insufficient power in statistical
analysis. The cutoff values used to dichotomize subjects within the
SCA2, SCA3, and SCA6 subgroups were as the follows: (1) the mean
CAG repeat length of the expanded alleles, (2) the mean SARA total
score upon enrollment, and (3) the mean disease duration. We used a
linear mixed model to compare the progression in the SARA total scores
between two subgroups.

Similar analyses were conducted again to compare the SARA sub-
scores at the first visit and the annual progression of each subscore
across different SCA subtypes. For SARA subscores at the first visit,
ANOVA and LSD post hoc analyses were performed for group com-
parisons and pairwise comparisons, respectively. A linear mixed model
was employed to compare the progression of each SARA subscore be-
tween SCA3 and the other SCA subtypes.

To compare the clinical progression of ataxia between Chinese pa-
tients and patients of other ethnic groups, literature reports in-
vestigating the annual progression rate in terms of the SARA were in-
cluded [10–12,14]. SPSS software version 15.0 (SPSS, Inc., Chicago, IL)
was used for the statistical analysis. All tests were two-sided, and a p
value < 0.05 was considered significant.

3. Results

3.1. Baseline characteristics at the first visit

The average AO and age at the first evaluation of the study parti-
cipants were significantly older in SCA1 and SCA6 than those in the
other SCA subtypes. The disease durations and SARA scores at the first
visit were similar among patients with SCA1, SCA2, SCA3, SCA6 or
SCA17 (see Table 1).

Multivariate stepwise regression analysis was conducted to ascer-
tain the factors that were significantly related to SARA total scores at
the first visit in each SCA subtype (see Suppl. Table 1). For SCA2, dis-
ease duration and CAG repeat length of the expanded alleles were re-
lated to SARA total scores. For SCA3, AO, disease duration, and CAG
repeat length of the expanded alleles were strong predictors of a higher
SARA score at the first clinic visit. For SCA6, an older age at the first
evaluation significantly contributed to a higher SARA total score at the
first visit. We failed to identify any predictive factors for SARA scores at
the first visit for SCA1 and SCA17, which may be due to the small
sample sizes.

3.2. Longitudinal changes in SARA total scores

A linear mixed model was used to estimate annual progression in
terms of SARA total scores in each SCA subtype. For all SCA subtypes,
SARA scores increased significantly over annual follow-ups (p < 0.05,
see Suppl. Table 2). The average annual increase in the SARA total score
was 1.23 points per year for SCA1, 1.52 points per year for SCA2, 1.60
points per year for SCA3, 0.99 points per year for SCA6 and 3.26 points
per year for SCA17. Because the case number was significantly larger
for SCA3, pairwise comparisons of annual progression according to
SARA scores were performed between patients with SCA3 and those
with other SCA subtypes (see Fig. 1A–D). The annual progression rates
in terms of SARA total scores were similar between SCA1 and SCA3
(p=0.41), as well as between SCA2 and SCA3 (p=0.83). The annual
increase in SARA total scores in SCA6 was significantly smaller than
that in SCA3 (p=0.046). In contrast, progression seemed to be sig-
nificantly faster in patients with SCA17 than that in patients with SCA3
(p=0.006).

To identify other factors that have an impact on annual progression
in terms of SARA total score in SCA2, SCA3 and SCA6, a mixed linear
model was used after patients in each subtype were divided into two
groups according to the average CAG repeat length of the expanded
alleles (see Table 2). For patients with SCA3, those carrying a larger
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expanded CAG repeat length had significantly faster disease progression
(estimated annual increase: 2.35 points) than those with a smaller ex-
panded CAG repeat length (estimated annual increase: 1.35 points)
(p=0.003). For patients with SCA2 or SCA6, annual progression ac-
cording to SARA scores was similar between those with larger expanded
CAG repeat lengths and those with smaller expanded repeat lengths.

Similar subgroup analyses were performed by dividing the patients
by average SARA total scores at the first visit (see Table 2). SCA6 pa-
tients with a milder disease at the first visit (SARA score< 12) seemed
to have faster disease progression than those with a SARA score≥ 12 at
the first visit (estimated annual increases of 1.60 points and 0.29 points,
respectively). For SCA6, although the CAG repeat lengths were similar,
those with a baseline SARA score lower than 12 tended to have a
shorter disease duration (p=0.01) and a younger age at the first clinic
visit (p= 0.003) (see Suppl. Table 3).

For patients with SCA2 or SCA3, disease severity at the first visit did
not have any impact on disease progression at longitudinal follow-ups
(see Table 2). For SCA2, those with a higher SARA score at the first visit
tended to have a longer disease duration and a larger expanded CAG
repeat length (p= 0.04 and 0.01, respectively; see Suppl. Table 3).
SCA3 patients with a higher SARA score at the first visit tended to have
a longer disease duration (p < 0.001) as well as longer CAG expansion
(p= 0.01). We failed to find any significant association between dis-
ease duration and SARA progression for SCA2, SCA3 or SCA6 when
similar analyses were conducted using the cutoff value of average dis-
ease duration (see Table 2).

3.3. SARA subscores at the first visit and longitudinal follow-ups

We analyzed the SARA score at the first visit and the annual pro-
gression of SARA subscores in each SCA subtype. At the first visit, pa-
tients with SCA6 had significantly higher SARA subscores in the heel-
knee-shin slide test than those with SCA3 (2.03 points and 1.42 points
for SCA6 and SCA3, respectively; p=0.004) (see Suppl. Table 4). No
significant differences were found among SCA1, SCA2, SCA3, SCA6 and
SCA17 at the first visit in other SARA subscores.

At the longitudinal follow-ups, patients with SCA6 exhibited a
slower deterioration of stance (see Fig. 1E). Patients with SCA17
seemed to present faster deterioration in finger chase (annual increases
of 0.38 and 0.08 for SCA17 and SCA3, respectively) and fast alternating
hand movements (annual increases of 0.47 and 0.13 for SCA17 and
SCA3, respectively).

3.4. Comparison of SARA progression across different ethnic groups

Table 3 shows the annual progression rate of total SARA scores for
each SCA subtype in the present cohort and literature reports. From this
study, the annual increases in SARA total scores in the Chinese popu-
lation were 1.23, 1.52, 1.60, 0.99 and 3.26 points per year for SCA1,
SCA2, SCA3, SCA6, and SCA17, respectively. In the latest European
integrated project on spinocerebellar ataxias (EUROSCA study) invol-
ving 462 patients from 17 ataxia referral centers in ten European
countries [11], SCA1 progressed fastest, followed by SCA3, SCA2 and
SCA6, with annual progression rates of 2.11, 1.56, 1.49, and 0.80 SARA
points per year, respectively. The annual progression rates were similar
between the earlier EUROSCA study with a follow-up period of 2 years
[10] and their latest report with a longer follow-up for up to 8 years
[11]. Slower progression was reported by the Clinical Research Con-
sortium for Spinocerebellar Ataxia (CRC-SCA) in the United States, in
which the annual increases in SARA score for SCA1, SCA2, SCA3, and
SCA6 were 1.61, 0.71, 0.65, and 0.87 points per year, respectively [12].
Only one study longitudinally assessed the progression of ataxia in
Japanese patients with SCA6 and found an annual increase of 1.33
SARA points per year [14].Ta
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4. Discussion

This study assessed the longitudinal progression of different SCA
subtypes over a long period of time in a large group of patients of Han
Chinese descent and compared the data with those collected from other
ethnic groups. The annual progression rates of SCA2, SCA3, and SCA6
in Han Chinese are comparable to those reported in European popula-
tions [11]. The cohort of SCA17 in this longitudinal study is the first of
its kind. Because of the limited sample size, the findings that the

progression of SCA17 appeared to be twice as fast as that of SCA3 and
SCA2 and of slower progression of SCA1 in the Chinese population
await further validation. For SCA3, a higher CAG repeat length in the
expanded alleles significantly predicted faster progression of ataxia
symptoms. Regarding SCA2 or SCA6, the annual changes in SARA
scores were similar between those with a higher CAG expanded repeat
length and those with a lower CAG expanded repeat length. To our
surprise, SCA6 patients with a lower SARA total score at the first visit
were associated with faster deterioration of SARA scores during the

Fig. 1. Comparison of the annual progression rates of SARA total scores and SARA sub-scores across SCA subtypes. Pairwise comparison of the annual
increase in (A–D) SARA total scores and (E) SARA sub-scores between SCA3 and other subtypes. The p value was calculated using a linear mixed model when
comparing between SCA3 and either one of other SCA subtypes. *p < 0.05. AHM: alternating hand movements, FNF: finger-nose-finger test, HKS: heel-knee-shin
test.

Table 2
Subgroup analysis using cutoff values of average CAG repeat length of the expanded alleles, average baseline SARA scores, or average disease duration.

Average CAG repeats of the expanded allele Average SARA score at baseline Average disease duration

CAG repeats N ΔSARA/yr (95% CI) SARA N ΔSARA/yr (95% CI) Duration (yr) N ΔSARA/yr (95% CI)

SCA2 ≥41 18 1.54 (0.99–2.08) ≥10 18 1.03 (0.51–1.56) ≥5 28 1.34 (0.86–1.82)
< 41 19 1.54 (0.80–2.29) <10 19 0.70 (0.15–1.25) <5 14 1.79 (0.41–3.16)
p value∗ 0.94 0.58 0.41

SCA3 ≥74 31 2.35 (1.73–2.97) ≥18 24 1.41 (0.90–1.92) ≥5 90 1.40 (1.14–1.66)
< 74 87 1.35 (1.06–1.64) <18 94 1.14 (0.89–1.40) <5 40 1.45 (0.86–2.05)
p value∗ 0.003∗ 0.49 0.49

SCA6 ≥24 7 1.06 (0.33–1.79) ≥12 11 0.29 (−0.21–0.78) ≥5 19 0.81 (0.49–1.12)
< 24 18 0.97 (0.35–1.59) <12 14 1.60 (0.95–2.25) <5 6 0.93 (−0.74–2.30)
p value∗ 0.95 0.002∗ 0.43

*Statistics analysis was performed from linear mixed model when comparing annual SARA progression rates between two subgroups.
*yr = year(s), SARA = the scale for the assessment and rating of ataxia.
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follow-ups, implying a steeper slope of disease progression in the early
stage of SCA6.

The larger sample size with 3-times as many patients as in our
previous report [15], together with extension of the observation period
from 3 years to 5 years, strengthens the significance of our observation.
For SCA2 and SCA3, the annual increases of 1.52 and 1.60 SARA points
per year in the Chinese are very close to the progression rates of 1.49
and 1.56 points per year in European populations [11]. However, these
progression rates are faster than the reported rates of 0.71 and 0.65
points per year, respectively, in the CRC-SCA study in the United States
[12]. Since the average follow-up periods in the present study (36
months) and EUROSCA study (48 months) are longer than that of CRC-
SCA study (24 months) [11,12], we believe that an annual increase of
1.5 points in the SARA total score is a reasonable estimate for SCA2 and
SCA3 across different populations. Our findings justify the estimation
that for a randomized case-control trial, sample sizes of 157 patients in
the treatment arm for SCA1, 148 patients for SCA2, 191 patients for
SCA3, 278 patients for SCA6, and 115 patients for SCA17 are needed to
demonstrate the efficacy of a new therapy that would retard disease
progression with a 50% reduction in SARA points over a one-year
follow-up (alpha level, 0.05; power of 0.80) (http://glimmpse.
samplesizeshop.org) [20,21].

SCA17 is a rare disease with complex clinical features, including
Parkinsonism, chorea, dystonia, psychosis and/or dementia [22].
SCA17 accounted for 1.1% of all SCA cases in a large Caucasian cohort
[23], but only 0.3% in a Japanese study [6]. In Taiwan, Korean and
Thailand, SCA17 is more frequently encountered and should be con-
sidered in patients with ataxia and additionally atypical Parkinsonism
[24–26]. We acknowledged that the small sample size in the current
cohort may be insufficient to draw solid conclusions, but our study is
the first to report the progression rate of SCA17. In this study, patients
with SCA17 had a higher SARA total score at the first visit. In addition,
the annual progression of SCA17 seemed to be twice as fast as that of
SCA3 (3.26 vs. 1.60 points per year). Patients with SCA17 tended to
exhibit faster deterioration in finger chase and fast alternating hand
movements. Whether these features are attributable to coexisting Par-
kinsonism features requires further investigation [25–27].

The estimated annual changes in SARA total scores in our previous
study were significantly higher than those reported in the current study
[15]. Several factors may contribute to these discrepancies, including
the smaller sample sizes in each SCA subtype, shorter observation

interval, and different statistical methods used in the previous study. In
the present study, we used a mixed linear model, which has become an
increasingly popular statistical method of analysis with the advantage
of managing repetitive measurements at different time points and
missing data in a longitudinal study [11,19].

Controlling the factors that may result in faster disease progression
in patients with the same SCA subtype is important since these con-
founding factors may attenuate statistical power in clinical trials. In this
study, we noticed that a longer CAG repeat length in the expanded
alleles is associated with faster progression in SCA3. The EUROSCA
study showed that larger expanded repeats predicted faster progression
in SCA1 but not SCA3 [11]. In the present Chinese cohort, the disease
duration is 5 years shorter than that in the European study. The Asian
genetic background and different disease stages at baseline may in-
troduce discrepancies between the two studies. In SCA6, we found that
a lower SARA score at the first visit seemed to be associated with a
faster progression. Concordant with our observations, a lower SARA
score at the first visit also correlated with faster progression in SCA6 in
the EUROSCA and Japanese studies [11,14]. A shorter disease duration
was associated with faster SARA score progression in SCA1 and SCA2 in
the EUROSCA study [11]. However, disease duration was not found to
be correlated with SARA progression in SCA2, SCA3 or SCA6 in the
present study. In earlier reports, female gender was associated with
faster progression of non-ataxia symptoms, increased risks of disability,
and shortened survival [10,28]. Unfortunately, we did not evaluate
non-ataxia symptoms in the present cohort, and we failed to find any
gender effect on the progression of SARA score (data not shown).

This study has several limitations. First, only 39.6% and 22.6% of
the patients completed the consecutive 4-year and 5-year follow-ups,
respectively. Given that the patients who dropped out tended to be
sicker and to exhibit profound disability, the SARA annual progression
rate may have been underestimated. Second, the observations for SCA1
and SCA17 require further validation owing to the smaller sample sizes.
Third, nonmotor features may also contribute to clinical disability, but
this information was not collected with SARA which captured only
ataxia symptoms. Parkinsonism may influence the evaluation of ataxia
symptoms in some cases of SCA2 or SCA3 [29,30].

In conclusion, this longitudinal study made a much-needed com-
parison of disease progression for five common SCA subtypes between
Chinese and other ethnic groups for the first time. The genotype (i.e.,
different SCA subtypes) is apparently the major determinant of annual

Table 3
Comparison of clinical progression of ataxia in terms of SARA in different ethnic groups.

SCA1 SCA2 SCA3 SCA6 SCA17 Follow-up (months) Ref.,

interval duration published year

CRC-SCA (USA) N 39 52 93 54 – 6 24 Ref 12, 2013
ΔSARA/yr 1.61 0.71 0.65 0.87
(CAG)n NA NA NA NA –

EUROSCA (Europe) N 107 146 122 87 – 12 49 (35–72)∗ Ref 11, 2015
ΔSARA/yr 2.11 1.49 1.56 0.80 –
(CAG)n 47.4 ± 5.2 39.3 ± 3.2 68.8 ± 4.6 22.4 ± 0.9 –
N 113 155 125 86 12 24 Ref 10, 2011
ΔSARA/yr 2.18 1.40 1.61 1st year: 0.35 2nd year: 1.40
(CAG)n 49 ± 6 40 ± 4 71 ± 4 22 ± 1

Chinese (Taiwan) N 10 37 118 25 9 12 36 (24–48)∗ Present study
ΔSARA/yr 1.23 1.52 1.60 0.99 3.26
(CAG)n 46.20 ± 2.53 40.24 ± 2.95 70.92 ± 4.67 23.56 ± 1.12 45.22 ± 3.15
N – 11 45 9 5 6 6–38 Ref 15, 2011
ΔSARA/yr – 2.88 3.00 2.04 4.50
(CAG)n 42.4 ± 5.4 71.5 ± 8.1 23.4 ± 1.4 43.4 ± 0.5

Japanese N – – – 46 – 12 36 Ref 14, 2014
ΔSARA/yr – – – 1.33 –
(CAG)n 23.2 ± 1.4

∗Median (interquartile range).
(CAG)n=number of CAG repeats, yr= year, SARA= the scale for the assessment and rating of ataxia, NA=not available.
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progression of SCAs in different populations. Recruiting a large number
of participants from a single center is challenging in interventional
trials. Basic knowledge of ethnicity-specific natural courses and con-
founding factors related to disease progression of a rare disease, such as
SCA, is invaluable in upcoming clinical trials.
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