Initial diagnoses
given to persons
with the fragile X
associated
tremor/ataxia
syndrome (FXTAS)
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Abstract—Fragile X-associated tremor/ataxia syndrome (FXTAS) is a newly
described disorder that occurs in premutation carriers of the fragile X mental
retardation 1 (FMR1) gene. Fifty-six patients with FXTAS were given 98 prior
diagnoses: most were in the categories of parkinsonism, tremor, ataxia, demen-
tia, or stroke. Data from this study and others were used to develop guidelines
for FMR1 diagnostic testing for FXTAS.
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We recently described a late-onset neurodegenerative
disorder, the fragile X-associated tremor/ataxia syn-
drome (FXTAS),! in individuals with premutation ex-
pansions of the fragile X mental retardation 1 (FMRI)
gene. FXTAS is characterized by cerebellar gait ataxia
and intention tremor. Other features include parkin-
sonism, peripheral neuropathy, autonomic dysfunction,
and dementia. Onset is typically in the sixth to seventh
decade and penetrance is age-dependent, affecting on
average 30% of males over age 50.2 MRI shows gener-
alized atrophy, white matter changes, and distinctive
T2 hyperintensities in the middle cerebellar peduncles
(the MCP sign). Neuropathology shows neuronal and
glial intranuclear inclusions, loss of Purkinje cells, and
cerebellar axonal dystrophic changes. FXTAS affects
females less frequently than males.

Based on a carrier frequency of the FMRI1 premu-
tation of approximately 1 in 813 men and a 30%
penetrance rate for males over the age of 50, FXTAS
may affect as many as 1 in 3,000 men over age 50. As
FXTAS is only recently described, many patients
have been diagnosed with other disorders. We sought
to determine what previous diagnoses were given to
patients with FXTAS and what specialists evaluated
them. Using this information and data from other-
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studies, we propose guidelines for diagnostic testing
for FXTAS.

Methods. Patients were ascertained through families with
known fragile X syndrome; most were participating in FXTAS
studies at the University of California at Davis, Rush University,
or the University of Colorado. All patients who met formal diag-
nostic criteria for probable or definite FXTAS and on whom reli-
able medical information could be obtained were included. A
patient with probable FXTAS is defined as a premutation carrier
who has both intention tremor and gait ataxia, or who has the
MCP sign accompanied by parkinsonism, moderate to severe
short-term memory deficiency, or executive function deficits. A
patient with definite FXTAS is defined as a premutation carrier
who has either intention tremor or gait ataxia and either the MCP
sign or neuropathologic confirmation.

Results. Seventy-nine patients with FXTAS were screened
and 62 with adequate data were included. Forty-two patients
(35 men, 7 women) had probable FXTAS and 20 (all men)
had definite FXTAS. Eleven patients were deceased. Age at
onset was 60.2 = 7.1 years (average = SD), age at examina-
tion was 69.4 * 7.8, and average disease duration was 10.0 =
7.0. All patients were ascertained through a family history of
fragile X syndrome. Although records generally lacked
information about a family history of premature ovarian
failure, three men had a first-degree relative and one
woman had the disorder. Data were collected from
records and phone survey (n = 18), records only (n =
40), and phone survey only (n = 4). Of the 62 patients in
the study, six did not seek medical care for their symp-
toms. The remaining 56 patients were given 98 diag-
noses (table 1). Most patients received multiple
diagnoses as their disease evolved and as they were seen
by different physicians. Diagnoses were usually given by
general neurologists (70%), and less often by primary
care physicians (26%) and movement disorders special-
ists (4%).

One of our patients with multiple prior diagnoses is a
69-year-old man with definite FXTAS. He had onset of
tremor and gait ataxia at age 58 and falling at age 63.
Currently he cannot walk independently, has freezing of
gait, bladder and occasionally bowel incontinence, and is
moderately demented. Brain MRI shows generalized atro-
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Table 1 Prior diagnoses given to patients with fragile
X-associated tremor/ataxia syndrome (FXTAS)

Diagnoses (% of total diagnoses given) No. of patients*

Parkinsonism (24%) 11
Idiopathic Parkinson disease 6
Atypical Parkinson disease 3
Multiple system atrophy 2
Parkinsonism plus 1

Extrapyramidal dysfunction
Tremor (20%) 15
Essential tremor

Cerebellar tremor

Alcoholic tremor

e

Dystonic tremor
Tremor, unspecified
Ataxia (17%)
Ataxia from strokes
Ataxia from cervical spine disease
Ataxia from pituitary tumor
Ataxia from lumbosacral radiculopathy
Ataxia from a car accident
Cerebellar ataxia
Olivopontocerebellar atrophy

Spinocerebellar degeneration

o= N N DN = = N N W

Cerebellar syndrome

Cerebellar degeneration
Dementia (13%)

Dementia

Alzheimer disease

Vascular dementia

= o= N W O

Binswanger disease

Multi-infarct dementia
Cerebrovascular disease (10%)

Stroke

Multiple strokes

N W

Transient ischemic attacks

Cognitive disorder secondary to
cerebrovascular disease

Miscellaneous (16%)
Depression
Peripheral neuropathy
Benign positional vertigo
Multiple sclerosis
Possible multiple sclerosis
Possible NARP
Psychogenic
Myasthenia gravis

= T e e T = = T = O - RN

Normopressure hydrocephalus

©
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Total number of diagnoses

* Fifty-six persons with FXTAS were given a total of 98 prior
diagnoses.

NARP = neurogenic weakness, ataxia, and retinitis pigmentosa.
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phy, confluent periventricular leukomalacia, and bilateral
MCP signs. His original diagnosis was Parkinson disease
(PD); then he was told that his symptoms were secondary
to strokes. Subsequent (consecutive) diagnoses were atypi-
cal PD, multiple system atrophy, and finally, FXTAS. All
these diagnoses were given by general neurologists.

Discussion. This study shows that a wide variety
of prior diagnoses, mainly within categories of par-
kinsonism, tremor, ataxia, and dementia, have been
given to patients with FXTAS (see table 1). These
conclusions apply to persons with a family history of
fragile X syndrome, since those without were not
investigated. Although intention tremor and gait
ataxia are the principal features of the disease, pa-
tients may initially present with parkinsonism or
cognitive decline. A detailed analysis of the natu-
ral history of FXTAS is needed, which may lead to
modification of the existing diagnostic criteria for
FXTAS.

Prior diagnoses were usually related to FXTAS
but some were not. Examples of related diagnoses
are peripheral neuropathy and atypical parkinson-
ism. In some cases, a disorder unrelated to FXTAS
was assumed to cause a feature that was probably a
manifestation of FXTAS, e.g., pituitary tumor caus-
ing ataxia. Patients sometimes had coexisting, unre-
lated disorders, e.g., autopsy confirmed primary PD
and FXTAS. In this latter example a synergistic in-
teraction between the two disorders is possible.

Currently, the diagnosis may be missed because
many physicians are unfamiliar with FXTAS or do
not ask the right questions regarding family history.
An understanding of the inheritance pattern of the
FMR1 premutation and full mutation and of the phe-
notypic variation of fragile X syndrome would help
physicians know when FMR1 testing is appropriate.
Male carriers transmit the premutation to all daugh-
ters and to none of their sons. Thus, physicians
should ask men with suspected FXTAS if their
daughters’ children have disorders suggestive of
fragile X syndrome: mental retardation, developmen-
tal delay, or autism. Female carriers have a 50%
chance of transmitting the FMR1 expansion to each
child, and may transmit a premutation or full muta-
tion. Accordingly, women with suspected FXTAS
should be asked if their children have these disor-
ders. Furthermore, siblings or the siblings’ children
of men or women with suspected FXTAS may have
these disorders. Additionally, patients with FXTAS
also may have a family history of premature ovarian
failure or disorders that are clinically consistent with
FXTAS.

We found that individuals with FXTAS have fre-
quently been given prior diagnoses that are common
neurologic illnesses (e.g., PD, essential tremor [ET]).
Studies screening for the FMR1 premutation in older
men report that 0/74 with ET,34 0/389 with PD,> 0/40
with atypical parkinsonism,*5 0/63 with multiple sys-
tem atrophy,>® and 16/539 (3.0%) with cerebellar
ataxia syndromes®®'° were carriers.



Our central finding—that tremor, parkinsonism,
and ataxia are common previous diagnoses given to
patients with FXTAS—-is apparently in conflict with
the screening studies cited above.?'° However, the
screenings of patients with ET and PD are unlikely
to identify FMRI alleles because the prevalence of
ET and PD is substantially higher than FXTAS, and
because many patients with FXTAS would be ex-
cluded because they do not fit the diagnostic criteria
for ET and PD utilized in the studies. Although per-
sons with FXTAS may be included in screens for
atypical PD, the number of patients studied is too
small to be meaningful. One might have expected to
find premutation alleles in persons with MSA, since
the two disorders have some clinical features in com-
mon and may have a similar prevalence. The nega-
tive result may indicate that strict diagnostic criteria
for MSA reliably exclude persons with FXTAS. The
reason that only a small fraction of screened ataxia
patients were premutation carriers is likely because
most persons with FXTAS are not given a diagnosis
of ataxia and rarely undergo genetic analysis for
ataxia.

The finding that on average 3% of persons under-
going genetic analysis for ataxia have FXTAS is im-
portant. At present, the etiology of ataxia in older
men can only occasionally be identified, with 11%
due to a (CAG)n expansion of one of the spinocerebel-
lar ataxia (SCA) genes. In one study,® the individual
SCA genes accounted for 0.7 to 5.8% of cases. Thus
the frequency of the FMRI1 premutation is found as
commonly as the individual SCA genes.

Since FXTAS may affect as many as 1 in 3,000
men over age 50, guidelines are needed regarding
who should undergo FMR1 testing. Based on this
study, our experience with FXTAS to date, and the
literature, we propose guidelines for testing (table 2).

Table 2 Phenotypic groups recommended for FMR1 DNA testing*

1. Unexplained cerebellar ataxia in men =50 y

2. Action tremor, parkinsonism, or dementia in men =50 y with
one of the following:
a) A family history of developmental delay, autism, mental
retardation, or premature ovarian failure
b) The middle cerebellar peduncle sign on MR imaging

* These are not absolute guidelines. Physicians should consider
that the family history may be negative and that women also
have been reported with fragile X-associated tremor/ataxia syn-
drome (FXTAS).

Genetic counseling should be offered for patients
who are FMRI1 carriers.
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