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Objective: To determine the prevalence and causation of late onset cerebellar ataxia (LOCA) in south east
Wales, United Kingdom.
Methods: A population based study of LOCA was conducted in a defined geographical region with a total
population of 742 400. Multiple sources of ascertainment were used to identify all cases prevalent on
1 January 2001. The inclusion criteria were: a predominantly progressive cerebellar ataxia with onset of
symptoms at age >18 years; and disease duration of >1 year. Cases with known acquired ataxias,
ataxic syndromes with associated prominent autonomic dysfunction and/or atypical parkinsonism
suggestive of multiple system atrophy and disorders with ataxia as a minor feature were excluded.
Results:We identified 76 index cases of LOCA, of whom 63 were sporadic, idiopathic LOCA (ILOCA) and
13 were familial LOCA, of whom six had either spinocerebellar ataxia type 6, Friedreich’s ataxia or
dominant episodic ataxia. The mean annual incidence rate for the period 1999–2001 was 0.3/100 000
population/year. The crude prevalence rates were 8.4 per 100 000 (95% CI 7.2 to 11.6) for ILOCA and
1.8 per 100 000 (95% CI 0.8 to 2.7) for inherited LOCA. Of the 54/63 (85.7%) patients with ILOCA who
were assessed, mean (SD) age at onset of symptoms was 53.8 (14.1) years (range 19 to 78) with a
male:female ratio of 2.1:1. The mean disease duration was 8.7 (6.3) years (range 1 to 31). The most
frequent presenting complaint was disturbance in gait (90.7%). One-third had a relatively pure cerebellar
syndrome (33.3%) and two-thirds (66.7%) had additional extracerebellar neurological features. The
majority (92%) were ambulant but only 9.3% were independently self-caring.
Conclusion: This population based study provides insight into LOCA within a defined region and will
inform decisions about the rational use of healthcare resources for patients with LOCA.

T
he ataxias are clinically, pathologically, and aetiologically
a heterogeneous group of disorders that result in
considerable health burden.1 2 The widely variable and

overlapping symptoms and signs, often with additional
extracerebellar neurological involvement, complicate the
clinical assessment.1 Consequently, adult patients presenting
predominantly with symptoms and signs of late onset
cerebellar ataxia (LOCA) may impose diagnostic difficulties.
LOCA can be categorised into acquired, hereditary, and

non-hereditary degenerative ataxias.2 Recent advances in
molecular genetics have indicated that up to 60% of familial
cases and 19% of sporadic cases may have a genetic basis.3–7

As a result, increasing batteries of tests are being used in
cases of LOCA to screen for rare causes, albeit at a
considerable cost. However, there is a further group of
idiopathic cases (ILOCA).5 7–9 A recent study has suggested
that a proportion of these patients may have multiple system
atrophy (MSA),10 a disorder characterised clinically by
progressive ataxia with an almost exclusive association with
autonomic dysfunction and at autopsy by presence of
oligodendroglial intracytoplasmic inclusions.11 The increasing
availability of molecular genetic diagnostic tests has heigh-
tened interest in the hereditary contribution to LOCA in
epidemiological investigations worldwide, especially for the
autosomal dominant spinocerebellar ataxia (SCA) sub-
types.4 12–21 These have reported wide variations in prevalence
of SCA genotypes both geographically and between ethnic
groups. It is likely that these variations reflect founder
effects, although selective laboratory based sampling may
contribute. There are few data concerning the overall
prevalence and aetiology of LOCA based on population
surveys and relevant prognostic information is even more
scarce. Previously reported estimates from isolated and

selected populations have yielded prevalence for hereditary
ataxias of between 0.31 and 41 per 100 000.22–27 No recent
comparable population based information for LOCA is
available for the United Kingdom (UK). To overcome this
deficiency, we conducted a population based study into
causation and prevalence of LOCA in south east Wales, a
region in which a well-established neuroepidemiological
framework already exists.28–31

METHODS
Study population
The residents of Bro Taf Health Authority (BTHA) in south
east Wales, UK constituted the population base for the study
(fig 1). This is considered to be a relatively stable population,
estimated at 742 400 of whom 570 000 (76%) are aged >18
years with net civilian migration and other changes of 0.4%
per annum.32 There are 134 general practices within the
health authority boundaries but a number of these also serve
neighbouring regions. Individuals who were alive and
normally resident within BTHA areas on 1 January 2001
were considered prevalent cases.

Case definition
The clinical classification and inclusion criteria were (i) age at
onset of symptoms >18 years and (ii) a predominantly
progressive cerebellar ataxia with disease duration of>1 year
(defined from age at onset to the prevalent date). Cases were

Abbreviations: ADL, activities of daily living; BTHA, Bro Taf Health
Authority; FRDA, Friedreich’s ataxia; GP, general practitioner; LOCA,
late onset cerebellar ataxia; MSA, multiple system atrophy; SCA,
spinocerebellar ataxia
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classed as familial or sporadic LOCA on the basis of available
information on the presence or absence of similar disorder or
with confirmed pathological genotypes, or history of unex-
plained gait disturbance in first and second degree relatives.
Sporadic cases included those with insufficient family history
(lack of family contacts, adoption and early parental deaths)
and those with a negative family history.
The exclusion criteria were (i) presence of known acquired

ataxia, (ii) ataxic syndrome associated with prominent
autonomic dysfunctions and/or atypical parkinsonism sug-
gestive of MSA, (iii) disorders in which ataxia was a minor
feature, and (iv) disease duration of ,1 year. These criteria
were set to allow effective comparison with earlier studies
adhering to previous definitions for the late onset hereditary
ataxias,1 MSA,11 and the more recent clinico-genetic classi-
fication of the ataxias in general.2 Patients with LOCA
included in the prevalent register and contacted for further
assessment included those with previously characterised
inherited ataxias and those classified as having ILOCA. For
the latter, specific details of history and previous investiga-
tions were sought.

Ascertainment of cases, data collection, and statistical
analysis
Ethical approval for the study was obtained from the local
research ethics committee. Several ascertainment sources
were employed and included (i) records from BTHA and
health authority general practices, (ii) departmental data-
bases and personal notifications from regional consultant
neurologists over the study period in the Department of
Neurology in University Hospital of Wales, and (iii) databases
at the Institute of Medical Genetics, Cardiff—both being the
referral centres for individuals with LOCA within south east
Wales which includes BTHA and three additional neighbour-
ing health authorities. Information was retrieved and stored
in accordance with the UK Data Protection Act 1998.

A list of patients with provisional diagnosis of LOCA was
constructed from all of these sources and matched against a
list of patients provided by the BTHA in a provisional register.
This was derived from a computerised search of hospital
activity analysis of all patients admitted within BTHA with a
diagnosis of ‘‘ataxia’’ according to the 9th and 10th editions
of the International Classification of Diseases (ICD).
Potential prevalent cases were identified and case notes
reviewed to establish the basis for the diagnostic assignment.
Patients were grouped as being alive, dead, or unclassified
(due to insufficient essential clinical information). The
integrated patient list was inspected for duplicate entries,
which were then excluded and a preliminary revised register
created.
All general practices within the health authority were

contacted to verify details of cases where available. The
general practitioners (GPs) were also asked to notify any
suspected cases within practices and permission was sought
to approach patients under their care. GPs who did not reply
after three contacts requesting information were considered
non-respondents. After obtaining informed consent, patients
who agreed to take part in the study underwent more
detailed clinical assessment including history (direct and
from case notes), clinical examination, and objective mea-
surements of ataxia and activities of daily living (ADL).
A standardised clinical protocol was designed to collect

detailed clinical and family history, examination findings,
and details of previous investigations. These data were stored
in a dedicated database and confidentiality maintained.
Statistical comparisons were made using 95% confidence

intervals (CI) to detect differences in proportions of
categorical variables. Calculation of CI using crude rates
was based on Poisson’s distribution. Pearson’s rank correla-
tion coefficient (r) was used to examine correlation between
variables.

RESULTS
A total of 582 cases were identified in the provisional register
from multiple sources. Of these, 277 (47.4%) were from
departmental sources, 265 (45.8%) from the computerised
search of hospital activity analysis, and 40 (6.8%) from
respondent general practices. A further 106/134 (79.1%)
general practices subsequently responded. After removal of
176 duplicates, a total of 409 cases had been ascertained and
included in the preliminary register (fig 2). Of these, 75
(18.3%) were dead and 32 (7.8%) were untraceable (mainly
due to absence of personal data). Of the remainder, 232/302
(76.9%) were resident within the BTHA geographic boundary
and 70/302 (23.1%) were resident outside this boundary on
prevalence day and had never resided in the study area.
During the period of case ascertainment, we were aware of
only one patient who had migrated into the study area. Sixty
six (28.4%) appeared in more than one source (table 1).
The excluded 156/232 (67.2%) cases comprised 55 (34.5%)

with known acquired ataxia, 2 (1.3%) with probable or
possible MSA, and 99 (63.5%) who had disorders with ataxia
as a minor feature or were cases of non-LOCA (38; 38.8%)
identified with congenital and early onset cerebellar ataxia.
These patients were not assessed further. The commonest
causes of ataxia (n=55), in order of decreasing frequency
were: multiple sclerosis (19; 34.5%), isolated and familial
spastic paraparesis (13; 23.6%), cerebellar tumours (6;
10.9%), and alcoholic cerebellar degeneration (3; 5.5%).
In addition, six incident cases of LOCA were identified

within a three year period between 1999 and 2001, providing
a mean annual incidence rate of 0.3/100 000 population/year.
Of these, one patient had SCA 6 while the remainder were
diagnosed as idiopathic. The mean (SD) age of these patients

Figure 1 Map of the catchment area of the Bro Taf Health Authority
(BTHA) for this population based study with an estimated population of
742 400 (199932) located in south east Wales, United Kingdom (area
demarcated in the inset UK/Wales map).
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was 62.3 (8.09) years (range 51–62) and the sex distribution
was equal.
From the initial 409 cases identified in the preliminary

register, 333 (81.4%) were excluded (including eight cases
who were personally examined). The remaining 76 (18.6%)
were identified as prevalent: 63 with apparently sporadic
(ILOCA) and 13 with familial LOCA, in a population of
742 400. Within the familial cases, all probands were
unrelated. In seven, no cause has been identified, and six
have an established genetic basis: SCA 6 (n=2); Friedrich’s
ataxia (FRDA) (n=2); and dominant episodic ataxias
(n=2). Fifty seven (75%) prevalent patients were personally
examined (54 with ILOCA and three with genetic basis)
while 19 cases (16 with ILOCA and three with genetic basis)
were included in the prevalence estimates on the basis of
review of records alone. This information provides crude
prevalence rates of 10.2 per 100 000 (95% CI 7.9 to 12.5) for
amalgamated sporadic and familial LOCA. Prevalence of
sporadic, idiopathic LOCA and familial LOCA are shown in
table 2.
Overall, the mean (SD) age of prevalent ILOCA (n=63)

patients was 61.79 (13.22) years (range 35 to 88). Forty two
patients (66.7%) were men. The mean age at onset of
symptoms was 53.8 (14.1) years (range 19 to 78) with mean
disease duration of 8.7 (6.3) years (range 1 to 31). The most
frequent presenting symptom was gait disturbance, reported
by 49/54 (90.7%) patients with ILOCA who were assessed. Of
these, 9/49 (18.4%) also complained of an accompanying
symptom of dizziness at some stage after the onset of gait
disturbance. The rest of the patients presented with initial
symptoms associated with upper limb action tremor or
tremulousness and one patient experienced persistent leg
cramp prior to onset of gait difficulties. The majority (58;
92%) of patients with ILOCA declared no relevant family
history and no parental consanguinity, and were classed as

sporadic. Of these, five (8%) cases were considered sporadic
because complete pedigree histories were unattainable but no
relevant family history was declared. Seven patients reported
a family history of late onset progressive ataxia, with
undefined genetic basis. In five, the family history was
suggestive of autosomal dominant inheritance and two had
an apparently recessive pattern.
Two clinical groups were identified within the group of

patients with ILOCA: those with a relatively pure cerebellar
syndrome (18/54; 33.3%) and those with additional extra-
cerebellar neurological features (36/54; 66.7%). The variable
rate of progression, as illustrated by the mean disease
duration, shows a significant inverse correlation with the
degree of disability (r=20.538; p,0.01) (fig 3). Based on
Barthel’s ADL index, 4/54 (7.4%) patients were fully
independent (ADL score 20), 42/54 (77.8%) had a mild
disability (ADL score 15–19), 6/54 (11.1%) had a moderate
disability (ADL score 10–14), and 2/54 (3.7%) had a severe
disability (ADL score 5–9).

DISCUSSION
In this study, which is the first of its kind in the UK, we
describe the clinical phenotype of LOCA in a defined
geographical area and discuss the limitations of performing
such a study. We have been able to provide prevalence
estimates for familial and sporadic LOCA as well as insights
into the degree of impairment amongst affected individuals.
Although we believe that the incidence and prevalence

data presented here are representative of the region, these
figures may be underestimates for a number of reasons. First,
complete ascertainment of prevalent patients may not have
been achieved since only 79% of general practices partici-
pated, although the yield of prevalent cases from this source
was low (5/76; 6.6%). However, we attempted to optimise
ascertainment by extending recruitment beyond departmen-
tal specialist databases with a community based approach to
identify those cases managed solely in a primary care setting,
lost to follow up, or misdiagnosed as well as cases seen by
other hospital specialists. Such an approach was successful in
a community and regional ascertainment in a regional UK
study on the prevalence of progressive supranuclear palsy33

and is comparable with that of a population adjusted clinical
epidemiology (PACE) approach.34 However, the efficiency by
which individual sources ascertained patients was not
directly evaluated by capture–recapture studies.
In addition, the evaluation of the year of diagnosis for

prevalent patients revealed clustering within the decade
preceding prevalence day (1990s: n=51/76, 67%) with
respect to other decades (1960s: n=3/76, 4%; 1970s: n=
7/76, 9%; 1980s: n=15/76, 20%). This may reflect poor
ascertainment of patients diagnosed>10 years ago. However,

Figure 2 Flow diagram demonstrating the process of recruitment of
patients into the prevalent register. RIP, deceased patients.

Table 1 Comparison of cases ascertained from the
various sources*

Source
Preliminary
register (%) Prevalent register (%)�

Single source
Neurology databases 43 (18.5) 35 (46.1)
Genetic databases 9 (3.9) 8 (10.5)
General practices 13 (5.6) 5 (6.6)
BTHA 101 (43.5) 18 (23.7)

Multi-source 66 (28.4) 10 (13.1)
Total 232 76

*Majority of prevalent cases were identified from departmental databases
(neurology; genetics).
�Amalgamation of sporadic and familial cases of late onset cerebellar
ataxia.
BTHA, Bro Taf Health Authority.
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accurate mortality data are not currently available for this
group of patients and authoritative view from previous
authors have estimated the disease duration to be between
10 to 20 years.35 If this is confirmed, it may well be
compatible with the temporal pattern of the year of diagnosis
observed in our patients. Also, although the study was
undertaken in a relatively stable population, it is possible that
migration of affected patients to the study area may have
occurred within the ascertainment period which may have
led to an underestimation of the prevalence. This may be
particularly relevant in this group of patients for whom
treatment is limited and who may not have sought further
care following inward migration. However, in the 70 non-
prevalent patients identified with LOCA residing in regions
neighbouring the study area, there was only one case of
inward migration during the period of case ascertainment.
Furthermore, estimates of prevalence can be made in

epidemiological studies such as this by multiplying annual
disease incidence by two times mean disease duration.
Application of this simple formula to our data produces a
figure of 5.2 per 100 000 (95% CI 0.7 to 9.7) with wide
confidence intervals as a result of the small sample of
incident cases for the idiopathic, sporadic LOCA (ILOCA).
Our observed figure of 8.4 per 100 000 lies within these
confidence intervals. The small number of patients with
familial basis does not allow us to produce meaningful
estimate of prevalence with this method.
Classification of cases as idiopathic could also be a

potential confounding factor and might have influenced the
diagnostic accuracy in both familial and sporadic cases. The

few incomplete pedigree data obtained from the proband
may also have underestimated the prevalence of familial
cases. In addition, investigation strategies may vary from one
physician to another, as well as over time, even within the
same specialist centre. We also recognise that personal review
of 25% (n=19/76) of cases in the prevalent register was not
possible. However, in each of these cases, clinical assessment
had been performed by a neurologist and recorded in the
department of neurology notes and clinical data were
obtained from this source. Clinical and epidemiological
characteristics of those patients personally reviewed and
those for whom clinical data were obtained from clinical
records were similar.
We set the inclusion and exclusion criteria for prevalent

LOCA in the study taking into account both pre and post-
molecular LOCA classifications.1 2 11 The definition of LOCA
in our study allowed us to make comparisons with previously
reported prevalence rates of hereditary ataxias.22–27 These
LOCA-adjusted prevalence rates are shown in table 3. As
some of these studies included patients with hereditary
spastic paraplegia as well as early onset cerebellar ataxias
(including FRDA), these earlier reported figures are likely to
be inflated and/or may explain the wide variations observed
in previous figures.
The mean age at onset of symptoms of the patients with

ILOCA in this study was 53.8 (14.1) years (range 19 to 78),
comparable with those reported in other non-geographically
defined studies of ILOCA (ranging from 50 to 58.9).5 7–9

Similarly, an unexplained excess of male cases (2.1:1) has
previously been recognised.7 8 We considered that classifica-
tion based on specific constellation of clinical features was
unlikely to be contributory,1 so in this series of patients, we
delineated in general terms, two groups of ILOCA patients:
one group with a relatively pure cerebellar syndrome and the
other with extracerebellar features. Other previously reported
series had also described the presence of extracerebellar
features in over half of cases.7 8 However, it is important to
note that longitudinal data may subsequently lead to a
change in diagnostic classification for a proportion of patients
particularly with respect to MSA.
We identified one case of probable MSA on prevalence day.

Subsequent to this, one patient who was previously labelled
as sporadic ILOCA also developed features to suggest an
alternative diagnosis of MSA. Parkinsonism has been
reported to develop in most patients (54–100%) with MSA
while ‘‘pure’’ cerebellar presentation is uncommon (0–
16%),36 although this clinical pattern seems to be reversed

Table 2 Prevalence of sporadic, idiopathic LOCA (ILOCA) cases in the whole BTHA
population (crude and sex specific rates) and prevalence of familial LOCA cases with and
without defined genetic loci

Population (BTHA) Prevalent cases Estimated prevalence

Sporadic, idiopathic LOCA (ILOCA) cases
Whole (n = 742 400) 63 Crude rate 8.4 per 100 000

(95% CI 7.2 to 11.6)
Males (all ages) (n = 366 800) 42 Sex specific rate 12.5 per

100 000 (95% CI 8.9 to 16.2)
Females (all ages) (n = 375 600) 21 Sex specific rate 6.4 per 100 000

(95% CI 3.8 to 9.0)

Inherited LOCA cases
Whole (n = 742 400) 13 Crude rate 1.8 per 100 000

(95% CI 0.8 to 2.7)
Defined genetic cause (n = 742 400) 6 Crude rate 0.81 per 100 000

(95% CI 0.1 to 1.5)
Undefined genetic cause (n = 742 400) 7 Crude rate 0.9 per 100 000

(95% CI 0.2 to 1.6)

BTHA, Bro Taf Health Authority; LOCA, late onset cerebellar ataxia

Figure 3 Scatter plot of patients with idiopathic late onset cerebellar
ataxia who were assessed showing a significant inverse correlation
between the degree of disability (based on Barthel’s Index) and the
disease duration. ADL, activities of daily living.
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in Japanese cases.37 This is supported by the fact that
contemporary epidemiological studies of MSA employ search
criteria for MSA using terms associated with ‘‘parkinsonism’’
rather than with cerebellar ataxia.38 However, some MSA
patients may present solely with features of cerebellar ataxia
leading to an initial diagnosis of ILOCA or olivopontocer-
ebellar atrophy (OPCA) prior to the onset of defining features
of MSA. In contrast to OPCA, the term ILOCA makes no
presumptions about the status of extracerebellar pathology.
Recent longitudinal data have suggested that up to one-third
of cases with ILOCA may develop into MSA.5 10 Therefore, in
our study, there is a possibility that among this series of
patients, a proportion might evolve into MSA and con-
taminate the accuracy of our reported prevalence rate.
Longitudinal population based data are required to evaluate
this further.
Our study also highlights the generally progressive nature

of this disorder, although a variable degree of disability and
rate of disease progression was noted among the cases. The
majority of patients (n=42/54; 77.8%) had an ADL score of
15–19 suggesting a mild degree of disability, irrespective of
variability in the disease duration. The majority remained
ambulant (92%) but often employed a walking aid. Two
patients with an ADL score of 9 or less (severe disability) and
disease duration longer than 20 years had lost the autono-
mous ability to walk. Among this series of patients, 49/54
(90.7%) admitted to dependency on regular daily assistance
from a carer (such as close relatives or employee of social
services) with the rest being independent.
In conclusion, we estimated the prevalence of idiopathic

and familial LOCA using a population based approach, and
have given further information on the clinical phenotype.
These data provide further guidance to clinicians on aspects
of counselling and prognosis for patients with ILOCA. This
may also inform the appropriate application of genetic and
immunological investigations in cases previously considered
to be idiopathic. In addition, we have also created opportu-
nities for longitudinal assessment of clinical features,
impairment, impact on quality of life as well as the
framework to explore the poorly understood relationship
between MSA and ILOCA.
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