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Abstract

Introduction: Spinocerebellar ataxia 3 (SCA3) is a
hereditary disease associated with progressive cerebellar
and extracerebellar degeneration. Although there is no
effective therapy for SCA3, some of its symptoms can
be relieved with symptomatic treatment. Identifying the
presence of this signs in patients may contribute to their
clinical management and thus improve their quality of life.
Objective: To identify the presence and frequency of non-
ataxia signs in a sample of Brazilian individuals with SCA3
and to investigate its association with severity and duration
of the disease. Methods: This is a cross-sectional study.
The inclusion criteria of this study were participants should
be diagnosed with SCA3 and be between 18 and 70 years
old. The exclusion criteria were participants with a score of
less than 18 points on the Mini Mental State Examination
(MMSE) and those with other neurological or orthopedic
problems. Twenty-three participants were evaluated by
the Inventory of Non-ataxia Signs (INAS) and the Scale for
the Assessment and Rating of Ataxia (SARA). Results: The
median score found for INAS was [median (min-max)] 3
(0-6) points and 10 (2-23) for SARA. Only one participant
did not show non-ataxic signs. The most prevalent non-
ataxic manifestations were areflexia, urinary dysfunction,
hyperreflexia and spasticity. Spearman correlation test
indicated a moderate and significant correlation between
INAS and SARA scores (rho = 0.428, 95% CI = 0.39-0.704,
p = 0.033). There was no association between INAS
scores and the disease duration (rho = 0.003, 95% Cl =
-0.398-0.704, p = 0.393). Conclusion: Areflexia, urinary
dysfunction, hyperreflexia and spasticity were the most
prevalent non-ataxic signs. We identified a moderate
correlation between the presence of non-ataxic signs and
disease severity. This findings can help the professionals

dealing with these patients.
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Resumo

Introducéo: A ataxia espinocerebelar 3 (SCA3) é uma doenca
hereditéria associada a degeneracéo cerebelar e extracerebelar
progressiva. Embora ndo haja terapia eficaz, alguns sintomas
podem ser aliviados com tratamento sintomético. Sendo assim,
identificar a presenga dos sinais ndo-atéxicos pode contribuir para
o manejo clinico destes individuos, melhorando sua qualidade de
vida. Objetivo: [dentificar a presenca e frequéncia de sinais ndo-
atéxicos em uma amostra de individuos brasileiros com SCA3 e
investigar sua associagdo com a gravidade e duracdo da doenga.
Métodos: Para serem incluidos neste estudo transversal, os
participantes deveriam ter diagnéstico de SCA3 e idade entre
18 e 70 anos. Os critérios de exclusdo foram pontuagdo menor
de 18 no Mini-exame do estado mental (MEEM), presenca de
outros problemas neurolégicos ou ortopédicos. Vinte e trés
participantes foram avaliados através do Inventério de Sinais
de N&o Ataxia (INAS) e Escala de Avaliacdo e Classificagdo da
Ataxia (SARA). Resultados: A pontuacdo média encontrada no
INAS foi de [mediana (min-méx.)] 3 (0-6) pontos e 10 (2-23) no
SARA. Apenas um participante ndo mostrou sinais ndo-ataxicos.
As manifestagdes ndo-atéxicas mais prevalentes foram arreflexia,
disfungdo urindria, hiperreflexia e espasticidade. O teste de
Spearman indicou correlagdo significativa moderada entre os
escores do INAS e do SARA (rho = 0,428, IC 95% = 0,39-0,704,
p = 0,033). Ndo houve associacdo entre os escores do INAS e
a duragdo da doenca (rho = 0,003, IC 95% = -0,398-0,704, p
= 0,393). Concluséo: Arreflexia, disfungdo urinéria, hiperreflexia
e espasticidade foram os sinais ndo atéxicos mais frequentes.
Identificamos correlagdo moderada entre a presenga de sinais
ndo atéxicos e a gravidade da doenca. Estes resultados podem

ajudar os profissionais que lidam com esses pacientes.

Palavras-chave: Ataxia. Ataxia espinocerebelar tipo 3. Doenca de

Machado-Joseph. Sinais e sintomas.

Introduction

Spinocerebellar ataxia type 3 (SCA3), also named
Machado-Joseph disease, is an autosomal dominantly
inherited neurodegenerative disease. It is caused by
an elongated polyglutamine stretch that is encoded by
abnormal trinucleotide (CAG) expansion in the ATXN3
gene,"? which results in progressive cerebellar ataxia.®
SCA3 was first reported almost five decades ago, in
1972. However it was only in 1994 that the gene related
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to this disease was identified.*® Although SCA3 is a rare
condition, it is the most common type of spinocerebellar
ataxia in the world® and also the most frequent in Brazil
(59 -92%).

Each SCA type has a wide range of clinical
manifestations, and their core problems are related
to the syndrome that originates by the degenerative
course of the disease in the cerebellar region.??
Cerebellar syndrome comprises gait, speech, and
balance disorders. Balance and speech disorders are
the most frequent signs and a common initial mark of
the disease.®! However, the degenerative process of
SCA also involves extracerebellar regions such as pons,
basal ganglia, midbrain, cranial nerve nuclei, thalamus
and frontal, parietal, temporal and occipital lobes,
producing non-ataxia manifestations depending on
the SCA type.?*? Specifically, in SCA 3, Parkinsonism,
pyramidal signs, peripheral neuropathy, progressive
external ophthalmoplegia, urinary dysfunction, pain,
cramps, fatigue, dystonia, sleep disorders, cognitive

disturbances, and olfactory

2,3,10

psychiatric symptoms
dysfunction are common non-ataxia findings.

Although there is no effective therapy for SCA3,
some of its symptoms can be relieved in patients
using symptomatic treatment. This can help to improve
patients’ quality of life. Non-ataxia signs need to be
taken into consideration when setting treatment goals
and choosing the appropriate therapeutic approaches.
Unfortunately, majority of these non-ataxia signs are
often underestimated in clinical practice. In fact, the
current physiotherapeutic approach for SCA stated by
literature involves balance and coordination training, fall
prevention and physical conditioning.”¢

The frequency of non-ataxia signs as well as its
association with the evolution of the disease has notbeen
systemically investigated in SCA3 individuals. If physical
therapists expected to detect the non-ataxia signs from
the beginning, these would be earlier identified and
would help in the process of setting appropriate goals
for physical therapy or early referral of patients to a
specialist if necessary. Also, understanding whether
the non-ataxic symptoms appear from the onset of the
disease or in its more advanced phases can help to draw
an action plan for the different phases of the evolution
of SCA3. This action plan can improve the quality of
the rehabilitation approach for this condition, and also
determine success in impacting the quality of life of
patients with the disease. Thus, the aims of the present
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study are (i) to identify the presence and frequency of
non-ataxia signs in a sample of Brazilian individuals with
SCA3, and (ii) to investigate the association between
non-ataxia signs and the severity of the disease and
the association between these signs and the disease
duration.

Methods

This is a cross-sectional study approved by the
local ethics committee (Process Number CAAE
96776818.4.0000.5235). Written consent was obtained
from all the study participants.

Participants

This study used a convenience sample consisted of
individuals from local rehabilitation centers. Participants
diagnosed with SCA3 by a neurologist and between 18
and 70 years old were included in this study. Participants
with a score of less than 18 points'” on the Mini Mental
State Examination (MMSE),"®'? and those having other
neurological diseases and orthopedic problems that
could limit their gait were excluded from the study.

Of 64 individuals that were contacted by telephone,
23 fulfilled the eligibility criteria and accepted to
participate in the study, as shown in Figure 1.

Contacted individuas

(n=64)
Excluded individuals (n = 41)
- Other neurological disease = 1
—
- Another SCA type = 2
- Refused =15
- Unreachable = 23
v

Included individuals
(n=23)

Figure 1 - Process flowchart of recruitment for the studly.

Note: SCA = spinocerebellar ataxia.
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Procedures

The recruitment period lasted for three months. The
individuals were contacted by telephone and informed
about the purpose of the research. After the participants
agreed to participate in the study, an initial interview was
conducted with them to track their eligibility criteria.
Then, they were evaluated in a single session by an
expert physiotherapist using the outcome measures.

Outcome measures
Inventory of Non-ataxia Signs (INAS)

INAS is an instrument that is highly reliable and
easily reproduced. It is used to evaluate the presence
of non-ataxia neurological signs and extracerebellar
involvement in individuals with SCA. INAS consists of
30 items grouped into 16 non-ataxia signs: areflexia,
hyperreflexia, plantar extensor response, spasticity,
paresis, amyotrophy, fasciculation, myoclonus, stiffness,
chorea, dystonia, resting tremor, sensory symptoms,
urinary  dysfunction, cognitive dysfunction, and
brainstem oculomotor signs.?® In the presence of one
of these 16 signs, the numeric value 1 is assigned to it
and, in their absence, the value 0 is assigned instead. The
resultis a simple sum that has a minimum score of 0 and
a maximum score of 16, with 0 meaning no impairment

and 16 meaning serious impairments.?
Scale for the Assessment and Rating of Ataxia (SARA)

SARA is a clinical scale used for a semi-quantitative
assessment of cerebellar ataxia atthe level of impairment.
This scale has eight items that result in a total score of
0 (non-ataxia) to 40 (more severe ataxia). The items are
related to gait, stance, sitting, speech, chase test, nose-
index test, fast alternating movements, and heel test.?'

Statistical analysis

The Shapiro-Wilk test was used to verify the
distribution of the data. The sample characteristics, INAS
and SARA scores were reported using median, minimum
and maximum values. Percentages were used where
appropriate. To investigate the association between the
variables, the Spearman correlation test (rho) was used.
Correlation sizes were defined as: trivial = rho < 0.1;
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weak = 0.1 < rho < 0.3; moderate = 0.3 < rho < 0.5;
strong = 0.5 < rho < 0.7; very strong = 0.7 < rho < 0.9;
and extremely strong = rho > 0.9.222% JASP (Version
0.10.0) was used to analyze statistics. The significance
value considered was 0.05.

Results

The demographic and clinical data of the participants
are shown in Table 1. The median INAS score was
[median (min-max)] 3 (0 - 6) points and the median SARA
score was 10 (2 - 23) points. Only one participant did not
show any non-ataxia signs.

Table 1 - Sample’s clinical and demographic characteristics

Variable Value
Number of participants 23
Age (years) 51(24-71)
Sex (M/F) 7/16
Disease duration (years) 5(2-16)
INAS total score 3(0-6)
SARA total score 10 (2 -23)
Prevalence of non-ataxia signs (%) 95,6

Note: INAS = Inventory of Non-ataxia Signs; SARA = Scale for the
Assessment and Rating of Ataxia. Data expressed as number of

occurrences or as median (lower-upper values).

The frequencies of the non-ataxia signs found in the
study sample were: areflexia (47.82%), hyperreflexia
(43.47%), (39.13%),
(39.13%), plantar extensor (30.43%), oculomotor signs
(26.08%), paresis (26.08%), sensory symptoms (21.73%),
rigidity (4.34%) and cognitive dysfunction (4.34%)
(Table 2). The presence of non-ataxic signs for each

urinary dysfunction spasticity

participant is presented in Table 3.

The Spearman correlation test indicated that there
was a moderate and significant correlation between
the INAS and SARA scores (rho = 0.428, 95% Cl =
0.39-0.704, p = 0.033) (Figure 2). In addition, there
was no association between the INAS scores and the
disease duration (rho = 0.003, 95% CI = -0.398-0.704,
p = 0.393).
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Table 2 - Frequency of non-ataxia signs

Non-ataxia signs Frequency - n (%)

Areflexia 11(47.82)
Hyperreflexia 10(43.47)
Spasticity 9(39.13)
Urinary dysfunction 9(39.13)
Extensor plantar 7 (30.43)
Paresis 6(26.08)
Brainstem oculomotor signs 6(26.08)
Sensory symptoms 5(21.73)
Rigidity 1(4.34)
Cognitive dysfunction 1(4.34)
Muscle atrophy 0(0.00)
Fasciculations 0(0.00)
Myoclonus 0(0.00)
Chorea/dyskinesia 0(0.00)
Dystonia 0(0.00)
Resting tremor 0(0.00)

Note: Data expressed as frequency number and percentage

corresponding to sample.

rho = 0.428
6 - o p.value = 0.033
S @0
) 4 @ @
o
a 3 o eG® o ([
%)
< .
Z 2 [ ] o
1+ e ©o
0 - @ ©

SARA score

Figure 2 - Scatter-plot representing the relationship between
Inventory of Non-ataxia Signs (INAS) and Scale for the
Assessment and Rating of Ataxia (SARA) scores. Spearman
correlation coefficient (rho) and correspondent p-value are

shown as inset.
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Table 3 - Presence of non-ataxia signs for each subject with SCA

c
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(V]
01 X X X
02 X X
03 X X X
04 X X X
05 X X X X
06 X X X
07 X X X
08 X X
09 X X X X
10 X X X
11 X X
12 X X X X X
13 X X
14 X X X X
15 X
16 X X
17 X X
18
19 X X
20 X X X X
21 X
22 X
23 X X

Note: SCA = spinocerebellar ataxia; Ind = individuals. The presence of
non-ataxic signs for each individual isindicated with a "X". None individual
presented muscle atrophy, fasciculation, myoclonus, chorea/dyskinesia,

dystonia and resting tremor grouped here as “other symptoms”.

Discussion

This study aims to identify the presence and frequency
of non-ataxiasignsinasample of Brazilian individuals with
SCA3 and to correlate the presence of these problems
with the severity of the disease. From the 23 individuals
studied, only one did not present non-ataxia signs. The
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most frequent non-ataxia signs found were areflexia,
urinary dysfunction, hyperreflexia, and spasticity. Rigidity
and cognitive dysfunction were the less frequent. We
did not find muscle atrophy, fasciculations, myoclonus,
chorea/dyskinesia, dystonia and resting tremor in this
sample. Finally, there was a moderate and significant
correlation between the presence of non-ataxia signs
and the severity of the disease.

SCA3 is the most frequent SCA subtype in Brazil and
the entire world. This fact motivated the choice for this
specific population.®” The present results demonstrated
that 95.6% of the study participants with SCA3 showed
at least one extra-cerebellar sign, suggesting that these
signs can be a common feature of this SCA subtype.
Yuan et al.?* found similar data in a Chinese sample of 68
individuals with SCA3 (91.2%). All of the non-ataxic signs
found in the present study are in accordance with those
reported by the literature as being the most common in
SCA3.2310 Among the most prevalent non-ataxia signs
found, urinary dysfunction and spasticity are treatable; if
they are early detected, they can be properly managed
or patients suffering from them can be referred to a
specialist.

In the present work, there was a moderate and
significant correlation between the presence of non-
ataxia signs (INAS) and the severity of the disease
(SARA). This shows non-ataxia signs have the tendency
to increase with the progression of the disease.
Similarly, a multicenter European study done with
a sample of 139 SCA3 individuals showed a higher
correlation (0.61) with the same factor.?®> On the other
hand, we did not find significant correlation between
the presence of non-ataxia signs (INAS) and the disease
duration. Only Schmitz-Hiibsch et al.?® previously
investigated this association and found a moderate
(0.40)
difference between these findings may result from the

correlation between these measures. The
heterogeneity of the sample of SCA subtypes studied
in this work (SCA3 only) and by Schimitz- Hubsch et al.
(SCA 1, 2, 3, and 6).%° Another possible explanation for
finding an association between non-ataxic symptoms
(INAS) and the severity of ataxia (measured by the
SARA scale), but not between non-ataxic signs and
the duration of the disease, may be due to different
patterns of degeneration among different individuals. It
could be that patients with SCA for many years may not
have high degree of degeneration caused by ataxia,
and consequently high degree of deficiency caused
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by the disease. In some cases, a patient may present an
accelerated rate of degeneration with a greater severity
of symptoms at the very beginning of the problem. In
other words, the severity of the disease as measured by
SARA appears to be more important than the duration
(in years) of the disease in determining the appearance
of non-ataxic signs in SCA3.

The median INAS scores found here (3.0 points in
23 individuals) are similar to the findings of a Chinese
study which reported a mean INAS score of 2.30 in 68
individuals with SCA3,%* and to a German study that
reported a mean INAS score of 1.1 in 15 individuals.?®
However, the multicenter European study referred to
above found a higher score (5.2) in a sample of 139
individuals with SCA3.2° The different scores found
may be due to the different levels of impairment of the
samples as measured by SARA scale. In fact, Schmitz-
Hibsch et al.?® found a higher SARA score (15.1)
compared to those of other studies: 10 in the present
study, 8.2 in Klinke et al.?® and 11.1 in Yuan et al.?
Furthermore, the ethnic differences of patients related to
genes mutations that can occur worldwide can lead to
clinical heterogeneity.?*?7

Among the extra-cerebellar signs, areflexia was
the most frequent sign found in this study (47.82%). It
is similar to the results reported by Klinke et al.?¢ and
Schmitz-Hiibsch et al.?® (both
populations). On the other hand, Yuan et al.?* reported

including European

6% of areflexia in their Chinese sample of individuals. The
presence of peripheral motor signs is common in SCA3
and has been associated with age, disease duration and
age at onset.?>28

Hyperreflexia was the second most frequent sign
in this study (43.47%), followed by spasticity (39.13%).
The presence of pyramidal signs is also common in
SCA3. In fact, Yuan et al.?* and Schmitz-Hiibsch et al.?®
reported a high prevalence of pyramidal signs in SCA3.
The presence of these signs can be influenced by repeat
length of expanded allele and associated age at onset,
but they are not influenced by disease duration.?®

Urinary dysfunction includes frequency, urgency,
emptying
symptoms. These are common non-ataxia manifestations
in SCA3 disease, observed in up to 50% of the study
participants.?? Thirty-nine point thirteen percent(39.13%)

incontinence, nocturia and incomplete

of the study sample showed urinary dysfunction. Studies
regarding the occurrence of this manifestation in
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SCA and its treatment could provide basis for further
investigations.

Rigidity (4.34%) and cognitive dysfunction (4.34%)
were the less frequent non-ataxia signs in this study. In
two other studies, rigidity frequency was measured to be
10% on average.?% In a study including 15 individuals,
only one presented rigidity.2¢ However, this was the most
frequent sign (47.1%) in a Chinese study population.?*
The cognitive dysfunction was not reported by Klinke et
al.? On the other hand, Yuan et al.2* and Schmitz-Hibsch

et al.?®

reported a frequency of cognitive dysfunction of
10% and 19%, respectively.

This study comprised a relatively small sample size,
which may compromise the external validity of these
findings. This relatively small sample size was a result
of difficulty locomotion of individuals with SCA and
owing to the poor public transportation in Brazil which
restricted the participation of the individuals with SCA
in this study. Even though the sample was not very big,
the data presented here can guide physical therapists
about the non-ataxic signs that should be expected in
individuals with SCA3 at least in Brazil.

Conclusion

The results obtained here suggest that: (i) most
patients with SCA3 may present at least one non-ataxic
sign besides the classical signs of cerebellar syndrome.
Areflexia was the most common extra-cerebellar sign,
followed by hyperreflexia and urinary dysfunction; and
(i) the higher the degree of severity of SCA, the greater
the probability of more non-ataxic signs. Itis very relevant
for physical therapists to keep this information in mind
when evaluating and designing the therapeutic plan
for individuals with this disease. Cerebellar syndrome
and non-ataxic signs must be considered in this plan in
order to promote an intervention with a greater chance
of success. These findings can contribute to the clinical
management of individuals with SCA3.
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