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ABSTRACT 
Subclinical ventilatory dysfunction is observed in individuals with spinocerebellar ataxias (SCA). No studies have correlated ventilatory 
dysfunction to clinical and functional decline in SCA2. Objective:  To evaluate the relationship between the values of peak expiratory 
flow (PEF), maximum inspiratory pressure (MIP), and presence of respiratory complaints with age, disease duration, age at onset of 
symptoms, balance scores, independence in basic (ADL) and instrumental (IADL) Activities of Daily Living (ADLs), and severity of ataxia 
(SARA) in individuals with SCA2. Methods:  Cross-sectional study evaluating age, disease duration, age at onset of symptoms, scores in 
the Berg Balance Scale and in the SARA, Functional Independence Measure and Lawton’s scale, values of PEF and MIP, and the presence 
of respiratory complaints. Results:  The study included 36 individuals with SCA2, with a mean age of 42.5±2.4 years, disease duration of 
7.6±8.2 years, age 33.7±11.5 years at onset of symptoms, and 9.9±10.3 points in the SARA scale. The lowest PEF values correlated with the 
longer disease duration (p=0.021). The lowest values of PEF and MIP correlated with greater balance impairment (p=0.019 and p=0.045, 
respectively), increased degree of dependence in the ADL (p=0.006 and p=0.050, respectively) and IADL (p=0.003 and p=0.001, respectively) 
scales, and highest severity of ataxia (p=0.006 and p=0.017, respectively). Respiratory complaints were observed in 12 (33.3%) individuals 
and were not related to age, disease duration, age at onset of symptoms, balance, independence, ataxia severity, or PEF and MIP values. 
Conclusion:  Ventilatory dysfunction, even when asymptomatic, is related to balance impairment, independence, and ataxia severity in 
individuals with SCA2. 

Keywords: spinocerebellar ataxia; peak expiratory flow rate; maximum inspiratory pressure; postural balance; functional independence; 
disease severity index.

RESUMO 
Disfunção ventilatória subclínica tem sido observada em indivíduos com ataxias espinocerebelares (SCA). Não existem estudos 
relacionando disfunção ventilatória ao declínio clínico e funcional na SCA2. Objetivo:  Avaliar a relação dos valores de Pico de Fluxo 
Expiratório (PFE), Pressão Inspiratória Máxima (PIMAX) e presença de queixas respiratórias com idade, tempo de doença, idade de 
início dos sintomas, escore de equilíbrio, independência para atividades básicas (AVD) e instrumentais (AIVD) de vida diária e gravidade 
da ataxia (SARA) em indivíduos com SCA2. Métodos:  Estudo transversal, considerando: idade, tempo de doença, idade de início dos 
sintomas, escores nas Escalas SARA, Equilíbrio de Berg, Medida da Independência Funcional e de Lawton, valores de PFE, PIMAX 
e queixas respiratórias. Resultados:  Foram avaliados 36 indivíduos com SCA2 com média de 42,5±2,4) anos de idade, 7,6±8,2 anos 
de tempo de doença, 33,7±11,5 anos de idade de início dos sintomas e 9,9±10,3 pontos na escala SARA. Os menores valores de PFE 
estiveram relacionados ao maior tempo de doença (p=0,021). Os menores valores de PFE e PIMAX estiveram relacionados ao maior 
comprometimento do equilíbrio (p=0,019; p=0,045, respectivamente), maior dependência para ADV (p=0,006; p=0,050, respectivamente) 
e AIVD (p=0,003; p=0,001, respectivamente) e maior gravidade da ataxia (p=0,006; p=0,017, respectivamente). Foram  observadas 
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Spinocerebellar ataxias (SCAs) are clinical conditions 
comprising an extensive, complex, and heterogeneous group 
of neurodegenerative diseases with autosomal dominant 
inheritance1. SCAs occur in different types classified accord-
ing to gene mutation. At least 48 genetic loci have been asso-
ciated with SCAs2,3. SCA2 - the third most frequent SCA type 
in Brazil - is a polyglutamine disease caused by abnormal 
expansion of CAG triplet repetitions in the coding region of 
the ATXN2 gene (12q24.1)1-3.

SCAs comprise a clinically heterogeneous group of 
diseases characterized by progressive cerebellar dys-
function (mainly gait and limb ataxia) evolving with dif-
ferent degrees of dysarthria, dysmetria, and nystagmus, 
eventually accompanied by other movement disorders4. 
Clinical manifestations may also include resting or action 
tremors, polyneuropathy, upper motor neuron involve-
ment, and parkinsonism, which may predominate in some 
cases5. SCA2 is characterized by a progressive cerebellar 
syndrome that can be accompanied by slowing of horizon-
tal saccadic eye movements4. Other commonly described 
signs and symptoms are cognitive impairment, periph-
eral neuropathy with fasciculation, and sleep disorders5-7. 
Longer disease duration is associated with greater balance 
impairment, functional dependence, and ataxia severity in 
subjects with SCA28.

Sriranjini et al.9 showed a prevalence of restrictive pul-
monary dysfunction and upper airway obstruction in 
patients with SCA1, SCA2, and SCA3; compared with con-
trols, these patients presented significantly lower parame-
ters of total lung volume and respiratory muscle strength. 
The authors observed subclinical pulmonary dysfunction in 
all subtypes of SCA analyzed, but the correlation between 
lung function and disease parameters occurred only in 
patients with SCA3.

 Among other factors, the authors attributed the pul-
monary dysfunction in SCA to lack of muscle coordination 
and inability to sustain respiratory effort due to respira-
tory muscle incoordination. In the study, individuals with 
SCA1 (n=13) and SCA2 (n=9) were the ones most affected. 
In addition, progressive bulbar dysfunction can contribute to 
ventilatory dysfunction10.

Based on the considerations above, the aim of this 
study was to evaluate the relationship between ventila-
tory function and clinical and functional data in patients 
with SCA2.

METHODS

Selection of patients
We recruited 36 patients with SCA2 who were follow-

ing up at the Ataxia Outpatient Clinic, Movement Disorders 
Unit, at the Hospital de Clínicas (Federal University of Paraná; 
HC-UFPR) between September 2017 and August 2018. 
The patients had (1) a clinical and genetic diagnosis of SCA2 
or (2) clinical features and relatives with genetic confirma-
tion of SCA2. Exclusion criteria were (1) active smoking, (2) 
uncontrolled hypertension, (3) musculoskeletal disorders 
that could affect balance and functionality, (4) other concom-
itant neurological diseases, and (5) absence of regular follow-
up at the outpatient unit.

All participants were informed about the procedures and 
signed a free and informed consent form. The ethics com-
mittee of the HC-UFPR approved this cross-sectional study 
(CAAE: 70592817.1.0000.0096).

Clinical assessment
Demographic and clinical variables (age, gender, age at 

onset of symptoms, disease duration, and use of walking aid) 
were collected in a standardized fashion. The patients were 
scored for ataxia severity according to the 8-item Scale for 
the Assessment and Rating of Ataxia (SARA), which ranges 
from a total score of 0 (no ataxia) to 40 (most severe ataxia)11. 
All instruments were assessed using the Portuguese versions 
of the Berg Balance Scale (BBS)12, Functional Independence 
Measure-Activities of Daily Living (FIM-ADL)13, and Lawton's 
Instrumental Activities of Daily Living (IADL) scales14. 
The BBS12 evaluates 14 items related to daily activities involv-
ing static and dynamic balance, yielding a maximum score 
of 56 points. Individuals with scores between 41 and 56 can 
walk independently (low fall risk), those with scores between 
21 and 40 are able to walk with assistance (medium fall risk), 
and those with scores between 0 and 20 require a wheelchair 
(high fall risk). The FIM13 assesses the degree of indepen-
dence on 18 items related to Activities of Daily Living (ADLs), 
including the domains of self-care, transfers, walking, and 
sphincter control (motor subscale), and communication and 
social cognition (cognitive subscale). In this study, we consid-
ered the motor subscale, which ranges from 13 to 91 points 
(the higher the score, the greater the individual’s indepen-
dence). Individuals with scores 6 or 7 in all items of the motor 
subscale were considered to be independent. Lawton’s IADL 

queixas respiratórias em 12 (33,3%) indivíduos que não estiveram relacionadas à idade, idade de início dos sintomas, tempo de 
doença, equilíbrio, independência, gravidade da ataxia, ou valores de PFE e PIMAX. Conclusão:  A disfunção ventilatória, mesmo quando 
assintomática, está relacionada ao comprometimento do equilíbrio, à independência e à gravidade da ataxia em indivíduos com SCA2. 

Palavras-chave: ataxias espinocerebelares; pico de fluxo expiratório; pressões inspiratórias máximas; equilíbrio postural; independência 
funcional; índice de gravidade da doença.
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scale14 assesses independence in seven activities of greater 
complexity like shopping, preparing meals, and using trans-
portation. The total score varies from 7 to 21, and the indi-
viduals are classified as independent when having a total 
score of 21 points, partially dependent when having a score 
between 6 and 20, and dependent when having a score lower 
than or equal to 5.

Respiratory evaluation
During anamnesis, we assessed the occurrence of cough, 

respiratory infection (upper/lower airway), and dyspnea 
on mild, moderate, or heavy exertion. SpO2 was measured 
using the Nonin Onyx® pulse oximeter (Nonin Medical, Inc., 
Plymouth, MN, USA). The respiratory rate in one minute was 
obtained using a digital stopwatch (Stop Watch®) at rest to 
ensure sufficient clinical conditions to perform the respi-
ratory tests. The reference values adopted by the Brazilian 
Society of Pulmonology and Tisiology are 12 to 22 breaths 
per minute for the respiratory rate and between 89 to 99% 
for the SpO2

15.
Peak expiratory flow (PEF) was evaluated with a portable 

equipment (Mini Wright®, Woodley Clinical Trials, Lancashire, 
UK) and a disposable mouthpiece. The reference values were 
based on the table by Leiner et al.16, validated by the Brazilian 
Society of Pulmonology and Tisiology15. This technique is also 
recommended to diagnose and monitor ventilatory symp-
toms in patients with neuromuscular and neurodegenera-
tive diseases, as it verifies the degree of airway obstruction / 
restriction. The only contraindication for this test is in non-
collaborative patients17.

Maximum inspiratory pressure (MIP) was measured 
using an analog pressure manometer (Suporte Classe 
B, São Paulo, Brazil) calibrated in cmH2O, with a -120 to 
+120  cmH2O operational limit and a 10-cmH2O scale, 
equipped with the same disposable mouthpiece as the 
one used for PEF measurement. MIP is measured in the 
obstructed airway (vacuum) at maximum inspiratory effort. 
The values obtained are negative and reflect the individual’s 
muscle strength: the greater the negativity of the obtained 
value, the better the muscle strength. This test is used to 
measure the strength of the respiratory muscles and is use-
ful as a tool in programs to strengthen this musculature and 
during mechanical ventilation weaning18. We used the Black 
and Hyatt19 equation to calculate the normal MIP values for 
each individual. Three PEF and MIP measurements were 
obtained, with each individual in the sitting position and 
supported at 90 degrees, at 2-minute intervals between the 
tests. The best of the three measurements was recorded and 
used for the analysis. Both of these measurements involve 
simple, safe, and low-cost techniques18.

Statistical analysis
The results are presented as means, medians, minimum 

and maximum values, and standard deviations (quantitative 

variables) or as frequencies and percentages (categorical 
variables). The normality of the variables was evaluated with 
the Shapiro-Wilk test. Student’s t-test or the non-parametric 
Mann-Whitney test were used to compare groups of quan-
titative variables. Fisher’s test was used to compare groups 
of categorical variables, and Spearman’s correlation coef-
ficient to evaluate the association between two quantita-
tive variables. Linear regression was used to assess the rela-
tionship between PEF, MIP, and clinical and functional data. 
P-values<0.05 indicated statistical significance. The data 
were tabulated using Microsoft Excel 2016 and analyzed 
using JASP v.0.9.2.0.

RESULTS

Of the 36 individuals with SCA2 participating in the 
study, 19 (52.8%) were males. Genetic testing was per-
formed in 13 (36.1%) patients, resulting in a median expan-
sion of the affected allele of 2124 (1648-2354). Table  1 
describes the participants’ mean age, age at onset of symp-
toms, disease duration, and scores for independence in 
the ADL and IADL scales, balance, and disease severity. 
The PEF values were decreased in 23 (63.9%) individuals 
while and MIP values were decreased in 34 (94.4%) of them 
(Table 1).

Respiratory manifestations were reported by 12 (33.3%) 
individuals, including frequent airway infection in six 
(16.6%), dyspnea on exertion reported the IADL and ADL in 
three (8.3%), cough in two (5.6%), and snoring in one (2.8%) 
individual. Ten (27.8%) individuals used walking devices 
(walker, cane, crutch, or wheelchair), of whom four and six 
were in the group with and without respiratory complaints, 
respectively. Participants in the groups with respiratory com-
plaints were older and had more severe scores than those 
in the group without respiratory complaints (p=non-signifi-
cant). There was no difference between the groups with and 
without respiratory complaint in relation to MIP and PEF 
results, degree of independence in the ADL and IADL scales, 
and impaired balance (Table 1).

PEF showed no correlation with patients’ age (rho=-0.181; 
p=0.289), and a moderate correlation with disease duration, 
ataxia severity, and with the highest degree of balance impair-
ment (Table 2). The highest degree of independence in the 
ADL and IADL correlated positively and moderately with the 
higher PEF (Figure 1).

MIP showed no correlation with the patients’ age 
(rho=0.257; p=0.131) or disease duration (rho=-0.384; 
p=0.123) and correlated moderately with ataxia sever-
ity and greater balance impairment (Table 2). The lowest 
MIP values correlated negatively and moderately with the 
highest degree of dependence in the IADL and negatively 
and strongly with the highest degree of dependence in the 
IADL (Figure 2).

Arq Neuropsiquiatr 2020;78(2):96-102



99

Table 1. Clinical and functional variables and presence of respiratory findings.

Respiratory complain MIP PEF

Total n=36
With 

complaint 
n=12

Without 
complaint 

n=24
p-value Normal 

n=2
Altered 

n=34 p-value Normal 
n=13

Altered 
n=23 p-value

Age 42.5±12.4 44.0±10.0 39.6±16.4 0.327 (c) 38.5±14.8 42.7±12.5 0.578(c) 42.2±12.5 42.7±12.6 0.795(c)

Age of 
onset of 
symptoms

33.7±11.5 31.6±10.5 34.8±12.0 0.267 (c) 29.5±7.8 33.9±11.7 0.689 (c) 35.5±12.6 32.7±10.9 0.337(c)

Gender 
(male) 19 (52.8%) 5 (26.3%) 14 (73.7%) 0.483 (a) 1 (5.3%) 18 (94.7%) 1.0 (a) 7 (36.8%) 12 (63.2%) 1.0 (a)

Disease 
duration 7.6±8.2 7.6±8.4 7.5±8.2 0.804(c) 9.0±7.1 7.5±8.4 0.495(c) 5.7±7.1 8.7±8.7 0.214(c)

SARA 9.9±10.3 10.3±10.5 9.2±10.3 0.436(c) 10.8±7.4 9.8±10.5 0.667(c) 7.4±7.8 11.3±11.4 0.344(c)

 IADL 18.4±4.2 18.7±4.1 17.9±4.6 0.934(c) 19.5±2.1 18.4±4.3 0.917(c) 19.4±3.1 17.9±4.7 0.474(c)

BBS 42.3±18.2 42.3±18.0 42.4±19.6 0.177(c) 48.0±4.2 42.0±18.7 0.622(c) 45.2±16.8 40.7±19.2 0.673(c)

FIM 91±0 77.6±22.0 82.4±11.2 0.540(c) 76.0±2.8 79.4±19.6 0.229(c) 85.3±7.1 75.8±22.7 0.281(c)

MIP 0.94±0.23 1±0 0.9±0.3 0.5429 (a) - - - 0.9±0.3 1±0.2 1.0 (a)

PEF 0.64±0.49 0.7±0.5 0.6±0.5 1.0 (a) 0.5±0.7 0.6±0.5 1.0 (a) - - -

Data showed as mean±standard deviation or median (IQ); a: Fisher’s exact test; p<0.05; b: Student’s t-test for independent samples; p<0.05; c: non-parametric 
Mann-Whitney test; p<0.05.SARA: Scale for the Assessment and Rating of Ataxia; IADL: Instrumental Activities of Daily Living; BBS: Berg Balance Scale; FIM: 
Functional Independence Measure; MIP: Maximum Inspiratory Pressure; PEF: Peak Expiratory Flow.

Table 2. Correlations among clinical and functional variables 
and presence of respiratory findings.

PEF MIP

Age
rho=-0.181, 95%CI 

(-0.481‒0.156); 
p=0.289

rho=0.257, 95%CI 
(-0.079‒0.540); 

p=0.131

Disease 
duration

rho= 0,261, 95%CI 
(-0.633‒-0.064); 

p=0.021

rho= -0,384, 
95%CI 

(-0.073‒0.543); 
p=0.123

SARA
rho=- 0.450, 

95%CI (-0.678‒-
0.142); p=0.006

rho=0.397, 95%CI 
(0.078‒0.642); 

p=0.017

IADL 
rho=0.483, 95%CI 

(0.184‒0.700); 
p=0.003

rho=-0.521, 95%CI 
(-0.725‒-0.232); 

p=0.001

BBS
rho=0.389, 95%CI 

(0.070‒0.637); 
p=0.019

rho=-0.336, 95%CI 
(-0.009‒-0.599); 

p=0.045

FIM
rho=0.450, 95%CI 

(0.142‒0.678); 
p=0.006

rho=-0.329, 95%CI 
(-0.594‒-0.001); 

p=0.050

The Spearman correlation coefficient (rho) was estimated to evaluate the 
association between two quantitative variables. Values of p<0.05 indicate 
a statistically significant correlation. SARA: Scale for the Assessment 
and Rating of Ataxia; IADL: Lawton’s scale; BBS: Berg Balance Scale; FIM: 
Measurement of Functional Independence; PEF: peak expiratory flow; MIP: 
maximum inspiratory pressure.

DISCUSSION

Even though initial SCA studies have mostly focused on 
movement disorders, some have addressed pulmonary func-
tion in patients with SCAs and other neurodegenerative dis-
eases like Parkinson's disease (PD) and Huntington's disease 
(HD)9,20,21. Sriranjini et al.9 pointed out that the lack of respi-
ratory manifestations in SCA could explain the small num-
ber of studies in this area. These authors observed subclini-
cal restrictive pulmonary dysfunction in individuals with 
ataxia and recommended early management with respiratory 
physical therapy. We observed reduced PEF and MIP values 
in our patients with SCA2, a finding that was not related to 
the patients’ age. Correlations between disease duration and 
decreased PEF values have also been reported. Reductions in 
PEF and MIP values have been both related to greater bal-
ance impairment, increased degree of dependence in the ADL 
and IADL scales, and greater ataxia severity. Although 33% 
of our patients had respiratory complaints, these manifesta-
tions were not related to the participants’ age, disease dura-
tion, or severity of ataxia.

The present study measured PEF values to evaluate the 
occurrence of respiratory restriction and/or obstruction to 
the PEF and MIP values to determine the strength of the 
respiratory muscles. PEF values depend on the expansion 
of the chest cavity caused by increased lung volume, while 
MIP is useful to evaluate fatigue22. Several authors use PEF 
and MIP values to quantify the progression of pulmonary 

Mello NM et al. Ventilatory function in SCA2
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dysfunction in patients with neurodegenerative diseases9,14,20. 
In this study, PEF and MIP measurements were obtained 
with a portable equipment, which could detect the presence 
of ventilatory disorders in the cohort. This technique has no 
contraindication, providing that the patient is collaborative, 
and can even be used in intubated or comatose patients. It is 
associated with a low cost and provides fast and immedi-
ate results. Also, this technique is routinely used to evaluate 
the efficacy of drug therapy in patients with pulmonary dis-
ease17,22 and may, in individuals with ataxia, indicate a need 
for more comprehensive tests like spirometry. Reyes et al.20 
measured PEF and MIP values using a portable equipment to 
evaluate lung function in patients with Huntington’s disease 
and also observed a reduction in these parameters in their 
cohort. Sriranjini et al.9 found subclinical respiratory dysfunc-
tions, similar to those observed in other neurodegenerative 
diseases, namely, restrictive changes and reduced respiratory 
pressures9. Subclinical dysfunction, reflected by reduced MIP 
and PEF values, is a functional limitation that should be con-
sidered, evaluated, and treated when possible.

The reduced MIP and PEF values observed in 94.4% of our 
patients corroborate the findings by Sriranjini et al.9 These 
authors evaluated 30 individuals with SCA1, SCA2, and SCA3; 

MIP and PEF values were reduced in nine patients with SCA2, 
which was attributed to lack of coordination of the respiratory 
muscles. The reduced PEF values observed in 63.9% of our 
patients indicate a restrictive pulmonary pattern, which was 
also observed by Torsney et al. in patients with Parkinson’s dis-
ease21. These authors concluded that respiratory dysfunction 
occurred due to multiple factors, including restrictive changes 
and disease severity and duration21. We  found a correlation 
between reduced PEF values and disease duration and ataxia 
severity. The relationship between lower PEF values and lon-
ger disease duration corroborates the findings by Sriranjini 
et al.9 However, our MIP values showed no correlation with 
disease duration, which was also observed by Sriranjini et al.9 
A   possible explanation, in our cohort, could be the shorter 
disease duration and lower SARA scores. For Charles et al.23, 
the lack of motor coordination between inspiratory and expi-
ratory muscles in neurodegenerative diseases increases respi-
ratory work leading to muscle fatigue. Another factor related 
to respiratory changes in ataxias is progressive bulbar dys-
function10. The natural evolution of SCA2 due to increased cer-
ebellar involvement, as well as greater compromise of brain-
stem structures may explain the correlation between disease 
severity and duration with respiratory worsening24.

PEF: Peak Expiratory Flow; BBS: Berg Balance Scale; FIM: Measurement of Functional Independence; MIP: maximum inspiratory pressure; IADL: Lawton's 
Instrumental Activities of Daily Living; SARA: Scale for the Assessment and Rating of Ataxia.
Figure 1. Relationship between Peak Expiratory Flow percentage and scores in the scales Berg Balance Scale, Functional 
Independence Measure, Lawton's Instrumental Activities of Daily Living and Scale for the Assessment and Rating of Ataxia.
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Sriranjini et al.9 observed an association between ataxia 
severity and maximum voluntary ventilation values obtained 
by spirometry for each group of patients with SCA1, SCA2, and 
SCA3. In the present study, this relationship was observed in 
a larger group of SCA2 patients using measurements of both 
MIP and PEF values obtained on an outpatient basis using a 
portable equipment. Perhaps the measurement of MIP and 
PEF values during routine outpatient visits may be helpful to 
monitor the ventilatory condition of individuals with SCA, 
given the challenges in obtaining these values using more 
elaborated tests like spirometry. Routine measurements of 
MIP and PEF values in outpatients with SCA could be used 
as a screening method to determine which patients require 
further examination and follow-up.

In the present study, respiratory complaints, including 
short-term dyspnea, were observed in one-third of the sam-
ple. In the study by Sriranjini et al.9, no respiratory complaints 
were observed. Even though the spirometry and measures of 
ventilatory muscle strength of their cohort had limitations, 
the authors attributed the lack of respiratory complaints to an 
adaptation of individuals with ataxia to a less strenuous life-
style. Different from that study, the present cohort reported 

complaints of dyspnea, cough, snoring, and frequent respira-
tory infections, but these complaints were not related to clin-
ical and functional impairment. Perhaps reduced values of 
PEF and MIP are a safer indication of respiratory abnormali-
ties compared with self-reported complaints.

For Busse et al.25, respiratory dysfunction is a common 
finding in neurodegenerative diseases in which, unfortunately, 
treatment is characterized as being more supportive than 
preventive, due to late onset of signs and symptoms. Some 
studies have addressed the importance of diaphragmatic 
strengthening in individuals with neurodegenerative dis-
eases. Respiratory muscle training programs led to increased 
MIP values, cough effectiveness, and improved endurance in 
individuals with multiple sclerosis and Parkinson’s disease26,27. 
According to Callaghan et al.28, an understanding of the mech-
anism of respiratory dysfunction may lead to timely and nec-
essary interventions with the potential to modify and mini-
mize dyspnea complaints, speech and swallowing disorders, 
respiratory infections, and decreased functional capacity.

The results of genetic tests were only available in a third 
of our cohort, which prevented the correlation of these data 
to the study variables, a potential limitation of our study. 

MIP: Maximum Inspiratory Pressure; BBS: Berg Balance Scale; FIM: Measurement of Functional Independence; IADL: Lawton's Instrumental Activities of Daily 
Living; SARA: Scale for the Assessment and Rating of Ataxia.
Figure 2. Relationship between maximum inspiratory pressure percentages and scores in the scales Berg Balance Scale, Functional 
Independence Measure, Lawton's Instrumental Activities of Daily Living, and Scale for the Assessment and Rating of Ataxia.
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The  decreased disease severity and short disease duration 
of the patients in our cohort could also be limitations of the 
present study. On the other hand, the results from the present 
study may be useful for the implementation of routine eval-
uations at other services and referral of affected patients to 
respiratory rehabilitation.

In conclusion, the reduced MIP and PEF values observed 
in individuals with SCA2 in the present cohort correlated 

with greater balance impairment, increased degree of depen-
dence on the ADL and IADL scales, and more severe scores 
in the SARA scale. Reduced PEF values were related to lon-
ger disease duration. The presence of respiratory complaints 
was not related to impaired balance, increased degree of 
dependence on the ADL and IADL scales, or more severe 
ataxia. Studies with larger samples are needed to confirm 
these findings.
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