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Abstract

nay (ARSACS) is one of the most prevalent in Europe.

aspects to assess to improve their overall health.

Background: Autosomal recessive cerebellar ataxias (ARCA) are a group of rare inherited disorders characterized by
degeneration or abnormal development of the cerebellum. Autosomal recessive spastic ataxia of Charlevoix-Sague-

Objectives: The aim of this study is to provide a better understanding of the manifestations and impacts of ARSACS.

Methods: A systematic review of the literature was conducted, followed by a qualitative study using semistructured
interviews and discussion groups to obtain the experience of people affected.

Results: According to the PROMIS framework, the results show manifestations and impacts in three components of
health: physical, mental, and social. Fatigue and struggles with balance and dexterity are the physical manifestations
of the disease most often cited by participants. Negative affects such as frustration and depression are among the
mental health impacts with some loss in cognitive abilities. Social health is the least documented component; none-
theless, people with the disease report significant impacts in terms of social relationships, activities and work.

Conclusions: These findings shed new light on the experience of people with recessive ataxia and identify key

Keywords: Ataxia, Movement disorders, Patient-reported, Phenotype

Introduction

Autosomal recessive cerebellar ataxias (ARCAs) are
a group of rare inherited disorders. This heterogene-
ous group of disorders is characterized by degeneration
or abnormal development of the cerebellum and spinal
cord that lead to neurological dysfunctions. The mani-
festations usually start before the age of 40, but in some
cases, they can appear before 20 [98, 126]. The most
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frequent ARCA is Friedreich ataxia (FA), but there are
many other ARCAs, some with higher regional preva-
lence rates, such as the autosomal recessive spastic ataxia
of Charlevoix—Saguenay (ARSACS). ARSACS, originally
described in 1978, is a progressive neurological disorder
mostly encountered in Québec (Canada) with a preva-
lence of 1/1 932 in the Charlevoix and Saguenay—Lac-St-
Jean regions [13, 32]. The worldwide prevalence is still
unknown, but it is estimated to be one of the most com-
mon ARCA in Europe, the first being FA [127].

The disorder is caused by a mutation on the SACS gene
on chromosome 13q12 [41]. ARSACS is characterized by
cerebellar (incoordination), neuropathic (distal strength
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loss and sensation), and pyramidal (spasticity and weak-
ness) manifestations [12]. Disease onset is approximately
3.41£1.55 among individuals with the most frequent
mutations in Québec [38]. Lower limb dysfunction and
gait restriction become more obvious in the teens, lead-
ing to wheelchair use on average approximately 40 years
but with a large variability [75]. Even if the clinical pro-
gression of ARSACS is thought to be relatively slow, a
decrease in mobility, balance and lower limb perfor-
mance can be documented by clinical outcome measures
during a 2-year period [46, 48, 49]. The presentation of
the disease is variable and can include upper limb dys-
functions (impaired coordination and dexterity), dys-
arthria and dysphagia, among others [12, 13, 47]. Social
performance and the realization of daily activities are
highly impaired in most cases [88].

There is no treatment available to cure ARSACS, but
present active research may lead to clinical trials in the
near future [73]. Thus, it is essential to be prepared for
these clinical trials, and according to the Food and Drug
Administration (FDA), a crucial step is the selection of
accurate outcome measures to assess how patients feel
and function [43]. Patient-reported outcomes (PROs) are
a type of outcome measure that are requested by regu-
latory agencies such as the FDA for use in clinical trials
as primary or secondary endpoints. PRO can be defined
as “any report of the status of a patient’s health condition
that comes directly from the patient, without interpre-
tation of the patient’s response by a clinician or anyone
else” ([42], p. 2). PROs are increasingly used as comple-
mentary measurements to reflect clinical manifestations
of the disease that objective scales cannot observe and
establish the impacts of these manifestations on every-
day life [65]. At this time, the only published PRO is for
ataxias in general [118]. The first step to achieve PRO
development for a specific condition is to generate the
items by qualitative methods to gather information about
the concepts to be measured [25]. Once more, there is no
qualitative study that underlines the complete experience
of people affected by recessive ataxia, from the clinical
manifestations to the impacts on their daily living. There-
fore, this study aims to document the manifestations and
impacts of the disease according to the perception of
people with ARSACS.

Method

This study used a descriptive qualitative design to reach a
deep understanding of people’s affected experiences [50].
To ensure a triangulation of the perspectives, three data
collection methods were used: a systematic review of
the literature, semistructured interviews, and discussion
groups [86]. For the three methods, a conceptual frame-
work was used to develop a blueprint to analyze the data.
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This framework, the Patient-Reported Outcomes Meas-
urement Information System (PROMIS), has been widely
used in PRO questionnaires [26]. The PROMIS frame-
work includes three domains of health: physical, mental
and social. Each domain has subdomains that have been
used to develop the blueprint applied for the data analy-
sis. The blueprint ensures good coverage of the concepts
measured and, therefore, helps to support content valid-
ity [125].

Since the data collected were used to develop a PRO
questionnaire, the FDA guidelines were also followed
[42]. These guidelines recommend the inclusion of peo-
ple affected by the condition in the development pro-
cess of the PRO. Then, a committee of four persons with
ARSACS was established (three from Canada, one from
France). These persons are patient research partners
and were included significantly in the study as full mem-
bers of the research team [33]. The academic research
team provided basic training in research to the com-
mittee when needed. The study was approved by the
Ethics Review Board of the Centre intégré universitaire
de santé et de services sociaux du Saguenay—Lac-Saint-
Jean (CIUSSS-SLSJ]) and the Centre intégré universitaire
de santé et de services sociaux de la Capitale-Nationale
(Québec, Canada), and informed consent was obtained
from all participants.

Systematic review of the literature

A systematic review of the literature was conducted to
document the manifestations and impacts of ARSACS.
The PubMed and CINHAL databases were consulted
with the keywords “Spastic ataxia Charlevoix—Sague-
nay type", “ataxia of Charlevoix—Saguenay’, “Autosomal
recessive spastic ataxia of Charlevoix—Saguenay’, “spastic
ataxia of Charlevoix—Saguenay” and “Charlevoix—Sague-
nay spastic ataxia” Additional records from other sources
(secondary references) were included for a total of 318
articles. After removing duplicates, the title and abstract
of all articles were reviewed, and those who met the
exclusion criteria were excluded (Fig. 1). A total of 123
articles were included in the review. Data from the arti-
cles were extracted and classified in the blueprint follow-
ing the domains of the PROMIS framework.

Semistructured interviews

This part of the study took place at the Neuromuscular
Clinic of the CIUSSS-SLS], where the greatest number
of persons affected with ARSACS worldwide (n=169)
are followed. Inclusion criteria were to be 18 years old
or older, to have a diagnosis of ARSACS confirmed by
DNA testing and not to be affected by another condi-
tion causing significant functional limitations. Partici-
pants were selected by a purposive strategy ensuring
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Records identified through database searching

Pubmed CINAHL
(n=247) (n=65)

Additional records identified through other

sources (n = 6)

318 records identified

Duplicates (n = 44)

v

274 unique records selected for screening

Records excluded for:
- Not in ARSACS (n=42)
- Not in humans (n = 19)
»| - No clinical data (n = 60)

v

" - Outcome measure validation (n = 9)
- Treatment/Intervention (n = 3)

- Review (n=17)

- Spanish langage (n = 1)

123 records included in the review

Fig. 1 Flowchart of the systematic review of the literature

diversity of their characteristics (sex, age and mobility
level). Participants were recruited among clients of the
Neuromuscular Clinic of the CIUSSS-SLS] and were part
of an international registry for recessive ataxia (n=68)
(PREPARE). Some strategies have been used to ensure
appropriate saturation. First, the sample size was deter-
mined by a method developed by Francis et al. [45],
where an initial analysis sample and a stopping criterion
are decided a priori. Here, an initial sample of ten par-
ticipants was recruited with a stopping criterion at two
participants. Thus, ten interviews were realized and ana-
lyzed, and if there were no new emerging themes after
two more interviews, it can be assumed that saturation
was properly achieved. Therefore, the minimal sample
size was 12 participants. To assess whether new themes
emerged, a saturation table was used [68, 114], and the
blueprint was used as a codebook [58]. An interview
guide was developed using the conceptual framework
PROMIS to ensure coverage of the entire participants’
experience. Open questions about their physical, men-
tal, and social health and the impact of the disease on
their daily life were asked, and participants completed a
brief sociodemographic questionnaire. The interviews
were conducted at the Neuromuscular Clinic or at the

participant’s home (according to their preference) by a
member of the research team with expertise in qualita-
tive data collection methods (MT) and a patient research
partner to ensure full understanding of the participants’
experience. The interviews were audio recorded and
transcribed. NVivo 12 software was used to code the data
with a half-opened coding strategy, and they were ana-
lyzed with the blueprint based on the PROMIS frame-
work following a content analysis method [97].

Discussion groups

Two discussion groups were realized with participants
affected with a form of recessive ataxia other than
ARSACS. The objective was to compare manifestations
and impacts of the disease (differences and similarities)
between those with ARSACS and those with another
form of recessive ataxia. One of the groups took place at
the Neuromuscular Clinic of the CIUSSS-SLS] (group 1),
and the other was realized at the Rehabilitation Center
for Physical Disabilities of the Centre intégré universitaire
de santé et de services sociaux de la Capitale-Nationale
(Québec, Canada) (group 2). The participants were
recruited by clinicians who used their clinical judgment
to choose key informants. The inclusion criteria were to
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be 18 years old or older, to have a diagnosis of recessive
ataxia other than ARSACS confirmed by DNA analysis
and not to be affected by other conditions causing func-
tional limitations. Similar to the interviews, the groups
were conducted by the same two members. The groups
were audio recorded, and the audiotapes were reviewed
to conduct a content analysis [61]. The data gathered
were added to the blueprint used in the analysis of the
interviews in a distinct column to compare the experi-
ence of people with another recessive ataxia with the
experience of people with ARSACS.

Results part 1: comparison between the literature
and interviews

A total of 12 persons with ARSACS participated in the
semistructured interviews. Their characteristics can be
seen in Table 1. The interviews took place between Jan-
uary 2019 and March 2019 and had a mean duration of
approximately 45 min (app. 24—88 min).

The results are reported following the PROMIS con-
ceptual framework. Table 2 summarizes the results of
the literature review and the semistructured interviews.
It should be noted that in qualitative research using
interviews, prevalence refers to the number of par-
ticipants who mentioned the difficulty, which does not
mean that the other participants do not experience this
difficulty. This section presents only the difficulties that
were self-reported by participants during the interviews
in comparison with the literature. Refer to Table 3 for
the other elements present in the literature that are not
self-reported.

Physical health

The first component of the PROMIS conceptual frame-
work is physical health. In this component, there are
symptoms and functions as subcomponents. Pain and
fatigue are the two symptoms identified in the review of
the literature.

Table 1 Characteristics of the study population for
semistructured interviews (n=12)
Characteristics Total Nowalking  Walking Wheelchair
group difficulty aid (n=5)
(n=3) (n=4)
Age
Mean 393 23.7 443 44
Range 18-66 18-31 36-66 35-54
Sex (n)
Female 6 1 3 2
Male 6 2 1 3
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Pain

Little is known in the literature about pain in ARSACS.
about the authors discuss neuropathic pain in the lower
limbs [21, 23], pain in the lower limbs [116], headache
[36] and painful cramps in the neck, upper limbs and
lower limbs [13]. Spasms and cramps have also been
reported by other authors [21, 46, 48, 49, 59, 74, 107]. The
results show that 4/12 participants felt pain in different
body parts (knees, shoulders, back, neck, hands, wrists,
ankles, legs). Otherwise, 5/12 participants reported mus-
cle cramps or spasms (upper and lower limbs) that could
be painful. These symptoms can limit activities such as
using a computer, performing transfers or hindering
sleep.

Fatigue

Fatigue is a symptom in ARSACS that is not documented
in the literature. However, 10/12 participants reported
that they experienced fatigue as they had trouble man-
aging their energy or had little endurance. Energy man-
agement is reported as a lack of energy that has many
impacts on the accomplishment of activities of daily liv-
ing (ADLs), as the people affected have to implement sev-
eral coping strategies to deal with fatigue (e.g., prioritize
tasks, take naps, use technical or human assistance). The
lack of endurance (perform a task for a long time) makes
affected people feel exhausted rapidly and, like energy
management, affects daily life and requires adaptations.
Experience fatigue has consequences on performing daily
activities and social roles (work, study) and can increase
the severity of other manifestations, such as balance.

The other subcomponent of physical health is func-
tions. There are several functions that are affected by
ARSACS: lower limbs, upper limbs, balance, strength,
coordination, bladder and bowel functions, sexual func-
tions, dysarthria, eye function, dysphagia, physical activi-
ties, and ADLs.

Lower limbs and mobility

Even if the literature in ARSACS is scarce, several papers
report impaired walking [1-3, 19, 20, 23, 27, 28, 36, 56,
57, 59, 60, 66, 72, 79-81, 83, 87, 91, 102, 103, 106, 107,
116, 117, 135, 140, 143], progressive loss of mobility
[4, 12, 14, 15, 28, 40, 46, 48, 49, 52, 56, 72, 76, 102, 103,
113, 116, 117, 119, 120, 123, 128, 131] and the need to
use a walking aid early on and progressively move on to
a wheelchair [4, 5, 7, 19, 20, 46, 48, 49, 51, 60, 63, 64, 66,
74,76,77, 87, 89, 91, 99, 112, 116, 117, 120, 123, 128, 133,
134, 141]. In the sample, 8/12 participants reported the
impacts of this progressive loss of mobility. This includes
difficulty or incapacity to walk, which may involve the
use of a walking aid, inactivity and weight gain, financial
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Table 2 Results of the review of literature and the semistructured interviews—self-reported findings
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Subcomponent

Themes

Literature

Prevalence in the
ARSACS sample
(n=12)

Physical health
Symptoms

Functions

Pain
Cramps and spasms

Fatigue

Lower limbs and mobility

Impaired walking

Loss of mobility

Use of walking aid

Stiffness

Foot abnormalities

Balance

Upper limbs

Bouchard et al. [13], Briand et al. [21], Cakar et al. [23], Dougherty
et al. [36], Sahin et al. [116]

Bouchard et al. [13], Briand et al. [21], Gagnon et al. [46], Habibzadeh
et al. [59], Leavitt et al. [74], Rezende Filho et al. [107]

N/D!

Abkur et al. [1], Agarwal et al. [3], Agarwal et al. [2], Bourassa et al.
[19], Breckpot et al. [20], Cakar et al. [23], Chen et al. [27], Cho et al.
[28], Dougherty et al. [36], Grieco et al. [56], Glclyener et al. [57],
Habibzadeh et al. [59], Haga et al. [60], Kamada et al. [66], Kwon et al.
[72], Lu et al. [79], McKenzie et al. [83], Martin et al. [80], Masciullo

et al. [82], Miyatake et al. [87], Ogawa et al. [91], Pensabene et al.
[102], Petrov [103], Prodi et al. [106], Rezende Filho et al. [107], Sahin
etal. [116], Samanci et al. [117], Verhoeven et al. [135], Wagner et al.
[140], Xiromerisiou et al. [143]

Aida et al. [4], Bouchard [12], Bouchard et al. [14], Bouchard et al.
[15], Cho et al. [28], El Euch-Fayache et al. [40], Gagnon et al. [46, 49],
Gazulla et al. [52], Grieco et al. [56], Kwon et al. [72], Pensabene et al.
[102], Petrov [103], Robitaille et al. [113], Sahin et al. [116], Samanci
etal. [117], Sheetal et al. [119], Shimazaki et al. [120], Srikajon et al.

[123], Terracciano et al. [128], Tzoulis et al. [131]

Aida et al. [4], Al-Ajmi et al. [5], Anheim et al. [7], Bourassa et al. [19],
Breckpot et al. [20], Gagnon et al. [48], Garcia et al. [51], Haga et al.
[60], Hara et al. [63], Incecik et al. [64], Kamada et al. [66], Leavitt et al.
[74], Lessard et al. [76], Liew et al. [77], Miyatake et al. [87], Narayanan
etal. [89], Ogawa et al. [91], Palmio et al. [99], Richter et al. [112],
Sahin et al. [116], Samanci et al. [117], Shimazaki et al. [120], Srikajon
et al. [123], Terracciano et al. [128], van Lint et al. [133], Verhoeven
etal. [134], Wang et al. [141]

Agarwal et al. [2], Bouchard et al. [13], Breckpot et al. [20], Griecio
(2004), Haga et al. [60], Leavitt et al. [74], Samanci et al. [117], Wagner
et al. [140]

Abkur et al. [1], Agarwal et al. [2], Agarwal et al. [3], Al-Ajmi et al. [5],
Ali et al. [6], Anheim et al. [7], Baets et al. [9], Bouchard [12], Bouchard
etal. [13], Burguéz et al. [22], Cakar et al. [23], Chen et al. [27], Criscu-
olo et al. [30], Desserre et al. [34], Duquette et al. [38], Dziewulska
[39], El Euch-Fayache et al. [40], Gazulla et al. [52], Gazulla et al. [53],
Gazulla et al. [54], Gregianin et al. [55], Grieco et al. [56], Habibzadeh
et al. [59], Hamza et al. [62], Hara et al. [63], Incecik et al. [64], Kamada
etal. [66], Krygier et al. [69], Kwon et al. [72], Leavitt et al. [74], Liu
etal. [78], Lu et al. [79], Masciullo et al. [81], McKenzie et al. [83],
Mignarri et al. [85], Miyatake et al. [87], Ogawa et al. [91], Okawa et al.
[93], Ouyang et al. [95], Pablo et al. [96], Palmio et al. [99], Parkinson
et al. [100], Pedroso et al. [101], Pensabene et al. [102], Prodi et al.
[106], Ricca et al. [110], Rezende Filho et al. [107], Ricca et al. [109],
Saffie et al. [115], Sahin et al. [116], Shimazaki et al. [120], Shimazaki
et al. [122], Terracciano et al. [128], Terracciano et al. [129], Vermeer
etal. [136], Vill et al. [137], Wang et al. [141]

Abkur et al. [1], Agarwal et al. [2], Agarwal et al. [3], Al-Ajmi et al.

[5], Bouchard [12], Bouchard et al. [13], Bouchard and Langlois [16],
Bourassa et al. [19], Burguéz et al. [22], Cho et al. [28], Dougherty

et al. [36], Gagnon et al. [46], Habibzadeh et al. [59], Incecik et al.
[64], Kuchay et al. [71], Liu et al. [78], Lu et al. [79], McKenzie et al.
[83], Miyatake et al. [87], Narayanan et al. [89], Palmio et al. [99], Prodi
et al. [106], Sahin et al. [116], Samanci et al. [117], Sheetal et al. [119],
Srikajon et al. [123], van Lint et al. [133], Wagner et al. [140], Wang

et al. [141], Xiromerisiou et al. [143], Yamamoto et al. [144]

N/D

N/D
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Table 2 (continued)
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Subcomponent Themes

Literature

Prevalence in the
ARSACS sample
(n=12)

Dexterity

Strength

Muscle atrophy and weakness

Coordination

Bladder and bowel functions
Urinary urgency

Urinary incontinence

Fecal urgency
Other bladder and bowel dysfunctions

Sexual functions
Dysarthria

Gagnon et al. [47], Incecik et al. [64], Martin et al. [80], Okawa et al.
[93], Sahin et al. [116], Sheetal et al. [119], Terracciano et al. [129],
Wang et al. [141]

Bouchard et al. [13, 14], Bourassa et al. [19], Gazulla et al. [52], Gre-
gianin et al. [55], Grieco et al. [56], Hara et al. [63], Kamada et al. [66],
Leavitt et al. [74], Okawa et al. [93], Palmio et al. [99], Parkinson et al.
[100], Picher-Martel and Dupre [104], Ricca et al. [109], Richards et al.
[111], Vermeer et al. [136], Wang et al. [141]

Abkur et al. [1], Aida et al. [4], Al-Ajmi et al. [5], Ali et al. [6], Anheim
et al. [7], Baets et al. [9], Bouchard et al. [13], Breckpot et al. [20],
Burguéz et al. [22], Cakar et al. [23], Chen et al. [27], Dougherty et al.
[36], Gagnon et al. [47], Gazulla et al. [52], Gazulla et al. [54], Gregia-
nin et al. [55], Grieco et al. [56], Hara et al. [63], Kamada et al. [66],
Krygier et al. [69], Kuchay et al. [71], Leavitt et al. [74], Liu et al. [78],
Lu et al. [79], Masciullo et al. [82], McKenzie et al. [83], Miyatake et al.
[87], Okawa et al. [93], Palmio et al. [99], Parkinson et al. [100], Picher-
Martel and Dupre [104], Pensabene et al. [102], Prodi et al. [106],
Ricca et al. [109], Ricca et al. [110], Richards et al. [111], Samanci et al.
[117], Shimazaki et al. [121], Shimazaki et al. [122], Terracciano et al.
[129], Tzoulis et al. [131], Vermeer et al. [136], Vill et al. [137], Xiromeri-
siou et al. [143], Yamamoto et al. [144]

Gagnon et al. [47], Leavitt et al. [74], Lessard et al. [76], Lu et al. [79],
McKenzie et al. [83], Oguz et al. [92], Sheetal et al. [119]

Bouchard et al. [13], El Euch-Fayache et al. [40], Gregianin et al. [55],
Grieco et al. [56], Leavitt et al. [74], McKenzie et al. [83], Mignarri et al.
[85], Prodi et al. [106], Synofzik et al. [127], Terracciano et al. [129],
Tzoulis et al. [131], Vermeer et al. [136], Wang et al. [141]

Bouchard [12], Bouchard et al. [13], Gregianin et al. [55], Mignarri
et al. [85], Miyatake et al. [87], Sahin et al. [116], Synofzik et al. [127],
Tzoulis et al. [131]

Bouchard [12], Briand et al. [21], Gregianin et al. [55], Synofzik et al.
[127]

Dziewulska [39], Miyatake et al. [87], Palmio et al. [99], Rezende Filho
et al. [107], Yamamoto et al. [144]

Miyatake et al. [87], Synofzik et al. [127]

Agarwal et al. [2], Agarwal et al. [3], Aida et al. [4], Al-Ajmi et al. [5], Ali
et al. [6], Anheim et al. [7], Baets et al. [9], Blumkin et al. [10], Borruat
etal. [11], Bouchard [12], Bouchard et al. [13], Bouchard et al. [15],
Bouchard and Langlois [16], Bouhlal et al. [18], Breckpot et al. [20],
Burguéz et al. [22], Chen et al. [27], Cho et al. [28], Criscuolo et al.
[30], Desserre et al. [34], Duquette et al. [38], Dziewulska [39], El
Euch-Fayache et al. [40], Garcia et al. [51], Gazulla et al. [53], Grieco
et al. [56], GUcUyener et al. [57], Habibzadeh et al. [59], Haga et al.
[60], Hamza et al. [62], Hara et al. [63], Incecik et al. [64], Kamada et al.
[66], Karuvath et al. [67], Krygier et al. [69], Kuchay et al. [71], Kwon
etal. [72], Leavitt et al. [74], Lu et al. [79], Martin et al. [80], Masciullo
et al. [82], McKenzie et al. [83], Mignarri et al. [85], Miyatake et al.
[87], Narayanan et al. [89], Ogawa et al. [91], Oguz et al. [92], Ouyang
et al. [95], Palmio et al. [99], Pedroso et al. [101], Pensabene et al.
[102], Petrov [103], Ricca et al. [110], Richter et al. [112], Robitaille
etal. [113], Sahin et al. [116], Samanci et al. [117], Sheetal et al. [119],
Shimazaki et al. [120], Shimazaki et al. [122], Srikajon et al. [123],
Stevens et al. [124], Synofzik et al. [127], Terracciano et al. [128], Ter-
racciano et al. [129], Tzoulis et al. [131], Van Damme et al. [132], van
Lint et al. [133], Verhoeven et al. [134], Vermeer et al. [136], Vill et al.
[137],Vingolo et al. [138], Vogel et al. [139], Wagner et al. [140], Wang
etal. [141], Yamamoto et al. [144]

9

N/D

N/D

N/D

N/D

N/D
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Subcomponent

Themes

Literature

Prevalence in the
ARSACS sample
(n=12)

Mental health
Affect

Cognition

Social health
Relationships

Eye function

Dysphagia

Physical activities

ADLs

Anxiety
Depression
Frustration

Abkur et al. [1], Agarwal et al. [2], Agarwal et al. [3], Aida et al. [4],
Al-Ajmi et al. [5], Anheim et al. [7], Anheim et al. [8], Baets et al. [9],
Blumkin et al. [10], Borruat et al. [11], Bouchard [12], Bouchard et al.
[13], Bouchard et al. [15], Bouchard and Langlois [16], Bouhlal et al.
[18], Burguéz et al. [22], Cakar et al. [23], Cho et al. [28], Criscuolo
etal. [30], Desserre et al. [34], Dionne et al. [35], Dougherty et al.
[36], Douglas et al. [37], Duquette et al. [38], Dziewulska [39], El
Euch-Fayache et al. [40], Garcia et al. [51], Gazulla et al. [52], Gazulla
etal. [53], Gazulla et al. [54], Grieco et al. [56], GUclyener et al. [57],
Habibzadeh et al. [59], Hamza et al. [62], Hara et al. [63], Incecik et al.
[64], Kamada et al. [66], Krygier et al. [69], Kuchay et al. [71], Kwon
etal. [72], Leavitt et al. [74], Liew et al. [77], Liu et al. [78], Lu et al.
[79], Masciullo et al. [81], McKenzie et al. [83], McMillan et al. [84],
Miyatake et al. [87], Narayanan et al. [89], Ogawa et al. [91], Oguz
etal. [92], Okawa et al. [93], Ouyang et al. [95], Pablo et al. [96], Pal-
mio et al. [99], Parkinson et al. [100], Pedroso et al. [101], Pensabene
etal. [102], Picher-Martel and Dupre [104], Rezende Filho et al. [107],
Rezende Filho et al. [108], Ricca et al. [109], Richter et al. [112], Sahin
etal. [116], Samanci et al. [117], Sheetal et al. [119], Shimazaki et al.
[120], Shimazaki et al. [121], Stevens et al. [124], Srikajon et al. [123],
Synofzik et al. [127], Terracciano et al. [128], Terracciano et al. [129],
Tzoulis etal. [131], van Lint et al. [133], Vermeer et al. [136], Vill et al.
[137],Vingolo et al. [138], Wang et al. [141], Xiromerisiou et al. [143],
Yamamoto et al. [144], Yu-Wai-Man et al. [145]

Bouchard et al. [13], Cho et al. [28], Gagnon et al. [48], Grieco et al.
[56], McKenzie et al. [83], Miyatake et al. [87], Prodi et al. [106],
Rezende Filho et al. [107], Sahin et al. [116], Samanci et al. [117],
Shimazaki et al. [120], Terracciano et al. [129], Tzoulis et al. [131],
Vermeer et al. [136], Vingolo et al. [138], Vogel et al. [139]

Aida et al. [4], Dougherty et al. [36], Habibzadeh et al. [59], Haga
etal. [60], Ouyang et al. [94], Sheetal et al. [119], Shimazaki et al.
[120], Wagner et al. [140], Wang et al. [141], Xiromerisiou et al. [143],
Yamamoto et al. [144]

Bourassa et al. [19], Gagnon et al. [47], Gagnon et al. [48], Petrov
[103]

Forgue et al. [44], Mignarri et al. [85]
Forgue et al. [44], Mignarri et al. [85], Petrov [103]
Mignarri et al. [85]

Negative psychosocial impact of iliness ~ Forgue et al. [44]

Cognitive abilities

Memory
Attention

Other cognitive dysfunctions

Ali et al. [6], Bouchard et al. [13, 14], Breckpot et al. [20], Cakar et al.
[23], Dougherty et al. [36], GUcUyener et al. [57], Kamada et al. [66],
Kuchay et al. [71], Mignarri et al. [85], Ogawa et al. [91], Oguz et al.
[92], Okawa et al. [93], Petrov [103], Pilliod et al. [105], Prodi et al.
[106], Ricca et al. [109], Richter et al. [112], Shimazaki et al. [121], Ter-
racciano et al. [128], Verhoeven et al. [134], Yamamoto et al. [144]
Briand et al. [21], Hara et al. [63], Krygier et al. [69]

Briand et al. [21]

Desserre et al. [34], Duquette et al. [38], Hamza et al. [62], Hara et al.
[63], Lu et al. [79], Prodi et al. [106], Tzoulis et al. [131]

Forgue et al. [44]

2

5

- NN O~ N

o

N/D
N/D
N/D
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Subcomponent Themes Literature Prevalence in the
ARSACS sample
(n=12)
Function Work Bourassa et al. [19], Forgue et al. [44], Tremblay et al. [130], Verho- 12
even et al. [134]
Studies Breckpot et al. [20], Duquette et al. [38], Grieco et al. [56], Kamada 5
et al. [66], Pilliod et al. [105], Prodi et al. [106], Sheetal et al. [119]
Parenthood N/D 2

Social activities
[49]

Forgue et al. [44], Gagnon et al. [46], Gagnon et al. [47], Gagnon et al. 9

" Not documented

impacts related to purchasing technical aids and adapta-
tions and a decrease in independence.

Stiffness is also documented in the literature [2, 13, 20,
56, 60, 117, 131, 140]. Qualitative interviews revealed
that 7/12 participants experienced stiffness that made it
difficult for them to be flexible and perform certain tasks,
such as putting on shoes or getting into a bath, in addi-
tion to an increased risk of falling related to stumbling.
They describe it as having “heavy legs” that make them
less agile.

Some foot deformities are also reported in ARSACS,
such as pes cavus, hammer toes and foot drop, without
clear prevalence [1-3, 5-7, 9, 12, 13, 22, 23, 27, 30, 34,
38-40, 52, 55, 56, 59, 62-64, 66, 69, 72, 74, 78, 79, 81, 91,
93, 95, 96, 99-102, 106, 107, 109, 110, 115, 116, 120, 122,
129, 136, 137, 141]. Only 2/12 participants reported foot
deformities that impacted their life. They observed a pro-
nounced arch of the feet that can be painful and needs
orthoses.

Balance

Balance difficulties are clearly reported in the litera-
ture [1-3, 5, 12, 13, 19, 22, 28, 36, 46, 48, 49, 59, 64, 71,
76, 78-80, 83, 87, 89, 99, 106, 116, 117, 119, 123, 133,
140, 141, 143, 144]. Almost all participants reported
experiencing problems with balance. There are three
major issues identified with loss of balance: risk of fall-
ing, limitation with ADLs, and limitation with physical
activities. Loss of balance impairs gait and increases
the risk of falling. These falls can cause injuries, and
they often need to hold on something or to aid to avoid
it. Performing ADLs can also be compromised by the
loss of balance. They often need to hold on something
(e.g., wall, counter, grab bar) when doing their everyday
activities such as cooking, bathing, or doing household
chores. Transporting objects with liquid in them (e.g.,
glass of water, soup) is challenging for many of them.

The loss of balance can also impair the ability to per-
form physical activities such as team sports and win-
ter activities, as some people had to quite performing
sports they like because of it. Some participants talked
about the social impact of loss of balance as people they
encountered thought they were intoxicated by alcohol.

Upper limbs

For the upper limbs, the literature suggests difficulties
with fine movement, clumsiness, and variable difficul-
ties with dexterity [47, 64, 80, 93, 116, 119, 129, 141].
Otherwise, a majority of participants (9/12) reported
troubles with manual dexterity. These difficulties lead to
major problems in everyday life, as they take more time
and energy to perform simple tasks (e.g., cooking, but-
ton, drive) and can be very frustrating. Participants also
reported trouble writing that can cause difficulties in
schooling and for some work-related tasks.

Strength

Even if strength seems normal for affected children,
progressive and variable disabilities in strength are seen
in ARSACS [19, 20, 47, 111, 141], in addition to muscle
atrophy and weakness that affect both upper and lower
limbs [1, 4-7, 9, 13, 20, 22, 23, 27, 36, 46—49, 52, 54-56,
63, 66, 69, 71, 74, 78, 79, 82, 83, 87, 93, 99, 100, 102, 104,
106, 109-111, 117, 121, 122, 129, 131, 136, 137, 143,
144]. Data showed that 8/12 participants reported mus-
cle weakness, particularly in the legs, ankles, and hands.
This weakness limits some daily activities, such as bend-
ing and getting up, lifting objects, cooking and perform-
ing physical activities. Some people (4/12) also said that
muscle weakness increases the risk of falling and the
capacity to raise after a fall.

Coordination
Some authors suggest variable difficulties with coordina-
tion [47, 74, 76, 79, 83, 92, 119]. Half of the participants
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Components Subcomponents Literature
Audition Briand et al. [21]
Nervous system
Epilepsy Gakar et al. [23], Duquette et al. [38], Wang et al. [141]
Dizziness Bouchard et al. [13]
Locomotor functions Tremor Abkur et al. [1], Bouchard et al. [13], Dougherty et al. [36], Incecik et al. [64],
Liew et al. [77], McKenzie et al. [83], Narayanan et al. [89], Palmio et al. [99],
Pensabene et al. [102], Sahin et al. [116], Samanci et al. [117], Sheetal et al.
[119],Vill et al. [137]
Brisk/hyperreflexia Agarwal et al. [2], Anheim et al. [7], Blumkin et al. [10], Borruat et al. [11],

Tendon reflex absent/decreased

Clonus
Dystonia

Dysmetria

Spasticity

Bouchard [12], Bouchard et al. [13], Bouchard et al. [15], Breckpot et al. [20],
Burguéz et al. [22], Criscuolo et al. [30], Dougherty et al. [36], Duquette et al.
[38], Dziewulska [39], El Euch-Fayache et al. [40], Garcia et al. [51], Gregianin
et al. [55], Grieco et al. [56], Habibzadeh et al. [59], Haga et al. [60], Hamza

et al. [62], Hara et al. [63], Incecik et al. [64], Karuvath et al. [67], Liu et al. [78],
Martin et al. [80], McKenzie et al. [83], Ogawa et al. [91], Okawa et al. [93], Par-
kinson et al. [100], Pedroso et al. [101], Picher-Martel and Dupre [104], Prodi
et al. [106], Rezende Filho et al. [107], Richter et al. [112], Saffie et al. [115],
Samanci et al. [117], Sheetal et al. [119], Shimazaki et al. [120], Shimazaki
etal. [121], Terracciano et al. [129], Vingolo et al. [138], Wagner et al. [140],
Xiromerisiou et al. [143], Yamamoto et al. [144]

Agarwal et al. [3], Aida et al. [4], Al-Ajmi et al. [5], Anheim et al. [7], Bouchard
[12], Bouchard et al. [13], Bouchard et al. [15], Bouhlal et al. [18], Breckpot
etal. [20], Burguéz et al. [22], Chen et al. [27], Criscuolo et al. [30], Desserre

et al. [34], Dougherty et al. [36], Duquette et al. [38], El Euch-Fayache et al.
[40], Gazulla et al. [52], Grieco et al. [56], Glclyener et al. [57], Habibzadeh
etal. [59], Hara et al. [63], Kamada et al. [66], Krygier et al. [69], Kuchay et al.
[71], Kwon et al. [72], Leavitt et al. [74], Liu et al. [78], Mignarri et al. [85],
Miyatake et al. [87], Narayanan et al. [89], Ogawa et al. [91], Okawa et al. [93],
Palmio et al. [99], Parkinson et al. [100], Prodi et al. [106], Sahin et al. [116],
Shimazaki et al. [120], Shimazaki et al. [121], Shimazaki et al. [122], Terracciano
etal. [128], Terracciano et al. [129], Verhoeven et al. [134], Vermeer et al. [136],
Vill et al. [137], Wang et al. [141], Xiromerisiou et al. [143], Yamamoto et al.
[144]

Gregianin et al. [55], Hara et al. [63], Incecik et al. [64], Karuvath et al. [67], Liu
et al. [78], Martin et al. [80], Narayanan et al. [89], Prodi et al. [106]

Gazulla et al. [52], Lu et al. [79], McKenzie et al. [83], Oguz et al. [92], Rezende
Filho et al. [107], Vermeer et al. [136]

Agarwal et al. [2], Agarwal et al. [3], Baets et al. [9], Borruat et al. [11], Chen

et al. [27], Criscuolo et al. [30], Dougherty et al. [36], Gazulla et al. [52], Gazulla
et al. [53], Grieco et al. [56], Martin et al. [80], Masciullo et al. [82], Pensabene
etal.[102], Ricca et al. [110], Ricca et al. [109], Srikajon et al. [123], Synofzik

et al. [127], Terracciano et al. [128], Vill et al. [137], Xiromerisiou et al. [143]

Agarwal et al. [2], Agarwal et al. [3], Anheim et al. [7], Borruat et al. [11],
Bouchard [12], Bouchard et al. [13], Bouchard et al. [15], Breckpot et al. [20],
Burguéz et al. [22], Cakar et al. [23], Criscuolo et al. [30], Desserre et al. [34],
Dougherty et al. [36], Douglas et al. [37], Duquette et al. [38], Dziewulska [39],
El Euch-Fayache et al. [40], Gazulla et al. [52], Gazulla et al. [53], Gazulla et al.
[54], Gregianin et al. [55], Grieco et al. [56], Glclyener et al. [57], Haga et al.
[60], Hamza et al. [62], Hara et al. [63], Incecik et al. [64], Krygier et al. [69],
Kuchay et al. [71], Kwon et al. [72], Leavitt et al. [74], Lessard et al. [76], Liew
etal. [77], Martin et al. [80], Masciullo et al. [81], Narayanan et al. [89], Ogawa
etal. [91], Oguz et al. [92], Okawa et al. [93], Pablo et al. [96], Palmio et al.
[99], Parkinson et al. [100], Pedroso et al. [101], Pensabene et al. [102], Petrov
[103], Pilliod et al. [105], Rezende Filho et al. [107], Richter et al. [112], Sahin
etal [116], Samanci et al. [117], Sheetal et al. [119], Shimazaki et al. [120],
Shimazaki et al. [121], Srikajon et al. [123], Synofzik et al. [127], Terracciano
etal. [129], Tzoulis et al. [131], Vermeer et al. [136], Yamamoto et al. [144]
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Components

Subcomponents

Literature

Childhood development

Sensory system

Ataxia

Distal atrophy

Babinski sign

Fasciculations
Pallesthesia of the lower limbs

Posture

Postural control

Paroxysmal kinesigenic choreoathetosis
Dysdiachokinesia

Rigidity

Mirror movements

Hypokinesia

Bradikinesia

Psychomotor delays

Peripheral neuropathy of the lower limbs

Agarwal et al. [2], Agarwal et al. [3], Aida et al. [4], Al-Ajmi et al. [5], Ali et al.
[6], Anheim et al. [7], Baets et al. [9], Blumkin et al. [10], Borruat et al. [11],
Bouchard [12], Bouchard et al. [13], Bouchard et al. [15], Bouhlal et al. [18],
Breckpot et al. [20], Burguéz et al. [22], Cakar et al. [23], Criscuolo et al. [30],
Duquette et al. [38], Gagnon et al. [47], Garcia et al. [51], Gazulla et al. [52],
Gazulla et al. [54], Grieco et al. [56], Habibzadeh et al. [59], Hamza et al. [62],
Incecik et al. [64], Kamada et al. [66], Krygier et al. [69], Kuchay et al. [71],
Kwon et al. [72], Leavitt et al. [74], Liu et al. [78], Lu et al. [79], Martin et al. [80],
Masciullo et al. [81], Masciullo et al. [82], McKenzie et al. [83], Mignarri et al.
[85], Miyatake et al. [87], Narayanan et al. [89], Ogawa et al. [91], Oguz et al.
[92], Okawa et al. [93], Ouyang et al. [95], Pablo et al. [96], Palmio et al. [99],
Parkinson et al. [100], Pedroso et al. [101], Picher-Martel and Dupre [104], Pil-
liod et al. [105], Rezende Filho et al. [107], Ricca et al. [110], Ricca et al. [109],
Saffie et al. [115], Sahin et al. [116], Samanci et al. [117], Shimazaki et al. [120],
Shimazaki et al. [121], Shimazaki et al. [122], Srikajon et al. [123], Terracciano
et al. [128], Terracciano et al. [129], Tzoulis et al. [131], Verhoeven et al. [134],
Vermeer et al. [136], Vill et al. [137], Yamamoto et al. [144], Xiromerisiou et al.
[143]

Ali et al. [6], Anheim et al. [7], Bouchard [12], Bouchard et al. [13, 14], Breckpot
et al. [20], Criscuolo et al. [30], Desserre et al. [34], Duquette et al. [38],
Dziewulska [39], El Euch-Fayache et al. [40], Gagnon et al. [49], Garcia et al.
[51], Gazulla et al. [53], Gregianin et al. [55], Grieco et al. [56], Haga et al. [60],
Hara et al. [63], Kamada et al. [66], Krygier et al. [69], Kuchay et al. [71], Leavitt
etal. [74], Liu et al. [78], Martin et al. [80], Masciullo et al. [81], McKenzie et al.
[83], Miyatake et al. [87], Okawa et al. [93], Ouyang et al. [95], Palmio et al.
[99], Pedroso et al. [101], Prodi et al. [106], Rezende Filho et al. [107], Robitaille
etal. [113], Shimazaki et al. [120], Terracciano et al. [128], Tzoulis et al. [131],
Verhoeven et al. [134], Vermeer et al. [136], Vill et al. [137], Vingolo et al. [138]
Anheim et al. [7], Bouchard [12], Bouchard et al. [13], Bouchard et al. [15],
Burguéz et al. [22], Chen et al. [27], Criscuolo et al. [30], Duquette et al. [38],
Garcia et al. [51], Gazulla et al. [52], Gazulla et al. [53], Gregianin et al. [55],
Grieco et al. [56], Hamza et al. [62], Hara et al. [63], Incecik et al. [64], Kamada
et al. [66], Kuchay et al. [71], Kwon et al. [72], Liu et al. [78], Martin et al. [80],
Mignarri et al. [85], Miyatake et al. [87], Narayanan et al. [89], Ogawa et al. [91],
Okawa et al. [93], Ouyang et al. [95], Palmio et al. [99], Pensabene et al. [102],
Petrov [103], Prodi et al. [106], Rezende Filho et al. [107], Ricca et al. [110],
Ricca et al. [109], Richter et al. [112], Robitaille et al. [113], Sahin et al. [116],
Samanci et al. [117], Shimazaki et al. [120], Shimazaki et al. [121], Shimazaki
etal. [122], Srikajon et al. [123], Synofzik et al. [127], Terracciano et al. [128],
Terracciano et al. [129], Verhoeven et al. [134], Vingolo et al. [138], Wagner
etal. [140], Wang et al. [141], Xiromerisiou et al. [143], Yamamoto et al. [144]

Leavitt et al. [74]

Anheim et al. [7], Gazulla et al. [52], Gregianin et al. [55], Kamada et al. [66],
McKenzie et al. [83], Ogawa et al. [91], Palmio et al. [99], Rezende Filho et al.
[107], Shimazaki et al. [120], Vill et al. [137], Vingolo et al. [138], Yamamoto
etal. [144]

Bouhlal et al. [17], Dougherty et al. [36], Gazulla et al. [52], Gazulla et al. [53],
Gregianin et al. [55], Tzoulis et al. [131], Vingolo et al. [138]

Shimazaki et al. [120]

Briand et al. [21]

Agarwal et al. [2]

Habibzadeh et al. [59]

Habibzadeh et al. [59]

Habibzadeh et al. [59]

Wagner et al. [140]

Agarwal et al. [3], Anheim et al. [7], Bouchard et al. [15], Dougherty et al. [36],
Gregianin et al. [55], Grieco et al. [56], Mignarri et al. [85], Oguz et al. [92]
Abkur et al. [1], Briand et al. [21], Dziewulska [39], Kuchay et al. [71], Pedroso
etal . [101], Samanci et al. [117], Tzoulis et al. [131]
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Components Subcomponents

Literature

Peripheral neuropathy

Neuropathy

Paresis distal

Paresthesis
Proprioception

Musculoskeletal deformations  Distal

Upper limbs
Claw hand

Scoliosis

Bone density

Al-Ajmi et al. [5], Ali et al. [6], Agarwal et al. [3], Anheim et al. [8], Bouhlal et al.
18], Breckpot et al. [20], Desserre et al., Dougherty et al,, Duquette et al.

38], Gregianin et al. [55], Grieco et al. [56], Krygier et al. [69], Krygier et al.
70], Liew et al. [77], Martin et al. [80], Masciullo et al. [81], Miyatake et al.

87], Oguz et al. [92], Palmio et al. [99], Pedroso et al. [101], Pensabene et al.
[102], Pilliod et al. [105], Rezende Filho et al. [107], Ricca et al. [109], Saffie
etal. [115], Shimazaki et al. [121], Synofzik et al. [127], Terracciano et al. [129],
Verhoeven et al. [134], Vermeer et al. [136], Yu-Wai-Man et al. [145]

Al-Ajmi et al. [5], Baets et al. [9], Bouchard [12], Bouchard et al. [13], Bouhlal
etal.[18], Cakar et al. [23], Chen et al. [27], Cho et al. [28], El Euch-Fayache

et al. [40], Gazulla et al. [53], Gazulla et al. [54], GUcUyener et al. [57], Hara
etal. [63], Kamada et al. [66], Karuvath et al. [67], Krygier et al. [69], Kwon et al.
[72], Leavitt et al. [74], Liu et al. [78], Mignarri et al. [85], Miyatake et al. [87],
Okawa et al. [93], Parkinson et al. [100], Pedroso et al. [101], Ricca et al. [110],
Rezende Filho et al. [107], Sahin et al. [116], Sheetal et al. [119], Shimazaki
etal. [122], Srikajon et al. [123], Stevens et al. [124], Tzoulis et al. [131],
Verhoeven et al. [134], Vermeer et al. [136], Vill et al. [137], Wang et al. [141],
Xiromerisiou et al. [143], Yamamoto et al. [144]

[
[
[
[

Breckpot et al. [20], Dziewulska [39], Gregianin et al. [55], Terracciano et al.
[128], van Lint et al. [133], Verhoeven et al. [134], Vill et al. [137]

Leavitt et al. [74], Sahin et al. [116]

Kamada et al. [66], Sahin et al. [116], Samanci et al. [117], Sheetal et al. [119],
Srikajon et al. [123]

Bouchard and Langlois [16]
Bouchard and Langlois [16]

Ali et al. [6], Bouchard et al. [13], Dougherty et al. [36], Ogawa et al. [91],
Okawa et al. [93], Shimazaki et al. [120], Shimazaki et al. [122]

Gakar et al. [23], Criscuolo et al. [30], Desserre et al. [34], El Euch-Fayache et al.
[40], Hamza et al. [62], Prodi et al. [106]

McKenzie et al. [83]

of the study talked about the impacts of coordination dif-
ficulties in terms of limitations in their ADL and physical
activities. The participants reported difficulty in perform-
ing simultaneous tasks, such as when, cooking, driving or
doing sports.

Bladder and bowel functions

In the literature, there is much involvement of bladder
and bowel functions in ARSACS. The authors reported
urinary urgency [13, 40, 55, 56, 74, 83, 85, 106, 127, 129,
131, 136, 141], urinary incontinence [12, 13, 55, 85, 87,
116, 127, 131], fecal urgency [12, 21, 55, 127] and other
bladder and bowel dysfunctions, such as constipation and
diarrhea [39, 87, 99, 107, 144]. Nearly half of the partici-
pants (4/12) reported difficulty retaining urine or stool
and that these difficulties can limit their social activi-
ties (e.g., long trip, swimming). They mostly talk about
urgency (urinary and fecal) that can lead to incontinence.

Sexual functions
As expected, sexual functioning is rarely addressed
in the literature. Only two articles discussed erectile

dysfunction [87, 127]. At the same time, only two par-
ticipants (identified as female) talked about their sex-
ual functioning, as they noted a lack of flexibility that
made some sexual positions harder to achieve and pain
(postpartum).

Dysarthia

A wide range of dysarthria severity (mild to severe) are
documented [2-7, 9-13, 15, 16, 18, 20, 22, 27, 28, 30, 34,
38-40, 51, 53, 56, 57, 59, 60, 62-64, 66, 67, 69, 71, 72,
74,79, 80, 82, 83, 85, 87, 89, 91, 92, 95, 99, 101-103, 110,
112,113, 116, 117, 119, 120, 122-124, 127-129, 131-134,
136-141, 144]. The authors described dysarthria in terms
of slurred or unclear speech [3, 22, 66, 87, 103, 134], delay
in speech production [140], and slow speech [141, 144].
Among the participants, 5/12 noted difficulty pronounc-
ing words or slow speech. This makes it difficult for them
to participate in an animated discussion or to express
themselves. They often have to repeat, and people they
meet tend to realize they have a disease by their distinc-
tive speech.
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Eye functions

People with ARSACS can experience nystagmus, impair-
ment in visuomotor coordination, abnormality in eye
pursuit, decrease in visual acuity, and other ocular prob-
lems [1-5, 7-13, 15, 16, 18, 22, 23, 28, 30, 34—40, 51-54,
56, 57, 59, 62-64, 66, 69, 71, 72, 74, 77-79, 81, 83, 84, 87,
89, 91-93, 95, 96, 99-102, 104, 107-109, 112, 116, 117,
119, 120, 123, 124, 127-129, 131, 133, 136-138, 141,
143-145]. However, the participants in the study mostly
did not perceive disturbances in eye functioning. Only
two participants noted a decrease in visual acuity, which
is not thought to be related to ARSACS.

Dysphagia

A variable range of swallowing difficulties is reported in
the literature. These difficulties can be related to dyspha-
gia for liquids only [56, 83, 129], for both liquids and sol-
ids [13, 46, 48, 49, 139] or unspecified [28, 87, 106, 107,
116, 117, 120, 131, 136, 138]. According to Vogel et al.
[139], dysphagia is more related to swallowing timing
than it is to weakness, and it can lead to changes in eating
and drinking habits. For the participants, 5/12 reported
difficulties swallowing liquids, solids, both or their own
saliva that can lead to choking. Few patients reported
needing assistance during meal times or while drinking,
however, 4/11 modified their eating and drinking habits
to improve their swallowing (e.g., avoiding difficult-to-
swallow foods).

Physical activities

For people with ARSACS, there is a progressive loss of
mobility that leads to difficulty or incapacity to run that
begins in childhood [36, 59, 60, 94, 119, 120, 141, 144].
Thus, it creates difficulties in performing sports, such as
team sports or gymnastics [4, 94, 140, 141, 143]. As seen
before, people in the study reported difficulties in per-
forming physical activities in relation to their physical
impairment, such as incoordination and loss of balance.
However, sometimes, they cannot identify the specific
physical disability that hinders difficulty in performing
physical activities, or it is a set of factors that make the
cause difficult to identify. Among the participants, 5/12
had trouble performing physical activities. Thus, they had
to choose activities adapted to their capacities, and it is
sometime bringing dissatisfaction.

ADLs

Very few studies have explored the impact of physical
impairments in relation to functional independence. Peo-
ple with ARSACS aged 40 and over show restriction in
their functional independence when compared to refer-
ence values and younger people. These restrictions are
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highly variable according to the diversity of clinical pic-
tures seen in ARSACS [47]. Additionally, people who
use wheelchairs or walking aids show a lower level of
participation [46, 48, 49], the same for people aged 50
and older [19]. Affected people can also present slow-
ness in performing daily activities [103]. Similar to physi-
cal activities, people with ARSACS involved in the study
experience several difficulties performing ADLs, which
interferes with their functional autonomy (7/12). These
difficulties are related to their physical limitations, but
they cannot identify specific causes. It seems that dis-
abilities lead to a progressive loss of independence, which
is slow and variable. The extent of the loss of independ-
ence begins with a slowness of execution toward more
severe difficulties, even incapacities. Among the difficul-
ties, people mention limitations related to household,
cooking, and hygiene care. They have to develop a range
of coping strategies to deal with everyday life, such as the
use of technical or human aid.

Mental health

The second component of the PROMIS conceptual
framework is mental health, which includes affect, behav-
ior, and cognition. The affect subcomponent is poorly
documented in the literature and covers anxiety, depres-
sion, frustration, and the negative psychosocial impact of
illness.

Anxiety

Only one study reports the case of two persons affected
who experience psychiatric disorders that involve anxi-
ety and other psychiatric symptoms [85]. Additionally,
a thesis reported that 49% of the 30 participants with
ARSACS reported emotional distress demonstrated by
anxiety [44]. In the same way, participants (2/12) of the
study note anxiety, as they report feeling stressed for eve-
rything or being anxious when faced with the uncertain
nature of the course of the disease.

Depression
Two case studies discuss the case of a person with
ARSACS who suffered from severe depression [85, 103].
The same thesis seen before reported that 10 to 26% of
the participants showed depression symptoms [44]. In
the sample, 4/12 participants noted variable depres-
sion-related manifestations, from transient sadness (in
particular when thinking about the disease and its evo-
lution) to the observation of more severe symptoms by
the interwiewer (e.g., cries during the interview, avoid the
question).

Frustration Except for the same case study that reports
aggressive behavior with other psychiatric symptoms
[85], there is no mention of frustration in the literature.
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However, half of the participants experienced manifesta-
tions of frustration in one way or another. The frustra-
tion is caused by everyday obstacles encountered (e.g.,
difficulty with employment, difficulty accessing services),
the loss of independence, the feeling of loss of control,
the need to constantly adapt to new limitations and the
constant grievances caused by the progression of disease,
not being able to help others, and not being able to do
the same things as other people of their age. These frus-
trations can lead to feelings of sadness, culpability (e.g.,
when getting angry with relatives), and mood swings.

Negative psychosocial impact of illness. One thesis
reports an elevated social desirability that can explain
the desire for people with ARSACS to give a more posi-
tive self-image [44]. For two participants in the qualita-
tive study, the perceived negative judgment of others can
affect their self-image. The relatively early onset of the
loss of mobility leads to the necessity of using a walk-
ing aid that can make them feel that they are older or
disabled.

Cognition

Some studies show difficulties with cognitive functions in
ARSACS. Only one study reported no evidence of intel-
lectual involvement [109], and some showed mild intel-
lectual disability, mental retardation, or IQ below average
[6, 13, 14, 20, 23, 36, 57, 66, 71, 85, 91-93, 103, 105, 106,
112, 121, 128, 134, 144]. Some pathological personality
traits can also be encountered, such as mental rigidity
and a poor degree of openness to experience [44]. People
in the study do not recon cognitive dysfunction in terms
of intellectual disability; instead, they do remark diffi-
culties related to cognitive abilities. Some of them have
noted variable decreases in their memory (e.g., forget-
ting names, appointments, memories), an increased time
required to learn new things, difficulties concentrating
(sometimes related to a deficit attention disorder) and
some difficulties in analyzing complex situations. These
difficulties are noted in the literature, as some stud-
ies report impaired memory [21, 63, 69], concentration
problems [21], learning difficulties [20, 38, 79, 106], and
other cognitive dysfunctions [34, 44, 62, 131].

Social health

The third component of the PROMIS framework is social
health, which has two subcomponents: social relation-
ships and social roles and activities.

Social relationships

Only one thesis reports features about social relation-
ships in ARSACS. This study demonstrates that people
affected feel less adapted in familial relationships in cor-
relation with dysfunctional personality traits (nevrosism
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and dependant personality) [44]. In the qualitative study,
some participants (2/12) felt like other people did not
understand their condition, which can lead to situations
such as intimidation or isolation. They also experienced
difficulties with romantic relationships (5/12), as they
found it difficult to find and keep a partner.

Social roles

Social roles include capacities and satisfaction related to
work, study, and parenthood. For the work subdomain,
a qualitative study shows that people with ARSACS
reported difficulties obtaining and, to a larger extent,
keeping a job. These difficulties can partly be explained
by the progression of physical limitations and cognitive
rigidity [130]. They can lead to the need for a physically
nondemanding job in an adapted workplace [134] or to
be unemployed [19]. Another study reported that men
with ARSACS have poorer social adaptation to work than
the general population [44]. All of the participants with
ARSACS in the qualitative study described dissatisfaction
or limitations to work (pass or present): no longer being
able to practice one’s job due to limitations, reorientation
following the progression of the limitations, difficulty or
inability to work the required number of hours, danger-
ousness (risk of falling), dismissal, orientation difficulty,
premature retirement, and difficulties in balancing work,
family and ADLs. Participants also have to live with feel-
ing of grief for not being able to work, perception that
employers lack openness, perception of bullying in the
workplace, frustration, feeling of injustice, and financial
impact for not having a job.

Some studies documented the presence of difficulty at
school that can be related to intellectual disability [66,
105], mild to moderate learning difficulty [20, 38, 56, 106]
or the need for adaptations [119]. In the qualitative study,
five participants explained that they had experienced dif-
ficulties at school because of their physical limitations
and needed special adaptations (e.g., access to a portable
computer, more time to do exams). During adulthood
schooling, the difficulties are more related to maintaining
a balance between study, work and ADLs.

Unsurprisingly, there is no literature about parenthood
and ARSACS. In the sample, only two participants were
parents. They describe some difficulties as they cannot
perform all activities they want to do with children and
can encounter some barriers (e.g., difficulty to lift the
baby, risk of failing with the baby).

Social activities

Very few studies have considered social activities. In
terms of social participation, it seems that older people
with ARSACS and those who use a wheelchair or walking
aid have a lower level of social participation [46, 48 49].
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Additionally, social adaptation regarding social life and
leisures is lower for women with ARSACS [44]. In the
sample, nine participants experienced dissatisfaction and
difficulties related to the realization of their social activi-
ties. The physical manifestations and trouble in managing
energy can limit the choice of activities (e.g., more seden-
tary activities, not being able to go to the same places as
friends, adapted activities).

Results part 2: comparison between ARSACS

and other ARCA

For the discussion groups, group 1 was carried out in
June 2019 and lasted approximately 109 min, while group
2 was realized in October 2019 and lasted approximately
144 min. People in the two groups were affected by one
of these ataxias: Ataxia with oculomotor apraxia type 2
(AOA2), autosomal recessive spinocerebellar ataxia-8
(SCARS) or Friedreich’s ataxia (FA). The characteristics
of the groups’ participants are shown in Table 4.

The aim of the discussion groups was to qualitatively
compare autoreported manifestations of ARSACS with
other types of ARCA. In general, manifestations, espe-
cially impacts of the disease, are similar. However, foot
deformities seem to be more important for other types
of ARCA; some participants described swollen and pain-
ful feet, heavy feet, or cold feet. Another dissimilarity
between ARSACS and some other types of ARCA con-
cerns eye functions. While people with ARSACS describe
no particular problem with their vision, those with other
types can experience diplopia that can hinder their daily
life, such as driving and reading.

Discussion

This article briefly summarizes the results of the first
qualitative study in ARSACS patients documenting the
manifestations and impacts of the disease according to
affected persons. Participants reported impacts of the
disease in the three components of the PROMIS concep-
tual framework: physical health, social health, and mental
health. As we can predicted, physical health is the com-
ponent that is the most studied. However, some symp-
toms and their impacts are scarcely or not documented
in the literature. It’s the case with fatigue. Fatigue and
energy management are symptoms that can have variable
impacts on daily living. In a qualitative study of patients’
experience of ataxia (idiopathic or inherited), fatigue was
reported as an issue by one-third of the participants [31].
In Friedreich ataxia (FA), fatigue is viewed as a factor that
impacts sexual function [29]. The item Loss of energy of
the Beck Depression Inventory is also significantly higher
than the values for the general population and is most
frequently endorsed by the participants [90].
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All the affects included in the mental health compo-
nent are poorly documented in the literature in ARSACS
and in other forms of recessive ataxia. However, these
negative feelings, such as depression, anxiety and frustra-
tion, can be experienced by a large proportion of people
affected. A study that documented depressive symptoms
in FA shows that the depression score was significantly
higher than the mean score in the general population.
The same study indicated a positive correlation between
depression score and disease severity [90].

Among the PROMIS framework, social health and its
related concepts are the less documented component
in ARSACS. This study shows many impacts of the dis-
ease related to social roles and activities. The physical
manifestations of the disease interfere with the perceived
realization of social roles, such as employment and
socialization. In a study examining the impact of FA on
quality of life (QOL), Wilson et al. [142] indicated that
social function is one of the mental dimensions of QOL
most affected. Additionally, the presence of social sup-
port and interaction was associated with higher per-
ceived physical QOL. In a qualitative study on symptoms
of ataxia, the results indicate that people affected largely
staying at home because of their mobility issues and fear
of the negative judgment of others. They also described
negative effects on employment (loss of job) and financial
struggles [31].

The results of this study will serve as base point to
develop a PRO measurement in recessive ataxia. In the
literature, we found two PRO related to our findings one
with population with any ataxia [118], and one for FA
[24]. Both used the insight of people affected to identi-
fied manifestations and impacts of the disease, but none
used patient-oriented research design. The involvement
of patient as partner was a key feature to really under-
stand the lived experience of the affected persons. The
first PRO identified items by an online survey and the

Table 4 Characteristics of the study population for the
discussion groups (n =2, 8 participants)

Characteristics Total group Total group 1 Total group 2
Age
Mean 43.8 49 40.6
Range 23-59 36-58 23-59
Sex (n)
Female 3 0 3
Male 5 3 2
Diagnosis
FA 3 0 3
SCAR8 4 2 2

AOA2 1 1 0
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second performed in-depth semistructured interviews.
In addition to the physical manifestations more docu-
mented in literature, they identified mental and social
impacts of the disease. Social impacts include isolation
and difficulty performing social roles like work or parent-
ing. Mental impacts include different negative affects like
frustration and depressive symptoms. This points out the
necessity to gathered people affected perspective when
developing PRO, to capture impacts that are not docu-
mented in more traditional ways.The principal strength
of this study is to be the first qualitative study that docu-
mented symptoms and manifestations of ARSACS by the
people affected. The perception of the people directly
concerned by the disease gives a unique point of view,
and the qualitative design brings much richness to the
results. These results, compared to the data of the lit-
erature, bring a new comprehensive portrait of ARSAC.
Other strengths include the use of several data collection
methods (interviews, discussion groups, literature) for
the triangulation of the data and the use of a conceptual
framework and blueprint, which increase the credibility
of the results. Limits include a small sample for the indi-
vidual interviews that limit their generalization. On the
other hand, the use of a saturation table ensures the satu-
ration of the data, as it provides some evidence that the
sample was sufficient to capture the complete experience
of people affected. Another limitation is the fact that the
study took place in a homogeneous francophone popula-
tion in Québec. Although this is where most people with
ARSACS are found worldwide, their experience can be
influenced by their environment. The impact of this is
limited by the literature review that includes cohorts in
different parts of the world.

Conclusion

This study provides a complete portrait of the manifes-
tations and impacts of the disease according to the peo-
ple affected and the literature. It contributes to partially
filling the gap in knowledge regarding mental and social
health. In the future, more research will be needed to
properly document these components.

However, most of this study will serve as a basis for the
development of a new patient-reported outcome meas-
urement. This tool will aim to capture the entire experi-
ence of people affected with ARSACS and other forms of
recessive ataxias. It can be used for clinical purposes and
to measure the effects of treatments during therapeutic
trials.

Additional references Table 3 [17].
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