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Abstract
Spinocerebellar ataxia type 2 (SCA2) is characterized by a progressive cerebellar syndrome, and additionally saccadic slowing,
cognitive dysfunction, and sleep disorders. The aim of this study was to assess the frequency of abnormal findings in sleep
recordings of patients with SCA2. Seventeen patients with genetically confirmed SCA2 from the Movement Disorders
Outpatient group of the Hospital de Clínicas da UFPR were evaluated with a structured medical interview and the Scale for
the Assessment and Rating of Ataxia (SARA). Polysomnographic recordings were performed and sleep stages were scored
according to standard criteria. There were 10 male subjects and 7 females, aged 24–66 years (mean 47.44). A sex- and age-
matched control group of healthy subjects was used for comparison. There was a reduction of rapid eye movement (REM) sleep
in 12 (70.58%), increased REM latency in 9 (52.94%), increased obstructive sleep apnea-index in 14 (82.35%), absent REM
density (REM density was calculated as the total number of 3-s miniepochs of REM sleep with at least 1 REM per minute) in 13
(76.47%), and markedly reduced REM density in 4 (23.52%). There was an indirect correlation according to the SARA scale and
the REM density decrease (r = − 0.6; P = < 0.001); and with a disease progression correlating with a reduction in the REM
density (r = − 0.52, P = 0.03). In SCA2, changes occur mainly REM sleep. The absence/decrease of REM sleep density, even in
oligosymptomatic patients, and the correlation of this finding with disease time and with the SARA scale were the main findings
of the study.
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Introduction

Autosomal dominant cerebellar degenerative diseases are
known as spinocerebellar ataxias (SCAs) [1]. Currently, 43
types of SCAs have been described, with more than 30 loci

identified [2], which were named according to the chronology
of their description from SCA type 1 (SCA1) to SCA43 [3, 4].
Spinocerebellar ataxia type 2 (SCA2) is a polyglutamine dis-
ease caused by abnormal expansion of CAG triplet repetitions
in the coding region of the ATXN2 gene (12q24.1) [5]. It is the
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second most common autosomal dominant cerebellar ataxia
worldwide [6–8], but in some countries like India, Cuba,
South Korea, Italy, and Mexico, it is one of the most frequent
forms. The province of Holguin in Cuba has the highest prev-
alence in the world of SCA2, about 40 cases per 100,000
inhabitants, associated with a founder effect [2, 9]. In Brazil,
SCA2 is the second most commonly found type, accounting
for about 4 to 8% of cases [6, 7].

SCA2 is clinically characterized by a progressive cerebellar
syndrome, as all patients present with gait ataxia, postural
instabi l i ty, dysmetr ia , cerebel lar dysarthria , and
dysdiadochokinesia, features that can be accompanied by
slowing of horizontal saccadic eye movements [10, 11].
Slowing saccadic movements may be associated with injury
to the pons reticulotegmental nucleus (PRTN) or Bechterew
nucleus. PRTN is an important precerebellar nucleus and is
part of the oculomotor circuit responsible for the generation
and accuracy of horizontal saccadic movements. The neuro-
pathological hallmark of SCA2 is early olivopontocerebellar
atrophy associated with changes in the basal ganglia,
brainstem, spinal cord, optic nerves, retina, and peripheral
nerves [10–14].

Other commonly described signs and symptoms are cogni-
tive impairment, peripheral neuropathy with fasciculations,
and sleep disorders. Sleep disturbances are common in neuro-
degenerative diseases such as spinocerebellar ataxias [15–17].

In patients with SCA3, REM sleep behavior disorder
(RBD) is highly prevalent, present in up to 50% of individuals
throughout the disease, and may even precede the onset of
cerebellar symptoms, and the frequency of excessive daytime
drowsiness (EDD) is high. In addition, other sleep disorders
have been reported, such as obstructive sleep apnea, insomnia,
nocturia, and hallucinations hypnagogic [18]. Rueda et al. [19]
in a study with 12 patients with SCA6 found greater incidence
of sleep respiratory disorders in patients than in controls. The
restless leg syndrome (RLS) and periodic leg movement
(PLM) have been described in some forms of SCA, with a
higher prevalence in SCA1, SCA2, SCA3, SCA4, and SCA6
[20]. Moro et al. [21] studied the incidence of non-motor
symptoms in SCA10 and found that RBD and RLS were
unusual in SCA10.

The aim of this study was to assess the frequency of abnor-
mal findings in sleep recordings of patients with SCA2 in our
group.

Methods

Seventeen patients with genetically confirmed SCA2 from the
Movement Disorders Outpatient Group of the Hospital de
Clínicas of the Federal University of Paraná selected between
March 2015 and May 2016 were evaluated. The study proce-
dures were approved by the HC-UFPR University Ethics

Committee, and informed consent was obtained from all par-
ticipants. SCA2 patients with respiratory diseases or cognitive
or behavioral alterations were not included because these dis-
orders would not allow for a technically adequate
polysomnography performance.

A control group for the polysomnography examination
consisted of 17 healthy volunteers with no history of neuro-
logical disease or complaints of sleep disorders, matched for
gender, age, and body mass index (BMI).

Clinical Evaluation

All the subjects and their bed partners were interviewed with
regard to their subjective sleep quality, nocturnal cramps,
dream recall and content (nightmares), complex or aggressive
behavior during sleep, sensory and motor complaints during
sleep, sleep-related self-injuries or injuries to their bed part-
ners, vocalizations, somniloquy, bruxism, and snoring.
Patients completed the REM Sleep Behavior Disorder
Single-Question Screen (RBD1Q) [22] and the Epworth
Sleepiness Scale (ESS) [23] to document daytime sleepiness.
Physical and neurological examination was performed by a
certified neurologist and sleep physician; the patients were
scored for the severity of their ataxia according to the Scale
for the Assessment and Rating of Ataxia (SARA), which
ranged from a total score of 0 (no ataxia) to 40 (most severe
ataxia) [24].

Polysomnography

Polysomnography (PSG) was performed with a standard-
ized 21-channel montage (Polysmith Software, QP-
260AK, Nihon Kohden), 2 electrooculogram channels, 1
electromyogram channel, 6 electroencephalogram chan-
nels, 2 nasal airflow channels, 2 respiratory effort chan-
nels, 1 oximetry channel, 2 snore detector channels, 1
electrocardiography channel, 1 pulse transit time channel,
1 body position channel, and 2 limb movement sensors
placed on the right and left leg. Video-polysomnographic
(VPSG) recordings were performed with a digital poly-
graph (polysmith) using a standard montage which includ-
ed electroencephalographic (EEG) recording with a mon-
tage using F3, F4, C3, C4, O1, and O2 electrodes referred
to the contralateral ear, vertical e horizontal electrooculog-
raphy, electrocardiography and electromyography (EMG)
of mental and both tibialis anterior muscles. Respiration
monitoring included nasal airflow, tracheal microphone,
thoracic and abdominal respiratory effort bands, and oxy-
gen saturation. Analysis of polysomnographic data was
made according to standard criteria [25–28]. REM sleep
was scored if signs of REM sleep were present (e.g., rapid
eye movements, typical mixed frequency, low amplitude
EEG, or sawtooth waves). Eye movements in REM sleep
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were counted visually. REM density was calculated as the
total number of 3-s miniepochs of REM sleep with at least
1 REM per minute [29, 30].

All patients were free of medications known to influ-
ence either sleep architecture, EEG, or motor activity.
Three patients were using antidepressants (amitriptyline,
bupropion, and fluoxetine), and one of them was also using
clonazepam. They were instructed to tapper off these med-
ications and stop them completely a fortnight prior to the
sleep study. All data were scored independently by two
experienced board certified sleep physicians (interrater
agreement ˃ 90%).

For the calculation of REM sleep density, the procedures
described by Tuin et al. (2006) were modified [29]. Each 30-s
time or page of the REM sleep polysomnographic examina-
tion was divided into ten miniepochs of 3 s (ten periods of 3 s
in each epoch). Rapid eye movements (REM) were visually
identified, and all REMs that occurred in eachminiepoch were
counted as a single REM. The total number of these eye
movements was divided by the time in minutes of REM sleep.
Thus, the term BREM sleep density^ in the study means the
number of miniepochs with rapid eye movements per minute
of REM sleep (Fig. 1).

AASM criteria and ICSD-3 were used to assess REM sleep
atonia, RBD, RLS, PLM, and sleep respiratory disorders [26,
31].

Statistical Analysis

The data were stored in a database of the program Microsoft
Excel 2015. For the statistical analysis, the software SPSS
19.0 for Windows was used. With the Shapiro Wilk and
Komogorov Smirnov tests, the variables were analyzed in
relation to the distribution pattern. In the description of quan-
titative variables with normal distribution, mean and standard
deviation (SD) or median and interquartile range (IR) were
used in the non-normal distribution variables. For qualitative
variables, absolute numbers and percentage frequencies were
used. In the comparative analysis of the qualitative variables
in the two groups, Fisher’s exact test was used, whereas for
comparison of the variables in the two groups, the Student’s t
test was used for the continuous variables with normal distri-
bution. The Mann-Whitney test was applied in the evaluation
of continuous variables with non-normal distribution.
Pearson’s coefficient was used for correlation. The level of
significance was set at 5% (p < 0.05).

Fig. 1 Fragment with miniepochs divisions used for analysis of sleep
parameters. EOGe and EOGd = left and right electrooculogram
channel; electroencephalogram (EEG) channels = F3, F4, C3, C4, O1,
and O2; F3 = EEG electrode located on the left frontal region; F4 = EEG
electrode located on right frontal region; C3 = EEG electrode located on
the left central region; C4 = EEG electrode located on the right central
region; O1 = EEG electrode located on the central region; A1 and A2 =
electrodes used as reference, A1 = left ear and A2 = right ear; Mento =
submental electromyography; Oro/nasal flow = channel for air flow;

thoracic tape = channel shows the signal of the type sensor placed in
the chest, evaluates the respiratory effort; abdominal band = channel
shows the signal of the band-type sensor placed in the abdomen, evaluates
the respiratory effort; member = channel of electromyogram of lower
limbs; snoring = snoring sensor channel; ECG = electrocardiogram lead
channel; SpO2 = oxyhemoglobin saturation channel; miniepochs are brief
periods of consecutive 3 s sampled from each epoch of polysomnograph-
ic tracing. SOURCE: the author
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Results

Clinical Characteristics Seventeen patients with SCA2 who
belonged to seven different families were studied. Family his-
tory could not be confirmed for patient 15, as she had been
adopted. All subjects presented with ataxia and reported
cramps predominantly nocturnal, 14 with dysarthria, 11 with
dysmetria and dysdiadochokinesia. Cerebellar tremor was
present in 10 cases. No patient had symptoms of parkinson-
ism. Slow horizontal saccades were observed in 11 patients;
however, nystagmus was absent in all of the study subjects.
Additionally, 14 patients (82.35%) had either absent or re-
duced deep tendon reflexes on neurological examination.
SARA scores ranged from 2 to 26 (Table 1). Fifteen cases
reported good sleep quality, six patients complained of exces-
sive daytime sleepiness, but the Epworth daytime sleepiness
scale showed a score above the 10 points cutoff in only three
cases.

Five (29.41%) patients reported having had the sensation
of experiencing (acting-out) their dreams while they slept and
three of these patients reported having already caused injury to
the bed partner. Nevertheless, none had presented these events
in the last 6 months.

VPSGMeasuresREM sleep presented some abnormal findings
in all patients in the study group: reduction of REM sleep in 12
(70.58%), increased REM latency in 9 (52.94%), absent REM
density in 13 (76.47%), and markedly reduced REM density
in 4 (23.52%). Increased arousal index was observed in 12
(70.58%), there was no statistical difference between sponta-
neous and apnea-related arousals, increased obstructive sleep

apnea-index in 14 (82.35%), and increased latency of sleep in
13 patients (76.47%). No patient showed abnormal PLM in-
dexes or increased muscle-tone during REM sleep. Higher
numbers of abnormalities in polysomnographic recordings
were found in more severely compromised subjects according
to the SARA scale. Table 2 shows the demographic character-
istics and the sleep scoring parameters measured in both
SCA2 patients and healthy controls. Disease duration had a
highly significant correlation with the decrease in the percent-
age of REM.

Comparison of sleep parameters between SCA2 patients
and controls demonstrated a significant reduction in total sleep
time, sleep efficiency, sleep latency, sleep N3 latency, REM
quantity, N2 quantity, and N3 quantity and markedly in REM
density. Disease duration was correlated with decreased sleep
efficiency (p = 0.02) and reduction of REM density (p = 0.03),
so that the longer the disease, the more affected were these
parameters; whereas the higher the scores in the SARA scale,
the more pronounced was the reduction of REM density (p =
0.0094) (Table 3).

Discussion

The main finding of this study was the absence of REM den-
sity in 13 (76.47%) subjects and marked reduction of REM
density in the remaining. Although few previous studies have
reported abnormalities in REM sleep density in SCA2 patients
[10, 29], none of them showed the important degree of REM
reduction during REM sleep in patients with a short-time of
disease evolution, and who presented mild clinical

Table 1 Data of the clinical
history of patients with SCA2 Family Patient CAG repeats Age on onset (years) Disease duration (years) SARA

Family 1 1 16/48 46 1 14

2 20/46 38 10 13

3 22/40 32 13 17.5

4 21/38 49 0.5 7

12 22/56 52 14 16.5

17 22/48 33 21 18

Family 2 5 22/52 34 3 4.5

6 20/39 26 4 9

10 23/56 32 0.5 2

11 23/54 45 17 18

Family 3 7 20/37 32 12 18

16 22/48 49 2 4

Family 4 9 20/48 40 16 7.5

13 23/52 38 3 12

Family 5 8 22/37 42 17 26

Family 6 14 22/58 30 14 13

Family 7 15 21/47 17 7 18
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impairment. REM sleep density is a measure that depends
directly on ocular motility. However, six of our patients had
normal saccadic eye movements on the standard neurological
exam. Estrada et al. [13] performed a study based on autopsies
and found two patients with normal saccadic eye movements,
reflecting the early stage of disease, even though both of their
subjects had marked reduction on neuron counts in the nuclei
of the pons, which could explain the reduction on REM den-
sity. Neuroanatomically early REM density reduction can be
easily associated with the pons degeneration at the initial
SCA2 stage and can be further interpreted as a symptom
reflecting the progressive loss of pontine REM-on neurons
[13, 29]. The significant reduction of saccade peak velocity
is suggestive of a progressive compromise of the paramedian
pontine reticular formation and other structures of the
premotor saccadic circuitry. As observed in autopsies of
SCA2 patients, compromise of the reticulotegmental and
precerebellar nuclei, as well as the cranial nerves, correlates
with saccadic pathology [32, 33]. It is also known that during
REM sleep, the cerebellum participates in both REM atonia

and phasic activity of the lateral rectus muscles of the eyes
[34]. Thus, the cerebellum plays an important role in main-
taining the saccadic subsystem efficient for vision stabilization
both by minimizing movement inaccuracy and by learning
from endpoint errors. This ability is often disrupted in degen-
erative cerebellar diseases, as demonstrated by saccade-
kinetic abnormalities [35]. Mutation carriers with a SARA
score < 3 are commonly defined as being in a preclinical
phase, and in our group, even those patients who had no clin-
ical signs of ataxia had reduced REM density in polysomno-
graphic studies [36]. These findings suggest REM sleep den-
sity might be a useful biomarker of SCA2.

Reduction of REM sleep occurred in most SCA2 patients.
Thalamic degeneration in the later course of SCA2 may con-
tribute to the progression of REM pathology, as REM sleep is
known to correlate with increased metabolic activities in both
the pons and the thalamus. The relative sparing of brainstem
raphe nuclei and the cerebral cortex in the degenerative pro-
cess of SCA2 suggests the survival of REM-off neurons, who
are responsible for the triggering of slow wave sleep (SWS)
and may be the basis for the dominance of SWS stages in
advanced SCA2 [29].

Changes in the quantity and density of REM sleep have not
been described in other types of SCAs [30, 37]. These differ-
ences may be due to the fact that SCA2 is the only SCA that
has an important olivopontocerebellar atrophy, which occurs
already in early stages of the disease [13]. Patients with

Table 2 Comparison between SCA2 patients and controls

SCA2 patients Controls p
n = 17 n = 17

Sex 1

Male

Female

10 (58.82%) 10 (58.82%)

7 (41.17%) 7 (41.17%)

Age (mean/SE) 46.47 ± 11.41 46.05 ± 11.23 0.91

BMI (mean/SE) 28.44 ± 5.98 27.91 ± 5.48 0.79

Polysomnographic parameters

PT (min) 460.85 ± 34.12 519.95 ± 19.75 < 0.001

TST (min) 335.59 ± 72.17 445.22 ± 47.62 < 0.001

Sleep efficiency (%) 70.07 ± 21.74 85.53 ± 7.58 0.03

WASO (min) 62.24 ± 34.06 69.29 ± 37.36 0.56

N1 sleep latency (min) 44.50 ± 47.05 5.26 ± 5.53 0.00

N2 sleep latency (min) 47.59 ± 48.34 6.47 ± 5.54 0.00

N3 sleep latency (min) 76.21 ± 57.55 26.09 ± 19.14 0.01

REM sleep latency (min) 147.54 ± 94.59 124 ± 64.78 0.61

Arousal index (events/h) 15.29 ± 9.07 8.89 ± 7.75 0.02

N1 (%) 2.42 ± 2.33 1.51 ± 1.20 0.24

N2 (%) 40.32 ± 9.51 45.94 ± 6.30 0.52

N3 (%) 28.68 ± 8.90 31.11 ± 8.13 0.41

REM (%) 12.59 ± 8.31 21.62 ± 4.50 < 0.001

Time N1 (min) 9.85 ± 10.19 1.55 ± 1.20 0.24

Time N2 (min) 162.29 ± 52.01 205.5 ± 41.65 0.01

Time N3 (min) 111.14 ± 27.27 137.72 ± 34.74 0.02

Time REM (min) 52.32 ± 38.14 96.38 ± 22.42 < 0.001

REM density 0.06 ± 0.12 3.87 ± 1.43 < 0.001

AHI (events/h) 15.29 ± 13.12 9.35 ± 10.40 0.11

SPT sleep period time, TST total sleep time,WASOwake after sleep onset,
AHI apnea-hypopnea index, BMI body mass index

Table 3 Pearson correlation coefficient in relation to SARA Scale and
time of evolution of the disease

Sara Scale Time of evolution

r p IC (95%) r p IC (95%)

DREM − 0.6 0.00 − 0.84 a − 0.18 − 0.52 0.03 − 0.80 a − 0.06
SE% − 0.4 0.1 − 0.74 a 0.09 −0.55 0.02 − 0.81 a − 0.10
Lat N1 0.50 0.03 0.03 a 0.79 0.42 0.08 − 0.06 a 0.75
Lat N2 0.48 0.04 0.00 a 0.78 0.47 0.05 − 0.01 a 0.77
Lat N3 0.58 0.01 0.14 a 0.83 0.37 0.13 − 0.12 a 0.72
Lat REM 0.49 0.04 0.01 a 0.78 0.31 0.21 − 0.19 a 0.69
AI 0.28 0.27 − 0.23 a 0.67 0.44 0.07 0.04 a 0.76

N1 (%) − 0.35 0.15 − 0.71 a 0.14 − 0.12 0.64 − 0.56 a 0.38
N2 (%) 0.03 0.90 − 0.45 a 0.50 − 0.06 0.81 − 0.52 a 0.43
N3 (%) 0.23 0.35 − 0.27 a 0.64 − 0.03 0.88 − 0.51 a 0.44
REM (%) − 0.28 0.26 − 0.67 a 0.22 − 0.38 0.88 − 0.51 a 0.45
N1 − 0.36 0.14 − 0.72 a 0.13 − 0.13 0.61 − 0.57 a 0.37
N2 − 0.03 0.88 − 0.50 a 0.45 − 0.06 0.81 − 0.52 a 0.43
N3 0.1 0.68 − 0.39 a 0.55 − 0.33 0.18 − 0.70 a 0.17
REM − 0.29 0.25 − 0.67 a 0.22 − 0.02 0.93 − 0.49 a 0.46

DREM density of REM; SE% sleep efficiency; Lat latency; AI arousal
index;N1%, N2%, N3%, and REM% percentage of sleep phases;N1, N2,
N3, REM time inminutes of each stage of sleep. Note: data with statistical
significance were italicized
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idiopathic Parkinson’s disease may also present reduction in
REM sleep density, this alteration could lead to lower motor
cortex activation during REM sleep. These changes may be
similar to bradicinesia seen during wakefulness, in which
there is less activation in motor cortex [38].

Paradoxically, the perceived sleep quality reported by most
patients is better than would be expected by analysis of objec-
tive parameters of sleep. Similar to other groups, our data
disclosed abnormalities associated with both REM and
NREM stages. Five subjects answered Byes^ in the RBD1Q
[22], although no patient presented loss of REM atonia on
polysomnographic recordings associated with either a self-
reported history of dream-enactment, or objective documen-
tation during REM sleep as recorded on video as part of the
polysomnography. Absence of polysomnography confirma-
tion was probably a result of a single-night study and/or the
marked reduction in the quantity of REM sleep. Tuin et al.
[29] reported no dream recall within the past year or years.
The evidence of REM behavior disorder (RBD) events was
scarce. SCA3 is a neurodegenerative disease involving the
substantia nigra, locus cerulleus, other brain stem structures
and cerebellum, locations typically involved in Parkinsonian
disorders, whose association with RBD is well established
[39]. This difference in anatomopathologic commitment could
also explain why in SCA2 there is less incidence of RBD.

In addition to the decrease/absence of REM sleep, reduc-
tion of REM sleep time, the presence of cramps was an im-
portant marker found in patients with SCA2 in this group. All
of our patients presented cramps predominantly nocturnal, a
symptom that had already been reported by Velázquez-Pérez
et al. [12], who found that muscle cramps and sensory symp-
toms were the earliest and most progressive complaints.
Cramps have been physiopathologically related to collateral
sprouting processes after initial axonal damage in motor neu-
rons [12, 40].

Although a large part of the patients with SCA2 had an
increased apnea-hypopnea index (AHI), this finding was not
statistically significant when compared to the control group,
which may have occurred due to the sample size in relation to
the high prevalence of OSA in the population. Velázquez-
Pérez et al. [10], in Cuba, found a significantly higher AHI
in the patients compared to the control group. Snoring was
recorded in the majority of the cases studied (88.23%). No
patient in our group presented polysomnographic criteria for
the diagnosis of PLM or met the clinical criteria for RLS and
insomnia, only three cases presented evidence of a discrete
EDD on the specific scale.

In our study, even patients with no clinical signs of cere-
bellar syndrome had significant reduction in REM sleep den-
sity. This early alteration could be used as a marker in asymp-
tomatic patient carriers of SCA2. Therefore, our results sug-
gest the importance of sleep research by means of
polysomnography as an investigative tool not only for the

diagnosis of sleep changes, but also as an aid for diagnosing
carriers within kindreds with SCA2, who may have not yet
have undergone genetic evaluation and even do not present
the clinical signs of the disease, particularly in areas where
genetic testing is not readily available.

Finally, a limitation of our study is the small sample size,
which implies that our findings should be interpreted with
caution and we cannot exclude the possibility that nonsignif-
icant findings might be due to a lack of statistical power. We
emphasize the rarity of SCA2, therefore, the importance of the
presented data. We demonstrate in this study that sleep chang-
es occur in patients with SCA2, as in other SCAs and other
degenerative diseases. The differential findings, which might
be important for future studies, were alterations in REM sleep,
mainly the early alteration of REM sleep density, even in
oligosymptomatic patients, and the correlation of this finding
with disease time and with the SARA scale.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflicts of
interest.

References

1. Marcoglis RL. Dominant spinocerebellar ataxias: a molecular ap-
proach to classification, diagnosis, pathogenesis and the future.
Expert Rev Mol Diagn. 2003;3(6):715–32.

2. Durr A. Autosomal dominant cerebellar ataxias: polyglutamine ex-
pansions and beyond. Lancet Neurol. 2010;9:885–94.

3. Deppont C, Donatello S, Rai M,Wang FC, Manto M, Simonmis N,
et al. MME mutation in dominant spinocerebellar ataxia with neu-
ropathy (SCA43). Neurol Genet. 2016;2:1–6.

4. Didonna A, Opal P. Advances in sequencing technologies for un-
derstanding hereditary ataxias. JAMA Neurol. 2016;17:1–6.

5. Pulst SM, Nechiporuk A, Nechiporuk T, Gispert S, Chen XN,
Lopes-Cendes I, et al. Moderate expansion of a normally biallelic
trinucleotide repeat in spinocerebellar ataxia type 2. Nat Genet.
1996;14(3):269–76. https://doi.org/10.1038/ng1196-269.

6. Machado de Castilhos RM, Furtado GF, Gheno TC, Schaeffer P,
Russo A, Barsottini O, et al. Spinocerebellar ataxias in Brazil—
frequencies and modulating effects of related genes on behalf of
Rede Neurogenetica. Cerebellum. 2014;13(1):17–28. https://doi.
org/10.1007/s12311-013-0510-y.

7. Trott A, Jardim LB, Ludwig HT, Saute JA, Artigalás O, Kieling C,
et al. Spinocerebellar ataxias in 114 Brazilian families: Clinical and
molecular findings [3]. Clin Genet. 2006;70(2):173–6. https://doi.
org/10.1111/j.1399-0004.2006.00656.x.

8. Cintra VP, Lourenço CM, Marques SE, De Oliveira LM, Tumas V,
Marques W. Mutational screening of 320 Brazilian patients with
autosomal dominant spinocerebellar ataxia. J Neurol Sci.
2014;347(1–2):375–9. https://doi.org/10.1016/j.jns.2014.10.036.

9. Orosco G, Estrada R, Perry TL, Araña J, Fernandez R, Gonzalez-
Quevedo A, et al. Dominantly inherited olivopontocerebellar atro-
phy from Eastern Cuba Clinical, Neuropathological, and
Biochemical Findings. J Neurol Sci. 1989;93(1):37–50.

10. Velázquez-Pérez L, Voss U, Rodríguez-Labrada R, Auburger G,
Canales Ochoa N, Sánchez Cruz G, et al. Sleep disorders in

Cerebellum

https://doi.org/10.1038/ng1196-269
https://doi.org/10.1007/s12311-013-0510-y
https://doi.org/10.1007/s12311-013-0510-y
https://doi.org/10.1111/j.1399-0004.2006.00656.x
https://doi.org/10.1111/j.1399-0004.2006.00656.x
https://doi.org/10.1016/j.jns.2014.10.036


spinocerebellar ataxia type 2 patients. Neurodegener Dis.
2011;8(6):447–54. https://doi.org/10.1159/000324374.

11. Velázquez-Pérez L. An insight into the natural history of
spinocerebellar ataxias. Lancet Neurol. 2015;14(11):1067–9.
https://doi.org/10.1016/S1474-4422(15)00218-5.

12. Velázquez-Pérez L, Rodríguez-Labrada R, Canales-Ochoa N,
Montero JM, Sánchez-Cruz G, Aquilera-Rodríquez R, et al.
Progression of early features of spinocerebellar ataxia type 2 in
individuals at risk: a longitudinal study. Lancet Neurol.
2014;13(5):482–9. https://doi.org/10.1016/S1474-4422(14)70027-
4.

13. Estrada R, Galarraga J, Orozco G, Nodarse A, Auburger G.
Spinocerebellar ataxia 2 (SCA2): morphometric analyses in 11 au-
topsies. Acta Neuropathol. 1999;97(3):306–10. https://doi.org/10.
1007/s004010050989.

14. Cocozza S, Sacc F, Cervo A, Marsili A, Russo CV, Giorgio SM,
et al. Modifications of resting state networks in spinocerebellar
ataxia type 2. Mov Disrod. 2015;30:1382–90.

15. Teive HA, Munhoz RP, Arruda WO, Lopes-Cendes I, Raskin S,
Werneck LC, et al. Spinocerebellar ataxias: genotype-phenotype
correlations in 104 Brazilian families. Clinics. 2012;67(5):443–9.

16. Gaalen J, Van Giunti P, Van de Warrenburg BP. Movement disor-
ders in spinocerebellar ataxias. Mov Disord. 2011;26(5):792–800.

17. Shakkottai VF, Fogel BL. Clinical neurogenetics: autosomal dom-
inant spinocerebellar ataxia. Neurol Clin. 2013;31(4):987–1007.

18. D’ Abreu A, França M, Conz L, Friedman JH, Nucci AM, Cendes
F, et al. Sleep symptoms and their clinical correlates in Machado-
Joseph disease. Acta Neurol Scand. 2009;119:277–80.

19. Rueda AD, Pedroso JL, Truksinas E, Prado GF, Coelho FM,
Barsottini OG. Polysomnography findings in spinocerebellar ataxia
type 6. J Sleep Res. 2016. https://doi.org/10.1111/jsr.12439.

20. Raggi A, Ferri R. Sleep disorders in neurodegenerative diseases.
Eur J Neurol. 2010;17(11):1326–38.

21. Moro A, Munhoz RP, Moscovich M, Arruda WO, Raskin S,
Silveria-Moryama L, et al. Nonmotor symptoms in patients with
spinocerebellar ataxia type 10. Cerebellum. 2017;6. https://doi.org/
10.1007/s12311-017-0869-2.

22. Postuma RB, Arnulf I, Hogl B, Iranzo A, Miyamoto T, Dauvilliers
Y, et al. A single-question screen for rapid eye movement sleep
behavior disorder: a multicenter validation study. Mov Disord.
2012;27(7):913–6. https://doi.org/10.1002/mds.25037.

23. Johns MW. A new method for measuring daytime sleepness: the
Epworth sleepness scale. Sleep. 1991;14:540–5.

24. Schmitz-Hü T, Tezenas Du Montcel S, Baliko L, Berciano J,
Boesch S, Depondt C, et al. Scale for the assessment and rating
of ataxia development of a new clinical scale. Neurology. 2006;66:
1717–20.

25. American Academy of Sleep Medicine. The manual for the scoring
o sleep and associated events:rules, Terminology and technical
specifications; 2007.

26. American Academy of Sleep Medicine. The manual for the scoring
o sleep and associated events: rules, Terminology and Technical
Specifications, version 2.3, 2016.

27. Duce B, Rego C, Milosavljevic J, Hukins C. The AASM recom-
mended and acceptable EEGmontages are comparable for the stag-
ing of sleep and scoring of EEG arousals. J Clin Sleep Med.
2014;10(7):803–9. https://doi.org/10.5664/jcsm.3880.

28. Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK,
et al. Rules for scoring respiratory events in sleep: Update of the
2007 AASMmanual for the scoring of sleep and associated events.
J Clin Sleep Med. 2012;8(5):597–619. https://doi.org/10.5664/
jcsm.2172.

29. Tuin I, Voss U, Kang JS, Kessler K, Rüb U, Nolte D, et al. Stages of
sleep pathology in spinocerebellar ataxia type 2 (SCA2).
Neurology. 2006;67(11):1966–72. https://doi.org/10.1212/01.wnl.
0000247054.90322.14.

30. Boesch SM, Frauscher B, Brandauer E, Wenning GK, Högl B,
Poewe W. Disturbance of rapid eye movement sleep in
spinocerebellar ataxia type 2. Mov Disord. 2006;21(10):1751–4.
https://doi.org/10.1002/mds.21036.

31. American Academy of Sleep Medicine. International classification
of sleep disorders. 3rd ed. Darien: American Academy of Sleep
Medicine; 2014.

32. Geiner S, Horn AKE, Wadia NH, Sakai H, Büttner-Ennever JA.
The neuroanatomical basis of slow saccades in spinocerebellar
ataxia type 2 (Wadia-subtype). Prog Brain Res. 2008;171:575–81.
https://doi.org/10.1016/S0079-6123(08)00683-3.

33. Rüb U, Bürk K, Schöls L, Brunt ER, de Vos RA, Diaz GO, et al.
Damage to the reticulotegmental nucleus of the pons in
spinocerebellar ataxia type 1, 2, and 3. Neurology. 2004;63(7):
1258–63.

34. Gadea-CiriaM, Fuentes J. Analysis of phasic activities in the lateral
rectus muscle of the eyes (PALRE) during paradoxical sleep in
chronic cerebellectomized cats. Brain Res. 1976;111(2):416–21.
https://doi.org/10.1016/0006-8993(76)90787-3.

35. Jung BC, Choi SI, Du AX, Cuzzocreo JL, Ying HS, Landman BA,
et al. MRI shows a region-specific pattern of atrophy in
spinocerebellar ataxia type 2. Cerebellum. 2012;11(1):272–9.
https://doi.org/10.1007/s12311-011-0308-8.

36. Ilg W, Fleszar Z, Schatton C, Hengel H, Harmuth F, Bauer P, et al.
Individual changes in preclinical spinocerebellar ataxia identified
via increased motor complexity. Mov Disord. 2016;31(12):1891–
900. https://doi.org/10.1002/mds.26835.

37. Pedroso JL, Braga-Neto P, Felicio AC, Aquino CHC, Prado LBF,
Prado GF, et al. Sleep disorders in cerebellar ataxias. Arq
Neuropsiquiatr. 2011;69:253–7.

38. Schroeder LA, Rufra O, Sauvageot N, Fays F, Pieri V, Diederich
NJ. Reduced rapid eye movement density in Parkinson disease: a
polysomnography-based case-control study. Sleep. 2016;39(12):
2133–9.

39. Friedman JH, Fernandez HH, Sudarsky LR. REM behavior disor-
der and excessive daytime somnolence in Machado-Joseph disease
(SCA-3). Mov Disord. 2003;18:1520–2.

40. Miller TM, Layzer RB. Muscle cramps. Muscle Nerve. 2005;32(4):
431–42. https://doi.org/10.1002/mus.20341.

Cerebellum

https://doi.org/10.1159/000324374
https://doi.org/10.1016/S1474-4422(15)00218-5
https://doi.org/10.1016/S1474-4422(14)70027-4
https://doi.org/10.1016/S1474-4422(14)70027-4
https://doi.org/10.1007/s004010050989
https://doi.org/10.1007/s004010050989
https://doi.org/10.1111/jsr.12439
https://doi.org/10.1007/s12311-017-0869-2
https://doi.org/10.1007/s12311-017-0869-2
https://doi.org/10.1002/mds.25037
https://doi.org/10.5664/jcsm.3880
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.1212/01.wnl.0000247054.90322.14
https://doi.org/10.1212/01.wnl.0000247054.90322.14
https://doi.org/10.1002/mds.21036
https://doi.org/10.1016/S0079-6123(08)00683-3
https://doi.org/10.1016/0006-8993(76)90787-3
https://doi.org/10.1007/s12311-011-0308-8
https://doi.org/10.1002/mds.26835
https://doi.org/10.1002/mus.20341

	Abnormal Findings in Polysomnographic Recordings of Patients with Spinocerebellar Ataxia Type 2 (SCA2)
	Abstract
	Introduction
	Methods
	Clinical Evaluation
	Polysomnography
	Statistical Analysis

	Results
	Discussion
	References


