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Genetic aspects of autosomal dominant late onset
cerebellar ataxia
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SUMMARY The genetic features of eight families with autosomal dominant late onset cerebellar
ataxia with randomly distributed associated clinical features are described. The ratio of affected
to unaffected offspring of affected subjects was not significantly different from 1:1. The mutant
gene was fully penetrant when cases who died before the period of risk of developing the disease were
excluded. The proportion of new mutants with this disorder appears to be low. Biological fitness was
not impaired. Affected females tended to have larger families than affected males. The ages of
onset of females and males were not significantly different, but the offspring of affected males had
earlier ages of onset and death than those of affected females. A cumulative age of onset curve is
presented which should aid genetic counselling of subjects at risk and their children.

The first report of hereditary ataxia was that of
Friedreich in 1863.1 Little can be added to
Friedreich's careful clinical and pathological descrip-
tions today. The disease he described is a well
recognised clinical syndrome, characterised by an
age of onset usually before 20 years, dysarthria,
cerebellar ataxia, and tendon areflexia. Pyramidal
signs and loss of deep sensation are frequent.2
Inheritance is autosomal recessive.3 Friedreich's
ataxia is the commonest of the hereditary ataxias.
The other more infrequent disorders are nosologi-
cally confused.

In 1893, Marie4 drew attention to a group of
families reported who suffered from a hereditary
ataxia distinct from that described by Friedreich. It
differed in that the age of onset was later, the tendon
reflexes were usually increased, and inheritance was
sometimes autosomal dominant. It was pointed out
by Holmes5 that the cases described by Marie were
clinically and pathologically heterogeneous. Holmes
rightly considered that the term 'Marie's ataxia', a
term still in use today, should be rejected for this
reason. The classification ofthe late onset dominantly
inherited cerebellar ataxias has since remained
confused. Attempts at classification have usually
been based on pathological findings and reported
cases have been divided into cases of olivoponto-
cerebellar atrophy (OPCA), cerebello-olivary
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degeneration, and parenchymatous cortical
cerebellar atrophy. These categories are somewhat
unsatisfactory for several reasons. Evidence of
clinical and genetic heterogeneity tends to be
ignored.6 The names of these pathological entities
are rather misleading as often other structures, such
as the spinal cord and the basal ganglia, are involved
in the degenerative process.7 Also, when necropsies
have been performed on more than one member of a
family, the findings are by no means always con-
cordant.8-"
From the clinical point of view classification has

been equally difficult, mainly because of considerable
intrafamilial variation. The most variable aspects of
these disorders are the presence or absence of
associated features, in addition to cerebellar ataxia,
in different family members. These associated
features include ophthalmoplegia, optic atrophy,
dementia, extrapyramidal signs such as chorea and
facial impassivity, pigmentary retinal degeneration,
and amyotrophy. It is clear from examination
of previously published reports that the number of
additional features increases with the number of
patients studied per family.'2 13 The tendon reflexes
may be increased or depressed in members of the
same family13 14 which makes classification on the
basis of reflex changes impossible, contrary to
previous suggestions.15
Konigsmark and Weiner7 divided previously

reported necropsy-proven cases of OPCA into five
groups on the basis of minor pathological differences
together with clinical features such as the associations
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mentioned above and tendon reflex changes. These
were as follows: OPCA I, with dysarthria, tremor,
sensory loss, involuntary movements, and pyramidal
signs; OPCA II, an autosomal recessive group which
need not be discussed further here; OPCA III, with
retinal degeneration; OPCA IV, with laryngeal and
facial palsy, dysphagia, and hypoactive or hyperactive
reflexes; OPCA V, with ophthalmoplegia, dementia,
and extrapyramidal signs. The original reports
which Konigsmark and Weiner reviewed would
suggest considerable overlap between these
categories. The authors omitted two families with
markedly discordant neuropathological features, and
put the patients described by Gray and Oliver'6
and Schut and Haymaker'0 13 in groups I and IV,
respectively. They were all members of the same
family.
There is very little evidence in published reports to

suggest that patients with cerebellar ataxia in
association with ophthalmoplegia, optic atrophy,
dementia, extrapyramidal features, or amyotrophy
can be subdivided further. These families have been
reported in the past as examples of hereditary
cerebellar ataxia,'6 hereditary spastic paraplegia
'plus','7 'resembling multiple sclerosis','2 18 OPCA,7
spinopontine atrophy,'9 20 and cerebello-olivary
atrophy.21 There are reasonable clinical grounds to
suggest that Azorean ataxia might be included in this
group.2223 The intrafamilial variation in tendon
reflex changes is probably the result of the fact that
the reflexes tend to become depressed as the disease
progresses.'3 14 24 Families containing subjects with
cerebellar ataxia and pigmentary retinal degeneration
are likely to be clinically and genetically distinct
from those with other associations. One striking
feature of this particular association is its marked
concordance within families.2'27 The age of onset is
slightly earlier, usually between 12 and 30 years,
whereas in families with other associated features
onset is mainly in the fourth and fifth decades.7

In a recent study of 11 families with autosomal
dominant cerebellar ataxia,24 intrafamilial correla-
tion of age of onset and an assessment of clustering
of clinical features within families using x2 tests
confirmed the impression that there is little evidence
of genetic heterogeneity in kindreds where
ophthalmoplegia, optic atrophy, dementia, extra-
pyramidal features, and amyotrophy are found in
affected subjects. These features appeared to be
randomly distributed among the affected members of
eight families. The three other families contained
patients with clinically distinct syndromes which
were: cerebellar ataxia with pigmentary retinal
degeneration, a later onset (over 60 years) 'pure'
cerebellar syndrome, and an ataxic disorder
associated with myoclonus and deafness. This paper

presents the genetic features of the eight families
with 'randomly distributed' additional features.

Patients and methods

The eight families were investigated as part of a
clinical and genetic study of 200 families with
progressive cerebellar and spinocerebellar degenera-
tions. The latter families contained 234 index cases
which were ascertained from the medical records
departments of The National Hospitals for Nervous
Diseases, The Hospital for Sick Children, Great
Ormond Street, other London neurological centres,
and the records of the Friedreich's Ataxia Group.
Patients were included in the study if they had
attended hospital during the period 1966 to 1980 and
lived within a 50 mile radius of central London.
Co-operative subjects were visited at home or in
hospital by the author. A detailed history was taken
which included details of first and second degree
relatives. Full neurological and general examinations,
12 lead electrocardiography, and urine testing were
performed on the index cases. As many first degree
relatives as possible were seen and examined.
The cases were initially divided into six major

categories for the purpose of further analysis. These
were as follows: (1) Friedreich's ataxia (as defined
clinically by Tyrer,28 Geoffroy et al,2 and other
workers) (90 families); (2) progressive ataxia
developing within the first two decades associated
with dysarthria and generally normal or increased
tendon reflexes (20 families); (3) hereditary spastic
paraplegia (29 families); (4) late onset cerebellar
ataxia of autosomal dominant inheritance (II
families); (5) single cases of late onset cerebellar
ataxia (36 families); and (6) other syndromes. The
patients reported here are som,e of those in the
fourth category.
The diagnostic criterion for inclusion in this group

was the presence of a progressive, unremitting
cerebellar ataxia, with or without other associated
features, developing over the age of 20 years in the
majority of affected subjects in a given family.
Inheritance was autosomal dominant. There were
11 families in the group, ofwhich three were clinically
and genetically distinct from the remaining eight
The former included one family with retinal degener-
ation and one each of the rare syndromes (a pure
disorder and one associated with myoclonus and
deafness) mentioned in the introduction. The eight
families reported here had randomly distributed
associated clinical features, of which supranuclear
ophthalmoplegia and dementia were the commonest.
Their clinical features and pedigrees have been
reported elsewhere.24 There were nine index cases. A
further three affected subjects were examined by the
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author and two relatives at risk of developing the
disease had slightly suspicious clinical signs (mild
ataxia on tandem walking). Another 48 relatives
were known to be affected but were dead or un-

available for study. Reliable clinical information was

obtained for 17 of them and data concerning age of
onset for another 30. Some of the patients studied
were descendants of 'the Drew family of Walworth'
described by Ferguson and Critchley in 1929.12
Thirteen first degree relatives of index cases were

examined and found to be normal. The main age of
onset of the disorder was 37-83 ± 7 27 (range 18 to
65) years. In those patients who had died, the mean
age of death was 57-43 ± 13-19 years after a mean

duration of 1682 + 11-14 years.24
The ratio of affected to unaffected subjects from

these eight families was 48:54 excluding index cases

(X2=0036, p>0 5). These figures only include
subjects aged 60 or over. The sex ratio of affected
persons was 42 males : 31 females (x2= 1 *37,
p>0 1). There were two unaffected subjects who
had an affected parent or sibs and affected children.
These died at the ages of 44 and 48 years. The
disorder had occurred, or must have occurred, in
more than two generations in seven of the families.
In the eighth, an affected parent had been brought
up in an orphanage and no details were known about
her parents. In another, only members of two genera-
tions appeared to be affected but more than one

subject had the disease in the oldest generation so

there must have been an earlier gene carrier who
either died young or was not known to be affected
by his or her descendants. There were no families
where an affected subject with affected children had
normal parents who survived beyond the age of 65.
Thus there was no definite evidence of new mutation
in any ofthe kindreds studied.

Biological fitness was calculated by comparing the
mean number of offspring of index cases and that of
affected subjects who had reproduced since 1928,
with a theoretical value for the normal population
of 2- 15. Family size in the UK has only varied
between 2@0 and 2*3 since 1928 (Registrar General).
The results are shown in table 1. Mean family size
was also compared between males and females,
using all the pedigree data and index cases alone.

A E Harding

The fitness of all the index cases was not significantly
different from unity. It will be noted that females had
significantly more children than males, even among

the small number of index cases.

It was impossible to quantify severity in this
disorder but the mean ages of onset of males
(39.25 ± 10-73 years) and females (36-04 8-40
years) were not significantly different (t = 1-25,
p>005). The mean ages of death of males
(55.33 ± 11*22 years) and females (58.07 ± 13-73
years) were also similar (t = 0-61, p>0 05). The
mean ages of onset and death of affected children
of affected males (onset 33f53 ± 9 71, death
45.43 ± 14-09 years) were significantly less than
those of affected females (onset 40 51 9 20, death
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FIGURE Cumulative frequency curve of age of onset of
autosomal dominant cerebellar ataxia.

TABLE 1 Autosomal dominant cerebellar ataxia with randomly associated additional features: biological fitness

Index cases All cases All males Allfemales Index males Index females
since 1928

(8) (31) (28) (25) (6) (2)

Meanfamilysize (± SD) 2-25±1-83 3-25±2-25 3-17±2 49 4-08±2-48 1-5±1-05 4-5±2-12
Biological fitness 1.05 1-51
t 0-.15 2.47 2.74 2-68
p >0.5 <0.02 <0.01 <0.05
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TABLE 2 Autosomal dominant cerebellar ataxia wit/h
randomly associated features: risks of heterozygosity
based on cumulative age of onset curve

Age of subject at risk Risk to subject Risk to Risk to
(ie has affected parent) (if unaffected) child grandchild

20 2.0 4-0 -
25 2-1 4-2 -

30 2.3 4-6 -
35 2-7 5-4 10.8
40 3-9 7-8 15.6
45 7-7 15-4 30.8
50 14-3 28-6 57-2
55 27-7 55-4 110-8
60 41 82 164
65 81 162 324

(The number given is x, where risk I /x)

56 57 ± 8 71 years; onset: t = 2 59, p<002;
death: t = 2 - 36, p< 0 05).
A cumulative frequency curve of age of onset in all

affected subjects was constructed and is shown in the
figure. Ideally, in view of the difference in age of
onset between offspring of affected males and females
two curves are needed, but the numbers would be
small. This curve allows probability of developing
the disease to be calculated for persons at risk and
their children and grandchildren. These probabilities
were calculated for different ages of subjects at risk
using Bayes's theorem.29 The results are shown in
table 2.

Discussion

There are virtually no genetic data concerning the
dominantly inherited cerebellar ataxias among
previously published reports, and none on age of
onset of symptoms in relation to genetic counselling.
This no doubt reflects the confusion in terms of
classification. Also, most reports in the past have
referred to single patients or families; the present
series is the largest reported to date. The classification
of the dominant cerebellar ataxias proposed in the
introduction is, of course, at best provisional, but
there is no reason to suggest that the families
described here can be subdivided further on clinical
or genetic grounds. Linkage studies may provide
further evidence of genetic heterogeneity. There have
been conflicting reports concerning linkage of the
HLA locus to the locus of the gene giving rise to the
disorder in similar families to those presented
here.3032
Although one of the diagnostic criteria for the

group of patients under discussion was evidence of
autosomal dominant inheritance, it is of interest that
no examples of autosomal recessive or X linked
recessive late onset cerebellar ataxia were

encountered in the series as a whole (outlined in the

Methods section). This is in keeping with previously
published reports. It thus appears that recessive late
onset cerebellar ataxia is extremely rare, if it exists
at all. In the kindreds described where only members
of one sibship were affected, usually little or no
information is given about the parents,3337 or the
parents died before reaching an age at which they
would be at risk of developing the disease.1' 33 38
The sex ratio of affected subjects in the present series
was not significantly different from 1:1 and there
was no suggestion ofX linked dominant transmission
in the pedigree data. It was difficult to compare
severity between affected males and females, but the
ages of onset in the two sexes were not significantly
different. The earlier ages of onset and death in the
offspring of affected males is of considerable interest.
A similar trend has been noted in relation to age of
onset in Huntington's chorea.39 40 The explanation
of this is unclear. The findings in the present series
contrast with those of two other studies of single
families,14 41 in which the offspring of affected
females were thought to have an earlier onset and
more rapidly progressive course than those of
affected males. Statistical evidence for this was not
presented.
The gene concerned in this disease appeared to be

fully penetrant as all affected subjects had an
affected parent, unless the parent had died before
the risk period of developing the disease had elapsed
or accurate information was not available. One
important point, especially when considering single
cases of late onset cerebellar ataxia (where genetic
counselling is difficult), is that there is evidence from
the current study to suggest that the frequency of
new dominant mutations in this disorder is low.
Firstly, the disease had been present in at least three
generations in all the families studied. Usually it had
occurred as far back as the patients interviewed
could remember. In one family it was known to have
been present in nine generations. Secondly, biological
fitness was not impaired. This is not surprising as the
mean age of onset occurred after the reproductive
period. The age of onset, course, age of death, and
preservation of biological fitness in dominantly
inherited cerebellar ataxia are very similar to those of
Huntington's chorea.42 It is probably reasonable to
suggest that the proportion of new mutations may
be similar. Mattsson43 estimated the mutation rate in
Huntington's chorea to be, at most, 5 0 x 10-6, that
is, 2- 53% of all cases.
The difference in mean family size between

affected males and females is interesting. The
reason for this is probably related to the significant
incidence (43 7%) of dementia in this disorder.24
There can be little doubt that females have always
controlled family size to a greater extent than males.
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In the presence of even mildly impaired intellectual
function such control may be less strict, with a
resulting increase of fitness of females. It is quite
possible that impaired judgement antedates the
onset of physical symptoms. Spouses of affected
males, on the other hand, are not likely to reproduce
more than normally. They may have fewer children
than normal if they recognise the genetic implications
of the presence of the disease in their husband's
family. Relatively few of the patients studied had ever
requested genetic counselling and a considerable
proportion were not aware of the genetic risks to
their offspring. Many of the patients had been
diagnosed as having multiple sclerosis or Parkinson's
disease in the past. Thus, on genetic grounds alone
there is good reason for investigating these families
in depth. It is hoped that the cumulative frequency
curve for age of onset (figure) will be of use in
counselling subjects at risk of developing this
disorder. Certainly the risks to children of subjects at
risk are diminishing to more acceptable values than
1 in 4 by the time these children are likely to repro-
duce. These risks could be further reduced by using
the child's age in an additional Bayesian calculation
based on the curve and his prior probability of
developing the disease in relation to parental age.
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