
J Neurol (2001) 248 : 311–314
© Steinkopff Verlag 2001 ORIGINAL COMMUNICATION

Michael Abele
Katrin Bürk
Franco Laccone
Johannes Dichgans
Thomas Klockgether

Restless legs syndrome in spinocerebellar
ataxia types 1, 2, and 3

Introduction

RLS is clinically characterized by an urge to move the
limbs, often associated with paraesthesia and dysaes-
thesia that are worse at rest and at least temporarily re-
lieved by activity. Symptoms are usually more severe in
the evening. It was formerly believed that RLS is due to
peripheral neuropathy [3, 5], but more recent studies
suggest that it has a central origin in many cases [2, 21,
26, 27, 30]. RLS may be either idiopathic or symptomatic
due to iron deficiency, uraemia, pregnancy, and familial
amyloidotic polyneuropathy [22, 29]. RLS is associated
with periodic limb movements during sleep (PLMS) in
up to 90 % of the patients [10, 15–17]. In many patients
RLS/PLMS causes severe disturbance of sleep as well as

excessive daytime sleepiness (EDS). Frequent com-
plaints of patients with spinocerebellar ataxia (SCA)
concerning limb paraesthesias and motor restlessness
led us to study the prevalence of RLS in SCA1, SCA2 and
SCA3. These are the most common mutations causing
dominant ataxias in Germany. All three mutations are
characterized by ataxia due to cerebellar degeneration
with variable involvement of other parts of the central
nervous system and peripheral axonal neuropathy. In
each of the disorders the mutation is an unstable, ex-
panded CAG repeat present within the coding region of
a gene of unknown physiological function.
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■ Abstract To identify the preva-
lence and determinants of restless
legs syndrome (RLS) in spinocere-
bellar ataxia (SCA) we studied 58
patients with a molecular diagnosis
of SCA1, SCA2 and SCA3. Data on
the symptoms of RLS were col-
lected by a standardized question-
naire, and RLS was diagnosed
when patients met the four mini-
mal criteria of the syndrome as re-
cently defined by an international
study group. In addition, we stud-
ied the relationship between RLS
and age, age at ataxia onset, CAG
repeat length, and nerve conduc-
tion and evoked potentials data.
RLS was significantly more fre-
quent in SCA patients than in con-
trols (28 % vs. 10 %). Age at RLS on-
set in SCA was 49.0 ± 10.9 years.

There were no significant differ-
ences in nerve conduction or
evoked potentials between RLS and
non-RLS SCA patients. The proba-
bility of developing RLS increased
with age but not with CAG repeat
length or higher age of ataxia on-
set. The data provide evidence that
patients with SCA1, SCA2 and
SCA3 are per se more susceptible
to RLS than non-affected individu-
als. The probability of developing
RLS is related principally to the
period over which the CAG repeat
mutation exerts its effect and not
to CAG repeat length or age of
ataxia onset.

■ Key words Autosomal dominant
cerebellar ataxia · Restless legs syn-
drome
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Patients and methods

■ Patients and controls

A standardized questionnaire was sent to 75 unselected patients with
a molecular diagnosis of SCA1, SCA2 or SCA3. The study was per-
formed in the 58 patients who responded to the questionnaire (13
SCA1,22 SCA2 and 23 SCA3 patients).All patients gave informed con-
sent to participate in the study. The molecular diagnosis of SCA1,
SCA2 and SCA3 was established using standard laboratory proce-
dures [11, 12, 19]. All patients had been personally interviewed and
examined during the past 2 years in our ataxia clinic by M. A. or K. B..
The control group consisted of 40 age- and sex-matched patients who
were seen consecutively in our out-patient clinic for lower back pain,
headache or dizziness. None of them had any clinical signs of
polyneuropathy or central nervous system disorders.

The questionnaire included questions related to minimal criteria
for RLS as recently defined by an international study group [28]: (a)
Desire to move the limbs usually associated with paraesthesia/
dysaesthesia; (b) motor restlessness; (c) symptoms are worse or ex-
clusively present at rest (i. e. lying, sitting) with at least partial and
temporary relief by activity, and (d) symptoms are worse in
evening/night. In addition, we asked the age at onset of the respective
symptoms. RLS was diagnosed only when patients met all four mini-
mal criteria.

■ Electrophysiological studies

Electrophysiological data were available for 8 SCA1, 11 SCA2 and 18
SCA3 patients. These included nerve conduction studies, somatosen-
sory evoked potentials, brainstem auditory evoked potentials and
motor evoked potentials following transcranial magnetic stimula-
tion. The electrophysiological data were obtained using standard la-
boratory procedures [1].

For all evoked potentials latencies beyond the threshold of 3 SD of
the mean of normative data from our laboratory and non-evoked po-
tentials were considered abnormal.

■ Statistical analysis

Statistical analysis was performed using the χ2 test (frequency of ab-
normal results), linear and logistic regression or analysis of variance
followed by Tukey’s test (quantitative data). To select the appropriate
statistical model for multiple significant regressors, we used a step-
wise regression procedure based on the Akaike information criterion
for continuous data and a logistic regression model for multiple re-
gressors for nominal data.

Results

■ Frequency of RLS in SCA mutations

RLS was present in 3 of the 13 SCA1 (23 %), 6 of the 22
SCA2 (27 %) and 7 of the 23 SCA3 patients (30 %). Mean
age of RLS patients was 57.9 ± 10.5 years. Mean age of
RLS onset was 49.0 ± 10.9 years (SCA1, 47.7 ± 3.8 years;
SCA2, 44.3 ± 8.4 years; SCA3, 53.6 ± 13.7 years). Latency
of RLS onset with respect to ataxia onset was 8.3 ±
7.2 years in SCA1, –3.8 ± 19.3 years in SCA2 and 6.6 ±
5.9 years in SCA3. There were no significant differences
between the SCA groups (Table 1). Mean age of the con-
trol group was 48.9 ± 14.3 years. RLS was present in 4 of
40 controls (10 % vs. 28 % in all SCA patients; P < 0.05)
with a mean age of RLS onset of 46.5 ± 23.1 years.

■ Determinants of RLS in SCA

SCA patients with RLS were significantly older (57.9 ±
10.5 years vs. 45.8 ± 12.8 years; P < 0.01) and had a later
age of ataxia onset (46.0 ± 12.4 years vs. 35.8 ± 11.7 years;
P < 0.01) than SCA patients without RLS. Simple logistic
regression revealed significantly increased probability
to develop RLS with higher age of ataxia onset (P < 0.01)
and higher age (P < 0.01). To further analyse the rela-
tionship between RLS, age at ataxia onset and age we
used a nominal logistic regression model for multiple
regressors. This analysis showed that age was the only
significant covariable (P < 0.01). The addition of any
other covariable did not yield a better model fit.

To study whether CAG repeat length has an addi-
tional effect on the development of RLS we performed
separate analyses of SCA1, SCA2 and SCA3. In SCA1
there was no significant effect of age, age at ataxia onset
or CAG repeat length on probability of RLS, or age at
RLS onset. In SCA2 the probability of RLS increased
with a later age at ataxia onset (P < 0.05), higher age (P
< 0.01) and fewer CAG repeats (P < 0.05). A nominal
logistic regression model for multiple regressors failed
to show a predominant effective covariable; there was no
effect of age of ataxia onset and CAG repeat length on
age of RLS onset. In SCA3 age at RLS onset was positively
correlated with age at ataxia onset (P < 0.01) and nega-

Controls (n=40) SCA1 (n=13) SCA2 (n=22) SCA3 (n=23)

Age 48.9 ± 14.3 46.3 ± 9.6 47.5 ± 14.5 52.3 ± 13.8
Male/female 18/22 7/6 10/12 10/13
Range of CAG repeats – 42–52 36–45 63–80
Age of ataxia onset (years) – 34.1 ± 9.3 36.9 ± 13.4 41.4 ± 13.5
Disease duration (years) – 9.2 ± 5.8 10.6 ± 7.1 10.7 ± 4.8
Frequency of RLS (%) 10 23 27 30
Age of RLS onset (years) 46.5 ± 23.1 47.7 ± 3.8 44.3 ± 8.4 53.6 ± 13.7
Latency of RLS onset (years) – 8.3 ± 7.2 –3.8 ± 19.3 6.6 ± 5.9

Tab. 1 Characteristics of 58 SCA patients and 40
controls
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tively correlated with CAG repeat length (P < 0.05). A
stepwise regression procedure based on the Akaike in-
formation criterion showed age of ataxia onset as the
most effective covariable. The probability of RLS was in-
creased with higher age (P < 0.05) and fewer CAG re-
peats (P < 0.05). Again, a nominal logistic regression
model for multiple regressors failed to show an inde-
pendently significant covariable.

■ Correlation with electrophysiological results

The nerve conduction and evoked potential data are
presented in Table 2. There were no significant diffe-
rences between RLS and non-RLS patients in nerve con-
duction or multimodal evoked potentials data. In addi-
tion, we found no correlation between these data and
age at RLS onset or RLS duration.

Discussion

The principal and novel finding of this study is that RLS
is significantly more frequent in patients with SCA1,
SCA2 or SCA3 than in the general population. RLS was
present in 28 % of our SCA1, SCA2 and SCA3 patients
but in only 10 % of the control group. The frequency of
RLS in the control group corresponds well to the esti-
mated prevalence of RLS of 5–15 % in the general popu-
lation [7, 14]. The presence of the four minimal criteria
of the international RLS study group is considered suf-
ficient for the diagnosis of RLS. However, clinical diag-

nosis may be complicated by the presence of peripheral
neuropathy which is common in SCA1–SCA3 [1]. Future
studies in SCA patients should therefore include
polysomnographic recordings to confirm the clinical di-
agnosis of RLS.

Schöls et al. [24] recently reported similar frequen-
cies of RLS in SCA3 (19 of 51 patients who met all four
minimal criteria, 37 %), but not in SCA1 (0 of 6 patients)
and SCA2 (1 of 11 patients, 9 %) [24]. This discrepancy
is most probably due to the smaller number of SCA1 and
SCA2 patients in their study.

Our data show an increased probability to develop
RLS with higher age. Initial analysis with simple logistic
regression suggested an increased probability of RLS
with higher age of ataxia onset. Since the age of ataxia
onset is inversely correlated with CAG repeat length in
SCA1, SCA2 and SCA3 [12, 19, 23], this finding suggests
an effect of the CAG repeat length on the probability of
RLS. However, subsequent analysis using multivariate
methods revealed that this association is an artefact ex-
plained by the colinearity between the variables age and
age at ataxia onset. The probability of developing RLS is
related mainly to age, i. e. the time period over which the
CAG repeat mutation exerts its effect, and not to the
length of the CAG repeat.

The electrophysiological data show that frequency
and severity of neuropathy did not differ between SCA
patients with and those without RLS. This observation
supports the view that RLS is of central rather than of
peripheral origin [2, 21, 26, 27, 30]. However, there was
likewise no correlation of RLS with electrophysiological
abnormalities in pyramidal and central auditory or so-
matosensory pathways.

Recent positron-emission tomography studies in id-
iopathic RLS revealed a mildly decreased dopamine D2
receptor binding and 18F-labelled dopa uptake in the
caudate and the putamen suggesting central dopamin-
ergic dysfunction [21, 27]. Central dopaminergic dys-
function is one potential mechanism causing RLS in
SCA patients because degeneration of the striatum or
the substantia nigra has been shown to a variable degree
in all three SCA mutations [4, 6, 8, 9, 13, 18, 20, 25].

The observation that many SCA patients suffer from
RLS is of clinical importance since, in our experience,
the RLS symptoms in SCA respond well to levodopa
treatment. It is therefore important to specifically ask
patients for a history of limb paraesthesia, motor rest-
lessness and sleep complaints in the evaluation of SCA.

Tab. 2 Nerve conduction and evoked potential results in SCA1–SCA3 (MNCV mo-
tor nerve conduction velocity, CMAP compound muscle action potential, SNCV sen-
sory nerve conduction velocity, SNAP sensory nerve action potential, MEP motor
evoked potential, SEP somatosensory evoked potential, VEP visual evoked poten-
tial, BAEP brainstem auditory evoked potential, % abn percentage of abnormal
results)

SCA without RLS SCA with RLS SCA all
(n=25–29) (n=7 or 8) (n=32–37)

MNCV (m/s) 43.6 ± 4.6 43.1 ± 4.7 43.5 ± 4.6
CMAP (mV) 19.4 ± 9.1 16.6 ± 6.9 18.8 ± 8.7
SNCV (m/s) 42.8 ± 6.5 46.9 ± 4.7 43.6 ± 6.3
SNAP (µV) 6.4 ± 5.2 7.0 ± 4.0 6.5 ± 4.9
MEP (% abn) 44 38 42
SEP (% abn) 80 88 82
VEP (% abn) 44 29 41
BAEP (% abn) 42 71 48
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