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Abstract
Background  Autosomal recessive spastic ataxia of Charlevoix–Saguenay (ARSACS) is a rare early onset neurodegenerative 
disease that typically results in ataxia, upper motor neuron dysfunction and sensorimotor peripheral neuropathy. Dysarthria 
and dysphagia are anecdotally described as key features of ARSACS but the nature, severity and impact of these deficits in 
ARSACS are not known. A comprehensive quantitative and qualitative characterization of speech and swallowing function 
will support diagnostics, provide insights into the underlying pathology, and guide day-to-day clinical management.
Methods  11 consecutive non-Quebec ARSACS patients were recruited, and compared to healthy participants from several 
published and unpublished cohorts. A comprehensive behavioural assessment including objective acoustic analysis and expert 
perceptual ratings of motor speech, the Clinical Assessment of Dysphagia in Neurodegeneration (CADN), videofluoroscopy 
and standardized tests of dysarthria and swallowing related quality of life was conducted.
Results  Speech in this ARSACS cohort is characterized by pitch breaks, prosodic deficits including reduced rate and pro-
longed intervals, and articulatory deficits. The swallowing profile was characterized by delayed initiation of the swallowing 
reflex and late epiglottic closure. Four out of ten patients were observed aspirating thin liquids on videofluoroscopy. Patients 
report that they regularly cough or choke on thin liquids and solids during mealtimes. Swallowing and speech-related quality 
of life was worse than healthy controls on all domains except sleep.
Conclusions  The dysphagia and dysarthria profile of this ARSACS cohort reflects impaired coordination and timing. Dys-
phagia contributes to a significant impairment in functional quality of life in ARSACS, and appears to manifest distinctly 
from other ARSACS dysfunctions such as ataxia or spasticity.

Keywords  Speech · Swallowing · Rehabilitation · Acoustics · Videofluoroscopy · Ataxic neuropathy · Degenerative ataxia

Introduction

Autosomal recessive spastic ataxia of Charlevoix–Sague-
nay (ARSACS) is an early-onset neurodegenerative disorder 
caused by homozygous or compound heterozygous muta-
tions in the SACS gene on chromosome 13q11 [1]. ARSACS 

was originally described in a group of patients in Quebec, 
Canada. Since discovery of the gene responsible for the dis-
ease, however, other cases have been reported globally [2] 
with a frequency of up to 5% amongst early-onset ataxias 
[3–5]. Individuals with ARSACS usually develop signs 
before the age of 10 years with a few individuals becoming 
symptomatic in early adulthood [3, 6]. Clinically ARSACS 
is characterised by a triad of deficits including cerebellar 
ataxia, lower limb pyramidal tract signs and axonal-demyeli-
nating sensorimotor peripheral neuropathy [3, 5]. However, 
not all clinical features are present in mutation carriers, with 
phenotypic variation extending to mild intellectual disabil-
ity, retinal disturbance and autonomic symptoms (i.e., urge 
to void or erectile dysfunction) [3, 5]. The nature, severity 
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and impact of both dysarthria and dysphagia are still poorly 
characterized in ARASACS, although they are both core 
to this ataxia as they are in many other early-onset ataxias 
[7–10].

Speech and swallowing disturbances are common presen-
tations of cerebellar, pyramidal and brain stem pathologies. 
Dysarthria often leads to dramatic reductions in quality of 
life through poor social and employment outcomes [11] and 
dysphagia can be life threatening in many neurodegenera-
tive diseases following aspiration-related pneumonia [12, 
13]. The prevalence, nature, and severity of these two dis-
turbances remain unknown in ARSACS. Here, we present a 
comprehensive study of speech and swallowing function in 
non-Quebec individuals with ARSACS, using a quantitative 
and qualitative protocol including acoustic analysis, vide-
ofluoroscopy and quality of life measures.

Detailed examination of these essential life skills in 
ARSACS will update our clinical description of ARSACS, 
also outside of Quebec. It will also enhance our under-
standing of how the underlying neuropathology manifests 
functionally in this multisystem neurodegenerative disease. 
Moreover, it might help to yield examples of meaningful 
patient-focused outcome measures with potential for use in 
natural history studies and treatment trials, as well as in daily 
clinical neurorehabilitation in ARSACS.

Methods

Eleven ARSACS (6 female) mutation carriers (mean 
age = 32.7 ± 13.53 years), range (9–58 years) were recruited 
consecutively from the Ataxia Clinic at University Clinic, 
Tübingen, and Essen Hospital, Germany as well as one 
patient from Alfred Hospital, Melbourne, Australia (see 
Table 1 for details). No patient had any known relation 
to Quebec or a Quebec ARSACS patient. SACS muta-
tion carriers were considered to have probable ARSACS 
if they presented with spastic ataxia or congenital ataxia 
or spastic paraplegia and two biallelic mutations in SACS 
per the revised diagnostic criteria [3]. Patients needed to 
present with signs of ataxia and score > 3/40 points on the 
Scale for the Assessment and Rating of Ataxia (SARA) 
[14]. Unless otherwise stated, matched control data were 
derived from healthy participants recruited in Tübingen 
Germany. Speech outcomes (both acoustic and listener 
based) for ARSACS were compared with 34 healthy con-
trol participants without neurological illness or physical 
disability (mean age = 45.9 ± 14.4 years, range 23–69 years, 
20 female). The nature of the swallowing outcome meas-
ures meant that a combination of unpublished data and 
previously standardized metrics were used as comparators. 
Outcomes of the clinical bedside (Clinical Assessment of 
Dysphagia in Neurodegeneration, CADN) were compared 

to 78 adults without neurological illness or physical dis-
ability (mean age 44.1 years, SD = 18.3; education average 
15.5 years, SD = 1.93). Healthy control data for G-SWAL-
QOL were derived from 112 adults without neurological ill-
ness or physical disability (mean age 44.6 years, SD = 17.1; 
education average 14.6 years, SD = 2.56). Comparisons 
for the videofluoroscopic swallowing study (VFSS) were 
made with outcomes published by the tool creators [15]. 
The study received institutional approval from the Medi-
cal Ethics Board, University Hospital Tübingen, Germany 
(Az. 003/2015BO2) and The University of Melbourne. 
All patients, or representatives, provided written informed 
consent.

Clinical, imaging and acoustic assessments

The swallowing assessment protocol included the CADN 
[16], a translated German version of the Swallowing-Related 
Quality of Life (G-SWAL-QOL) [17, 18] (both assess-
ments validated for degenerative ataxias) [18] and, only in 
patients, instrumental imaging assessment of swallowing via 
a VFSS. Speech was recorded and analyzed perceptually 
(subjectively) and acoustically (objectively). Disease sever-
ity relating to ataxia symptomatology was determined using 
the clinician derived SARA [14], cognition was assessed 
using the Montreal Cognitive Assessment (MoCA) [19], 
a 30 item cognitive screener, and activities of daily living 
using the Instrumental Activities of Daily Living (IADL) 
[20]. All tests are validated for use in English and German 
speaking populations.

Swallowing

The CADN is a bedside test of swallowing that quantifies the 
severity and nature of dysphagia in progressive neurologi-
cal disorders, including validation in degenerative ataxias 
[16, 21]. CADN has two components: anamnesis to evalu-
ate feeding-related activities (e.g. chest infections, meal-
time managements, and frequency of coughing/choking); 
the other a consumption component, investigating patients’ 
risk of penetration/aspiration on a variety of textures and 
consistencies. Each of the 11 items included in the CADN 
are rated on a five-point scale with higher numbers indicat-
ing increased impairment. The SWAL-QOL was completed 
by patients to measure swallowing-related quality of life [17, 
22].

Ten (out of 11) patients underwent a VFSS. One patient 
did not undergo VFSS as it was not practically feasible at 
the time of assessment. Patients were trialed on one tea-
spoon of puree mixed with contrast agent (first), then 10 
and 30 mL of liquid contrast agent, and one bite of bite of 
dry bread soaked in liquid contrast agent. Data from the 
exam was analyzed by two trained raters reaching consensus 
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using the Bethlehem Assessment of Swallowing (BAS) [15], 
a validated VFSS interpretation tool that quantifies func-
tion across anatomical sites using a four-point scale, and 
the Penetration-Aspiration Scale (PAS) [23], a standardized 
eight-point scale for quantifying the degree of penetration-
aspiration observed during VFSS.

Speech

High quality speech and voice samples were acquired using 
a laptop PC connected to an external sound card (QUAD-
CAPTURE USB 2.0 Audio Interface, Roland Corporation, 
Shizuoka, Japan) and an AKG C520 condenser microphone 
(AKG Acoustics GmbH, Vienna, Austria). Five speech tasks 
were elicited in one sitting: (1) unprepared monologue for 
one minute; (2) reading a brief paragraph with 125 syllables 
(“Der Nordwind und die Sonne”); (3) a connected speech 
task that does not require reading—saying the days of the 
week; (4) a syllable repetition task (i.e., pata) produced as 
quickly and as clearly as possible for 10 s; and (5) producing 
a sustained vowel /a:/ on one breath. Tasks (2)–(5) were per-
formed twice to mitigate the effect of unfamiliarity [24, 25]. 
Tasks fit along a continuum of cognitive automaticity, assist-
ing in dissociation of motor and cognitive deficits [26, 27]. 
The unprepared monologue task is theorized to be the most 
complex, with automaticity increasing with the reading, days 
of the week, syllable repetition and sustained vowel. Speech 
data were analyzed acoustically using methods previously 
applied in other progressive neurological disorders [10, 
27–29]. Acoustic measures of voice quality, vocal control 
and speech timing were derived using analysis software, 
PRAAT [30]. Speech samples were rated and described by 
two trained listeners using a five-point severity scale (0–4). 
Perceptual parameters included articulation, intonation, 
voicing, nasality, intelligibility (ability to be understood) 
and naturalness (degree to which speaker sounds ‘normal’). 
Expert listeners were blinded to the speakers’ clinical fea-
tures. Intelligibility was derived from the speech section of 
the Frenchay Dysarthria Assessment-2 (FDA-2) [31]. Qual-
ity of life related to speech was assessed using the Dysarthria 
Impact Profile (DIP) [32], a self-report questionnaire that 
explores the impact of disease on the person, the response 
of others to their speech and general communication. For the 
single paediatric patient, the DIP was completed by the clini-
cian and patient in partnership. That is, the clinician read the 
statements and recorded the child’s response.

Statistical analysis

Non-parametric tests (Mann–Whitney converted to stand-
ardized t statistics) were used to compare data from all lis-
tener derived speech metrics, swallowing data and quality 
of life questionnaires. Spearman’s Rho was used to examine 

associations between speech, swallowing, and clinical fea-
tures including disease severity (SARA) and duration. 
Only those correlations that differed significantly between 
ARSACS and controls or scores of ≥ 2 on the VFSS (using 
the BAS) were examined. The Bonferroni correction method 
was used to control familywise error rate. Significance was 
adjusted for multiple comparisons (p = 0.002 (0.05/25) for 
the speech parameters; p = 0.003 (0.05/17) for swallowing 
parameters).

Results

Swallowing

Swallowing outcomes differed between patients with 
ARSACS and healthy controls on the CADN and SWAL-
QOL and normative data on the VFSS (Table 2), suggesting 
that dysphagia is a key feature of the disease. Data derived 
from CADN part 1 (anamnesis) revealed that 8/11 ARSACS 
patients presented with moderate or severe mealtime defi-
cits, while 3/11 had sub-clinical deficits, demonstrating that 
dysphagia is a ubiquitous feature of ARSACS.

Patients reported coughing during mealtimes on solids 
and liquids several times a week/once a day (7/11). Few 
patients reported a history of chest infections in the past 
12 months (3/11), with only one requiring antibiotics. No 
patients modified their diet (i.e., thickened fluids, altered 
consistency) but 4/11 avoided some foods they considered 
difficult to eat. One patient required positioning at the table 
during mealtimes. Four out of eleven of patients coughed or 
presented with an intermittent wet voice with spontaneous 
clearance when drinking water. Only sub-clinical deficits 
were observed across the group on puree and biscuit trials 
with 6/11 patients presenting with either extended oral phase 
or oral residue post swallow on dry solids.

All ARSCAS patients presented with deficits on at least 
one aspect of swallowing as determined by VFSS (see Fig. 1 
for ratings by site and function), thus further supporting the 
finding that dysphagia is a ubiquitous feature of ARSACS. 
Across textures (e.g., liquid, solid), patients presented with 
delayed swallow reflex initiation, disordered epiglottic clo-
sure and limited efficiency of second swallow. Patients also 
showed reduced pharyngeal function on liquid trials. The 
remaining sites and functions were within normal limits 
highlighting a specific pattern of swallowing deficits relat-
ing to timing and pharyngeal coordination. The mean PAS 
score across the consistencies was > 4 on liquids (contacts 
the vocal folds, and is ejected from the airway) and < 2 on 
puree and bread (within normal limits). Four out of ten 
patients received a rating of 7 (material enters the airway, 
passes below the vocal folds, and is not ejected from the 
trachea despite effort) on the liquid trial, suggesting that 40% 
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Table 2   Swallowing profile 
of individuals with ARSACS 
based on CADN and SWAL-
QoL (mean ± SD)

Bold values denote significant following adjustment for multiple comparisons
a Healthy control data for SWAL-QOL derived from 112 adults without neurological illness or physical 
disability (mean age 44.6 years, SD = 17.1; education average 14.6 years, SD = 2.56); healthy control data 
for CADN derived from 78 adults without neurological illness or physical disability (Mean age 44.1 years, 
SD = 18.3; education average 15.5 years, SD = 1.93)
b Scale of 0–100 where 100 = no impairment

Assessment ARSACS Normative dataa Mann Whitney converted 
to standardized t statistic (p 
value)

Clinical Assessment of Dysphagia in Neurodegeneration (CADN)
 Total 2.91 ± 0.89 0.99 ± 1.3 4.36 (< 0.001)
 Part 1: anamnesis 2.5 ± 0.98 0.76 ± 1.02 8.85 (< 0.001)
 Part 2: consumption 2.0 ± 1.34 0.23 ± 0.77 6.13 (< 0.001)

Swallowing related quality of life (SWAL-QOLb)
 Burden 75.0 ± 28.64 99.4 ± 3.5 − 6.239 (< 0.001)
 Food selection 87.5 ± 19.76 98.2 ± 9.8 − 3.53 (0.001)
 Eating duration 65.28 ± 38.92 93.3 ± 16.6 − 3.28 (0.001)
 Eating desire 81.48 ± 19.89 98.0 ± 5.3 − 4.112 (< 0.001)
 Fear 74.47 ± 27.62 97.4 ± 7.8 − 3.9 (< 0.001)
 Sleep 79.17 ± 25.77 84.1 ± 20.6 − 0.07 (0.942)
 Fatigue 56.48 ± 22.36 77.4 ± 20.5 − 2.66 (0.008)
 Communication 77.78 ± 19.54 98.2 ± 5.5 − 4.92 (< 0.001)
 Mental health 81.11 ± 28.37 99.2 ± 4.0 − 4.241 (< 0.001)
 Social 91.11 ± 16.35 99.2 ± 5.4 − 3.674 (< 0.001)
 Symptoms 75.08 ± 12.01 92.9 ± 10.0 − 3.85 (< 0.001)
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Fig. 1   Consensus ratings from Videofluoroscopy Swallowing Study 
(VFSS) (Mean ± SD). Increasing values indicate worsening function 
on scales; normative healthy control data published by creators of 

VFSS scoring criteria [21]. No control data for Epiglottic closure or 
efficacy of 2nd swallow
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of our cohort aspirated on thin liquids. Overall, PAS ratings 
(scale 1–8) for each consistency were: Liquids = 4.0 ± 2.58; 
puree = 1.7 ± 0.83; bread = 1.1 ± 0.32; with healthy norma-
tive participants = 1.14 ± 0.35 [23] across consistencies.

Speech

All patients with ARSACS displayed dysarthria resulting 
in abnormal naturalness and reduced intelligibility. Over-
all dysarthria severity was predominantly mild with some 
speech subsystems more severely affected including prosody 
and articulation. The speech of ARSACS was characterized 
by pitch breaks, prolonged intervals, excess loudness varia-
tion, vowel distortion, and imprecise consonants (see Table 3 
for description of features).

Intelligibility was examined using the intelligibility 
component of the FDA-2 (scale of 1–9 where higher scores 

indicate better intelligibility). Subtle but distinct differences 
were observed between ARSACS patients and healthy con-
trols at word, sentence and general communication levels 
[word level intelligibility was rated at 7.18 ± 1.47 [ARSACS] 
and 9.0 ± 0.0 [CONTROLS] (t  =  − 5.788 p < 0.001)], 
sentence level at 7.3 ± 0.95 [ARSACS] and 8.94 ± 0.34 
[CONTROLS] (t = − 5.256, p < 0.001) and general com-
munication rated at 7.36 ± 0.51 [ARSACS] and 8.97 ± 0.17 
[CONTROLS] (t = − 6.304, p < 0.001).

Speech related quality of life was reduced in ARSACS 
patients. Average scores (± SD) for the five sections of 
the DIP were (scale of 1–5 where higher scores indicate 
smaller impact): Section A = The effect of dysarthria on me 
as a person: 3.54 ± 0.757; Section B = Accepting my dysar-
thria: 3.51 ± 0.698; Section C = How I feel others react to 
my speech: 3.57 ± 0.6; Section D = How dysarthria affects 
my communication with others: 3.56 ± 0.437; Section 

Table 3   Features of speech derived from perceptual analysis

Bold values denote significant following adjustment for multiple comparisons 
a Mann–Whitney converted to standardized t statistic; p = 2 sided. Derived from monologue and sustained vowel samples; ~ number of sub-
jects presenting with deficit. Healthy control data were derived from 34 adults without neurological illness or physical disability (mean 
age = 45.9 ± 14.4 years, range 23–69 years, 20 female)

Time point Frequency of 
subjects (%)~

Unremarkable Subclinical Mild Moderate Severe ARSACS vs HC (U, p)a

Pitch
 Monopitch 5 (46) 6 1 1 2 1 4.1 (0.024)
 Pitch breaks 8 (73) 3 3 1 0 4 5.39 (< 0.001)
 Voice tremor 5 (46) 6 1 1 2 1 4.11 (0.024)

Loudness
 Monoloudness 4 (36) 7 2 0 2 0 3.64 (0.074)
 Loudness decay 2 (18) 9 2 0 0 0 2.52 (0.38)

Prosody
 Reduced rate 6 (55) 5 3 3 0 0 -4.56 (0.006)
 Variable rate 3 (27) 8 2 1 0 0 2.46 (0.233)
 Short phrases 6 (55) 5 1 4 1 0 3.81 (0.01)
 Prolonged intervals 9 (82) 2 2 5 2 0 5.0 (< 0.001)
 Equal and excess stress 11 (100) 0 1 5 5 0 6.15 (< 0.001)

Voice
 Hoarse 6 (55) 5 1 3 2 0 2.72 (0.034)
 Harsh 2 (18) 9 0 0 1 1 − 0.65 (0.61)
 Breathy 4 (36) 7 1 2 1 0 3.64 (0.074)
 Strained-strangled 5 (46) 6 0 1 2 2 2.35 (0.079)

Articulation
 Imprecise consonants 10 (91) 1 2 7 0 1 4.38 (< 0.001)
 Prolonged phonemes 3 (27) 8 1 2 0 0 3.12 (0.19)
 Vowel distortion 8 (73) 3 4 1 1 2 5.39 (< 0.001)

Resonance
 Hypernasality 5 (46) 6 2 3 0 0 1.27 (0.302)
 Hyponasality 0 (0) 11 0 0 0 0 0.0 (1.0)
 Abnormal intelligibility 10 (91) 1 3 6 1 0 5.64 (< 0.001)
 Abnormal naturalness 11 (100) 0 0 5 3 3 6.03 (< 0.001)
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E = Dysarthria relative to other worries and concerns: 
4.67 ± 0.5; Total impact score (out of 225): 174.89 ± 26.87.

Objective analysis of speech via acoustic analysis 
revealed differences between groups on measures of pitch 
control (vowel) and timing but not voice quality. The speech 
of ARSACS patients was slower, with longer and variable 
pause lengths (see Fig. 2 and Supplementary Materials Table 
A). Deficits in timing were observed across tasks with larger 
differences observed on the complex (unprepared mono-
logue) rather than simpler connected speech tasks (days of 
the week).

The relationship between swallowing, speech, disease 
severity (SARA) and duration and age of disease onset 
were explored using Spearman’s Rho on those measures 
that varied significantly between patients with ARSACS 

and healthy controls (significance adjusted for multi-
ple comparisons with p < 0.003 (p = 16/0.05) for speech 
and p < 0.004 (p = 12/0.05) for swallowing parameters). 
All measures failed to reach significance after adjust-
ing for multiple comparisons. However, despite fail-
ing to reach significance, several large and meaningful 
comparisons were observed (where Cohen [33] suggests 
‘small’, ‘medium’, and ‘large’ effects are r = 0.1, 0.3, 
0.5, respectively). Large correlation coefficients were 
observed between age of disease onset and PAS scores 
(on liquid) (ρ = 0.681, p = 0.03), SWAL-QOL (eating dura-
tion) (ρ = 0.764, p = 0.017), (mental health) (ρ = 0.724, 
p = 0.027), as well as between disease severity and PAS 
(liquid) (ρ = 0.64, p = 0.046) and, disease duration and 
FDA (intelligibility) (ρ = 0.66, p = 0.027).

Fig. 2   Acoustic measures of 
speech. ****p < 0.001; HNR 
harmonics to noise ratio, SD 
standard deviation; automated 
task is days of the week; ms 
milliseconds; Coefficient of 
variation (CoV) of funda-
mental frequency (f0); error 
bars = SD. Healthy control data 
were derived from 34 adults 
without neurological illness 
or physical disability (mean 
age = 45.9 ± 14.4 years, range 
23–69 years, 20 female)

0

10

20

30

40

Vowel

HN
R 

(d
B)

Voice Quality

0

0.01

0.02

0.03

0.04

0.05

Monologue

Al
ph

a 
Ra

�o

Voice Quality

-0.1

0

0.1

0.2

0.3

Vowel Monologue
f0

 C
oV

Pitch Control

0

0.1

0.2

0.3

0.4

Monologue Reading Automated

m
se

c

Mean Pause Length

0

0.2

0.4

0.6

0.8

Monologue Reading Automated

SD
 o

f p
au

se
 le

ng
th

 (m
se

c)

Variability of Pause Length

0

10

20

30

40

50

Monologue Reading Automated

)
%(

enohPfo
noitroporP

Percent Pause

0

2

4

6

Reading Automated

Sy
lla

bl
es

/s
ec

on
d

Speech Rate

ARSACS

Controls



2067Journal of Neurology (2018) 265:2060–2070	

1 3

Discussion

Mutations of the SACS gene cause a progressive neuro-
degenerative triad of ataxia, upper motor neuron damage 
and peripheral neuropathy, leading to a varied spectrum 
of features including ataxic movement deficits in speech 
and swallowing. Refining the phenotype of this rare reces-
sive disorder will assist in identifying behavioral treatment 
targets and recognizing those aspects of the disease that 
may be suitable markers of disease progression or treat-
ment response. To date no in-depth investigation of speech 
and swallowing in ARSACS has been conducted, neither 
in Quebec ARSACS patients nor in non-Quebec ARSACS 
patients. All patients with ARSACS in our cohort pre-
sented with swallowing and speech deficits varying from 
subclinical to severe.

The speech signature of ARSACS is characterized 
by timing and articulatory deficits, with about half of 
patients presenting with dysphonia and poor pitch control. 
Although variations between affected individuals were 
noted, the predominant features of dysarthria consisted of 
altered prosody, articulatory breakdowns including impre-
cise consonants, vowel distortions and prolonged intervals 
between words. These deficits combine to produce speech 
that remains largely intelligible but harder to understand 
than healthy speakers. Patients with ARSACS predomi-
nately differ from healthy speakers on measures of timing, 
with the speech rate decreasing the more complex a speech 
task appears. Large correlation coefficients were observed 
between intelligibility and disease duration suggesting a 
gradual decline in speech post onset, however, prospec-
tive longitudinal monitoring is required to elucidate the 
progressive clinical profile of patients.

Objective measures of speech quantified the size of def-
icits in speech timing during connected speech and vocal 
control on sustained vowel tasks. All acoustic measures of 
timing including speech rate, proportion of silence in each 
sample and variability of pause length differed between 
groups, with the more cognitively demanding tasks yield-
ing larger differences between patients and controls. Work-
ing on the theory that speech tasks fit on a continuum of 
automaticity [26, 27], with some stimuli requiring rela-
tively little cognitive planning (e.g., automated tasks—
days of the week) and others requiring simultaneous and 
contemporaneous language formulation and motor plan-
ning (e.g., unprepared monologue), this battery highlights 
the increasing burden complex speech tasks place on pro-
ducing effective communicative in ARSACS. At the same 
time, this finding provides insight into the functioning of 
underlying speech systems in ARSACS, which seem to 
be impaired not only in terms of motor speech execution 
per se, but also in the cognitive preprocessing stages of 

speech that seem to be disturbed in ARSACS. The exact 
contribution of the cerebellum to linguistic and cognitive 
processes is not fully understood, however, some aspects 
of language and speech production appear to be related to 
cerebellar function including speech timing, sensorimotor 
integration, articulatory precision and control, vocal fold 
coordination, and sequencing of output [34].

The speech profile of patients with ARSACS shares 
some features with other spinocerebellar disorders includ-
ing ataxia individuals with mutations in the nuclear-encoded 
mitochondrial DNA polymerase gamma (POLG-A) [10] and 
with Friedreich ataxia (FRDA) [8]. All three autosomal-
recessive disorders present with proto-typical deficits in 
timing, with altered prosody and articulation. These impair-
ments translate to speech that sounds slower, is punctuated 
by imprecisely produced consonants, and distorted vow-
els. ARSACS differs from these spinocerebellar disorders 
on measures of voice quality where POLG-A present with 
strain-strangled dysphonia [10] and FRDA with hoarseness 
and breathiness [35]. Although some patients with ARSACS 
presented with hoarseness, their principal voice deficit was 
pitch breaks with an absence of resonance issues.

Speech related quality of life in patients with ARSACS 
was lower than previously reported data from a small group 
of healthy controls [36] but higher than other patient groups 
with dysarthria, including those with stroke [37], Parkin-
son’s disease [38] or POLG-A [10]. These data highlight that 
the presence of dysarthria does affect quality of life (with 
patients reporting others react differently to them because 
of their speech). However, the relative impact compared to 
other disease groups is difficult to quantify without commen-
surate knowledge of disease stage and dysarthria severity.

The swallowing profile of ARSACS varied across the 
cohort, which might be due to several different factors such 
as the small sample size of the study cohort and also the 
heterogeneity of the disease per se, which appears to be 
more heterogeneous in non-Quebec ARSACS patients than 
in Quebec ARSACS patients [5, 39] t. Most patients pre-
sented with mild dysphagia: however, 4/10 aspirated on thin 
liquids suggesting that some patients are at risk of aspiration 
pneumonia [40]. The key areas of deficit observed during 
VFSS relate to deficits in timing. Patients with ARSACS 
presented with delayed initiation of swallow and disordered 
pharyngeal function manifesting in poor contraction and 
bolus flow through the pharynx. Inadequate epiglottic clo-
sure and ineffective second swallow were also observed in 
most patients. These features were reported in the absence 
of overt deficits in tongue function (i.e. forming and control-
ling bolus), contrary to findings from other cerebellar ataxias 
(e.g., Friedreich ataxia [9] or POLG-A [10]). Performance 
during swallowing trials of thin liquids was considerably 
worse than during those of solid or puree consistencies, pro-
viding further evidence that the swallowing profile of the 
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ARSACS patients studied here is related to timing rather 
than weakness.

Few patients reported needing assistance during meal-
times, or while drinking, however, 4/11 modified eating 
and drinking habits to improve their swallow (e.g., avoiding 
difficult-to-swallow foods). Three patients reported hav-
ing a chest infection in the 12 months prior to assessment, 
with one of those requiring antibiotics to clear the infec-
tion. Importantly, four patients (patients 1, 3, 5, 10) aspirated 
on the liquid trial during VFSS. Perhaps due to the small 
study size, no clear relationship was established between 
disease duration or severity, and aspiration. However, a 
significant association was observed between age of onset 
and the ‘Symptoms’ score of the SWAL-QOL, suggesting 
that some features of dysphagia are linked to some aspects 
of the disease profile. The rate of progression of dysphagic 
symptoms in ARSACS and their relationship to other disease 
features such as overall disease severity implies that some 
aspects of swallowing decline at a different rate from other 
ARSACS-related dysfunctions. The presence of aspiration 
and the heterogeneous decline of other dysphagic features 
advocates for universal swallowing screening of all patients 
with ARSACS irrespective of overall disease function.

Patients with ARSACS reported lower swallowing related 
quality of life outcomes compared to controls for the major-
ity of domains assessed by the SWAL-QOL, leading to fear 
and increased burden during mealtimes. However, as was the 
case for speech, the size of this effect was smaller than has 
been observed in other progressive disorders in including 
FRDA [9, 41], Parkinson’s disease [42] or POLG-A [10]. 
The nature of these deficits focused on prolonged mealtimes, 
fatigue while eating and the burden dysphagia placed on 
their lives, highlighting the impact swallowing deficits in 
ARSACS place on the individual.

Data reported here are derived from 11 patients and 
require validation in a larger sample. The size of this study 
and the consecutive nature of the sampling has led to the 
inclusion of a heterogenous group of participants. Caution 
should be exercised when interpreting these data in the con-
text of the broader ARSACS population as they may not 
represent all patients with the disease and might also differ 
from the—genetically much more homogeneous—Quebec 
population of ARSACS patients. The methods and data 
described here provide a framework on which to make deci-
sions about the nature and severity of this multi-systemic 
spinocerebellar disease. Direct comparison with other hered-
itary ataxias may also assist in improving differential diag-
nosis and identification of relative severity of deficits. The 
test used here may be sensitive to disease progression and 
treatment response. The acoustic aspects of the speech pro-
tocol are known to be stable, reliable and sensitive to change 
and impairment [24], however, the reliability and sensitivity 
of other aspects of the assessment protocol require further 

investigation. Speech and swallowing are two fundamental 
life skills that are adversely affected by ARSACS. The Food 
and Drug Administration (USA) have called for investiga-
tors and pharmaceutical companies to employ meaningful 
outcome measures when demonstrating treatment efficacy. 
The tools described here highlight the role tests of dysarthria 
and dysphagia can play in patient care. They tap directly 
into activities that are important to patients and will assist 
in designing function-based interventional trials [43, 44] and 
assessment protocols of the future.
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