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ABSTRACT: Background: Lifestyle could influ-
ence the course of hereditary ataxias, but representa-
tive data are missing.
Objective: The objective of this study was to charac-
terize lifestyle in spinocerebellar ataxia type 3 (SCA3)
and investigate possible associations with disease
parameters.
Methods: In a prospective cohort study, data on
smoking, alcohol consumption, physical activity,
physiotherapy, and body mass index (BMI) were col-
lected from 243 patients with SCA3 and 119 controls
and tested for associations with age of onset, disease
severity, and progression.
Results: Compared with controls, patients with SCA3
were less active and consumed less alcohol. Less
physical activity and alcohol abstinence were associ-
ated with more severe disease, but not with progres-
sion rates or age of onset. Smoking, BMI, or
physiotherapy did not correlate with disease
parameters.
Conclusion: Differences in lifestyle factors of patients
with SCA3 and controls as well as associations of life-
style factors with disease severity are likely driven by
the influence of symptoms on behavior. No associa-
tion between lifestyle and disease progression was
detected. © 2021 The Authors. Movement Disorders
published by Wiley Periodicals LLC on behalf of Inter-
national Parkinson and Movement Disorder Society

Key Words: lifestyle; SCA3; alcohol; physical
activity; body mass index

Spinocerebellar ataxia type 3 (SCA3) is the most
common dominantly inherited ataxia, leading to severe
disability and premature death.1 Although a curative
treatment is not currently available, several approaches
to reduce the mutant protein have been developed, and
pilot trials appear to be within reach.2,3 Nevertheless,
symptomatic treatment and patient counseling will
remain as the cornerstones of care for patients with
SCA3. Although significant progress has been made in
understanding the natural history of SCA3,4,5 the
observed high variability in disease severity, progres-
sion, and age of onset can only be partly explained by
the repeat length of expanded alleles.6,7 This suggests
that other genetic or environmental factors, including
lifestyle factors, could contribute to such variability. To
date, the role of lifestyle factors has remained unclear,
primarily due to the lack of studies in representative
cohorts. In addition to understanding the natural his-
tory of SCA3, the results might have implications for
stratification in upcoming interventional trials and
patient counseling. This multicentric prospective

observational study assessed lifestyle factors including
alcohol consumption, smoking, body mass index
(BMI), physical activity, and ataxia-specific physiother-
apy in 243 patients with SCA3 and explored possible
associations with age of onset, disease severity, and
progression.

Methods
Study Cohort and Data Collection

The study cohort was based on the European Spi-
nocerebellar ataxia type 3/Machado-Joseph disease ini-
tiative (ESMI), a large multicenter prospective
observational study of patients with SCA3. Patients
with genetically confirmed SCA3 were recruited at
ataxia clinics in London (United Kingdom), Bonn
(Germany), Aachen (Germany), Nijmegen (The
Netherlands), Coimbra (Portugal), Essen (Germany),
Santander (Spain), Groningen (The Netherlands),
Azores (Portugal), Tübingen (Germany), Heidelberg
(Germany), and from additional sites in the
United States (Minneapolis, Minnesota; Baltimore,
Maryland; and Boston, Massachusetts). Control indi-
viduals without a history of neurological or psychiatric
disease were recruited at the same centers from relatives
accompanying the patients and hospital staff. A total of
243 patients with SCA3 with manifest ataxia and
119 healthy controls were included in the study.
Ataxia severity was quantified using the Scale for the

Assessment and Rating of Ataxia (SARA) as described
previously.8,9 The observed age of onset of ataxia was
self-reported. The residual age of onset (rAOO) was
defined as the difference between observed age of onset
and predicted age of onset based on the pathogenic
CAG repeat length.10 The predicted age of onset was
calculated using the model described previously.11

Annual SARA progression rates were calculated for
each proband using the differences in scores between
baseline and the last available visit. Functional status
was evaluated by the self-reported Activities of Daily
Living (ADL) score of the Friedreich’s Ataxia Rating
Scale.12 Lifestyle data were collected at each visit by a
questionnaire including items on the lifestyle categories
physical activity, smoking, alcohol consumption, and
ataxia-specific physiotherapy (Supplemental Material
S1). In detail, physical activity was evaluated using the
short form of the International Physical Activity Ques-
tionnaire (IPAQ), and data were processed as rec-
ommended.13 Patients who were wheelchair-bound
were excluded from further analysis regarding physical
activity, as the walking domain was not applicable.
Based on the IPAQ, multiples of the resting metabolic
rate (MET) minutes/week were estimated, and pro-
bands were categorized into three levels of physical
activity (high, moderate, and low) following the IPAQ
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guidelines. A moderate level of physical activity on the
IPAQ approximately reflects the minimum recommen-
dation of physical activity of the World Health Organi-
zation (WHO).14 Alcohol consumption was assessed in
a standardized interview asking about consumption on
the previous workday and during the past weekend, all-
owing for a rough estimation of daily alcohol consump-
tion.15 Weight and height were measured or reported
by patients if measures were not obtained due to logis-
tic difficulties. BMI was calculated using the following
formula: weight/(height)2. BMI was then categorized as
underweight (<18.5), normal (18.5–25), overweight
(25–30), and obese (>30).
The study was approved by the local institutional

review boards of all participating centers. Written
informed consent was obtained from all study partici-
pants before enrollment.

Statistics
Data were analyzed using RStudio Version 1.2.5033

(RStudio, Boston, Massachusetts). As none of the out-
come parameters were normally distributed, the
nonparametric Kruskal-Wallis test followed by the
Mann-Whitney U test was used for group comparisons.
Bonferroni correction was applied with number of
hypotheses (m)= 19 to correct for multiple testing in
the primary analysis of the association between lifestyle
factors (alcohol, smoking, BMI, physical activity, phys-
iotherapy) and measures of disease severity (SARA
score, ADL score, progression rate, age of onset). Thus,
P values <0.0026 were considered significant. Other
secondary comparisons were regarded as exploratory
analyses, and for these, no Bonferroni correction
was applied. Correlations were calculated using the
Spearman rank correlation.

Results

Characteristics of the study population are given in
Table 1. Compared with controls, patients with SCA3 were
less active, achieving a lower number of MET minutes per
week (median SCA3, 1440 minutes; median controls, 2826
minutes; P < 0.001). More SCA3 probands were classified
in the low physical activity group (SCA3, 39%; control
cohort, 19%; P < 0.05), not reaching the WHO-
recommended minimal physical activity.14 Alcohol was
consumed by 58% of the patients with SCA3, less frequent
than in the control group (87%; P < 0.001). Of the patients
with SCA3, 26% had previously consumed alcohol, and
16% had never consumed alcohol. Among the probands
who drank alcohol, the estimated amount of daily alcohol
consumption was comparable between patients with SCA3
and controls (median SCA3, 21.0 g/d; median controls,
19.0 g/d). Current smokers were more frequent in the
SCA3 cohort (18% of patients; median number of pack-

years, 15.0 [interquartile range, 7.8–23.1]) than in
the control group (8%; median number of pack-years,
7.6 [interquartile range, 4.5–12.1]). Exsmokers were
more frequent in the control group (37%) than in the
SCA3 cohort (28%).
The BMI was slightly lower in patients with SCA3

than in controls (medians 23.7 in SCA3 and 24.8 in
controls; P= 0.047); 12 of the patients with SCA3 but
none of the control individuals were underweight
(BMI <18.5).
Next, we analyzed if these lifestyle factors were asso-

ciated with disease severity as assessed by the SARA
score, rAOO, annual SARA progression rate, and ADL
score (Fig. 1, Supplemental Table S1). Significant differ-
ences affecting SARA and ADL scores were found for
alcohol consumption and physical activity. Alcohol
abstinence was significantly associated with higher

TABLE 1 Study population characteristics

Demographic
information

Patients
with SCA3

Healthy
controls

N, BL/FUP1/FUP2 243/167/84 119

Period between
baseline and last
follow-up, months

22.5 (13.5–28.1) NA

Age, years 51 (42.0–59.0) 46 (38.0–59.0)

Sex, female/male 124 (51)/119 60 (50)/59

Age of onset, years 39.0 (33.0–46.0) NA

CAG repeat length,
longer allele

70.0 (67.0–73.0) NA

SARA 12 (8.0–19.5) 0 (0–0.5)

ΔSARA per year,
BL to last FUP

1.27 (0.16–2.54) NA

ADL 9.0 (5.0–16.25) 0 (0–0)

Smoking,
yes/previously/no

43 (18)/69
(28)/131 (54)

9 (8)/44 (37)/64
(55)

Alcohol,
yes/previously/no

140 (58)/63
(26)/40 (16)

102 (87)/6 (5)/9
(8)

Physical activity,
high/moderate/low

55 (29)/60
(32)/74 (39)

39 (40)/35
(41)/16 (19)

Ataxia specific
physiotherapy,
yes/no

149 (61)/94 NA

Body mass index 23.7 (21.2–26.6) 24.8 (22.3–27.0)

MET minutes per
week

1440 (420–3144) 2826 (1309–4488)

Data are presented as n (%) or median (interquartile range).
Abbreviations: SCA3, spinocerebellar ataxia type 3; BL, baseline visit; FUP1,
follow-up 1; FUP2, follow-up 2; SARA, Scale for the Assessment and Rating of
Ataxia; ΔSARA, annual SARA progression rate; FU, follow-up; ADL, Activities
of Daily Living; MET, multiples of the resting metabolic rate; NA, not available.
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FIG. 1. Primary analysis of the association between lifestyle factors and the predefined measures of disease severity (SARA score, residual age of
onset, annual SARA progression rate [ΔSARA], and ADL score). After Bonferroni correction for multiple testing (number of hypotheses (m )= 19), the
results were considered to be significant at P < 0.0026. Group comparisons regarding the residual age of onset were calculated with the respective
values at the time point of disease onset for smoking and alcohol, for physical activity and BMI, the values at baseline visit had to be used. (A) Smoking
was not significantly associated with any outcome parameter. (B) Alcohol consumption was significantly associated with lower SARA and ADL scores,
whereas residual age of onset and SARA progression rates did not significantly differ. (C) SARA and ADL scores were significantly lower in patients with
moderate and high levels of physical activity, whereas residual age of onset and SARA progression rates were not significantly different. (D) Patients
receiving physiotherapy showed a tendency toward higher SARA and ADL scores and higher progression rates. (E) BMI analysis showed a trend
toward more severe disease with higher ADL and SARA scores in underweight patients. ADL, Activities of Daily Living; BMI, body mass index; SARA,
Scale for the Assessment and Rating of Ataxia.
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SARA and ADL scores (P = 3.2 � 10�13 and
P = 2.5 � 10�9, respectively). Concerning physical
activity, the highly active patients had significantly
lower SARA and ADL scores than those with moderate
or low physical activity levels (P = 0.0022 and
P = 7.6 � 10�5, respectively). However, rAOO and
SARA progression rate did not differ significantly for
any lifestyle factor. Furthermore, smoking tobacco,
receiving ataxia-specific physiotherapy, and BMI cate-
gories did not show significant differences in any tested
outcome variables. Subgroup analyses did not detect
associations between the frequency or the estimated
amount of alcohol consumption per day with changes
in SARA progression rates (Supplementary Fig. S1A,B).
For physical activity, there was no correlation between
the estimated MET minutes per week for each patient
and SARA progression rates (Supplementary Fig. S1C).
Likewise for ataxia-specific physiotherapy, there was
no correlation between hours of training per week and
the progression rate (Supplementary Fig. S1D).
BMI and repeat length were inversely correlated

(Supplementary Fig. S1E; Spearman’s ρ = �0.26,
P = 0.00092). SARA scores and self-reported ADL scores
showed a high positive correlation (Supplementary
Fig. S1F; Spearman’s ρ = 0.83, P = 2.2 � 10-16),
confirming this finding as previously reported in
Friedreich’s ataxia.16

Discussion

This observational study characterized the lifestyle
factors alcohol consumption, smoking, BMI, physical
activity, and physiotherapy in patients with SCA3 and
explored the associations between these variables and
disease progression.
We found that higher alcohol consumption was signifi-

cantly associated with less severe disease (lower SARA
and ADL scores), which does not mean that alcohol con-
sumption prevents severe stages of SCA3 but may be
interpreted as a hint that patients with more severe ataxia
refrain from alcohol, as the ethyltoxic aggravation of the
movement disorder is no longer tolerable. Consistent with
this hypothesis, many patients (47 of 61 SCA3 probands)
named health reasons for giving up alcohol consumption.
The significant association between higher levels of physi-
cal activity and less severe disease can be interpreted in a
similar way, which is that patients with more severe ataxia
may not be able to engage in much physical activity.
However, in terms of SARA progression rate, we did not
find associations for either the IPAQ categories or esti-
mated total MET minutes per week.
The number of patients receiving physiotherapy to

ameliorate ataxia was 61%, which was about the same
as in a previous Dutch study.17 Unexpectedly, patients
receiving ataxia-specific physiotherapy tended to have

higher SARA and ADL scores. We hypothesize that
this association could be attributed to differences in
prescribing and that more severely affected patients are
more likely to receive ataxia-specific physiotherapy.
Another interesting finding was the tendency that

patients with a higher BMI had less severe ataxia. As
severe disease promotes inactivity and, therefore, the risk
of gaining weight, this correlation may reflect the con-
sumptive nature of SCA3. Indeed, a negative association
between disease severity and weight has been previously
described in SCA,18,19 and an inverse correlation was
found between repeat length and BMI.20 Similar effects
have also been observed with Huntington’s disease,
another trinucleotide repeat expansion disorder.21,22

Although we present an overview of lifestyle factors in
SCA3, conclusions on potentially protective or deleterious
lifestyle effects are limited. The observational nature of
this study allows only to delineate associations, whereas it
is not possible to distinguish whether lifestyle factors are
disease modifiers or whether symptoms influence patients’
behavior. To establish causal relations between lifestyle
and the course of disease, a prospective, long-term study
with randomized assignments to groups of alcohol con-
sumption, smoking, physical activity, and BMI would be
required. Not least because of different attitudes and
mind-sets, this is not realistic.
Although this study included one of the largest SCA3

cohorts worldwide, our study was underpowered con-
cerning longitudinal progression data. It has been previ-
ously estimated that in a 1-year trial, two groups of
202 patients with SCA3 need to be observed to detect a
50% change in SARA progression rates.4 However, our
data do not suggest strong effects of lifestyle factors on
the course of SCA3. As stated previously, the association
of less alcohol use and physical activity with more severe
disease likely reflects secondary effects of symptoms on
behavior. Our data do not provide evidence that stratifi-
cation for lifestyle factors is required in upcoming inter-
ventional trials.
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